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UNITED STATES DISTRICT COURT

DISTRICT OF RHODE ISLAND

SDMS DocID 00
00O~ 0204621

EMHART INDUSTRIES, INC.,
Plaintiff,

vs. Civil Action No. 02-053 S
HOME INSURANCE COMPANY,
INSURANCE COMPANY OF NORTH
AMERICA, LIBERTY MUTUAL
INSURANCE COMPANY, NORTH RIVER
INSURANCE COMPANY, ONEBEACON
AMERICA INSURANCE COMPANY, and
UNITED STATES FIRE INSURANCE
COMPANY,

Defendants.
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DEPOSITION OF THOMAS F. CLEARY
Monday, February 10, 2003

Mendocino, California

Reported by:
LUEL J. SIMSON, CSR No. 4720

SIMSON REPORTING
Certified Shorthand Reporters
9546 Ashley Drive
Windsor, California 95492
(707) 838-6724



BE IT REMEMBERED THAT, pursuant to Notice, on
Monday, February 10, 2003, commencing at the hour of
9:03 a.m., thereof, at the Mendocino Hotel, 45080 Main
Street, Mendocino, California, before me, LUEL J. SIMSON,

CSR No. 4720, State of California, personally appeared:

THOMAS F. CLEARY,
called as a witness by the Plaintiff; who, having been

duly sworn by me, was thereupon examined and testified as
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is hereinafter set forth:

---000---

APPEARANCES

For the Plaintiff:

Law Offices of WILLCOX, PIROZZOLO & McCARTHY

50 Federal Street
Boston, Massachusetts 02110

By:

For the Defendant, LIBERTY MUTUAL INSURANCE COMPANY:

RICHARD L. BINDER, Esq.

Law Offices of HOLLAND & KNIGHT
50 California Street, Suite 2800

San Francisco, California 94111
By: H. LARRY ELAM, III, Esq.
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For

For

For

APPEARANCE S--(Cont'd.)

the Defendant, NORTH RIVER INSURANCE COMPANY:
Law Offices of LUCE, FORWARD, HAMILTON & SCRIPPS
600 West Broadway, Suite 2600

San Diego, California 92101

By: ANDREW R. McCLOSKEY, Esqg.

the Defendant, ONEBEACON AMERICA INSURANCE COMPANY:

Law Offices of HERMES, NETBURN, O'CONNOR & SPEARING
111 Devonshire Street
Boston, Massachusetts 02108

By: KEVIN J. O'CONNOR, Esqg.
(Via Telephone)

the Witness:

JOHN C. PORTER, Esq.
45351 South Caspar Drive
Mendocino, California 95460

Also Present:

Law Offices of SWIDLER, BERLIN, SHEREFF & FRIEDMAN
3000 K Street, N.W.

Suite 300

wWashington, D.C. 20007

By: LAURA A. FORD, Esq.
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Five-page United States Patent
Office Letters Patent No. 2,814,597
dated November 26, 1957

Two-page United States Patent
Office Letters Patent No. 3,456,020
dated July 15, 1969

Seven pages of microfilmed newspaper
article dated May 30, 1965 from the
Providence Sunday Journal Business
Weekly

Two-page enlargement of newspaper
article marked as Plaintiff's
Exhibit No. 3
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newspaper article with the caption,
"Upper level of new hexachlorophene
plant at Metro-Atlantic, Inc.,
Centredale..."

Photocopy of photograph from
newspaper article with the caption,
"Large perforate centrifuge
located in new plant..."

Chemical diagram drawn by the
witness

Two-page document entitled, "ZEP
Manufacture" dated June 8, 1964

One-page handwritten letter,
undated, with the caption, "Vinny"
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THOMAS F. CLEARY,
having been first duly sworn, was

examined and testified as follows:

EXAMINATION
BY MR. BINDER:
Q. Okay, Mr. Cleary, could you please state your
name and address.
A. My name is Thomas F. Cleary. I live at

45451 South Caspar Drive; Mendocino, California, 95460.

Q. And you are here pursuant to a Deposition
Subpoena?
A. Yes.

Q. Could you briefly describe, if you would, yéur
educational background.

A. I'm a graduate of the Chemistry School of Rutgers
University. I was employed at companies such as Merck &
Company --

MR. O'CONNOR: If Mr. Cleary is talking, I can
hear nothing.

THE WITNESS: Boy, that's a surprise.

MR. BINDER: Let's go off the record.

(Off the record; record read.)

THE WITNESS: Merck & Company, E.R. Squibb,

Bayer. Then I got out of strictly commercial or rather
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technical work and into work that was partly technical and
partly commercial in the interest of making a better
living.

And I was in that kind of activity for about
20 years. I called on virtually every pharmaceutical
company with a recognizable name during that period. I
developed processes for and arranged the manufacturing
facilities for a number of them.

I then left that employer, left New York, started
a consulting firm of my own, continued to do this kind of
work for people abroad. I worked in France, Italy,
Turkey, Israel, Mexico. I still am connected with a
Mexican firm as a general consultant and do process
development Qork for them.

My main technical ability is the development of
chemical processes, of which I have developed many dozens,
some of which have resulted in profitable commercial
production. I'm still interested in this field, still in
contact with my Mexican attachments. And what else can I
tell you?

MR. BINDER: Q. Okay. Let me go back over a
couple of thege things and maybe you can £ill in a little
more detail where it comes up.

A. Sure.

Q. When did you graduate from Rutgers?
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A. In 1938.

Q. And what degree did you obtain?

A. I beg your pardon?

Q. What degree did you obtain?

A. I have a B.S. in chemistry.

Q. And you mentioned that you did mostly technical
work for Merck and Squibb and Bayer. Could you explain
briefly what some of that technical work entailed.

A. Yes. At Squibb, in particular, I developed
processes for making sulfa drugs, for isolating the active
substance of curare, for purifying penicillin. That's
about the headlines of the work.

Q. Have you taken any -- did you take any

postgraduate education?

A. No.

Q. Are you an organic chemist?

A. Yes.

Q. And just for the record, what is an organic
chemist?

A. Well, an organic chemist is one whose work is

preoccupied with, I would have to say, carbon-based
molecules.

Q. Okay. And your period when you were doing mostly
technical work for Merck, Squibb and Bayer, would that

have been for approximately 20 years after you graduated
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from Rutgers?

A. More liké about 14 years, I would say.

Q. Take us to about 19527

A. About that, yes.

Q. And then when you began your work that was partly
technical and partly commercial, did you work for a

particular company?

A. I worked mainly for a company called now
Centerchem.
Q. Could you briefly describe what the business of

Centerchem was during that period.

A. Yes. Centerchem was principally a U.S.
representative, a sales representative, for a very large
number of mainly European manufacturers of pharmaceutical
ingredients. They were located in almost every counfry in
Europe, also in Indonesia. BAnd from time to time, I
visited every one of them, except the one in Indonesia.
And, on occasion, I took some of their representatives
around the United States to visit some of their customers.
And that included contacts with virtually every
pharmaceutical company of note at that time.

Q. For approximately how long were you working at
Centerchem?

A. Twenty years.

Q. So that would take us from about 1952 to 19722

10
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A. No. That would take us from 1960 to 1978, about.

0. Okay. And can you fill us in a little bit about
what you were doing,‘what your employment was, between
1952 and 19607

A. Let me see. I worked for Merck for four years
and for Squibb for four years. The Bayer association was
somewhat distant. It resulted from a visit to Germany
that I made in around 1949.

And the result of that visit was that an American
group of interested people who had somehow sought me out
as their technical person and representative, was the
establishment of a Bayer-designed plant in the United
States, which I was responsible for setting up and getting
in motion. And then for a while, I was the director of
research for this company, which I happened to name, as a
matter of fact. It was called Chemagro Corporation.

And I did many things for them. I visited
practically every agricultural chemical school in the
country promoting Chemagro's products. There came a time
when we were short of cash and, in an effort to adjust my
income upward from where -- to where it had been, I did a
great many odd jobs in the chemistry business.

I was pretty well known and my -- I had a good
reputation for developing chemical processes, and I had no

problem whatsoever finding additional work here and there

11
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to f£fill in my main duties for Chemagro Corporation, for
which I remained a board -- on the board of directors.
And finally resigned totally in order to go to work for
Centerchem full time.

MR. ELAM: 1I'd just like to raise an objection.
The response was nonresponsive to the question, and I'd
like to move to strike. Just for the record.

THE WITNESS: - What is the objection?

MR. ELAM: Mr. Cleary, it's just for the record
down the line, should any party want to use this
deposition transcript at trial in Rhode Island. So it has

nothing to do with your testimony. It's just for the

record.

THE WITNESS: I still don't understand your
4point.

MR. BINDER: I think what he was trying to say,
Mr. Cleary -- and correct me if I'm wrong, Mr. Elam -- is

that you provided somewhat more information than what I
had asked for, and he wanted you to -- he's objecting on
the grounds that you didn't sort of confine your response
to what I had asked.

Is that a fair statement, Mr. Elam?

MR. ELAM: That's a fair statement. Only to the
extent that it's just for -- it's a legal issue. 1It's not

for the content of what you provided. 1It's just a legal

12
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issue.

THE WITNESS: Well, you can strike out any part
of it that you want to.

MR. ELAM: Right.

MR. BINDER: - And, ultimately, at trial if this is
raised again, the judge will decide what part to be -- if
any, to be stricken.

THE WITNESS: That's all right with me. Mold it
any way you want to. I'm telling you -- I'm overtelling
you what's going on, what had gone on.

MR. BINDER: Okay.

Q. Now, during the -- when you went to Centerchem in
1960, what was your initial position at Centerchem?

A. I don't think it had a title. The fact is I was
the only technical person there, and I brought a special
skill to the organization, which was that I knew a lot
more of the chemistry of the products we were selling.

I was also in a position to continue a kind of
work which added substantially to the company's revenue.
That is to say, that I was very well known throughout the
chemical -- throughout the pharmaceutical industry. I
could go into them and discover what new products they had
planned. I could have recourse to chemical laboratories
of friends of mine who frequently let me use them for

whatever purpose I needed.

13
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I could develop chemical processes, I could go

back to the pharmaceutical companies for -- with whom I
was acquainted, tell them that I was -- if they needed
production in this particular item, that I was prepared to
help in supplying such an item. And this happened many
times.

Q. Okay. From your beginning as the chief technical
person, did you also obtain other positions at Centerchem?

A. Yes. I was CEO of the company when I left.

Q. Okay. So that would have been in 197- --

A. '78.

Q. Okay. And for how long were you CEO of the
company?

A. About two years.

Q. About 1976 to 1978?

A. Something like that.

Q. And did your duties at Centerchem include calling
on small chemical companies?

A. Oh, yes; I still did the same kind of work.

Q. And did that include working out brokerage
arrangements where you arranged for a small chemical

company to make a product to meet the needs of another

company?
A. Yes.
Q. In the course of that employment, did you have

14
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occasion to come into contact with a company called
Metro-Atlantic, Inc.?

A. Yes, I did. And the story of that is very
simple. As a matter of fact, it happened as far back as
1960 when I was first employed there.

The company had been selling a chemical which is
used in the textile business as what is known as an
antibleeding agent, which means that when a fabric is
dyed, the application of the substance beforehand prevents
the dye from running err into the intended -- beyond the
intended pattern. -

This chemical was made in New Jersey, in
Sayreville, New Jersey, by a small company who went out of
business, and it was then my obligation, more or less, to
find another source for it. Because we had been selling
it for them, particularly to a firm who are still in that
general business of dye stuff and dye stuff related

chemicals, a company called Crompton and Knowles, which

was located in Paterson, New Jersey. And we were a
reseller of this substance, which is called
meta-nitrobenzene sulfonate -- sodium sulfonate.

So I had to look for another source to keep our
customer attached to us, and that is how I came to look up
Metro-Atlantic and become acquainted with Joseph Buonanno.

He was quite happy to supply our resale requirements of

15
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this chemical, so the business continued.

Q. Okay.

A. And as the business continued, I became more and
more acquainted and friendly with Joseph Buonanno, which
led to our discussion of his being able to do some of this
custom manufacturing in which I was already heavily
involved.

Q. Okay. Could I just ask you a couple more
detailed questions about this?

A. Sure.

Q. Would I be correct in understanding that you --

you originally contacted Metro-Atlantic to determine if

they could manufacture this antibleeding agent for --

A. They were already manufacturing it. They were
already manufacturing it.

Q. And they became another source of supply --

A. That's right.

Q. -- for your customer?

A. They were glad to have another customer which at
that time was unknown to them. In other words, they were
not selling it directly to this customer, this customer
was not known to them. They were glad to have us as an
intermediary to this customer, which was Crompton and
Knowles.

Q. And as a broker in that arrangement, your company

16
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received some type of a commission?

A. Yes, right.

Q. I guess I forgot to ask this earlier, but are you
a named inventor on any United States patents?

A. Oh, many, yes.

Q. And in the '50s8 and '60s, were you familiar with
anti -- products known as antigermicidal soaps?

A. Oh, yes, yeah.

Q. Could you explain your familiarity with those
products.

A. The fact is that I used them. One was Dial soap,
which was the largest -- well, there were two principal
users of such materials. One was Dial, which is still
using one which is not hexachlorophene. The other was
pHisoHex, which was manufactured by Winthrop Sterling
[sic]). Between those two companies, they probably
consumed over 90 percent of all of the hexachlorophene

that was manufactured.

Q. I'm sorry; did both Dial and pHisoHex use
hexachlorophene?
A. Yes. Dial contained 2 percent of it on a weight

basis; and I don't know how much was contained in
pHisoHex, but it was at least 2 percent.
Q. Okay. BAnd who was the manufacturer of Dial at

that period?

17



10

11 .

12

13

14

15

16

17

18

19

20

21

22

23

24

25

A. The same as is organized now. Dial Corporation

of Phoenix, Arizona.

Q. And in your knowledge of germicidal soaps, did
you become aware of the properties that were desirable in
germicidal soaps?

A, I certainly did. As a matter of fact, one of the
subjobs that I had was a competitor of Givaudan in many
areas and wanted very eagerly to develop a competitive
compound, and I did a great deal of work in that area.
None of which was particularly successful.

Q. When you say "Givaudan," was Givaudan the
manufacturer of the --

A. Givaudan was the inventor --

Q. Of hexachlorophene?

A. -- in the early 1940s of hexachlorophene. And
subsequently, up through the years 1957 -- you see, there
are several kinds of patents. One of them, primarily, is
a composition of matter patent, which applies to the
structure of the chemical itself.

Secondly, there is a patent which is a use
patent, which, in this case, would apply to the reduction
of or removal of bacteria from the skin. And there are
formulation patents. There are process patents.

A process patent is different from a cémposition

of matter patent because, while the composition of matter

18
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patent describes the molecular construction of a given
substance, it doesn't necessarily describe any method of
making it. A process patent describes the method of
making it, and there can be many of them as applied to a
single composition patent. And Givaudan continued to
issue process patents on hexachlorophene up to at least
1957.

Q. And, Mr. Cleary, were you the inventor of a
patent in 1957 called -- one of the inventors of a patent
in 1957 called, "Germicidal Soaps Composition"?

A. I was only a single inventor on any patent that
had to do with my name.

Oh, this is something else. This is one of my
odd jobs. 1I'd almost forgotten this one. This is the
only patent in which my name appears with other names, and
that was kind of a courtesy because this was the company
that I worked with half time to augment my income. I knew
them for several years. Actually, it was Wenneis and the
other guy, Chodroff, who invented this compound, and they
threw me into here as kind of a courtesy because I had
done a lot of work on the field that didn't amount to
anything.

MR. BINDER: Okay. Let the record reflect that
I'11 ask the reporter to mark as Exhibit 1 a copy of the

United States Letters Patent 2,814,597.

19
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Q. And that's what you were talking about when you
answered my last question. Correct, Mr. Cleary?
A. Yes, that's it. Yes.
(Plaintiff's Exhibit No. 1 was
marked for identification.)
MR. BINDER: Q. Exhibit 1, is it okay if I

refer to this by the last three numbers, as the 597

patent?
A. I don't even recognize the numbers any longer.
Q. Okay. (Provides document to the witness.)
It's a patent entitled, "Germicidal Soaps
Composition."”
A. Well, this is the same one you showed me.

Q. Yes, right. Okay. Exhibit 1 lists in the first
column several desirable qualities of germicidal soaps.

A. Uh-huh.

Q. Oone of those is that a germicidal soap should be
nontoxic. Is that a correct statement?

A. Well, you know, in these days, the properties of
materials intended for purposes like this were superficial
compared to what they are today. This compound -- I
worked part time for this company in order to augment my
income. I was still principally employed by Centerchem.

Centerchem had some friends in this company, they

set me up with some part-time work which I did on

20
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Saturdays and Sundays and after school and so on. There

is only one company that I know of that actually put this
compound, sight unseen, into one of their products, which
was Avon Laboratories. And all I can say is that, today,

this compound would never get anyplace in this field.

Q. In any event, Exhibit 1 is a copy of a patent --
A. Yes.

Q. -- that was issued to you, among others.

A. Yes.

Q. And did you later begin work on developing a
patent for a process for manufacturing hexachlorophene?
A, Yes, I did.

Q. And could you describe, generally, how you went

" about the initial work in developing that patent.

A. Yes. Before I became employed by Centerchem, I
was already contemplating the desirability of developing
processes for items such as hexachlorophene, which were
monopolies covered by patents which were, to my judgment,
not extremely good patents. And I started to work on
hexachlorophene some years, probably, maybe two or three
years, beforé I joined Centerchem. And it was always
my -- the attraction of hexachlorophene was simply that it
had been a monopoly for almost 20 years.

Q. A monopoly because Givaudan had a patent?

A. Yes. It was used by hundreds of customers, not

21
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in large quantities. The large quantities being used by
Dial and by Sterling Winthrop. But many, many dozens of
smaller companies had small products which contained
hexachlorophene. It was kind of a signature element of
many, many things that were used for skin application,
beauty creams, eczema treatments, stuff like that.

So I worked on hexachlorophene -- there are very
tricky chemical aspects to the manufacture of
hexachlorophene which one can only determine by
experimental work of trying to make the substance in the
laboratory. And one of them, the primary one, is that in
order to get good yields of a good product, you need to
start with a raw material -- namely,
2,4,5-trichlorophenol -- which is very high in purity.

Another important aspect of manufacturing it is
that the proportions of the reaction -- the reactants that
you use in this preparation have to be exact with
relationship to one another. If there is too much of one
and not enough of another, why the results are not good,
the yield is not good, the quality is not good; and,
accordingly, the cost is bad and the customer is not
interested.

Q. Okay. And I'm going td show you a copy of United
States Letters Patent No. 3,456,020, entitled, "Production

of 2,2'- methylene bis (3,4,6-trichlorophenol)," which --
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A. That's the full chemical name for

hexachlorophene.
Q. -~ lists you as the inventor. 1Is this a copy --
A. Hexachlorophene is just a trivial name --
Q. Excuse me a second. I'm going to ask the court

reporter to mark this as the next exhibit.
(Plaintiff's Exhibit No. 2 was
marked for identification.)
MR. BINDER: Q. Now, Exhibit 2 is a copy of
your patent?

A. Yes, indeed.

Q. And is there a common name for the substance
described in the patent?

A. Yeah; the common, trivial name is
hexachlorophene, yes.

Q. And is Exhibit 2 a copy of the patent that was
issued as a result of some of the work that you've just
described that you did in hexachlorophene?

A. Yes. Please note that the issue date of these
patents is sometimes years and years after the patent was
applied for, which, in turn, might be years and years
after the actual work was done. So the difference
probably in time between the issue date of this patent and
the date when the laboratory work waes initiated might be

as much as 10 years.
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Q. Sure. When you -- and this patent, Exhibit 2, is
a method of manufacturiﬁg hexachiorophene among -- is that
correct?

A. Yes.

Q. And the patent involves a two-step method of the
production of hexachlorophene; one step involves reacting
trichlorophenol and formaldehyde. 1Is that correct?

A. That's right. That was really the key to the
invention.

Q. And the second step in the process is that the --
once that reaction product is created, there is then a

condensing process to purify the hexachlorophene. 1Is that

correct?
A. Well, to conclude the reaction. What we
discovered -- what I discovered and which nobody at

Givaudan, amazingly, never discovered was that it's
possible to run this reaction in two discrete steps.

The principal result or the important result of
that is that it enables you to adjust the relative amounts
of formaldehyde gnd trichlorophenol that are used in the
reaction exactly, which is very important to the yield and
the quality of the product. And you do that by performing
an initial reaction, which somehow everybody at Givaudan
overlooked was taking place, to form an intermediate

compound which I was able to isolate.
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And at that time, my knowledge of chemistry was
so defective, I didn't really know what that compound was.
I.just knew that it was aiffereﬁt and had never been
disclosed before anywhere. And this was done by just
modifying the addition of some of the reactants and
pausing at a certain state and then continuing to conduct
the condensation to make the final product.

Q. Am I correct that that new reaction product that
you discovered is claimed in Claim 2 of this patent?

A. I don't know just where everything is placed in
these patents. N

Q. If you'd take a look at Claim 2, is that the

claim that talks about --

A. I think so, yes.
Q. Column 4.
A. Here's one in this patent here that says,
" ..anhydrous hydrogen" -- that's a misprint. That should

read -- I don't know why I didn't catch that. That should
read, "anhydrous hydrogen chloride." bThe word "chloride"
is left out.

"...and diluted sulfuric acid to form
quantitatively and exclusively a compound which has a
melting point of 78 degrees centigrade and a chlorine
content of 46.5 percent." 2and so forth and so on.

Now, that is the new compound that I'm speaking
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about.

Q. Okay. And you were referring --

A. Although it wasn't given a chemical name because
I didn't really know what it was.

Q. And as you were answering that question, you were
reading from the patent?

A. Yes.

Q. Now, the -- in addition to a claim on the
reaction product, you also had two claims in this patent
concerning the method of producing hexachlorophene. Is
that correct? . Claims 1 and 3, if we look at Columns 3 and
4 on the second page?

A. I don't have the claims here.

Q. The claims are on the second page, Mr. Cleary.

A. I'm sorry; I didn't really know I had two sheets
here. Oh, yeah.

Q. Am I correct that Claims 1 and 3 are a method of
producing hexachlorophene?

A. Yeah.

Q. Okay. Now, the method of producing
hexachlorophene included, among other things, the use of
trichlorophenol. 1Is that correct?

A. Well, that was indispensable. That's the
starting material.

Q. That's the starting material for hexachlorophene.
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A. That's right.

Q. And when you began the research work that
ultimately led to the patent that's Exhibit 2, did you
obtain the trichlorophenol from a manufacturer?

A. Well, in those days, believe it or not, there
were probably about six places in Manhattan where you
could walk in and buy chemicals over the counter without
any ID, without any record. One of them was City Chemical
Company on 22nd Street, where I could buy trichlorophenol
of reasonable purity and work with that.

Many years later, I did extensive work on making
trichlorophenol itself, which was intended for other
people, including Givaudan. I had a large contract with
Givaudan in later years to supply pure trichlorophenol by
methods that I subsequently developed which were not
patented which were dioxin free.

But unfortunately for me and Givaudan, too,
hexachlorophene production, which had resumed after the
Vietnam War, was suddenly cut off again by the news of a
fatality that had occurred to an infant in France as a
result of application of a hexachlorophene-containing
salve or something of that nature.

Q. Let's go back to the 1950s and 1960s. 1Is it
correct that in the '50s and '60s, that you -- were YOu

even aware of dioxin in the 1950s and '60s?
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A. No.

0. And you learned of dioxin at some later time, in
the '70s or later?

A. Probably -- dioxin was first -- let me give you a
little history on making trichlorophenol. Everyone that I
know about, which include all of the big name chemical
companies, like Monsanto and Dow and Hercules and Diamond
Alkali and Thompson Chemical, all made trichlorophenol in
the same way.

They put all of the reactants, which were
tetrachlorobenzene, sodium hydroxide and methyl alcohol
into one container, one vessel, closed it up and then
heated it and hoped for the best. And sometimes the best
was far from the best because these reactions developed
into what are known as runaway reactions, which means that
the desired reaction, instead of taking place gradually,
took place suddenly with the result that the pressure and
temperature inside the vessel increésed tremendously.
Sometimes to the point where the reaction vessel exploded.
This kind of accident occurred with everyone who ever made
trichlorophencl on a commercial scale.

Q. Sure. But going back to the 1950s and 1960s, in
that time period, you weren't aware of dioxin. Right?

A. No, I was not. Neither was anyone else.

Q. And that awareness developed in the 1970s,
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possibly, or even later?

A. I think it developed in the 1970s, because what
happened was that Monsanto, in particular, had an accident
of the kind I have just been describing, and the result of
it was that a number of workers were contacted with or
sprayed with or contaminated with the explosive residues
from this accident. And one of the physical results of
that was that the workers incurred what was described at
the time as chloracne, a skin condition obviously
resembling acne which was ascribed to the chlorine content
of the composition of that particular reactor.

And my understanding is that Monsanto, being more
than usually concerned about things of this nature,
conducted a long-term study of the health consequences of
this accident, including the longevity of the victims,
their general state of health, their other health
problems. And as I recall, their findings after a
significant and consequential period of time was that the
long-term health consequences of this accident were not to
abbreviate longevity or to cause any chronic problems that
showed up many years later. |

The dioxin problem probably became exaggerated,
if you will, during the Vietnam War when thousands and
thousands and thousands of pounds of dioxin were dropped

into areas of Vietnam with consequences that are still
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being observed there.

Q. When you say "dioxin," do you mean Agent Orange?

A. Well, Agent Orange was a mixture of
2,4,5-trichlorophenoxy acetic acid and 2,4-dichlorophenoxy
acetic acid, which were made, respectively, from crude
trichlorophenol, such as the material which came out of
reactors making this, and dichlorophenocl, which was made
in a slightly less -- less troublesome way.

But that's what -- Agent Orange was basically
2,4,5-trichlorophenoxy acid made from impure
trichlorophenol. BAll of which, as we now know, contained
dioxin.

Q. So it was not until sometime in the '70s or later
that it was identified as dioxin®?

A. If you will look at a piece of literature which I
lent to you -- lent to you or gave to you from the Merck

Index, you will find a chronology of toxicological studies

that were made on dioxin during the '70s -- mainly from
'73 onward -- which describes some of the toxicology of
dioxin.

Q. Sure. I appreciate that.

And getting back to your patent, which is
Exhibit 2, as I look at the first column, it describes
certain advantages of your method of hexachlorophene over

the prior -- if we look at Column 1, lines 49 through 69.
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Is that correct?

A. Uh-huh.

Q. And was one of the objects of your patent to
produce high purity hexachlorophene?

A. Yes, indeed.

Q. And why was that one of the objectives?

A. Well, to appeal to the customer, certainly, for
one thing. For another, the specifications outlined at
that time in the U.S. Pharmacopeia were quite loose, in
our estimation, and they had been formulated mainly by
Givaudan, to give themselves a break, I suppose.

But this substance was purchased by people like
Sterling Winthrop on the basis of Sterling Winthrop's own
specs, which were, at that time, as were most chemical
specs, rather meager because of the absence of the kind of
sophisticated analytical equipment that's available today.
They involved mainly melting point, which is a highly
significant property, color, odor, and not much else.

Q. Now, at some point in time, did you work with
Metro-Atlantic to develop hexachlorophene made in
accordance with your patent that's Exhibit 2?

Aa. Well, the history of that is that the first, what
I call, custom jobs that was done at Metro-Atlantic was
done for Eli Lilly & Company in connection with the

project called -- or a product called Treflan, which was a
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selective pre-emergent weed control substance. More or
less the first of its kind that had been developed.

And at that particular time, I had a very close
relationship with Eli Lilly. I had access to their
technical people, which was unusual at the time, and I
recognized that production as a very difficult chemical
job and one which, let us say, was not easily developed by
the rank and file of other persons, of whom there were
many, who were seeking that kind of work. And I developed
a key reaction in that process before seriously
approaching Lilly with the prospect of doing that work.

Q. Let's put aside Lilly for a moment. And after
you worked with Metro-Atlantic on Lilly, did you then work
with Metro-Atlantic to develop the kind of hexachlorophene
as described in your patent that's Exhibit 27?

A. Yes; I already had that process ready.

Q. And when you worked with Metro-Atlantic on that
process, were you acting as a broker to-obtain -~ with a

customer to whom the product could be provided?

A. Yes.
Q. And who was that customer?
A I had, myself, done a commercial study of that

product before discussing it with Metro-Atlantic. I

already had some relationships of various kinds with

~Sterling Winthrop in Rensselaer. I knew their purchasing
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agent well. I discussed with him the possible
availability of another source of supply, about which he
was extremely enthusiastic. He was ready to take every
pound we made and to -- sort of to say to Givaudan, "Hey!
You're not the boss anymore." I mean, monopolists always
make enemies and Givaudan made a few.

Q. So your process would allow Sterling Winthrop to
purchase hexachlorophene from Metro-Atlantic rather than
Givaudan?

A. Well, along with Givaudan. Metro-Atlantic
couldn't supply enough to meet Sterling Winthrop's needs.
They were probably the largest user in the country.

Q. When you spoke with the purchasing agent at
Sterling Winthrop about the purchase of hexachlorophene
from Metro-Atlantic, did you obtain the Sterling Winthrop
specification that you mentioned earlier?

A. Oh, yes.

Q. And did you provide that to Metro-Atlantic?
A. Oh, vyes.
Q. And at some point, did you have occasion to

demonstrate the process that Metro-Atlantic was using for
the hexachlorophene to Sterling Winthrop?

A. As a matter of fact, I did. Sterling Winthrop
was exceedingly interested in this plant. As a matter of

fact, they sent their vice-president of manufacturing down

33



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

to examine it. He gave it his blessing.

Q. And when you say --

A. And I went up to Rensselaer and demonstrated the
process in their laboratory.

Q. So you demonstrated your process to Sterling
Winthrop both at Metro-Atlantic and at Sterling Winthrop's
own laboratory --

A. Not at the same time.

Q. I understand, sure.

A. Metro-Atlantic first. And after I got intc
production, Sterling Winthrop -- Sterling Winthrop
expressed an interest in purchasing the process and the
plant at one time. That was the occasion in which their
vice-president of manufacturing, whose name I don't
remember -- he was an advanced middle-aged man at that
time -- came down and examined the plant very carefully

and gave it his imprimatur.

Q. Okay. That would be the Metro-Atlantic plant?
A. Yes.
Q. And he also saw the Metro-Atlantic process for

manufacturing hexachlorophene --

A. Yes. He saw it from me, or his chemist did, in
their own laboratory.

Q. So you demonstrated the Metro-Atlantic process to

Sterling Winthrop on at least two occasions; once at
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Metro-Atlantic and once --

A. No, that's not how it worked. I demonstrated --
before Metro-Atlantic started production, I demonstrated
the process at Metro-Atlantic's laboratory, to George
Huse, who was their technical director. And subsequently,
by some period of time, about which I'm not sure, I
traveled to Rensselaer specifically at their request and
for the purpose of demonstrating this process to them.

Q. So you first demonstrated the process to George
Huse at Metro-Atlantic.

A. That's right.

Q. And then you demonstrated it to Sterling Winthrop
in Rensselaer.

A. That's right.

Q. And you demonstrated at Rensselaer the same
process that you demonstrated to Mr. Huse.

A. Exactly.

Q. And did Sterling Winthrop, after that process was

demonstrated, agree to purchase hexachlorophene from
Metro-Atlantic made in accordance with your process?

A. No, I think the timing is not quite that way.
They were purchasing commercial quantities of
hexachlorophene before those demonstrations took place and
before the executive of Sterling Winthrop came down to

examine the plant.
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Q. So those commercial quantities you mentioned,
those would be -- those were quantities that Sterling
Winthrop purchased from Metro-Atlantic.

A. Yes.

Q. And then, subsequently, Sterling Winthrop
observed the Metro-Atlantic process and continued to
purchase.

A, That's right, yes.

Q. Okay. BAnd Sterling Winthrop observed the
Metro-Atlantic process both at Metro-Atlantic and at
Sterling's own laboratory in Rensselaer.

A. That's right. That's right.

Q. Okay. And you mentioned that the process -- you
showed your patented process for hexachlorophene to George
Huse of Metro-Atlantic. 1Is that correct?

A. That's right.

Q. And did you then assist Metro-Atlantic at all in
the development and implementation of that process?

A. To a very minor extent. George Huse was an
extremely competent chemical engineer. He had been
responsible for setting up very sophisticated operations
for Metro-Atlantic. He had been there for many years. He
was over my shoulder when I was in the lab with him. We
discussed the construction and size of the equipment that

would be needed for various operations, but the
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installation of it and the operation of it
was his responsibility.

Q. Sure. 1In essence, you showed Mr. i
process and then he worked on the commercial equip.
implement that on a commercial basis?

A. That's right.

Q. And when Mr. Huse had succeeded in implementing
that process, did you see the location where
Metro-Atlantic manufactured the hexachlorophene?

A. Oh, vyes.

Q. Did you see that on a number of occasions?

A. Yes.

MR. BINDER: I'm going to ask the reporter to

mark, I guess a series of exhibits. And I'm going to ask

the reporter to mark as Exhibit 3 a microfilmed copy of an

article from the Providence Sunday Journal Business Weekly

dated May 30, 1965, which has production numbers 12000 -

SBSF 12110 through SBSF 12116.

I'm going to then ask the reporter to mark as the

next exhibit an enlarged copy of that same article that

was photographed from the original newspaper.

And I'm going to ask the reporter to then mark as

the following exhibit an enlargement of a photograph from

an article entitled -- which has above -- below the

photograph, "Upper level of new hexachlorophene plant at
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Metro-Atlantic, Inc."

And as the next exhibit in this sequence, another
photograph.

Why don't we just mark these three and take a
break for a second.

(0ff the record.)

(Plaintiff's Exhibit Nos. 3-5 were
marked for identification.)

MR. BINDER: And then as the last exhibit in the
sequence, an enlargement of another photograph from that
newspaper article entitled, "Large perforate centrifuge
located in new plant provides company a means of crystal
recovery."

(Plaintiff's Exhibit No. 6 was
marked for identification.)

MR. BINDER: Okay.

Q. I'm going to ask you -- I guess I want to ask
you, first of all, to look at Exhibit 5, please.

A. Yes.

Q. Can you identify what is depicted in Exhibit 5?

A. Am I looking at Exhibit 5 here?

0. Yes, you are.

MR. McCLOSKEY: Excuse me, Counsel. I don't
think we got Exhibit 5 down at this end of the table.

THE WITNESS: Well, you could call this an
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all-purpose organic synthesis plant.v Something that
Saddam Hussein could make weapons of mass destruction in

MR. BINDER: 0. Ahyway, putting the levity of
not-so-funny subject to one side, does Exhibit 5 show a
chemical plant that you've seen before?

A. Well, I guess so. I've seen lots of chemical
plants that look like that.

Q. Okay. And you note that below Exhibit 5, it
reads, "Upper level of new hexachlorophene plant at
Metro-Atlantic, Inc."?

A. Oh, yeah. Yeah.

Q. And is that a -- does that appear to be an
accurate depiction of the chemical plant at
Metro-Atlantic, Inc., as you saw it?

A. Well, that's a long time ago but there's no
reason why it couldn't be.

Q. Okay. And is it your best recollection that it

is an accurate depiction?

MR. PORTER: He said it could be, not that it i

a

8.

MR. BINDER: I know. That's why I'm following up

a bit to see whether or not it is.

THE WITNESS: It could be. I can't place the
function of every piece of equipment in there. But as
chemical plants go, that was extremely simple. And, of

course, I recognize what a centrifuge is.
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MR. BINDER: Q. Centrifuge, you're referring to
Exhibit 6.
A. Yes.
Q. Now, going back to Exhibit 5. You see that it

depicts a number of. . .

A. Vessels.
Q. A number of vessels.
A. Yeah.

Q. And were vessels of that type used in the
manufacture of hexachlorophene at Metro-Atlantic?

A. Well, vessels of that type were used. Vessels of
this type generally are all-purpose vessels. There are
glass-lined vessels, mainly, and stainless steel vessels
which have different purposes and universal purposes. I
can tell you pretty much what the hexachlorophene process
was that might have fit into these vessels.

Q. Could you do so, please.

A. Well, first of all, the crude trichlorophenol
that was shipped from Diamond Alkali in Newark was treated
with chemicals, of which I think I supplied you a list in
one of those folders, in order to purify it. Aand it was
then extracted into perchloroethylene. BAnd then it was
heated to a certain temperature and formaldehyde was added
to it and sulfuric acid as a condensing agent was added

piecemeal through that.
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And upon completion of the reaction -- this is
where we had some problems, of which I assisted in
solving. Inevitably, almost any chemical reaction will
develop some undesirable color. And in order to remove
color, you usually do it with special kinds of charcoal
which absorb the color and which then has to be filtered
out. And at that point, the reaction product, which, in
this case, was hexachlorophene, is in solution, hot in the
perchloroethylene. And in order for the colorizing agent,
the charcoal, to be effective, it's treated hot, while the
substance is still in solution.

And then you filter that out by way of a filter
press, which is a group of leaves, I guess you could call
them, which are covered with a filter medium, which might
be some synthetic substance or it might be ordinary cloth
or it might be anything capable of retaining the charcoal
that you're trying to filter out of there.

But that reaction mixture contained some globules

of sulfuric acid, and they would make holes in the filter
cloth and the charcoal would comé through. Which, of
course, was no good. So we would have to put that stuff
back where it came from, clean up the filter press, put
some new filter cloth in it, and somehow get rid of the
acid that was making those little holes.

So I suggested putting a little calcium carbonate
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in there before the filtration was done to neutralize the
sulfuric acid. And, lo and behold, that worked.

And then that clear solution, which was almost
colorless, was put into a crystallizing vessel, which was
made, I believe, out of stainless steel, and it was cooled
down slowly in order to get the desired size of crystals.
And, finally, the product which had crystallized was
filtered out in that centrifuge. I think the same one
that was used to separate the purified trichlorophenol.
After appropriate cleaning up, of course.

And then the hexachlorophene, which still had a
little bit of solvent in it after centrifuging, was put in
the dryer and the so-called mothér liquor, which is the
filtrate you get from crystals, was very easy to recover
because perchloroethylene and water form what is known as
a constant boiling mixture. And all you have to do is
heat it up with water. And in constant boiling mixtures,
the boiling point of each of the two constituents is lower
than that of either of the substances alone. And it's
possible to recover the solvent in full by distilling off
this constant boiling mixture.

And, of course, some product remained dissolved
in it, which is inevitable, which was rather impure, but
we had a customer for the impure stuff, too. Which was

Kalo Laboratories of Kansas City, who used it as a seed
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disinfectant or as a pesticide against organisms that
attack seeds.

Q. Okay.

A. So we recovered all of the trichlorophenol and
all of the hexachlorophene.

Q. So the mechanism of recovering the crystal that
is shown, say, in Exhibit 6, the crystal that was
recovered, was that the hexachlorophene that was recovered
in the centrifuge?

A. Yes.

Q. Does Exhibit 6 dépict the process of using a
centrifuge to recover crystal?

MR. PORTER: Six, I think, is this one.

THE WITNESS: Whatever it is, it was recovered in
the centrifuge. That's for sure.

MR. BINDER: Q. At Metro-Atlantic, the crystal
was recovered in the centrifuge.

A. Yes.

Q. And you mentioned that the pure hexachlorophene
was developed by your process at Metro-Atlantic, that was
so0ld to Sterling Winthrop?

A. Virtually all of it, yes.

Q. And it was a less pure by-product that was sold
to Kalo?
A. Right. I would call it -- it's known in the
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trade as the second crép.
" Q. What do you mean by "second crop"?

A. Well, the fifst crop is the good stuff that you
take out first, and the second crop is what's left over in
the mother liquor.

Q. Okay. So rather than -- so you found some
productive use to be made of the second crop.

A. We did.

Q. And it was important that the hexachlorophene
that was sent to Sterling Winthrop be pure énd meet the
Sterling Winthrop specs?

A. That's right.

Q. And Kalo did not have such a rigorous spec?

A. They had no specs at all. They were glad to get
anything that contained hexachlorophene.

Q. Now, at the time that Metro-Atlantic was
manufacturing hexachlorophene using your process as
described in your patent that's Exhibit 2, did you believe
that that was a superior method of manufacturing
hexachlorophene to any other known method?

A. Well, I thought it was different. Whether it was
superior or not would be the judgment of the customer.

Q. But you viewed your -- the goal of your patent,
which was Exhibit 2, was to develop a batter way of making

hexachlorophene.
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A. It was to develop a different way of making
hexachlorophene.

Q. And, hopefully, a better one.

A. It was meeting specs.

Q. Meeting specs of someone like Sterling Winthrop?

A. That's right.

Q. Your patented method that Metro-Atlantic was
using was better, at least in the sense that there was a
two-stage reaction and you didn't have to worry about the
problem of boiling over that you described.

A. It solved the balance of formaldehyde and
trichlorophenol, which was vital to the quality of the
product.

Q. And if I understand your patent correctly, your
patent used one mole of trichlorophenol to one mole of -
excuse me. Let me strike that.

Yes. If I understand your patent correctly, your
invention involved the use of one mole of formaldehyde and
one mole of trichlorophenol; while the previous method
used two moles of trichlorophenol to one mole of
formaldehyde?

A. No, that's not quite how it worked.

Q. Okay. Could you correct me, then.
A. It used one mole of paraformaldehyde and one mole
of trichlorophenol -- no. To start with, you had all of
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the trichlorophenol there, two moles. But the
formaldehyde reacted with only one mole under the
influence of a minor amount of acid. It was after the
major amount of condensing agent, which was sulfuric acid,
was added, that the second reaction took place. 1I'll draw
you a picture of it, if you want.
0. Just so the record is clear, what are you drawing
now, Mr. Cleary?
A. I'm drawing a reaction between -- okay. Here's
one mole of --
MR. PORTER: What is a mole?
THE WITNESS: A molecular weight.
MR. PORTER: Okay.
THE WITNESS: A molecular weight in terms of
grams, pounds, or whatever. There's the second mole of --
MR. BINDER: Q. You've now drawn two moles of
what?
A. Two moles of trichlorophenol.

Q. Okay. Could we put underneath each one "TCP."

A. (Witness complies.)
Q. Now, could you continue drawing the reaction.
A. Now, the first mole of formaldehyde -- I'm not

sure I ever understood this reaction, but what happened
was that. . .

Anyway, it went something like that.
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Anyway, the formaldehyde all reacted with one
mole of trichlorophencl to give that compound whose
physical characteristics are described in that patent.

Q. That patent is Exhibit 2.
A. And it was this compound that reacted with the
second mole of trichlorophencl to make hexachlorophene.
Q. Okay. You've shown that on this drawing which
I'm going to ask be marked as Exhibit 7.
(Plaintiff's Exhibit No. 7 was
marked for identification.)

THE WITNESS: I'm not sure what that was. I
think I mentioned it somewhere in the patent.

Oh, this is not it.

MR. BINDER: Q. The patent you're looking for
is Exhibit 2.

A. I guess so. Yeah.

Well, I wasn't sure what it was then. I don't
know whether I'm sure what it is now. But it might have
been a reaction product with sulfuric acid. I can't
balance that.

Well, that's as far as I can go with that. I
haven't thought about it for a long time.

0. Sure. Okay.
A. But I isolated that compound.

Q. You isolated the --
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A. I isolated the compound and characterized it
physically. I never had it analyzed by carbon content --
you know, by something.

Q. Okay. Getting --

A. Chlorine content.

Q. Sure. Now, getting back to the way your process
was implemented at Metro-Atlantic, am I correct in
understanding that Metro-Atlantic purchased the
trichlorophenol that it used?

A. That's right, yes.

Q. And they purchased it from Diamond Alkali?
A. Diamond Alkali. Exclusively.
Q. You mentioned earlier, in response to one of my

questions, that you had provided me with a document that
provides some information about the bill of materials that
was used in hexachlorophene. Is that correct?

A. That's something that -- that's the only thing
that I have that George Huse put together. That's his
composition. And how I came by it, I don't remember. I
don't -- I didn't know that I even had it.

Q. Okay. What you're referring to -- I'm going to
ask the reporter to mark as Exhibit 8.

(Plaintiff's Exhibit No. 8 was
marked for identification.)

MR. BINDER: Q. Mr. Cleary, is Exhibit 8 the
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document you were just referring to?

A. Yes.

Q. And could you identify it for the record, please.
Is that a document you received from Mr. Huse?

A. Sometime, I must have.

Q. That's a document you produced today -- you
produced in response to the subpoena?

A. That I prodﬁced?

Q. That you provided to us as a result of the
subpoena that we gave you.

A. As a result of your subpoena, I looked through
every folder this high (indicating) that I have which
refers to many, many things, and I found this,
unexpectedly.

Q. You found Exhibit 8, unexpectedly.

Now, Exhibit 8 --

A. It has a date on it, which is nice.

Q. It has a date of June 8, 1964.

A. Yes.

Q. Are you familiar with the term "ZEP," Z-E-P?
A. Yes.

Q. What is ZEP?

A. That was a nickname that we used for the product.
Q. For hexachlorophene?
A. Yes.
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Q. A nickname you and Mr. Huse used?
A. Yes.

0. Now, Exhibit 8 --

A. He made it up. I don't know how, but he made it

up.

Q. Now, Exhibit 8 says --

I'm sorry, Counsel, I only have the one copy

received from the witness.

It says, "ZEP Manufacture, Phase No. 1."
A. Uh-huh.
Q. Do you know whether there was -- there were

further phases in the manufacturing process than just that

phase?
A. That was the phase of purifying the
trichlorophenol.

Q. Now, this is the trichlorophenol that was

purchased from Diamond Alkali?

A. That's right.

Q. And the title "ZEP," once again, refers to

hexachlorophene.

A. That's right.

Q. And do you know whether, before Metro-Atlantic

obtained trichlorophenol from Diamond Alkali,

it provided,

either directly or through you, any specifications for the

trichlorophenol?
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A. I'm not sure I follow your question.

Q. Okay. Did either Metro-Atlantic itself or you,
on behalf of Metro-Atlantic, tell Diamond Alkali, "We want
a certain grade of trichlorophenol"?

A. No, no. The grade of trichlorophenol that was
purchased and was made by Diamond Alkali presumably was
relatively uniform and consisted of nothing but the
contents of the reactor after they had performed the
reaction. It was full of whatever was made in that
reaction.

Q. So that was the generic --

A, The spec, if you call it that, for the purified
material, or the goal that we aimed for in purifying that

material, was a melting point, which I believe was

.something like 65 to 66 degrees.

0. That's the melting point for the TCP?

A. But the way -- that's right. But the way we
received it was in solution, with no solids. It was a
brownish solution that had a trichlorophenol content
probably on the order of 20 to 30 percent. The rest being
liquid; mainly alcohol and water.

Q. And this trichlorophenol was intended to be used
by Metro-Atlantic to develop as part of -- a step to
develop a pure hexachlorophene for --

A. That's right.
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Q. -- the customer.

A. Because it was cheap to do it that way; and I
knew Diamond Alkali well enough myself to engage in
conversations leading to that. There was only one pure
trichlorophenol available in the market. It was made by
Hooker Chemical Company, who became part of some big oil
company .

Hooker had an exclusive arrangement with Givaudan

to sell to Givaudan pure, or alleged pure,

trichlorophenol.
Q. So Metro-Atlantic was precluded from obtaining --
A. There was no other trichlorophenol on the market

except small laboratory quantities.

Q. So Metro-Atlantic was unable, as a result of
Hooker's contract, to obtain TCP from Hooker.

A. That's right.

Q. And in addition to Diamond Alkali, were there a
number of companies making trichlorophenol in the mid-60s?

A. Yes. Many.

Q. And could you identify some of those companies.

A. Dow, Monsanto, Hercules, Thompson Chemical
Company, Hooker. They all made, as far as I'm aware,
trichlorophenoxy acetic acid. Dow itself sold the sodium
salt of trichlorophenol and trichlorophenol as a trade

name called Dowicide, and Dowicide was used in various
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formulations, the composition of which I have no
knowledge, as institutional cleansing agents, purifying
agents, germicides, what have You. And they were made by
the millions of pounds.

MR. BINDER: ©Okay. This might be -- we've been
here for about an hour and a half. This might be a
convenient time to take a break, stretch your legs and
bring you back here in about five minutes or so.

THE WITNESS: 1I'm comfortable.

MR. PORTER: I could use a break.

{Break taken at 10:34 a.m. until 10:57 a.m.)

MR. BINDER: Q. Mr. Cleary, you identified
Sterling Winthrop and Kalo as purchasers of

hexachlorophene from Metro-Atlantic.

A. Yeah.

Q. Do you recall the names of any others --
purchasers?

A. No, théere were no others. Sterling would have

taken every pound we could make.

Q. Okay. Now, you also mentioned -- let me withdraw
the question.
Do you recall the approximate length of the time
that Metro-Atlantic was making hexachlorophene at its
plant?

A. Only vaguely. Probably -- less than a year.
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Q. And this was a plant that was‘in the vicinity of
Providence, Rhode Island?

A. Oh, yes. It was in the community called
Centredale.

Q. And you visited that site.

A. Yes, I did.

Q. Okay. Do you recall where on the plant the
building was located where the hexachlorophene was
manufactured?

A. Fairly precisely, yes.

Q. Would it be helpful if I were to show you a map
of the site?

A. I have those maps. I've looked at them all very
carefully, yes.

Q. Ckay. I have -- I'm going to put before the
witness a Sanborn Library Insurance Map, a counterpart of
which has been used in a number of other depositions in
this case. This bears production No. SBSF 6816.

And I'm going to ask the witness if he can mark
the location of the building where he saw the
hexachlorophene being manufactured at Metro-Atlantic.

A. I don't have this map, but I have similar maps
that were produced by IT of Hopkinton for EPA -- or for

the State of Rhode Island, rather. I'm getting

my. . .
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Q. Maybe I could help you a bit with the
orientation.

A. Yes. It usually throws me a little bit here.

Q. Okay. I think if we see at the top --

A. Smith Street was Route 44.

Q. On the top we see a section marked,
"Metro-Atlantic, Inc., Chemical Manufacturing." And then
we see to the -- oh, west of that, the -- that building,
the Woonasquatucket River. And then we see to the
southwest, a building that's abutting the river.

A. Uh-huh.

MR. PORTER: This one here, you mean?

MR. BINDER: Yes.

THE WITNESS: It was either that or close to it.
MR. BINDER: Q. When you say "that," are you

referring to the building abutting the river?

A. Yes.
Q. Okay.
A. I can’'t be sure, but it was very close to that, I

know. It was right next door to Metro-Atlantic. My
recollection is that it actually was between
Metro-Atlantic's buildings and the river.

Q. So the record is clear, Mr. Cleary, I'm going to
ask if you could mark in red ink an arrow pointing to the

building which you said was close to, if not precisely,
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where the hexachlorophene was manufactured.
We talked about a building abutting the river.
A. I don't think so. It wasn't located that far
away. If these were Metro-Atlantic buildings -- first,
let me just review a little bit to orient myself here.

I came on the property off of Smith Street and
they had office buildings here (indicating). They had
formulation buildings in the middle. And back at this end
{indicating), they had their only really chemical
operation, which was the manufacture of that
meta-nitrobenzene sodium sulfonate I spoke about before
that was located right in there (indicating).

But the hexachlorophene building was more like
here (indicating).

Q. Away from the other three buildings that you've

just described.

A. Separate from.

Q. Separate. Excuse me.

A. Separate from them.

Q. And closer to the river?

A. And closer to the river, yeah. Right about -- I

can't write anything with that.

Q. It's a tough pen. Let me just --
A. It was right about there (indicating).
0. But it was not in the other buildings.
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A. No, it was not. It was separate.

MR. PORTER: Not shown on this map, then.

THE WITNESS: No, I don't think so. It could
have been anywhere in this space here (indicating), but it
was not up there (indicating). It was down in here
(indicating) somewhere.

MR. BINDEﬁ: Okay. Thank you, Mr. Cleary.

Q. Okay. I guess, in response to my question, you
mentioned, once again, the somewhat long chemical name
that I forget of the first product that you helped
Metro-Atlantic broker.

A. It was Treflan, or trifluralin, for Lilly.

Q. Wasn't there a product before that that went to
Winthrop?

A. Well, we went over that. They were already in
manufacture of that. And I sought them out, knowing that
they made it and proposed to them that we sell some of
their material to a customer we already had.

Q. Okay. So you worked with Metro-Atlantic with
three products.

A. Yes.

Q. That antibleeding agent that we spoke about
earlier that they were already manufacturing.

A, Yes.

Q. The Treflan you just mentioned.
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with its

A.

Q.

Yes.

And the --

Hexachlorophene.

Hexachlorophene.

Yes.

Did you work with Metro-Atlantic in connection
manufacture of any other products?

No.

Okay. Now, you mentioned -- let me ask you a

couple more details, if I could, about the hexachlorophene

process.
A.
Q.
catalyst
A.
Q.
was used
A.
patent.
Q.
process?
A.

Q.

Sure.
Do you happen to recall the particular acid
that was used in that process?

Yes. Sulfuric acid.

And do you recall the specific sulfonic acid that

in the process?

None. That was just window dressing in the

And there was also ~-- was PCE used in the

PCE?
Perc, PCE, perchloroethylene.
Oh, yes. Yeah. Yes, we used that.

Forgive me for using the shorthand.
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A. That's all right. We called it "perc."

Q. Do you happen to know the suppliers from whom
Metro-Atlantic obtained the perc or the --

A. No. It was a commonly available chemical from --
usually from distributors in drums from anywhere.

Q. And do you know whether Metro-Atlantic stored any
of the chemicals used in the hexachlorophene process in
tanks?

A. No, they did not. The crude trichlorophenol was
supplied in tank trucks, which were not all that large in
volume, probably 5,000 gallons at the most. Maybe less
than that. And that perhaps was stored in some
intermediate place rather than keep it on the premises in

the truck, but I don't recall.

Q. You don't know where the TCP was stored.
A. No.
Q. Okay. Now, as a result of Metro-Atlantic selling

the hexachlorophene to Sterling Winthrop, I assume that

you -- Centerchem obtained a commission for its efforts.
A. Yes.
Q. And it also obtained a commission on sales to
Kalo?
A. Yes.
Q. Okay. Would Centerchem still have any records

left that go back that far that might tell us for how long
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that --

A. I doubt very much because it happened when I
first became aware of interest in this case, which is
approximately three years ago, I spoke with someone there
with that very question. And there is nothing left there.

Q. Now, you also mentioned that Metro-Atlantic was
working with Lilly on a product known as Treflan?

A. That's right.

Q. And were you familiar with the process by which

Treflan was manufactured?

A. I developed it.
Q. Could you describe that process to us, please.
A. It started with a chemical called

trifluoromethylchlorobenzene, which was made, again, by
Hooker, and it was purchased by Lilly. It was shipped by
Lilly or arranged to have been shipped by Lilly‘directly
to Metro-Atlantic. It was then nitrated in two steps, one
of which was very easy and one of which was very
difficult.

And the dinitrated product was reacted with
dipropylamine, which was also shipped by Lilly directly to
Metro-Atlantic and which had many -- not many, but a few
producers. Who they were, I'm not sure.

At that time or during that time, a person from

Lilly came to these premises and supervised the
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formulation of the final product, which involved

confidential solvents and emulsifiers, which we never knew

about as far as their identity was concerned. So they
personally participated in the final production of the

goods that they sold.

Q. "They" being Lilly.
A. I beg your pardon?
Q. "They" being Lilly.
A. "They" being Lilly, yes. 1In fact, a person also

now deceased by the name of Robert Dille, D-i-1-1-e.

Q. And how frequently did the Eli Lilly people visit

the site while Metro-Atlantic was making the --

A. When it was appropriate. You got to a point in
the production when his services and the materials that
were confidential to him were timely to arrive there in
terms of what was ready for him, which was not
continuously, but from batch to batch, you might say. I
don't think he was present there more than three or four

times, at most.

Q. Okay. And what is the product -- could you

describe the process of denitration?

A. Of the nitration?

Q. Was it denitration?

A. Dinitration.

Q. Dinitration. Excuse me.
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A. Yes. First the raw material from Hooker, which
was trifluoromethylchlorobenzene, was nitrated under what
then would be called extremely mild conditions, where a
mixture of sulfuric and nitric acid -- the nitric acid
being more or less exactly equivalent to what was needed
to nitrate -- of the first nitration of that, leaving some
sulfuric acid as a by-product.

The second nitration was much more difficult. It
involved an excess of nitric acid and a high temperature,
around 120, think. 120 degrees centigrade. And then it
was -- it was a heterogeneous reaction mixture. So that
the product separated from the reaction mixture in a
discrete layer, which was separated as a liquid. And that
liquid was then reacted with the dipropylamine with the
elimination of sodium chloride, actually, because the
reaction was neutralized -- as the hydrochlofic acid was
eliminated, it was neutralized with sodium chloride --
sodium hydroxide to form sodium chloride.

Q. Do you have any knowledge of some of the
constituents of the confidential solvents that were used

making the Treflan?

A. No, none.

Q. Not any of the constituency?

A. Not a -- not a trace.

Q. Is that also true for the emulsifiers?
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1 A. Yes.

2 Q. When Metro-Atlantic was manufacturing the Treflan
3 for Eli Lilly, were any -- did you see -- were any

4 by-products generated?

5 A. Essentially not, because both of those

6 reactions -- all three of those reactions were virtually

7 guantitative. Meaning that there were no by-products or

8 leftovers or residues of organic materials.

9 Q. Does that mean no wastes were generated, either?
10 A. Acid waste.
11 Q. Acid waste. And do you know what happened with

12 the acid waste?
13 A. No.
14 Q. Am I correct that both the Treflan and the

15 hexachlorophene were made in the same building?

16 A. Yes.

17 Q. And they were made at different times.

18 A. Oh, very different.

19 Q. First the Treflan and then the hexachlorophene.
20 A, Yeah. With a long interlude in between. Several

21 months, at least.

22 Q. And do you happen to recall the -- the building,
23 was that a two-story building?

24 A. Well, buildings like that normally are

25 constructed on a mezzanine basis. They have two stories,
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in effect, but they're open. Equipment is arrayed around
the mezzanine of the main floor to make use of gravity, in
some cases, for flowing from one vessel to another, and so
that so%eone on the main floor can visually observe almost
everything in the plant from one point where he stands on
the floor. So, in effect, two stories, yeah. Two
operating levels.

Q. Do you recall whetﬂer there were any -- what the
floor was made of in those buildings?

A. The floor?

Q. The floor, ves.

A. Cement.
Q. Do you know whether there were any drains in the
floor?

A. I don't remember.

Q. Did you ever witness the cleaning of any of the
vessels in which either the Treflan or the hexachlorophene
was made?

A. No.

Q. Now, at Metro-Atlantic, Qou had dealings with

Joseph Buonanno?

A. Yes.
Q. And George Huse?
A. Yes.

Q. Do you recall having dealings with anybody else
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at Metro-Atlantic?

A. No. I knew some of them, but I didn't deal with
them in any way.

Q. Who were some of the other people at
Metro-Atlantic that you knew of by name?

A. I knew Hug Bonino, who was Buonanno's partner. I
knew Joe Buonanno's brother, Bernie. I casually knew a
couple of the operators in the plant. Very casually. I
don't even remember their names.

Q. Okay. These operators you casually knew, would
they include the people who worked in the building where
the hexachlorophene and Treflan was made?

A. I suppose so. I mean, I walked past them from
time to time, but that's about the size of it.

Q. When the hexachlorophene was being made, did you
see, for instance, George Huse walking about the plant

floor supervising the activities?

A. I must have, yes.
Q. Okay. At some point, I think you said about
three years ago, you became aware of -- about an EPA

proceeding regarding the condition of the Centredale site?
A. I first became aware of it by way of Vincent

Buonanno, who asked me to have telephone conversations

with his attorneys and with his environmental consultant,

a person in Washington whose name I forget. The man in --
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the legal person was one Deming Sherman from the firm. .

Q. Does Edwards and Angell ring a bell?

A. Something and Angell.

Q. Edwards and Angell?

A. Edwards and Angell, yeah.

Q. Okay. What subjects did you discuss with them?

A. Pretty much what I've been discussing with you, I
guess.

Q. Okay. And then after you learned about the --
after you had a discussion with the -- Mr. Buonanno and
his attorney, who did you next have any discussions with
about the condition of the site?

A. Well, what happened in my discussion with
Vincent, he arranged, via Deming Sherman, to send me a
large number of maps which had been prepared by IT at the
instigation of the State of Rhode Island listing analyses
of various substances that had been found on that
property. And asking me if I could identify the source of
any of them, which I couldn't and so advised both his
attorney and Vincent.

And that pretty much was -- I wrote Vincent a
couple of little notes, which I have here if you'd like to
see them, giving my impression of what I saw, what I saw
in the maps..

Shall I show them to you?
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Q. Sure. 1I'd be happy to see them.
A. I have the maps here, too. I don't know whether
you've seen these particular maps.

And then, of course, that was followed very
quickly by a contact from Lilly's lawyer, who wanted me to
sign their affidavit. Which I did after having made some
corrections in it.

Q. Okay. If you're able to find the letters to
Mr. Buonanno,‘that would be great and I will get back to
you about --

A. I know I have them here. They were faxes,
actually. Here's one (indicating).

MR. PORTER: Mr. Binder, I should have asked this
question earlier maybe, but this deposition is just to get
information; you have neither the intent nor even the
remote expectation that Mr. Cleary is going to be a party
to this case.

MR. BINDER: No. This to is to get information
for this lawsuit before us.

MR. PORTER: All right.

THE WITNESS: Those simply indicate that I knew
nothing whatsoever about all of the contaminants found on
that property.

MR. BINDER: Okay. dJust so -- Mr. Cleary has

been good enough to give us two letters.
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0. These are the two letters that you sent to
Mr. Buonanno?

A. That's right.

Q. Could I ask that these be marked as the next
numbers in sequence, please.

(Plaintiff's Exhibit Nos. 9 and 10
were marked for identification.)
MR. BINDER: Q. Just to tie up a loose end,
Mr. Cleary. I think the next thing you heard after
speaking with Mr. Buonanno is you ultimately signed an
affidavit that was submitted by counsel for Lilly.

A. Yes.

0. And that you then made some changes to and then
signed when it was correct.

A. Yes.

0. Let me show you a document bearing production
numbers SBSF 12922 through 12924, which I'm going to ask
the reporter to mark as the next exhibit.

(Plaintiff's Exhibit No. 11 was
marked for identification.)
MR. BINDER: Q. And my question, Mr. Cleary:
Is Exhibit 11 the affidavit that you signed?
A. Well, it has my name on it.
Q. It has your name and it has your signature?

A. Yes.
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Q. And the information in there is correct to the

best of your knowledge?

A. Yes.
Q. Okay. Now after you had the discussions with
Mr. Buonanno and his lawyer and Mr. -- the lawyer for

Lilly, did you have some discussions about this Centredale
site with anybody from the EPA?

A. Yes. A Ms. Ann Gardner, who described herself as
a paralegal.

Q. And you've brought with you in response to the
subpoena copies of some correspondence you had with
Ms. Gardner. Is that correct?

A. We had a -- the first thing that happened was
that we had a rather lengthy phone conversation, which she
made clear to me that she was going to make the basis of a
statement by myself.

And subsequent to that, she sent her resume of
that conversation intended to be -- or to reﬁlect my
statement. And I sent it back to her with corrections and
additional comments. And she told me that she would use
that material to conclude some sort of a statement from
me.

And when this notice of the deposition came up, I
phoned her and asked her if she had a revised copy of such

a letter that would have reflected my subsequent
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corrections and comments. And she said she hadn't
prepared it yet but that she would do so in due course.
And those notes I sent to you are a composite of her -- my
original conversation with her, my corrections noted where
they belonged, and additional comments that I wanted to
put into such a letter.

Q. Now, let me try to show you some of these
documents so that we can identify the documents you've
spoken about.

I'm going to ask the reporter to mark as the next
exhibit a three-page memorandum dated November 26, 2002.

(Plaintiff's Exhibit No. 12 was
marked for identification.)

MR. BINDER: Q. Now, Mr. Cleary, is Exhibit 12
the memorandum you received from the -- Ms. Gardner of the
EPA which you've just mentioned?

A. Yes.

Q. Okay. Thank you.

I'm going to ask the reporter to mark as the next
two exhibits copies of letters from Ms. Gardner to
Mr. Cleary; the first dated November 26, 2002, the second
dated January 14, 2003.

(Plaintiff's Exhibit Nos. 13 and 14
were marked for identification.)

MR. BINDER: Q. Okay. Now, is Exhibit 13 the
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letter from Ms. Gardner to you in which she forwarded to
you her draft memorandum that's been marked as Exhibit 12?

A. Yes.

Q. Exhibit 14 is also a letter to you from
Ms. Gardner. And in this one, she says she's enclosing a
copy of her draft memo to the file concerning her -
telephone conversation with you. Did she enclose the same
document, Exhibit 12, with both of those letters?

A. What happened was that when I sent back to her
her letter and my corrections, I neglected to keep a copy
of her letter. &And I told her that, and she said she
would.send me back a copy of it.

Q. Okay. So you would have gotten -- probably

received a copy of Exhibit 12 twice; once --

A. Yeah.

Q. -- with Exhibit 13 and once with Exhibit 14.
A. Right.

Q. Now, you mentioned your corrections to

Ms. Gardener's memo. I'm going to show you a handwritten
letter dated 12/2/02, which I'm going to ask the reporter
to mark as Exhibit 15.
(Plaintiff's Exhibit No. 15 was
marked for identification.)
MR. BINDER: Q. And my question to you is

whether Exhibit 15 consists of your corrections to
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Ms. Gardener's memorandum?

A. Yes, they do.

Q. So if I understand correctly, Mr. Cleary, in
order to have an accurate statement of what you discussed
with Ms. Gardner, we would take Exhibit 12, incorporate
the instances where you crossed out a word and replaced it
with another word.

A. Yes.

Q. And then we would place the "1" from Exhibit 15
next to where it says "1" on Exhibit 12.

A. Yes.

Q. We would place the "2" on Exhibit 15 where it's
marked "2" on Exhibit 12.

A. Yes.

Q. And we would place the "A" on Exhibit 15 where
there's an "A" on Exhibit 12.

A. Right.

Q. Now, in addition to the exhibits we've spoken
about today, you also brought some other documents in
response to the subpoena. Is that correct?

A. You mean in addition to what you have?

Q. Yes -- no, in addition to what we've already
marked as exhibits.

A. Well, what I have here mainly, besides the

communication with Ms. Gardner and with Vincent Buonanno,
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are the maps that were supplied to me by Vincent
Buonanno's attorney which depict the locations and nature
of the so-called contaminants that were found on that
property.

Q. Okay. Have you brought those with you today?

A. Yes, I have them.
Q. Could we take a look at them.
A. Sure.
These -- I've separated out the ones, I think,

which have some relationship to dioxin. These are
dioxin-marked maps. And these are maps that are marked
with many other things, including what are called volatile
organic compounds, semi-volatile organic compounds, PCBs,
and heavy metals.

Q. Okay. And these maps are maps from a -- made by
a company known as IT Corporation?

A. Yes.

MR. BINDER: I'm going to ask the reporter to

mark as the next exhibit in sequence what the witness
referred to as the maps from IT Corporation that were
dioxin related.

THE WITNESS: They were commissioned by the State
of Rhode Island, as I understand it.

(Plaintiff's Exhibit No. 16 was
marked for identification.)
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MR. BINDER: And I'm going to ask the reporter to
mark as Exhibit 17 what the witness described as the maps
from IT that were not dioxin related.

(Plaintiff's Exhibit No. 17 was
marked for identification.)

MR. BINDER: Q. Now, I know that in response to
the subpoena that we arranged to have served on you today,
you've produced some other documents, including a copy of
an affidavit and a copy of several patents.

I'm going to ask the witness to mark -- excuse
me, the reporter to mark as the next group exhibit an
affidavit and series of patents and ask whether these are
documents you brought today -- actually, brought last

evening in response to the subpoena?

A, Is that a question to me?
0. Yes, it is.
A. Yes, it is.

(Plaintiff's Exhibit No. 18 was
marked for identification.)

MR. BINDER: Q. Okay. Now, Mr. Cleary, after
you learned about the condition of the Centredale site,
did you gather together information about dioxin and other
contaminants?

A. Well, I did not learn about the condition of the

Centredale site until my initial conversation with Vincent
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Buonanno.

Q. Sure.

A. After which, I was sent those maps by his
attorneys, and I was requested by Vincent to use my best
recollection to try to identify where these various
suﬁstances might have come from. And my correspondence
with him, which also included a couple of telephone calls,
were simply that I did not know where they could have come
from.

The dioxin, I could by that time have suspected
where it came from. All of the other items I had not the
slightest idea where they might have come from.

Q. Thank you. I guess let me ask my question I had
in mind a little bit differently. 1In response to this
subpoena, you have brought copies of two pages from the
Merck's -- Merck Index on which you've written the word
"dioxin."

I'm going to show you these as the next exhibit.
(Plaintiff's Exhibit No. 19 was
marked for identification.)

MR. BINDER: Q. And is this handwriting on

Exhibit 19 yours?

A. Yes.
Q. Look at both pages; it is a two-page document.
A. Yes.
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Q. Okay. &2and did you gather this material that's
Exhibit 19 at some point after you had the conversation
with Mr. Buonanno's attorney?

A. No. I've had this information for years. 1It's
been in the Merck Index, of which I have had a copy for
years.

Q. Okay. I guess my question is: Did you find
these particular pages that are Exhibit 19 after you spoke

to Mr. Buonanno's lawyer?

A. Well, I can't answer that yes or no.
Q. Okay.
A. It was simply a matter of trying to instruct the

related parties, to some extent, as to what the nature of
these various chemicals is.

Q. Okay. That was the purpose --

a. And their relationship --

Q. -- of Exhibit 19.

A. And their relationship to each other. And that

was my intention, also, in sending them to you.

Q. Okay. That was your intention in creating
Exhibit 19.
A. Yes.

MR. McCLOSKEY: Objection.
MR. BINDER: Q. Was that also your intention in

preparing Exhibit 19°?
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A. I don't follow you.

Q. Okay. In response to the previous question, you
said that you gathered together materials to explain the
different --

A. My assumption, right or wrong, had been that
anyone I was going to discuss these matters with had only
a fragmentary, and perhaps inaccurate, conception of what
these chemicals look like and what their relationship is
to one another. And my copying out those pieces from the
Merck Index, which I had for years, was intended to
elucidate the connection between trichlorophenol, dioxin,
2,4,5-T, hexachlorophene, trichlorophenol, 2,4,5-,
et cetera.

Q. Sure. And you were doing that in response to
inquiries about -- that lawyers had made about the
Centredale site.

A. Yes.

Q. I'm going do show you another group of documents
consisting of -~

Off the record for a second.

(Off the recofd.)

(Break taken at 11:44 a.m. until 12:08 p.m.)
(Plaintiff's Exhibit Nos. 20 and 21
were marked for identification.)

MR. BINDER: Q. Okay, Mr. Cleary. I'm going to
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show you what's been marked as Exhibit 20. 1It's a page
from the document you produced entitled,
"U.S. Pharmacopeia, The Standard of Quality."

Could you identify what that is, please.

A. Well, yeah. I put this in here so you would know
that the U.S. Pharmacopeia, which is abbreviated as USP,
is an actual compendium which is recognized all over the
industry as a collection of acceptable standards in the --
particularly in the drug business.

Where it -- what sort of elevated niche it
occupies today, I don't know. But in the absence of any
other specifications for a purchased drug -- quote, drug
or chemical material, it was often specified as "USP
quality.” And anytime something new came along that was
of more than average commercial interest, the USP soon
enough wrote a page of acceptable specifications for that
product.

And in due time, I'm not exactly sure exactly
when, hexachlorophene appeared in the USP and it became a
standard of buying and selling the article. 1It's a fact,
however, that there were times when, possibly due to the
pressure of the manufacturer, the Pharmacopeia
specifications were a little on the loose side in
practical terms. But. . .

Q. So if I'm correct, Exhibit 20 is a copy of --
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A. This is a copy of a magazine that I got from
somewhere recently.
Q. That's a recent copy, not the one that was in

effect in the 1960s, when the --

A. No. This copy is no more than a month old.

Q. Okay.

A. From the press.

Q. When you testified earlier that Metro-Atlantic

made the hexachlorophene in accordance with the
U.S. Pharmacopeia specified by Sterling Winthrop, you were
referring to an earlier edition. Right?

A. As a matter of fact, it exceeded the
specifications contained in the USP at the time. This is
a page out of a journal which is simply called Pharma.
It's a journal that represents all kinds of companies who
have connection with the pharmaceutical business.

Q. Thank you.

A. And I just brought this along to show that the

USP is a real thing, not a mythical organization.

Q. Okay. That's what I was trying to find out, just
to be sure. This is current, not what was in effect in
the '60s.

A. It's current. The journal was founded in the
18208 and it still is an annual publication which is used,

I'm sure, as a basis for specifications for many, many
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items.

Q. Okay. Thank you. I've got a set of handwritten
notes you provided in response to the subpoena which the
reporter has marked as Exhibit 21.

Are these a set of notes that you made?

A. Yes.

Q. And what was the purpose of your making those
notes?

A. The purpose was, agdain, to elucidate the
relationship between trichlorophenol, 2,4,5-T, how it's
possible under excessive conditions to have dioxin result
from the universal method of making trichlorophenol. Aand
it's intended to be educational.

Q. Okay. Thank you.

I'm going to ask the reporter to mark as the next
exhibit, 22, a group of six pages that the witness
produced in response to the subpoena.

(Plaintiff's Exhibit No. 22 was
marked for identification.)

MR. BINDER: Q. Mr. Cleary, I'm going to give
you Exhibit 22 and ask you to take a look at it and to
confirm that these are documents you produced in response
to the subpoena and that the handwritten notations on the
documents in this exhibit are, in fact, yours.

A. Well, these are copies of pages from some of
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the -- you understand, my --

Q. Sure.

A. -- my interest in this whole field has declined
pretty much over the last several years and I no longer
get annual editions of many publications and catalogs that
I used to get routinely.

This one is from the so-called Pesticide

Dictionary, which is an annual publication produced

somewhere in the midwest. And it lists every substance
that has an agricultural application, every chemical
substance.

And this is just to indicate that hexachlorophene
itself not only had an agricultural use, but that it was
among items which were classified as having USP quality.
That's why I underlined the expression "USP." 1It's from a
journal called the Pesticide Dictionary, Farm Chemicals
Handbook.

This is from an annual publication which, for
short, is called "The Green Book." It's published every
year. It contains a list of every chemical that is sold
in the trade -- every one that the publishers of the
magazine know about, anyway -- and it lists
hexachlorophene. And this is from 1997, I think.

And it not only lists hexachlorophene, but it

lists hexachlorophene, dioxin free. See, after dioxin
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became a bone of contention with hexachlorophene users,
certain producers went out of their way to make
trichlorophenol by a way which I -- which I developed
myself, actually, eventually, that is totally dioxin free,
and the chemistry of which is such that it does not allow
for any production of dioxin during the preparation of the
hexachlorophene.

And this -- I might mention that the cost of
hexachlorophene, which was merely about two dollars and a
half a kilo when Metro-Atlantic was making it, when last
checked five years ago, was $80 a kilo. Which shows you
that somebody is making a handsome profit on it.

Q. Okay. I guess my guestion is a little simpler.
I just want to confirm that these are documents you
provided to us and that the writing on them is yours.

A. Yes. Yes, they are.

Q. Thank you. Just to clarify one thing. This
dioxin-free hexachlorophene is something much more recent
than the '60s, isn't it?

A. Oh, yes. I would say it's been available for 15
years or less.

Q. Thank you.

I'm going to ask the reporter to mark another
group of documents that you were good enough to bring to

us. And can you just also confirm that this Exhibit 23
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also consists of pages with your handwriting that you were

good enough to provide after we gave you the subpoena.
(Plaintiff's Exhibit No. 23 was
marked for identification.)

THE WITNESS: Yeah, they're all mine. They came
from the Merck Index, of which I have a couple of volumes,
including the most recent one from which these are taken.

MR. BINDER: Thank you. Okay. I don't have any
further questions of you, Mr. Cleary.

Before I say, "Thank you for your time," these
other gentleman have a chance, also.

THE WITNESS: Gentlemen, at your convenience.

EXAMINATION
BY MR. ELAM:
Q. Just one simple question, not substantive.
In preparation for your deposition, did you meet
with anybody besides your attorney?
A. No. And I rarely met with him except on a social
basis.
Q. Okay. That's all I have.
MR. McCLOSKEY: Let's go to Kevin on the phone,
and I'1ll reserve my right to ask some follow-up questions.
Kevin, are you there?

MR. O'CONNOR: Hello?
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MR. BINDER: They're passing the baton to you,
Kevin. Do you have any questions?

MR. O'CONNOR: Yeah. Hold on a second. I had a
very, very difficult time hearing much of what Mr. Clearly

said and I'm going to try to be brief here.

EXAMINATION
BY MR. O'CONNOR:
Q. Mr. Cleary, my name is Kevin O'Connor and I
represent OneBeacon America Insurance Company.

A. How do you do? I wish I had an arm long enough

to reach you.
Q. You were shown a map of the site.
A. Yes.
Q. And if I heard correctly, that was_SBSF 061 --
I'm sorry. 06816. Is that correct?
A. Well, I don't know the number, but I know the map
you're referring to.
Q. Okay.
Can anyone tell me if that was the 1965 Sanborn
map that has been used at other depositions?
MR. BINDER: I believe it was, Kevin. I think
that's what the preface of my questioh said.
MR. O'CONNOR: All right.

Q. Mr. Cleary, when you identified a location that
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you thought was the hexachlorophene manufacturing
building, did you identify the square building next to the
river that's -- next to the word "Woonasquatucket River"?

A. No, I did not.

Q. What building did you identify, if you could
reference it to something else on the plan?

A. I don't remember. I could not place that
building at all. It may have come after I was acquainted
with the property. Many years passed when I did not see
the property at all. |

Q. Okay. It is fair to say, though, that at some
point in time, you became familiar with a building that
was constructed and was used for the manufacture of
hexachlorophene?

A. Oh, yes.

Q. Did you have any role in the design of that
building?

A. No.

Q. Do you know who did?

A. George Huse, mainly.

Q. Okay. Do you know where Mr. Huse is today?

A. He's deceased some 10 or 15 years.

Q. Do you know of anyone else who was involved with

the design or the construction of that building?

A. No.
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Q. Were you consulted in any way regarding the
building specifications necessary to make products in that
building?

MR. BINDER: Objection.

THE WITNESS: These matters are extremely
commonplace in the trade. There are certain kinds of
reactions that you do and certain equipment that is
constructed a certain way and certain other kinds of
things you do in equipment that's constructed another kind
of way.

Most of these implements are standard-issue
implements. They are not specially built for any purpose.
Some of them can serve very many purposes. And there was
nothing about the building, about the equipment that was
not totally conventional. It's just a matter of sizing
properly. That's the main thing.

MR. O'CONNOR: Q. Are you aware that the
Woonasquatucket River and related wetlands have been
identified as being contaminated with dioxin?

A. So I'm informed, yes.

Q. Are you aware of any discharge of materials
containing djoxin into that river or adjacent wetlands
from the --

A. No, I am not. And as a matter of fact, the

presence of dioxin, although I can speculate where it came
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from and where it was almost certainly present, was not

accompanied by other materials that one would expect to be

found in

the same location. Namely, residual

hexachlorophene or residual trichlorophenol.

Q.

Are those chemicals that would accumulate in

wetland centers?

question.

MR. BINDER: Objection.

THE WITNESS: I'm sorry; I don't follow that

MR. O'CONNOR: Q. Well, you're aware that

dioxin has been identified as being present in the

sediment

A.

A.

of hexachlorophene, and hexachlorophene itself, some of

which might have escaped the premises in some way about

Yes, I am.

-- of the river.

Yes.

You mentioned two other chemicals.
Yes.

What were those chemicals?

Yes.

What were those chemicals?

They were trichlorophenol, which is the precursor

which I'm not familiar.

Q.

Are those chemicals that would accumulate in
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sediments the way dioxin does?

MR. BINDER: Objection.

THE WITNESS: I can't answer that question. I
don't know.

MR. O'CONNOR: Q. Do you know what their
solubility in water is?

A. They vary. Hexachlorophene itself is practically
insoluble in water. Trichlorophenol is more soluble in
water. But trichlorophenol itself is a relatively
harmless chemical.

Q. Are you aware of what wastewater systems existed

in the building that we've talked about at the site?

A. No.

Q. You don't know what the sewage system was?
A. No.

Q. You don't know to where it was piped?

A. No.

Q. And you don't know whether there's been any
processed water or processed waste with the waste system?
A. No.
Q. Have you ever seen the construction plans or
design documents relating to this building?
A. No.
MR. O'CONNOR: That's all I have. Thank you very

much, sir.
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THE WITNESS: You're welcome.
MR. McCLOSKEY: Okay. I guess I'm up. I'll keep

this brief.

EXAMINATION
BY MR. McCLOSKEY:

Q. I'm Andrew McCloskey. I believe you testified
earlier that you were provided with maps that were
prepared by IT Corporation --

A. Yes.

Q. -- which described the location of certain
contaminants that were found at the Metro-Atlantic site.
Do you recall that?

A. Yes.

Q. And then you've also mentioned a few times that
you can speculate where the dioxin on the site may have
come from.

A. Yes.

Q. What's your speculation in that regard?

MR. BINDER: Objection.

THE WITNESS: Well -- what do these objections --

MR. PORTER: They're for the record. Don't worry
about them. The judge will worry about them.

THE WITNESS: Well, the speculation is -- it

became more of a fact than a speculation eventually
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because it was determined during toxicological studies
that were carried out starting mainly in the mid-'70s --
and, again, very largely as a result of the deleterious
effects that the application of Agent Orange in Vietnam
had had.

Also, you must remember that analytical
technology 30, 40 years ago was primitive compared to what
it is today. Today you're talking in terms of parts per
trillion. In the old days, it was difficult to find
anything in terms of a parts per million.

It's known now that the normal production of
trichlorophenol by the reaction of sodium hydroxide and
methyl alcohol at a certain temperature and pressure will
generate dioxin at the rate of about 15 to 25 parts per
million based upon the amount of trichlorophenol that is
produced.

That was unknown in the days when Dow sold
millions of pounds of Dowicide. That was unknown when
Dow, Monsanto, Diamond Alkali and others produced and sold
miliions and millions of pounds of 2,4,5-T that was
probably spread on just about every roadway in the
United States. And its presence and the chemistry of its
formation was not really elucidated until the mid-'70s.

Dioxin itself is a very high-melting organic

compound. It has practically no vapor pressure. BAnd it's
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said that most of the dioxin that constitutes any
suspected hazard is generated by paper bleaching
operations, by the general incineration of waste. Much of
which, personally, I doubt. But if you read some of the
more horrific versions of what dioxin is, does, and where
it is, you'll begin to believe that it's on every leaf in
creation, that it's falling out of the sky, and so on, but
I don't think so.

MR. McCLOSKEY: Q. Well, I appreciate that, but
I don't think that you actually answered my initial
question.

A. Which is what?
Q. What do you believe is the source of the dioxin
on the site?

MR. BINDER: Objection.

THE WITNESS: I just said so. I believe it came
in from Diamond Alkali Company, unknown and unsuspected,
contained in their crude trichlorophenol solution. And
the presénce was totally unknown.

MR. McCLOSKEY: Q. I believe you testified that
your contact with Metro-Atlantic was when you were
employed by Centerchem?

A. That's right.
Q. Okay. Was that the only time that you had

contact with Metro-Atlantic?
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A. Yes.

Q. How many times were you at the Metro-Atlantic
site over the years?

A. Oh, over a period of perhaps four or five years,
maybe two or three times a year.

Q. If I understand your testimony correctly, TCP --
or, I;m sorry, dioxin would be included in trace amounts

in TCP that was supplied to Metro-Atlantic. 1Is that

correct?
A. I believe that to be the case, yes.
Q. Is dioxin produced in any of the chemical

processes where TCP is processed into hexachlorophene? I
guess what I'm asking --

A. No, no.

Q. Okay. So there are no additional chemical
reactions that would produce additional dioxin?

A. There is no way, physically or chemically, that
any other dioxin could have been produced at that
location.

Q. I'm not a chemist, so you'll have to forgive me
when I ask questions that may seem obvious to you.

A. I'm trying to answer them in a way that would
suit a non-chemist.

Q. And you are. I appreciate that.

Do you have any understanding how dioxin that may
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have been brought to the Metro-Atlantic site in

conjunction with the TCP would have found its way into the

river?

MR. BINDER: Objection.

THE WITNESS: No, I don't. As I say, that
confuses me because it was -- at least according to the

analytical results shown on those maps, it was not
accompanied by anything else that could have ﬁeen
associated with the hexachlorophene operation.

MR. McCLOSKEY: Q. You would expect to find
other components of hex- --

A. I would have, yes.

MR. BINDER: Objection.

MR. McCLOSKEY: Q. Now, I believe you also
testified that, if I understood you correctly, that dioxin
concentrations at a level that would cause concern -- and
I'm paraphrasing there -- are usually generated by paper
bleaching operations and then waste incineration. Did I

understand that correctly?

A. That's what one reads in the papers all the time.
Q. What type of waste incineration?
A. Any kind. Dioxin is alleged to occur anytime

that refuse or waste or whatever material at all that
contains both carbon and chlorine is incinerated.

Q. When was the last time you saw the Metro-Atlantic
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site in Centredale?

A. Well, I believe you asked that. After all of the
hexachlorophene matter was finished, I maintained a
personal friendship with Joe Buonanno for many years. And
the general history of the property, as I'm acquainted
with, which is only superficially, involved first the
merger of Metro-Atlantic with a company called Crown
Chemical, which was engaged in a very similar business.

That is to say, they sold various agitants, as they were

. known, to the textile industry. And they merged for the

purpose of being acquired.

And my recollection is that they were first
acquired by United Shoe Machinery, and the operation was
moved to Greenville, South Carolina, and George Huse moved
with it. So did Hug Bonino, who was Joe Buonanno's
partner in Metro-Atlantic. And Bonino was head of the
Crown-Metro operation in Greenville, South Carolina, at a
time when I believe that Emhart Industries acquired the
property. Or acquired the business.

The rather odd part of the whole picture is that,
subsequently, I brought into Crown-Metro in Greenville a
very large piece of custom business which was extremely
profitable for them. And I believe that during the course
of doing that business, which was for a firm known as

AmChem in Ambler, Pennsylvania -- it was a weed control
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agent that we manufactured for them.

Again, I developed a process for that, helped
install it in Greenville, South Carolina. &And like all
custom work, it finally came to an end. But in the
meantime, I'm aware that it was an extremely profitable
business for Emhart.

Q. Did that involve the Greenville plant, not --

A. That was strictly in Greenville.

0. Okay. So after wrapping up the hexachlorophene
processes at the Centredale plant, you never had the
opportunity to visit that location again?

A. I visited Joe Buonanno there frequently. We
played golf together. I introduced him to my son, who was
interested in Brown at the time. We were good friends.
We stayed good friends. I visited him on his deathbed.

Q. Okay. You never maintained an office at that
site, did you?

A, No.

Q. Where was your office during that time period?

A. Manhattan.

Q. And that was maintained at the offices of
Centerchem?
A. Yes.

MR. McCLOSKEY: Okay. I appreciate your time. I

think that's all that I have. Thank you.
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THE WITNESS: You're welcome.
MR. BINDER: I just have a couple of additional

questions.

FURTHER EXAMINATION
BY MR. BINDER:

Q. In the process of manufacturing hexachlorophene,
as described in your patent and as was followed at
Metro-Atlantic, were the trichlorophenols heated?

A. Were they heated?

Q. Yes.

A. Well, they were heated, but they were heated in
the company of other substances that were reacting with
them during thaé heating period, and the maximum
temperature to which they were heated were not nearly high
enough to have caused any side reactions with it.

Q. Okay. And in the course of your different
conversations with Joe Buonanno, did you have any
discussions with him regarding, you know, the insurance
policies that Metro -- that were issued to Metro-Atlantic?

A. No; it was not an issue that was ever mentioned.

MR. BINDER: Okay. I have no further questions.
THE WITNESS: Finito?
MR. BINDER: A couple of other gentleman have to

confirm they have nothing further to say. I think,
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otherwise, it is.

MR. ELAM: Nothing further.

MR. McCLOSKEY: No, I have nothing further.
Thank you.

MR. BINDER: Kevin?

MR. O'CONNOR: No, nothing else.

THE REPORTER: Mr. O'Connor, would you like a
copy of the transcript?

MR. O'CONNOR: Yes, I would.

THE REPORTER: Mr. Elam? Mr. McCloskey?

MR. ELAM: Yes, please.

MR. McCLOSKEY: Yes.

THE REPORTER: Thank you.

(The deposition of THOMAS F. CLEARY
was concluded at 12:44 p.m.)
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CERTIFICATE OF WITNESS

State of California )
) ss.
County of )

I, THOMAS F. CLEARY, hereby declare under penalty

of perjury that I have read the foregoing testimony

recorded on pages 1 to 97, inclusive, and I certify that:

I have no corrections.

I have corrections, as reflected by letter or
handwritten corrections made to the original
transcript, and that I now approve my deposition
as true and correct.

Date THOMAS F. CLEARY

---000---
DISPOSITION OF TﬁANSCRIPT
I certify that the witness was given the
statutory allowable time within which to read and sign
the deposition, and that:

The witness failed to appear for such reading
and signing.

The witness has waived review/signature on the
record.

The witness has reviewed and signed the
transcript and has made (no) changes.

A letter of correction has been submitted and
is attached to the transcript.

Date LUEL J. SIMSON, CSR No. 4720

98



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

REPORTER'S CERTIFICATE
State of California )
County of Sonoma )

I, LUEL J. SIMSON, CSR No. 4720, a Certified
Shorthand Reporter of the State of California, hereby
certify that the witness in the foregoing deposition named
to wit: THOMAS F. CLEARY, was by me duly sworn to testify
the truth, the whole truth and nothing but the truth in
the within-entitled cause;

That the deposition was taken at the time and
place therein stated; that the testimony of the said
witness was reported by me and was thereafter transcribed
into typewriting; that the foregoing is a full, complete
and accurate transcription of my shorthand notes taken of
the oral proceedings.

I further certify that I am not of counsel or
attorney for either or any of the parties in the foregoing
deposition and caption named, nor am I in any way
interested in the outcome of the cause named in said
caption.

IN WITNESS WHEREOF, I have hereunto affixed my

signature this 24th day of February, 2003.

LUEL J. SIMSON
Certified Shorthand Reporter
State of California

99



SIMSON REPORTING
Certified Shorthdnd Reporters
9546 Ashley ‘Drive
Windsor, California 95492
Telephone: (707) 838-6724
Facsimile: (707) 838-7400

February 24, 2003

Thomas F. Cleary
45451 South Caspar Drive
Mendocino, CA 95460

Re: EMHART INDUSTRIES, INC. v. HOME INSURANCE, et al.
(Deposition taken Fer - .3xy 10, 2003)

Dear Mr. Cleary:

The original transcript of your deposition taken in
the above-entitled action has been prepared and is
available at this office for your review and correction,
if necessary. If you are represented by counsel who has
a copy of your deposition, you may review that copy and
submit to this office by letter any corrections you wish
to make.

Unless otherwise directed, the original transcript
will be sealed 35 days from the date this notice is
sent. If you do not wish to read your deposition
transcript, please sign below and return within 35 days
from the date this letter was mailed.

You may call to set up an appointment at this
office Monday through Friday between the business hours
of 8:00 a.m. and 5:00 p.m.

Very truly yours,

Luel J. Simson
CSR No. 4720

Signature Date
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UNITED STATES DISTRICT COURT
DISTRICT OF RHODE ISLAND

~-=-000~-~-

EMHART INDUSTRIES, INC.,
Plaintiff,

vs. Civil Action No.

HOME INSURANCE COMPANY,
INSURANCE COMPANY OF NORTH
AMERICA, LIBERTY MUTUAL
INSURANCE COMPANY, NORTH RIVER
INSURANCE COMPANY, ONEBEACON
AMERICA INSURANCE COMPANY, and
UNITED STATES FIRE INSURANCE
COMPANY,

Defendants.
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‘GERMICIDAL SOAPS COMPOSITION
Notth' Bellinore; #nd Saul Chodroif, Brookiyn, N, V.,
sissignors th Norda Essentis] Oil- & g’hemieal Ct;’mpai:y,
New l.c'_di'k‘,.'N. Y., a corporition of New York Lo

No Drawing, Application Maich 12, 1953,

- .. . -Serial Neo. 342,014 ;

8 Clatms. (CL.252—107)

- This ‘inventjon relates to new chemiical compounds

2

* No, 2,535,077, dated Decémber 26, 1950. In view of this

fact, which is now well-récognized ia the art, it is not pos-
sible to predict, from the germicidal properties of a chemi-
cal compound itself, whether a soap containing it wonld
have-satisfuctory germicidal activity, and would ako meet
the other requirements discussed above. .. ..
Because of the desirability of a germicidal soap, a great

* deal'of research has been doue, and at least one germicidal

- 10

16

- which have-germicidal . activity and which are relatively -

" monstoxic, non-irtitating and noi:sensitizing, to methods

of préparing-the sarite, and to soaps aiid other detergents

. . ciifaining sail compounds in.which the desirable germi-
"¢idal and ofhier properties are retained. k4 .

An acceptable germicidal compound .mist inest a
nuimber of desiderata. sctive
properties, particularly for the destruction -of bacteria un~
der normal-conditions of use.  If it is ‘to- destroy bacteria-
in contact with the human skin, it must have germicidal
activity udder thes¢ conditjons; - The germitide must be
effective for this purpose ip a relatively Igw concentration.

‘in_order thit it may be economically employed and also

“utilized. in cpricentrations below: that which: would impart:
any adverse -effect. oL s N
.. Such a germicldé abould also be non-toxic, since: if jt is
employed in contact with the hunian gkin. it may be,ab-

" gorbed.into the body and would be: objectonable If it pos-

scased toxic properties. The ubdeairabdlity of toxic getmi-

" cides,. gich as corrosive sublimats; is too well-known' to 0
- requuire elaboration. . . e .
" g -

tively non-ittitating to the skin. There .are many germi-
¢ides which destroy bacteria and which are not objection-

ably toxlc but which are irritating when used.in contact !

" with the skin in that they cause erythema and in extreme
cases pradiice blisters and pustules, :
In addition to beitig hon-irritating, an acceptabls

‘¢ide miust be relatively non-sensitizing. A gexmicide may-
bo unmobjectionable, in that it is non-irritative,- upon its.

first use, but npon repeated use the subject may become

sensitive to the germicide so that it cannot be reused with--

out adverse results. Co. )
The_eﬁectafchamicalstructurednanymdanofth:

above properties i3 not very well understood, if at all, par--,°)

ticularly the effect. of structore on irritative properties,
Changes in chemical structure which amouat to no more,
than a difference  of one chlorine atom on a. ring, or'in

the position of a chlorine atom, markedly affect.the results. -

Compounds so closely relatéd as adjacent homologues
similarly give marked differences in- results. There is,

therefore, no predictabllity from. a consideration of chem--

It miust have ‘effective’ germicidal |

20

soap hsis been placed on.the market in which the active
ingredient is 2,2’ - dihydroxy +3,5,6-3",5',6’ - hexachlorodi-
phenyl methane (also referred to as Hexacblorop

G-11). ,Although a goap <containing this compound is
wnnﬂngmsumar'eepects,aswinbopotnted out, it has
had wide sales and acceptance .as an whusual product In
which the germicidal

research
pounds preceded the discoyery of this particular gergricidal
soap, it Is obvious that the elsinent of pmedxctabilityix sab-

’ betler yesults would be quite-unobvions and unpredictable.

We have discovered, in accordands with our Invention,
that the following describéd compounds have germicidal
properties mnd that these propertiés are retained in soap

" and that they meet thé.other desiderata enudierated above,
more parii non-foxicity,” ridbn-irritation, -and non-
-semsitization, . . .- lv LT .

‘These comipounds have the following gemersl formmla;

30
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ical stiuctire of the results obtaimed in the Seld-of germi--

cidal actiiity, toxicity, irritative effects,. and sensitization.,
A large number of compounds have been proposed for-

inclusion with soap to render it germicidal. Since spap
-is so universally used ih cleansing the skin, thy inclusion

60

of a satisfactory germicide in soap -would ‘be ein ideal way

of destroying bacteria. in contact. with the human skin.
Many compounds which are recognized ag germicides have
been proposed for combination with soap,.especially vari-
ous phenolic materials, but because of the depressing ac-

- 'pit of soap upon the germicidal properties' of known'

srinitidal agents, soaps- containing such: agents do not

“have- germicidal properties. This effect has.been demon- . |

strated and' is reviewed: at- somé length in- U. S..Patent

85
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whers b;{and X aro tho same oy niigércnt but aré oné
thember selecte from the group-co: ting of (1) = halo-
gen, eapecjally chlorma, bromine and lodine, and prefer-.
ably ‘chlorine, and (2) an alkyl or cycloalkyl radical hav-
ing 1 to 8 carbon ‘Atoms; and lir which:¥ and. ¥’ are the:
same or different but are the other mermbers sol from’”

lected
- the zaid group.- More particularly; if X and'X’ are'halo-

X" ‘are alkyl or cycloalkyl, then Y and Y’ are halogen.-
The: alkyl of cycloalkyl radical; for instance, may be
methyl, isopropyl, octyl, hexyl,  cyclohexyl, etc

‘The’ preferred: compounds

. om "

. in which R #nd R’ -are the same 'br,:.&iferent'al'kyl:'orj -

cycloalkyl radicals of 1 to,8 carbon atoms, and HI and.
HY’ aré the sams or different halogens as defined -above,-
;he prffen:e.d‘ coimpound of this type having.the following.
ormula: . : - e T

N

activity h'mﬁinedlnthop!udn’co ’
In view of the fact that-almost twenty-five. -
: ch on a wide variety of com- -

have the general foi‘n'_ll"llaz' ‘.'

CLEARY - o3




. :‘_ The. aliciative compounds would have the followmg
: ‘.fdrmula‘ : _ . :
o | OH

" " ‘whefe Reand R’ and H1'and HI' are as defited above.
*" - Other compoiinds fa!lmg within the invention Inchude,
T for example- ' . )

A spedﬂc embodimeat .of: our invention whzch we -

" régard st the préegent tirae a3 the ‘best mode. that we con-

temiplate .for carrying out our invention utitizes the 2-.

hydroxy3~methy!-5—¢bloto phenyl sulfide. ‘This. com
pound _has a me point -of .about 148-150* C., and

i§" spluble. in alcohol, . be: benzens -and, warm, carbon.. tetre-.

chloride; it Is insoluble in carbon. disulfide, hexane. and
water. 1t is, however, “solnble in.soap at the normal
pH 'of soap.. This compound J.s selected as: illustrative:

becauss of simplicity. and economic: considerations. Com-"

pounds in which t1is hydrocarbon., radical has a larger

mpmbet of carbon atorms may be. preferred from a. bac-
. tericidal axnd solubility standpoint. . .

Ths compounds of the invention may be made .by

cobdensing the appropriate .halogenated alkyl or, cyclo- -

"alkyl phenol with sulfur dichloride, An inert solvent. or
feaction medium mey be employed which may, or may
mot be a solvent for the final product. The temperature

. place at a rate which is' controllable. Inasmuch ‘as the
: reactioh proceeds saﬁsihctorily at room temperature, this
:*- . is preferably employed, since it. obviates the. need. for

tial, _ ‘The final prodict is separated from the reaction
micdigm by filtration and ‘can be washied; and i# necessary
recrystailized-to obtain a purer product. -

As xlh:stratxve of the best mode of practicing the process

28.4 grams of p-chloro-o—crnsoL and 2% cc. of solvent is
pIaced in-4 fask-and:to it is added.drop-wisé, over a
period of about fifteeniminutes, .10.2% -grams of sulfur di-
chlonde in 10 cc. of the: solycnt._ The mixture is stirred

is not particulagly criu:al, as long as the reaction takes °

- réfrigeration or maintenance, of elsvated ' temmperatures, 6
A catalyat is not required, nor is extended refljixing essen -

of preparing the prefem:d compound of the mvent:on, ,

duung the addlﬁon, wl:uch is can'ied ot at rooi - tem-

‘perature (20-30°. C.). The stirring of the mixtire is
contined innti] the evolution of hydrogen chloiide cetses;

which - generally requires from thirty minutes té three

&  hours. . Durmgtinatnme,theproducterystanizesifa

solvent is- employed in ‘which ths reaction product is in- -
soluble. The product is filtered and wished coloxless
with the solvént generally in an ‘amgunt of 50~100 e .

. - 'The combined filtratés may bs stﬂpped of solvest and
10 gnreacted sulfur dichloride, preferably im vicuo, to yield
~ oily solids:

product fromi such 8’ n:udue.

The solvant emploved . in the- mction can inflneace -

. the yield; case of handling, and cleanliriess of the product.
15. When carbon disulfide is'employed as the solvent, a
- reaction medinm commonly nsed for this t¥pe of redetion,
.the initial yield is 82%, the product having a - -maelting
point -of 126° C... Uptm recrystallization the yield-is
reduced to 56%, thie product having & mélting point of
20 148* C. The high crude yield is n6t Indicative of the

-final resulis; since the, material salviged from the second

crop of crys‘mlscannotbesu‘eusﬁnlyhandudwgrvea
cleanpro‘duetnndcrumalcircumstandeu. . For ptactical

o PUNPOsES; thierefare, the yield from carbon’ disulfide rhay
25 be considéeted 56%.

Wheén - ethyléns dichloride i3 used the ctude ylc.ld is
60%, the product.melting at 149° C.. ‘When hiexans is
used as the solveit, the cruds yleld is 66%, the product
melting at. 130° 'C, . Thesd ttidé yields wers washed in

o 90 hexaus and not recrystallized. Further lcfssee Would 1ze

obtained wjion reerysnlhzanon.
. In another ‘variation of the procest the reachon medxnm
L may be an.aster i which the alcohol and acid ‘Tadicals
have'S ¢arbon atoms or less, for iristance istpropyl acetate.

85 1n mich dolvents, all ‘of the reaction .comiponents are

sofuble, ‘as well dg tle resulting prod'm:t, incloding a

- large: portion of- thc hydrogen chldﬁde._ At ths. con-
clusion of. the reaction, -the product i3 acutralized with

sodinmi carbonate and stripped of hydrogen chloride.-

40 The golvent is evaporated and the resulting product may
be recrystallized froin any suitable solvent, stich as. hexane.
The preferred solvent consists of a mixture of ethylene

_ by volume of ethylene dichloride and 90 t6 50% hexane,
45 preferably 229% ethylene dichloride and 72% hexane.
The yleld from. this solvent Js .63%,.the product having a

mielting poinf of 148° C.  This initial. pruduct is clean

- and does not need tion. This solvent is pre-

50 yield of recrystallized product wben carbon disulfide is
used as the solvent and also because of the elimination,

- of retrystallization.

In a modification of this-process in which the hydrogen
chloride is swept out by bubbling with air untl no moré -
hydrogan chloride is. evolved, followed .by treating the -
reaction mixture with a slight excess: of sodiura carbonate -

solution, the product obtained by filtration and washing

- tallization. .
60  The use of excess sulfur dichloride does not increase
the yield, nor does the use of a chlonne carrier catalyst,
such as alaminom: chloride, result in advantages* such . a

catalyst, in fact, reduces the .yleld' and gives a darker .
product. Refluxing does not affect the yield and leads to+

8 a darker product.

be decolorized, If desired, by dissolving it in methanol,
adding a small amount of activated carbon, such as Darco

G-60, at clevated temperature below the: boiling point of -
70 the methanol and filtering. . The product is precipitated

. by adding water to the hot. solnhon and cooling gradually
with.stirring.

In order to demonstrate the effectiveness of the com- -

pounds of the present invention as gemucxdes. particularly
73 in,'soap, a gerxmcidal soap composluon was prepared

Hovwever, it is d:ﬂicult to. salvage a clzan_‘

dichlmde and hexane, such as, for éxample, 10 ta 50% .

recrystalliza X
ferred because of the higher. yield as comipared with the -

. with he.xnne amemnted to a yield of 72% without Tecrys:- -

The product made-by. any of the above: processes can .
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p’: cepua'umunusuardcvdopmmtmﬂmgeumdw séap
i field. The dsvelopment of any otha-soapwhinhequaned
“wenpttiorouglily incotp .2 . ﬁnkqtthumqu!ﬂmmvmuldbeqnﬂe
Shloro fiheiiyl gilfide. This was tested in comparison The goxicity of the preferred compound of the inven-
wih. o simflar conifaining of Héxachlorophene. § hon,nmnely.z-hydmwy-a-meﬂiyl-s-ch]orophmylmlﬁdo,
‘L hele two sodps were tested to doterming the skin-degerm- was determined by by administering the campound orally to

rats, .The mothod einplojed is the.LDso test which may

xmaﬁdmcyonmmbgecuead:.mgwthomnfhod
P - of Ariliur R. Cade, “An in vivo method for deterinining bedeﬂnedauheamonnéwhich when administered grally
" szdeygeuningémdency.otmmcqnmﬁngnenchbm- & single dose,- wﬂlprobqblykm 50% o!thoammalsto
* plee,” Pigers on Eviluation of Soaps and Detergents, 10 whichithadnﬂniatemd. In ig out the test, normal
~ Sifecial i . hulf.by wlnte albino ‘rats, .for sex, fasted. for
- hotirs, - were administered . various doaazu of’ the eom
pound(diugl#edinmoﬂ)bysmma‘;h All

6 subjects animals were observed for at least two weeks following
divided into two groups 15 theadmimstmnonofthedonge,!mleasdeathocwned

f befors that time. . )

- el test each of ‘the hbove The,ruulmmsiminthefcuowingtable'
SR e s P St
cofréspoding. t6 his or her group, ons:for use at- e . N ber of N
il the other at Work. -No-sabject had used ifiy germl-" 20 nmwmmwx:m f“" . Foivant
cidlil soap foir .at 1éast two weeks prior to the test:: -The S, e j Liviag m pmortaliey.
" test vas uh‘x’-wd:éhla Monday mg:ﬁgnm;:md i it bk o
thelr x!lb‘tiéduua&jwnen washing their hinds, :The trafl-' mmnummm“-....-......,.._.__- i E . § § ’.'3
si€itt and. residant ¢ .-..\pbpulﬁﬁhnmththﬁdlofzs “‘"”"‘"'"—”«———-—-—._ R 1 R 1 I 2
S the i o toe experatal noap. - The bpasio 18 SR HE SR
atrdgidmtalgxctedﬂpop‘nhﬂdn ﬂt:nthe h!n:!l g’ o& . o

. ‘sobkat was. alko :determined o the Friday.of the : When ﬂwmﬂtsm lotted ‘an semﬂoganthm!c :
'wed:,afm: oilrdayn mq;bttﬁc;oug,;aqun‘tg;gmqay' 30 ith the- e 1’ty pact ol i ﬁm

. on tho abscissa (logarithmit scale), the LDsy of the com~
pomdwastmmdiobeappm:dmatdylégmmao!the
gtk Wya- i et guy ; p obviois to onie e- .

i acllnﬂhamshhahanﬂswﬁhabhnd.mﬂlm 35 toxicity, whenmeasmdbythk:mndardmst,isassumnce
T : 'thattbpcomponndmsuﬂcinnﬂysafefotnsanagermi-_

cide in goap.

In - order to determina the kntahve properties of 2-

40 hydroxy-3-methyl-S-chloro phenyl sulfide, and partico-
larlytocompareitwnhtheirntauveproparﬂesofﬂm.-

- chlorophens, these two compounds were tested, as well as
the sodium salt of both sin¢e the sodium salt
pmbably corresponds to the form of the compound pres-.
45 ont in soap, The solutions tested were as follows: .

Salution A: 0.5% 2-hydraxy-3-methyl-5-chloro phenyl

solide In aqueocus yl alcohol
So!nﬁo:n B: 0.5% Hm a isopropyl

' der running lokewarm tap water. B
coitxits were takén on the waah watera in the baghs, which

. akln
Sxt:btheeﬁecﬁwneudnzermwidalsoapwﬂlbodem-
onstmted primiarily by the reduction in the rxesident

Bacterial population ratlier than the transient, thio xesults
mapnmdmthoxbdwhonobtaimduntheﬂﬂlWlﬂl- 50 SOIuﬂm C: 0.5% sodiam salt otz-hydmxya-mathyl-s-

ing. The mean figurs is obtained by discarding the two chloro phenyl sulfide in aqueous isopropyl alcohol
highest and the two lowest vahies and averaging the re- Solution D: 0.5% sodium salt of Hexachlorophene in
mafaing two. ‘Tho mean does not take into consideration aqueous isopropyl alcohol

a subject who may be out df line with the other sub)ect: . Each solution was fested by the well-known, patch test

Th" results are given In the following table: ’ 65 to determine if .the compounds would produce coritact
- Reduction in the resident bacfeﬁd mpulaﬂon dermatitis on primary: contact. In this test 55 human
(5th wa-rhb:e) . . aubjects, 34 females aud 21 males, ranging from tea to
— g sixty-three years, were employed. Discs approximately
R Fourth dsy [ Ninth day ~'l'u:thdly 80 1 em. in diameter were cut from white blotting paper.
Gerraioidat agent [ and different discs saturated with the four solutions de-
T msemp | | Aver- | Mean, |- Aver- L Aver- | ‘Mean, scribed above. Thesamrazeddnsawemapplledtoﬂw
' tpu'.%:'nt peroent| ags, ercasi| paent7> "™ flexor surface of either the forearm or the upper-arm
] 2 of each subject, utilizing four patches for each subject.
22igdro ) . N 86 All patches were covered with an Elastopatch, After
meth -6-chlnm - " - ol s " twenty-foor -hours of primary contact with the patches, -’
Hggﬁ"mpm;:: H 5 E14 Bl - a4 gz  they were removed and the subjects examined. The reac--
: tions obtained on every subject followmg examination,

were noted, and the severity of reaction was based on an.

It wxll be obvlous that considering both the thean and the f0 arbitrary scodng system, as fonow,.

avcrage, the ;soap made in accordance with the invention
gs as good and in some ‘instances better than the soap
ontaining Hexachlorophene, which may be considered
‘the standard reference. As has been explained hereto-

fore, the: discovery of Hexachlorophena as a gérmicide for
goap was thé re:ult of years of research and is-widely ac- 76

0=No reacuon.
1==Slight erythema or dlscoloratwn lastmg at least four,
hours after removal of the patch. .
2=Rather sovere erythema or d:scoloraﬂon Jastmg .
Ieast two days after ‘temoval of the patch, -
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2,814,607 .

3=8euste -circimscribed irstation; with blistérs or pus- |

~ tules. . .
The result-ate given in the following tdble, which Iists
. the number of subjects'in esch reaction category: - 5
. Sohstian A% sation B Salntidn. 0] Sétutien D
Numbe of o 0| 830 07| Boc0=-0]. 2330=-0
Number-of Biem | 100me ] eal | 2met=on 10
Number of 3 21X3mgx | 323Com08 | OX2m0] TXEm1d
Nimber of 3... AX3m 3| SxBm 0| OXB=0]| OX8= 0
talveeaees] 55 08} 85 BTl 66 211 .85 30
AVOIEEO i vos 120 L8| - B 0.38 . .71 .
- - ——— 16

ﬁ"om; a coﬁsidemﬁdn_-of the above results, it will be
obvious tliat the compound of the invenfion,. as ‘well as
.the sodiam salt théreof, ate much 1ess irritating than the

 Hexachlorophene. ~This is particularly.trus in.the cise :gg
-of the sodium. salt, ths fom in which fhe compound
wounld exist in soap, where the Hexachlorophene is found .

‘to &6 almost again as irritating as the compound of the
invention. 0 - .

In order to determine the sensitizing propeities, the ir- gg

sitation tést was repeated on each’of the -subjects by ap-
plying patclies -with the samw sclution to the ginie sub-

. ject, each patch. being- appHed -4t the site previously used -
- for that. particofar patch. . Tho patches wers again worn
- - f6r :tweiity-four. ours .and ‘the §ibjects ‘examined in the:3p
. .samie griander as described above. ‘The restlts are given |
.. ‘inthé fallewing table:-- - - - A

were again

Ntmibér of 0. 1x0= 0} 30 0f S0x0= 0] 2rxo= o
Nember 355 o3 foximie | ZENimam:

" Number of 1-oooeess | S5C1m25 | 1831en18 . tou
of 1856332 | 20%B=60] OX3=0] X2 8
Nomper of 3 =3 | =0 | oX3=0] om0

© Potaliiaeecl 38 D7| 88 - TR 55 16| B8 m 40
. LdAversgel.......} . Lg- D o2 -0.58

From this it will be seen that as compared with Hexa-

chlorophene the .compounds of the invention cause. less 43

sensitization, and -that this is particularly true in the case

of the sodlum salt ‘of the compound, where the Hexa-- -
chloigphene is shown to be almost twice as objectionable -
as the preferred compound of the invention from the
standpoint of sensitization. .- - .

- .A.low sensitization level is an extremely important as-
pect_of compounds used in germicidal soaps because of
the repeated.use of such soaps’ under normal living con~
ditions. Jt will be. obvious that a soap is vseless for nor-

mal .toflet use if it cannot be utilized over long periods 53

of time. , To substantiate -the non-sensitizing properties

. of the preferred compound of thé'invention, ‘the sensitiza-

tion-was determined on- white :male guinea-pigs by the .
meothod described in an- article entitled “Methods for thé

study. of irritation- and ‘toxicity .of substances applied 60

topically to the skin and mucous' membranes,” John H..
Draize, Geoffrey. Woodard aiid Herbert O. Calvery, Jour-
nal of Pharmacology and Bxperimental Therapeutics, vok
82,: No. 4, pages 386-388, December :1944. In this -

_ method, ten white male guinea-pigs, weighing 325-450 65
. giams, were.used. The hair was removed from the back

by close, clipping.. A 0.1% suspension of thé compound
in water was injected ‘intracutanéously; -using a -26-gauge
needle. A -total-of ten injections: were made at random

in an area about three to four centimeters square, just 70

below the midline of the back. The first injection was 0.05

- ml;, while the remainifig injections were 0.1 ml. ~ Two

weeks after the tenth injection;.a test injection of 0.05
ml. of a freshly-prepared suspension was made on the

- flank; -3lightly below the sensitizing drea, Twenty-four 75

" | sotution 4 | folutton B | Sotution © | Botutsen D 35

hours lafet, a reading of the diameter, ieight and cafor

‘of the. reaction was madé .and compared with. similar

readitigs-tiken after the first injection,. .
. ‘A8 a result of this -test,. it was- found -thdt on all ten .
animals -the valiués for the test xeadings were .no greater -

" than those for the initial readings, end it is conclnded

that wheui tésted by the above procedure the preferred
compourd of the invention: cannot be-ponsidersd to be.s

" . sengitizer, - .

"“The comppinds of the inveiition miay bé used in soaps,
in the so-called non-sosp synthetic .organic détengents, or

in combination with-any “organic detergent.” This ex-

pressiont is infended 24 include the soaps. which "are the
saits .of -higher fatty :acids and- the- so-called non-soap -
synthetic detergents. 'All of these compounds afe char-
acterized by an prganic radical-having at.least 8 carbon”
atoms and = group oY grouping imparting -sufficient hy~- .
drophilic; water-solubllizing -or- water-dispersible . proper-
ties to_give the datargent satisfactory » properties
In water.: These ozganic detergents are to bedistinguished
from the Inorganic -detetigents, such :as the: silicates, phos-

" phates, ett., which, possess detergént properties but which

de.not erdinarily have the property of inhihiting the germi-
cidal activity of penmicides as-do the soaps and synthétic’
non-Soap defergents, -. -, . | . ..
The soap.inmay be =ny ;of those commercially ntilized -
in the honsehold (or in industry. These aré generally.the
sodinm scaps. of fatty acids-having 12 to 18 carbon atamis,
mixtures, thexeof, The mixtures: of fatty.acids”.dedved-
from tallow. anid -cocknfit. nil ate diustrative., A portion -
of the sbdim scap mdy b& repliced by potassindin Eoap.
As. a specific finstrative example, ‘the sdap may coiiilst
of '75% allow 'fatty iacids and 25% cocomut.-ail fatty-:
acidg .sapenified -with -sodinm -hydeakide. In. anbther
specific iexample, .40%_ of the ‘sadium hydroxide Is re-
placed ‘by. potassium ‘hydroxide. : The :soap nisy contain
antioxidants, plgments, dyes,- perfume, ctc., as is «con-
- The non-soap organic detergents iy be of the s-called
6nic,.nonionic or cationic type. Illustrative detergénts
of this type are describeéd in Industrial and Engineeting
,vol. 35, page 107 et.seq. and pagé 126 et.seq..
(1943). As specific examplés may be mentioned sodiom
lauryl-sulfate (Duponol) and sodium polypropylene ben-
zeno sulfonate in which thé polypropylene .radical con-
tains 10 fo. 15 carbon ‘atoms (Oronite). Others include
the sulfonated monoglycerides of fatty acids, the sodium

60. fatty. acid ‘taurides, sand methy] tivrideés such as sodium

oleic methyl tauride .(Igepon T), coconut fatty alkyl di-:
methylbenzylammonium chlorids .(Triton K—60), coco-
nut fatty -acid diethanolamide (Ninol), and similar de-
tergents.
- The amount of the compound to be incorporated 4in
the" detergent will be .controlled sémewhat by economic .
considerations aund the. extent -of the germicidal activity
desfred in the detergent. .Amounts as Jow.as a fraction
of 1%, for example 0.25 to 0.5%, show a significant
improvement in’ germicidal action. Larger amounts, '
however, of the order of 1.5 to 3.0% arc preferred, 2.0%
appearing to be an optimum, Amounts larger than 3%
to 5%  are uneconomical, and the use properties are not
sufficiently iniportant under the usual circumstances to
justify such larger-amounts. -
The compounds of the invention may be included in:
soap or.detergents in any form,.such as in_ cakes or bars
of the type generally sold and used for the toilet, in-the :
all-purpose type; sach as the white floating bar, or in
prowders, liquids, flakes, beads, and similar forms. -
“The compounds may be incorporated in the soap in -
any manper. If the soap.is a Jiquid, the compound may °
simply. be dissolved therein; if it is a solid, the compound
may be 'mcox-'poratcd at any stage of the manufacture,
such as.io the kettle, the mill, the plodder, the crutcher,
etc. so’long as uniform distribution is obtained.
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Woclaun .‘
l. The compéﬁnd havlng the followmg fommla .
oH

ol

Z.Amethodofpreparlngthaeompaundofclaiml

" wiiéh éommprisel réacting sulfor dichloride. with p-chloro-

‘ o—cuol!nappxohmatdystolebimehcp

- teitperatirs within the tangs of 20 to 30° C, the sulfsoulu’r

" disoride biing sdded gradually to the p-chloro—o-@;:in
p-chloro-o-cresol g

" bioh the salfa: dicklorids and the

diisiolved in a feaction medium consisting osseritially ‘of

- frem 10 to.50% by volume of etliylens dichloride and

fr'an 90 $6-50% .by volumé of hexans, the reaction being
caried out with atirting during the addition of the sulfur
dichloride uitil . the evapuration of hydrogen chloride

coltes.
3.'11'[0mefhbdofclﬁxm2inwb1c‘hﬂwmactionm

:"mlbwedbybubbungairﬂ:mughtherewtwnmbrmm
-stilp Hydrogen chlodde therefroim.

4Thbn‘1eth‘ddofclmm21nwhxd1thetucﬁonme-

ata-

10

‘16

25 .

* 2,270,183
20

2 814,597
10 :
'dmm compmea about 22% ethylene dxcblorlde tnd abcnt :

72% hexane,

S.ThemethodotdAImmehxchthereacﬁonme-‘

dium is about 22% othylene dichloride aud about 72%
héxane, and in which the reaction is followed by bubbling

mthroughﬂtemeﬂonmixmrotosmphydmmchb-_

ride
6. A peimicidal detergent eompromtlon con a
fauyaudsoapandanamountotthecomponndotclmm

1 to render the

comtiposition .
7. 'IhecomposiﬁonofﬂumGi_anchthe!attyadd

'.soapnuoilotaoapinbarfc‘ﬁ-’m

oompoiiﬁonofclann7r'ﬁwbxchthoamonnto£
ﬁacompoundmco:poratedmabout 2%.
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ABSTRACT OF THE DISCLOSURE

This invention is directed to the production of hexa-
chlorophene by a two stage process in which one mol
of 2,4,5-trichloropheno! and one mol of formaldehyde
are reacted under the influence of an acid catalyst, after
which the reaction product is condensed with one mol
of 2,4,5-trichlorophenol through the agency of chloro-
sulonic acid or fluorosulfonic acid

RELATED APPLICATION

This application is a continvatiop-ir-part of my co-
pending application Ser. No. 489,036, now abandoned,
filed Sept. 21, 1965, and having the same title as this

application.
THE INVENTION

This invention relates generally to new and useful
improvements for the production of 2,.2-msthylene bis-
(3,4,6-trichlorophernol), commonly calied hexachloro-
phene, and particularly seeks to provide a povel two
stage process for producing same.

‘The known processes for the preparaton of hexachlo-
rophene (2,2"-methylene bis(3,4,6-trichlorophenol)) in-
volve the condensation of two mols of 2,4,5-trichloro-
phenol with one mol of formaldebyde (as Formalin or
paraformaldehyde). The usual condensivg ageat is con-
centrated sulfuric acid or weak oleum, and the reaction
may be carried out in the presence or absence of a sol-
vent which is inert to the reactants and to the condens-
ing agent.

In these processes it is customary to mix all of the
reactants (and the soivent, if any) at oxce and to beat
the mixture, with agitation, for a certain time. Condi-
tions such as these are disadvantageous in the prodoc-
tion of hexachlorophene in that:

(1) They tend to promote the formation of calor
bodies which make difficult the purification of the product;

(2) They tend to promote the formation of the by-
product 2 4,5-trich]oxobenz\odioxolane with an attendant
loss of yield;

(3) They require, ﬁaeoeptable yields are to be ob-
tained, extreme care that the 2,4,5-trichbrophenol and
formaldehyde be preseat- in examctly the molar ratio
2.00:1.00. Since the composition of Formalin or of form-
aldehyde is uspally imprecise, and sisce a certain
amount of formaldehyde is lost from the reaction mixture
by volatilization, this is a difficult requirement to realize
in practice.

However, through the use of this invention the above
mentioned disadvantages in prior processs have been
overcome.

Therefore, an object of this invention is to provide a
new method of producing hexachlorophene from previ-
ously known source materials which is simpler, more
effective and results in higher yields by comparison with
prior processes.

Another object of this invention is to provide a process
of the character stated in which one mol of 2,4,5-tri-
chlorophenol and one mol of formaldehyde are reacted
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under the influence of an audxc tmalyst to form a novel
intermediate product, which in torn is condensed with
one mol of 2,4,5-trichlorophenol through the agency of
chlorosulfonic acid or fluorosulfonic acid to produce high
yields of pure bexachlorophene.

With these and other objects, the nature of which will
be apparent, the invention will be more fully noderstood
by reference to the accompanying detailed description and
the appended claims.
th:tn accordance with this invention it has been discovered
(1) One mol of 2,4,54richlorophepol and one mol of
formaldehyde will react, under the influence of acidic
catalysts such as benzenesulfonic acid, anhydrous hydro-
gen, and diluted sulforic acid, to form quantitatively and
exchisively, a compound which has a melting point of
78° C. The compound has a chlorine content 46.5%,
occars in Jong coloriess prisms, and definitcly s not 7a4.5-

2) Th:compoundformedasm(l) can be condensed
with 2,4, 1, thronugh the agency of chloro-
sulfonic acid or fluorosulfonic acid, to produce high yields
of pore hexachlorophene.

Both of these reactions are surprising. The only hither-
to known reaction product of equimolar amounts of 2,4,5-
trichlorophenol and formaldehyde is 2,4,5-trichlorosali-
genin, which is formed vader alkaline conditions and has
a melting poiot of 128° C. 2,4 5-trichlorophenol, which

is relatively inert to concentrated sulfuric acid and to
oleum. will react readily with chlorosulfonic acid and
fluorosnlfonic acid to form z4,5-mcbloropbenol-6-sul-
fonic acid

The following examples will illustrate this invention.

Example 1

197.5 grams of 2,4,5-trichlorophenol having a melting
point of 66° C. is dissolved in 1000 grams of perchloro-
ethylene and the solution is warmed to 50° C. with agita-
tion. To this solution is added 50 grams of 90° sulfuric
acid. 30 grams of paraformaldehyde is added slowly over
a period of one hour with sufficient cooling to maintain
the temperature between 60° C. and 70° C. The reaction
is exothermic. The mixture is stirred for an additional
two hours at 70° C, The perchloroethylene solution is then
scparated from the dilute acdd layer. Upon evaporating
a small sample to dryness a crystalline product is obtained
which has a welting point of 78° C. There is no free form-
aldehyde remaining either in the dilute acid layer or in
the perchloroethylene solution. There is no hexachloro-
pheno present at this point in the reaction mixture, nor
any vareacted 2,4,5-trichlorophenol.

The perchloroethylene solution of the product of the
reaction between 2,4,5-trichloropheno] and paraformal-
dehyde s mixed with a solution of 197.5 grams of 2,4,5-
trichlorophenol in 1000 grams of perchloroethylene and
the mixture is heated with agitation to 75° C. There is
then introduced dropwise over a period of three hours
116 grams of chlorosnlfénic acid. The addition of chloro-
sulfonic acid is accompanicd by a mild exothermic reac-
tion and by the evolution of HCL The temperature is
maintaiped at 75° C. throughout the chlorosulfonic acid
addition and is then held at 75° C. to 80° C. for an ad-
ditional two hours. Agitation is stopped, the remaining
sulfuric acid layer is allowed to settle and is separated.
The hot perchloroethylene solution is stired with 10
grams of activated charcoal and is filtered. The reaction
product, 2,2°-methylene 'bis(3,4,6-trichlorophenol), crys-
tallizes npon cooling and is separated by filtration. The
yield is 310 grams having 2 melting point of 162° C.
Upon concentration of the mother liquors there is ob-
tained an additional 65 grams of product baving thc same

melting point.

PLAINTIFF'S
EXHIBIT

| cienry -Holos
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Example 2

197.5 grams of 2,4,5-trichlorophenol having a melting
point of 62* C. is dissolved in 2000 ml. of chloroform,
and the solution is warmed to 50° C. with agitation. Dry
hydrogen chloride is bubbled through the solution at a
rate of 5 grams per minute, and over a period of one
hour, 31.6 grams of 95% paraformaldehyde is added.
Hydrogen chloride addition is continued for 30 minutes,
and the mixtare is then beated to reflux for one hour.

A small sample of the reaction mixture, evaporated to
dryness, yw.lds a white crysialline compound, baving a
melting point of 78°° C. It contains no 2,4,5-trichloro-
phenol or formaldehyde.

To the reaction mixture is then added a solution of
197.5 grams of 2,4,5-trichlorophenol, having a melting
point of 62° C., in 2000 ml of chloroform. The mixture
is heated to 65° C., mmder 2 reflux condenser and with
good agitation, 100 grams of finorosulfonic acid is added
dropwise, over a period of three hours. Agitation and
heating at 65° C. are continued for three hours more,
then agitation is stopped, the acid layer is settled and sepa-
rated. The hot chloroform solution is stirred with 10
grams activated charcoal, filtered and cooled to 10* C.
The ized 2,2°-methylene bis(3,4,6-trichlorophenol)
is filtered off, washed with cold chloroform and dried.
The yield is 310 grams having a melting point of 164° C.
Evaporation of the mother liquor yields an additional 70

grams of product.
Hxample 3

To lOOOml. of benzene is added, slowly, 58 grams of
chlorosulfonic acid, and the ‘solution is ‘then’ Hedtédl 1
reflux until all HQQ is driven off. There is thus produced
a benzene solution contammg 79 grams benzenesulfonic
acid. To this solution is added 197.5 grams 2,4,5—tnchlom—
phenol baving a melting point of 62° C. The solution is
then heated just to the point of r:ﬂnx, and with good
agitation, 85 grams of 37% Formalin is added over two

hours, while the water introduced with the Formalin is .

taken off as an azeotrope with benzene. The condensed
benzene is returned to the reaction mixture. Reflux is then
contimed for one hour, after which 500 ml. of water is
added. The mixture stitred 15 mimntes at 60° C., and
settled. The water Jayer which contains the benzenesnl-
fonic acid, is separated and discarded.

A small sample of the benzese solution evaporated to
dryness, yields a white crystalline product having a melt-
ing point of 78" C. It contains no 2,4,5-trichlorophenol

or formaldehyde. )
‘The benzene solution is added to 2000 ml. of perchloro-

5
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ethylme,andthcbenzeneislenovedﬁnmthemktnre

perchloroethylene solution of the re-
-action product of 2,4,5-trichlorophenol with Formalin is
added 197.5 grams 2.4,5-trichlorophenol having a meht-
ing point of 62° C. The solntion is heated to 75° C., and
with vigorons agitation is added, over five hours, 116
grams chlorosulfonic acid. Stirring is continued at 75° C.
for two hours and the acid layeris then settled and sepa-
rated. The hot perchlorocthylene solution is stirred with
ten grams activated charcoal, filtercd and cooled to 10°
C. The crystallized 2,2"-methylene bis(3,4,6-trichloro-
phenot) is filtered off, washed with cold perchloroethylene
and dried. The yield is 280 grams having a melting point
of 163* C. Evaporation of the mother liquor ylelds an
additional 85 grams of product.

I claim:
1. In a method for producing hexachloropbene the

85
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65

steps of, supplying a solution of 24,5-trichlorophenol and

. 4

formaldehyde at a 1 to 1 molar ratio in a solveat selected
from the group consisting of perchloroethylene, chloro- -
form and bcnzene, reacting said 2,4,5-trichlorophenol and
formaldehyde in the pressure of an acid catalyst selected
from the group consisting of benzene-sulfonic acid, an-
hydrous hydrogen chloride and dileted sulfuric acid to
form a solution of a compound which, when dry, has a
melting point of 78° C. and a chlorine content of 46.5%,
then adding a solution of 1 mol of 2,4,5-trichlorophenol
to the solution contammgthcreactxonpmductofthepn-
ceding step, and effecting condensation therebetween by
the addition of a sulfonic acid selected from the group
consisting of chlorosulfonic acid and ﬂuomsulfomc acid
to produce pure

2. A reatcion product between 2,4,5-trichlorophenol
and formaldehyde, having a melting point of 78° C. and
a chlorine content of 46.5%, produced by supplying a
solution of L&S—u:chlorophmol and formaldehyde at a
1 to 1 molar ratio in a solvent selected from the group
consrstmg of perchloroethylene, chloroform and benzene,
reacting said 2,4,5-trichlorophenol and fonmaldehyde in
themwcimludmlydsewﬁomthem
consisting of benzenesolfonic acid, anhydrous hydrogen
chloride and diluted solforic acid, and separating the sol-
vu:’tsohhoneonhmmgthemehmp!odnctﬁomthc
acid.

3. In a- method for producing hexachlorop!
steps of; dissolving a molar equivalent of 2,4,5-trichloro-
phenolmasolventselmdﬁomthegmnpcommn
of perchlorcthylene, chloroform and bemzene; adding to

mdsolnhonnnaadatalystaeleﬂedfmmﬂnm‘ -

consisting of benzenesulfonic acid, anhydrous hydrogen
chlorﬂcanddﬂuhdmlﬁuncwd,tbmaddmgamohr
equivalent of formaldehyde and maintaining the

ture between about §0° C. and about 70° C. during the -
exothermic reaction produced as the result of such addi-
uontopmdnceareachon product which, whea dry, has

a melting pomt of 78° C. and a chlorine content of
46.5%; scparating the solvent solution from the acid:
addmg a molar equivalent of 2,4,5-trichloropheno} dis-
sulvedmsudmlvmtmsaidscpamwdsolvmwlm
effecting emdmsahonbctwemsdtddeﬂmolueqniv—
ahntoinidz,wh:vphmolmbmpud—
wmsa:dseparmdsolvm:o!uhonbytheaddlmof
an acid sclected from the group -
snlfonicacidandﬂmrosnlfonicadd;thmnmovmgthe
solvent solution comtaining the condemsed product and
recovering pure hexachlorophene thesefrom by cooling

‘and filtering same.
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metal ﬁmshmg and stripping.
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PLAINTIFF'S

EXHIBIT

/

CLEARY

State of 4/4//%/9?14):, ).

County of INYA/or 252 ) ss:
AFFIDAVIT OF THOMAS F. CLEARY

" Thomas F. Cleary, being duly sworn, deposes and states as follows:

- *liofpy S

1. I have personal knowledge of the facts set forth in this affidavit and, if called asa

witness, I could and would competently testify to the facts set forth below.
2. I am retired after a career working for several companies as an organic chemist.

3. I currently reside at 45451 S. Caspar Dr;, Mendocino, CA 95460, phone 707-964-

7065.
"4 IhavoaB.S. is chemistry from Rutgers University.
5. Before my retirement, I was employed at Centmtbém: Inc. between Appfo:dmately
1960 to 1980 as an organic chemist and as President and Chief Executive Officer after 1977.
6. While woﬂﬁng for Centgrchem, Inc., I'would solicit custom chemical manufacturing
contracts for small chemical mmﬁacﬁdng companies.
7. As part of that work, I would assist tﬁe chemical manufacturers with development of

the manufactunng processes used to ﬁll their custom chemical manufactunng contracts.

8. In the 1960s I was acquainted with Metro- Atlanuc Inc., a chemical manufacturer

located in North Providence, Rhode Island.

9. Metro-Atlantic was owned and run by Joseph Buonanno, now deceased.
10.  I'wasacquainted with purchasing agents of Eli Lilly and Company of Indianapolis,
IN and would attempt to assist in the development of contracts for the custom manufacture of

chemicals for Eli Lilly by custom chemical manufacturing companies like Metro-Atlantic. -
EXHIBIT

Duambery o, 5708

, : SBSF 12922



1. My primary céntacts at Eli Lilly in the 1960s were Robert G. “Bob” Weigel, Eli -
Lilly’s purchasing agent, now deceased, and assistant purchasing agent Robert Dille, also deceased.
12.  In approximately 1963 or 1964, I became aware of Eli Lilly’s develoémegt Vof a
pesticide known as treflan or trifluralin,
13. When startixi-g production of treflan, Eli Lilly needed time to design, build and start

up the process equipment in its Tippecanoe, IN plant.

14.  Isuggested to Joseph Buonanno that Metro-Atlantic might be able to manufacture -

treflan for Eli Lilly.
15, lessisted Motro-Atlanticin developing the process to mamufacture treflan at its Noith

Providence, Rhode Island plant and Metro-Atlantic erected a building spccit:icallj to house tl;at
pro'ccss at that time. | | . |

16. Ei Lxﬂy entered into an agreement with Me&o-A&anﬁc by which Metro-Atlantic
made treflan for Eli Lilly at the Metro-Atlantic North Providence plant.

17.  Thetreflan processat the North Providence plant consisted of converting the substrate
parachlorobenzotrifiuoride or PCBT, obtained from Hooker Chemical in Niagara Falls, N.Y., into
treflan, first by dinitration then a;n;inaﬁon of the resulting 3.5-Dinitro-4-chlorobenzotifluoride with
dipropylamime. The treflan active substance was formulated with solvents and emulsifiers suppiied

by and under the direction of Eli Lilly.
18.  Aferashort period of production, no more than a few months at most, Eli Lilly began

production of treflan at its Tippecanoe, IN plant and treflan production at the Metro-Atlantic North

Providence, R.1. plant ceased.

19. The Metro-Atlantic production facility built for treflan production was not used for

"
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Further affiant sayeth not. % j %‘&r : .

- some time afier the treflan production ceased; I then worked with Joseph Buonanno to set up a -

process to manufacture hexachlofophene in the building formerly used to manufacture treflan.

20.  Thehexachloropheneproduced by Metro-Atlantic was sold on the open market, with

Sterling Winthrop being one of the largest purchasers.
21.  Tomy knowiédge, EliLilly had no relationship to the production of hexachlorophene

at the Metro-Atlantic North Providence plant.

[pame] .

Subscribed to and sworn to before me this

-_g_dayo ! , 2001,
NoVenbyw

cémmission expires: 1o “¢~ 52
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g UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION |
© ONE CONGRESS STREET SUITE 1100

BOSTON, MASSACHUSETTS 02114-2023

<

Memorandum DRAFT

Date:
Subj:

From:

To:

November 26, 2002

Notes of Conversation with Thomas Cleary

Ann Gardner
Paralegal

Centredale Manor Site File

On Thursday November 14, 2002 I placed a call to Thomas Cleary of Mendocino, CA to

inquire if he recalled how Metro-Atlantic produced hexachlorophene. These notes have

been reviewed by Mr. Cleary for accuracy and is a summary of our conversation.

Backeround

Mr. Cleary was an organic and production chemist which means that he supplied

chemical companies with the production “know-how” for specific chemicals. He would

- work closely with the companies during the process development stage.

He was aware that the Eli Lilly company had developed a chemical called Treflan and
was looking for a place to manufacture this substance until a permanent facility was

constructed. Mr. Cleary was aware of the Metro-Atlantic facility and brokered a deal for

Metro-Atlantic to produce Treflan for Eli Lilly. According to Mr. Cleary, Metro-Atlantic

Novermber 25, 2002 DRAFT



.- constructed a separate building for the production of Treflan. When asked why Metro-.- . . -

Atlantic went to the effort and expense of constructing a building for a temporary
production process, Mr. Cleary thought that the building was not a big investment and
that it was profitable for Metro-Atlantic. Mr. Cleary estimated that the production of

Treflan at the Metro-Atlantic facility was less than a year.

Hexachlorophene production

After the Treflan production ceased, Mr. Cleary wc‘)rked with Metro-Atlantic to produce
hexachlorophene. At the time, there was only one company that produced

hexachlorophene and companies were looking for additional suppliers.

Hexachlorophene is manufactured using 2,4,5-trichlorophenol. éxt the time Metro- _
Atlantic began hexachlorophene production, the U.S. Army was using large quantities of
trichlorophenol in the production of Agent Orange making' quantities of pure 2,4,5-
trichlorophenol unavailable. /Metro-Atlantic purchased' a crude form of 2,4,5-

trichlorophenol from Diamond Alkali. This was a dark liquid brought into the facility by

tmker trucks. Before the 2,4,5-trichlorophenol could be used in hexachlorophene

production, it needed to be purified. This was accomplished by adding sodium hydroxide
mﬁ’ﬁ\@év(wml to 2,4,5-trichlorophenol. There was not 100% recove_ry from the -
purification process and some 2,4,5-trichlorophenol became a waste or by-product. Mr.

Cleary believés that this waste 2,4,5-trichlorophenol is the origin of the dioxin at the

| November 26, 2002 D RAFT



R Centredale Superfund Site.. However, Mr. Cleary.is very puzzled as to why phenols are

not present in the sampling results.

Mr. Cleary explained how Diamond Alkali produced the 2,4,5-trichlorophenol. The raw
% ; . Vess c'__l
3 material, 1,2,4,5-tetrachlorobeneze was put into an autoclave, a machine that puts
' substances under very high temperatures and pressure, and converts the 1,2,4,5-

tetrachlorobenzene mto 2,4,5-trichlorophenol. Mr. Cleary suggested we contact John
Y

(0N
N
80 — Burton, formerly with Diamond Alkali, to ask questions about this process and the 2,4,5-

’

trichlorophenol delivered to Metro-Atlantic.

v
lh
: 4
. (,V&U\/C
. Once the 2,4,5-trichlorophenol was purified, it was mix€d with formaldehyde to create

hexachlorophene. Mr. Cleary has a patent on this production of hexachlorophene.

( Mr. Cleary was certain that the hexachlorophene production resulted in the di‘oxin at the
site.‘ As previously mentioned, the 2,4,5;trichldrophenol puriﬁcatioﬁ process did not
recapture all of the 2,4,5-trichlorophenol and some was lost as a waste by-product. This
waste would contain, among other things, dioxin and phenols.. He repeatedly stated he

was puzzled as to why no phenols were appearing in the test results.

I asked Mr. Cleary about the Metro-Atlantic plant and who might have knowledge of the
hexachlorophene processépparently, hexachlorophene was really the only chemical

) ‘@ they producec9 the other chemical work done by Metro-Atlantic was primarily mixing and

November 26, 2002 D RAFT



__ _re-formulating products. Other than Mr..Cleary, all the individuals-who-were familiar - -

with the hexachlorophene production are deceased. Joseph (“Joe’””) Buonanno, Sr. was

the head of Metro-Atlantic and became a good friend of Mr. Cleary’s.
was active in managing the hexachlorophene production and moved to South Caroiina *
when Metro-Atlantic opened the plant there. Unfortunately both are deceased. Joseph
Buonanno, Jr. was in the sales department and did not or would not have any detailed
knowledge of the production process. Mr. Cleary recalled Joe Buonanno had two
partners: Hugh Bonino and Bernard (“Bernie”) Buonanno. Bemie would be at the plant
but Mr Cleary did not recall what he did. MI Bonino moved to South Carolina when

Metro-Atlantic opened a plant tﬁere but has since passed away.
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URNITED STATES ENVIRONMENTAL PROTECTICN AGENCY

kS REGION 1
7z 1 CONGRESS STREET, SUITE 1100
s BOSTON, MASSACHUSETTS 02114-2023

CERTIFIED MAIL - RETURN RECEIPT REQUESTED

November 26, 2002

Thomas Cleary
45451 S. Caspar Drive
Mendocino, CA 95460

Dear Mr. Cleary,

Enclosed is a draft summary of my conversation with you concerning the Metro-Atlantic facility,
formerly located in North Providence, RI. Our discussion centered around their use of 2,4,5-
trichlorophenol in the production of hexachlorophene. Because of the chemistry involved, you
agreed to review my notes to ensure that I had the facts correct. Please make corrections
wherever necessary. If there is any information you would like to add, please do so. I have
enclosed a self-addressed, stamped envelope so you may return the letter to us

Thank you very much for you time. If you would like to discuss this memo or any other issue
concerning the Metro-Atlantic facility, New England Container Company, or the Centredale
Manor Restoration Project, please contact me at (617) 918-1895 and I will return your call, or

you can reach me via e-mail at gardner.ann@epa.gov.

Sincerely, e o
An;l L Gardner,

Paralegal

Enclosure

Toll Free « 1-888-372-7341
Internet Address (URL) « http://www.epa.gov/region1
Hesycled/Recyclable «Printed with Vegetable Oil Based Inks on Recycied Paper {(Minimum 30% Postconsumer)
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CERTIFIED MAIL -
RETURN RECEIPT REQUESTED

January 14, 2003

Thomas Cleary
- 45451 South Caspar Dr.
Mendocino, CA 95460

Re:  Notes concerning use of 2,4,5-trichlorophenol at
Centredale Manor Site File, North Providence, Rl

Dear Mr. Cleary,

Enclosed you will find a copy of my draft memo to the file concerning our phone conversation in
November 2002. In addition, I have also enclosed a photocopy of the notes and corrections you
sent back to me.

When I revise my draft memo, I will send you that version for your review and comment.

‘Thank you for your time and assistance i this matter. If you have any questions, do not hesitate
to call me at (617) 918-1895.

Sincerely, ? e
’-r ] 3 i : v
o7 / [ - [l

; s £
?T\T A . S LAt C}: b e

- Ann L. Gardner
Paralegal

ﬁ) Enclosure

Toll Free » 1-888-372-7341
Intemet Address (URL) « htip://www.epa.gov/regiont
Recycled/Recyclable « Printed with Vegetable Oil Based Inks on Recycled Paper (Minimum 30% Postcorisumer)
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- Volatile Organic Compounds
@ Exceeding Rhode Island Residential Standards
o (June to November 1999)
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Semi Volatile Organic Compounds
Exceeding Rhode Island Residential Standards
(June to November 1999)
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PCB Concentration Distribution in Soil
“3’%‘ (0-1 feet below ground surface)
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PCB Concentration Distribution in Soil
0-1 feet below ground surface)
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PCB Concentration Distribution in Soil
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FIGURE 7d
PCB Concentration Distribution in Soil
(3-4 feet below ground surface)
(June to November 1999)
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PCB Concentration Distribution in Soil
(4-8 feet below ground surface)
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PCB Concentration Distribution in Soil
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TCDD Concentration Distribution in Soil
(3-4 feet below ground surface)
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State of é;/,‘zévé,:;,s, : ).

County °f_’_E‘_.&:éz_ ) o

| OF 1HO
" Thomas F. Cleary, bemg duly sworn, dcpases and states as follows:
1 1 have personal knowledge of tbe facts set forth in this aﬁidawt and, if called &s a
wmaess, I could end wmﬂd competently testify to the facts set forth below.
' 2, 1 Bm retired efler & carcer warking for seversl companies 8s an organic chemist,
3 curtently reside at 45451 §. Caspar Dr,, Mendocino, CA 95460, phone 707-964-
7065, | ' B
- 4, Ihave a BS. in'che:ﬁish'f ﬁﬁm Rutgers Univ%ity
5: Beforc my retirement, I was cmployed at Centcrchem, Im": between e:ppnmmately
196{) 10 1980 as an organic uhemm and as Presxdent and Chief Executive Officer after 1977.
6 Whﬂe workmg for Cente:chem,lnc 1 would solicit custom chermical manufenmnng
-cantracrs for small chemmal manufacturing companies.
- 7. As pact of that work, I would assist the chemical manufacturers with development of
thejmmufacmring' prbcc_sses used to £l their custom chemical manufacturing con.!:mcts. |
- 8. In the 1960s I was acquainted with Mer-AUaﬁlic, Inc., 4 chemical manufacturer’
lo&icd in North Pm\;vi;i;hce, Rhodz ]slapd.
9. ‘Metro-Atlantic was owned and run by Joseph Buonanno, now deceased.
10.  Iwas acqv.ﬁhmted with purchasing agents of Eli Lilly a.nd Company of Indianapolis,
lN’ and would attempt to assist in the deve)apmcut of contracts for the custom manufecture of

chemc.a.ls for Eli LLUy by customn chemical manufacturing compamcs like Metro-Atlantic.

SBSF 12922
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1. My primery contacis at Eli Lilly in the 1960s were Robert G. “Bob™ Weigel, Eli -

Lilly’i; purchasing sgent, nowdgceased, and assistant purchasing agent Robert Dille, also deceased.
12. o spproximately 1963 or 1964, I becams aware of Eli Lilly's dcv:a]oﬁmcnt ofa
pesﬁéide koown as treflan or trifluralin.
13 When starting production of treflan, Eli Lilly needed time to design, build end stat

up ﬂsc procass equipment in its Tippecanoe, IN plant.

14, Isuggested to Joseph Buonanno that Metro-Atlantic might be able to manufacture ,

u’eﬂnn for Eli Lilly.

15.  Iassisted Metro-Atlantic in developing the processto manufachn'e treflanat 1tsNorth
medencc. Rbode Island plant and Metro-Atlantic erected s building spemﬁcally to house that
process at that time,

: 16.  Eli Lilly eptered into an agrecment with Meu-o-Aﬂantxc by which Metro-Aflantic
maii:la treflan for Eli Lilly st the Metro-Atlantic North Providence plant,

: 17.  Thetreflan process at the North Pravidence plant cansisted of converting the substrate
pa;'achlarobcnzouiﬂuoride or PCBT, obtained from Hooker Chemica] in Niagara Falls, N.Y,, into
m‘;ﬂan, first by dinitration then :;:x;ination of the resulting 3.5-Dinitro-4-chlorobenzotifivoride with
di';mpy]amime. The treflan active substance was formulated with solvents and emulsifiers supplied
by and under the direction of EL Lilly.

.: 18.  Aflerashort period of production, no more (han a few months atmost, Eli Lilly began
é;-oductiun of treflan st jts Tippecanoe, IN plant and treflan production &t the Metro-Atiantic North
I_;rovidcncc, R.L plant ceased.

§9,  The Metro-Atlantic production facility built for treflan production was notused for

SBSF 12923
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some mne afler the treflan p_raductiun ceased; [ then worked with Joseph Buonanao to set up a -
pmaessfx‘o manufactre hexachlorophess in the building formerly used to manufacture treflan.

20 The hexabhlorophcae pmduczd by Metre- Atlantic was §1d onthe open ﬁmrket, with
Slcrlmg Winthrop being one of the largest purchasers.

21 Tomy knowle{ge, Eli Lilly had no re)ationship to the production of bexachlorophene
st the etro-Atlantic North Providence plant. |

Fun‘hen' affiant sayeth not. !

Subsc:ﬁ"bed to and sworn to before me this
Z day of S, , 2001,
L psilgmbeV

- - L -
commission expires: o -¢"- 57

SBSF 12924
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DOCUMENTS TO BE PRODUCED

fA (1) any and all documents conceming the manufacture and/or sale of hexachlorophene by

Metro-Aflantic, Inc, including any efforts to establish a process for such manufaciare
and/or sale of hexachloropheiie, as referenced in paragraphs 19 and 20 of the affidavit of
Thomas F. Cleary dated November 8. 2001 (a copy of which is attached), and (2) any and
all documents concerning the chemical composition of &é hexachlorophene

manufactured and/or sold by Metro-Atlantic, Inc.

Nl
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PRODUCTIO\' OF 2,2’-M THYLENE BIS(,,6-
- TRILHLDPOP.‘H:.\DLI

- Thomas F. Cleary, 3u-nm.! .., assignor o Cenierchem
'y

Inc., New Yor.-. N.Y,, 2 corporativn of Mew York

: No Drawing, Ceniinuatici-in-part of a;*phcahon Ser, No.

489,038, Sept. 21,1963, This appileztion Nov, 2§, 1567,

Ser. Nu. 636,290
Tat. Cl. C07c 37/00

U5, CL 255—615 3 Claims

ABSTRACT OF THE DISCLOSURE
This inventicn is directed to the production of hexa-

- chlorophene by a two stage process in which ¢ne mol

cf 2,4,5-trichiorophencl and one mol of formaldehyde
are reacted under the influence of an acid catalyst, after
whick the reaction product is condensed with one mol

-of 2,4,3- trxchlorophenol through the agency of chloro-

sulforic acid or f uorouxomc acid.

RELATED.APPLICATION.

Th:s appiication is a contmuauon—m-part of my co-
peading application Ser. No. 489,036, now dbandozed,
filed Sept. 21, 1965, and having tks same title as this

apolication.
"THE I_NVENTION

This invention reiates generally to new and useful
improvements for the production of 2,2'-methylene bis-
{3,4,6-trichlorophenol), commonly 'called hexachloro-
phene, and particularly séeks to provide a novel two
stage processs for producing same.

The known processes for the preparation of he*(ach:o-
rophene” (2,2’-methylene’ bis(3,4,6-trichlorophenol)) i
volve the condensation of two mo]s of 2,4,5- tnchloro-
rhencl with one mol of formaldehyds (as Formalin or
paraformaldehyde). The usuai condersing agent is con-
centrated sulfuric acid or weak oleum, and the reaction
may be carried out in the presence or absence of a sol-
vent which is ineri to the reactants and to the condens-
ing agent.

In these processes it is cx.stomary to mix all of the
reactants (and the solvent, if any) at once and to heat
the mixture, with agitation, for a tertain time. Condi-
tions such as these are disadvantageous in the produc-
tion of hexachlorophene in that:

(1) They tend to promote the forma tion of color _

bodies which make difficult the purification of the product;

¢2) They tend to promote the formation of the by-
product 2,4,5-trichlorobenzodicxolane with an attzndant
loss of yleld;

(3) Thay require, if zcceptable "lelds are to be ob-
tamcd extreme care that the 2,4,3-irichlorophenol and
fermaldehyde be present in exactly the molar ratio
2.00:1.90. Sincz ihe composition of Formalin or of form-
aldehyde is usually impreciss, 2nd since a certain
amount of formaldetyde islost from the reaction mixture
by yelatilization, this is a difficult requirement to realize
mn pr..ctxcc

However, tthll"h the use of this .mentmn the above
mentioned disadvatitages in prior. processes have been
overcome.

Therefore, an object of tkis invenzion is to provide a
new method of producing hessehicrophene from -previ-

under the icfluence of an dcidic catalvst i ¢

ey
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U"‘Tbe hot perchloroeth++n¢ solution is stirrad -

ously known sburce materials which is sxmpler, more .

effcfllvc and resuits in higker yields by comparison with
prior processes..

Another object of this lrventxon is to prond‘. a process
of the character stated in which one mol of 2,4,5-tri-
chlorophenol and one mol of formaldehyde are reacted

70

orar a covel
ndensed with
ne agency of
o produce hizh

intermediate product, which in turz is con
one mol of 2,4,5-tricklorophena! throar_z ¢
chlorosuifonic-acid or fuorosulfonic acid
yields of pure hexach!orophene.

With these and other cbjects, the nature of which will..
be apparent, the invention will be more fully understood

h
2
o

“by reference to the actompanying detailed descriptioa and

the appended claims.

In accordance with this inveztiot it has been
that: ’ )
(1) Qae mo! of 2,4,5-trichloropiienol and one mol of
formaldehyde will react, under the influeace of acidic
catalysts such as benzenesulfonic acid, anhydrous hydre-
gen, and diluted suifuric acid, to form quanti'avi\ely and
exclusively, a compourd wh:ch has a melting poini of
78° C. The compound has a chiorine content 46.5%,
accurs in long colorless pnsrm., and definitely is L.ot 2,4,5-
trichlorosaligenin.

- (2) The compound formed as in {1} can be condensed -
with 2,4,5-trichlorophenol, through the agency of chloro
silfonic acid or fluorosulfonic acid, to produce high yh:]ds
of pure hexachlorophene. .

Both of these reactions are surprising. The only hither-
to known reaction product of-equimolar amounts cf 2,4,5- .
trichlorophenol and formaldehyde is 2;4,5- t'xch.o'osall-
genin, which is formed under alkaiine conditions ard has
a melting point of 128° C. 2,4,5- mChlo"ophcno] which
is relatxve]y inert to coucentrated suifuric acid and to
oleum, will react readily with chlorosulfonic acid and
fluorosulfonic acid to forra 2,4,5- trxchloropnerol -6- sL.

discoversa

fonic acid."
The following e(amples will illustrate this invention.
'Example 1
197.5 grams of 2,4, S-txchloropneno' having 2 melting

point of 66° C. is dissolved in 1000 grams of .perchloio-
ethylene and the solution is warmed to 50° C. with agita-
tion. To this solution is added 50 grams of 50° suifuric
acid. 30 grams of paraformaldehyde is added slowly over
a period of one heur with sufficient cooling t0 maintain
the temperature between 60° C. and 70° C. The reaction
is exothermic. The miixture is stiired for an additional
two haurs at 70° C. The perchloroethylene solution is then
separated from the’ dilute acid laver. Upon svaporating
a small sample to dryness a crystalline producr is obtained
which has a melting paint of 78° C. There is no free form-
aldehyde remaining either in the dilute acid layer or in
the perchloroethylem solution. There is no hexachloro-
phene present ‘at this point in the reaction mixwre, nor
any unreacted 2,4,5-trichlorophéenol. )

The perchloroethyle':e solution of the product ¢f the
reaction between - 2,4,5-trichlorophenol and pn.arorma’ )
dehyde is mixed with 2 solution of 197.5 grams of 2,4,5-
trichiorophenol in 1000 grams of perchloroethylene and
the mixture i3 heated with agitaticn to 75° C. There is
then introduced dropwise over a period of three hours
116 grams of chlorosulfonic acid. The additioa-of chioro- -
sulfomc acid is accompanicd by a mild exothermic reac-
tion and by the evclution wi HCL The temperature is
maiantained at 75 C. throuzhout the eitlorosuiforic acid
addition and is then held at 75° ¢-'to 80° C. for an gd-
ditional two hours. Agitation i Stopged, the remainicg
sulfuric - acid layer is ailow-? tO settls nd is sepucated.
with 10
grams of activaied G;ym.cal and is filttered. The reachm
product, 2,2-metpr e bis{3,4,5-trichlorophescl), crys-
tallizes ugon tng 2ad is separated by fitration. The
yield is 3]p/Brams having a melting point of 162° C
Upor: c,,m,entratmn of the mother lzquo s thers s n;.
tained an additional 65 grams of product ‘mvmg the safhz

melting poiit-
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Example 2

J197.5 graimps of, 2,4.5-1r ich]oropheno} having 2 melting
rpoint of 62° C. is disscived ia 2600 ml of chloroform
and the soiution is warmed to 50° C. with anx.atron. Dry
irydrocgen chiuride is bubbled throuch the solution at. a
rate of 5 grams per minute, 2nd over a period of one
hour, 31.6 grams of 95% parafermaldetivde is added.
Hydrogen chloride addition is continued for 30 miniites,

and the mixture is then heated to reflux Ior one hour.

A smali} sample of the reaction mixiure, evaporated to
-dryness, vields a white crystallinic compound, having a

melting point of 78° C. Ii coniains po 2,4,5-trichlorp-

phencl er formaldenyde.

To the reaction moixture is then added a solution of
187.5 graims of 2.4,5-trichiorochenol, having a melting
point of 62° C., in 2000 ml of chloroform. The mixture
is heated to 65° C., under a reflux condenser and with
good agilation, 100 gramns of flueresulfonic acid is added
dropwire, over a pericd of tiree hours. Agitation and
heating at 65 C. are continued for three hours more,
then agitation is stopped, the acid layer is settled and sepa-
rated. The hot chlorcform solution is stirred with 10
grars activated ¢harcoal, filtered and cooled to 1
The cryuallized
is fitered off, washed with cold chloroform and dried.
The yicld is 310 grams having a meiting point of 164° C.
Evaporation of the mether liquot yields 2n additional 70
grams of product. :

) Example 3

To 100C ml. of benzene is added, slowly, 58 gr’amsvof .

chlorosulfonic acid, and the solution is then heated to
reflux untif all H riven off. There is thus produced
2 benzene solution coutaining 79 grams benzenesylfonic
acid. To this scluticn is addad 1975 grams 2,4,5-trichloro-
phenol having a meling point of 62° C. The soiution is
“then heated just to the point of reflux, and .with good
. agifation, 85 grams of 37% Formalin is added over two

hours, while the water iniroduced with the Formalin is
taken off as an azeot: ope with berzene. The condensed
benzene is returned o ths reaction mixture. Reflux is then
cointinued for one 1-0.:1', afier which 500 ml. of waier is
adced. The mixture stirred 15 minvtes at §0° C., and
sctiled. The weater layer whick contains the benzenesul—
fon'c acid, iy v.p.ndc\. and discarded.

A smeil sempie of the benzene solution evaporated to
dryaess, y:elds 2 white crystalline preduct having a melt-
ing poin: ¢f 7 C. It coatains 20 2,4,5-trichlorophenol
or formaldehyde.

Tke benzene soluticn is added to 2600 ml. of perchloro-

ethylene, and the benzene is removed from the mixture
by fractional distillation.

To the remaining perchloroethyleae sclution of the re-
action procuct 0: 2,4, 5-tzickiorophenc! with Fermalin is
2dded 197.5 grams 2,4,5-trichlorophendl having a melt-
ing point of 62° C. The solution is haated 10 ,5 C., and

ﬁ. ;

zrams chicrosuifonic acid. ..urnrrr is continued at 75° C.
fc: o ’mu« and the acid layer is then sett’sd and sepa-
g oerzklorostbyiens sclution is stirred with
ivated charcoal, filtersd rnd coowd to 10°

o #
2,4 - I8

xa mel‘.n*g pcint

C. ".agur:(ru ol &Ge Yiquor yields an
zddidonal 85 gram: of product.
1 claim:
1. In 2 method for producing hexachloroghens the

£ (A

steys of, supplving a solunosn of 2,4,5-trichlorop sheno! and

2,2"-methylenc bis(3,4.6-trichlorophenol)

ifh vigorons agitation is added, over five hours, 116
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40
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tion to produce 2

4

formaidehyde at a 1 o 1 molar ratio in a solvent selected
from the ‘group consisting of, perchlorostbylens, chloro-
form and benzene, reacting saids2,4,5-trichlorophenol and
formaldehyde in the pressure of-an acid catalyst selecied
from the group consisting of benzenc-sulfonic acid,.an-
hydrous hydrogen chloride and diiuted solfuric acid to
form a solution cf a compeund which, when dty, has a
melting point of 78 C. and a chlorine content of 46.5%,
then adding a solution of 1 ol of 2,4,5-trichlorophenol
to the solution contairing the reaction product of the pre-
ceding siep, and cﬂ'eclmrv condensation thérebetween by
the addition of a sulfonic acid selected from the group
consisting of chlorosulfonic acid and fluorosulfoaic acid
to produce pure hexachlorophene.

2. A reatzion product betwecn 2.4,5- trlcb]oxophenol
and formaldehyde, having a mclting point of 78° C. and

chlorine content of 46.5%, produced by supplying a
solution of 2,4,5- uichlorophmol and formaldehyde at a
1 to 1 molar ratio in a sclvent selected from the grouvp
censisting of pe.chloroe:hylcne, chloroform and benzene,
reacting said 2,4,5-trichlorophenol and formaldebyde in
the presence cf an acid catalyst selected from the group
consisting of benzenesulfonic acid, anhydrous bydrogen
chloride and diluted sulfuric acid, and separating the sol-
vent solution containing the reaction product from the
acid. '

3. In a- method for produ\.ing hemchiorophcne the
steps of; dls<olvmg a molar Lqux alent of 2,4,5-trichloro-
phenol in a solvent selected from the group coumsisting
of perchlorethylene, chloroform and benzene; adding to
said solution an acid caialyst selected from the group
consisting of benzenesulfonic acid, anhydrous hydrogen
chloride and diluted sulfuric acid; then adding a molar
equivalent of formaldehyde and maintaining the tempera-
ture between about 60° C. and about 70° C. during the
exothermic reaction produced as the result of such addi-
reaction product which, when dry, bas
a melting point of 78° C. and a chlorine content of

46.5%; separating the solvent solution from the acid;
adding a molar equivalent of 2,4,5- trichioropheno! dis-
solved in said solvent to said separated solvent solution;
effecting condensation between said added molar equiv-
alznt of said 2,4,5-trichlorophenot and ihe reaction prod-
uct i said separafed solvent soluticr by the addition of
an acid selected from the group consisting of chloro-
sulforic acid and fiuorosulfonic acid: then remoying the
solvent solution containing the condensed product and
recovering purce hexachlorophenz therefrcm By cooling
and filtering same. )
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ABSTRACT OF THE DISCLOSURE

This inveation is directed to a method for purifying
crude 2,4,5-trichlorophenol by treating it with an aqueous
alkali hydroxide to form an alkali salt of the crude prod-
uct, adding an additional quantity of the alkali hydroxide,
then crystallizing and separating the alkali salt of 2,4,5-
trichlorophenol and recovering essentially pure 2.4,5-tri-
chiorophenol from the separated alkali salt by treating
the salt with an acid.

This invention relates to new and useful improvements
in the production of essentially pure 2,4,5-trichloropheno!
and particularly seeks to provide a novel method for
purifying crude 2,4,5-trichlorophenol.

2,4,5-trichlorophenol is produced conventionally by the
reaction of 1,2,4,5-tetrachlorobenzene with methyl alco-
holic or aqueous methyl alcoholic sodium hydroxide at an
elevated temperature and pressure. The resulting crude
product when isolated contains only about 88-92% of
the desired 2,4,5-trichiorophenol and is inevitably accom-
panied by at least three impurities consisting of the methy!
ether of 2.4 5-trichlorophenol, the 2,4-5-trichloropheny!
ether of 2,4,5-trichlorophenol, and 2,4-dichlorophenol.
The latter impurily results from trichlorobenzene which
is present as an impurity in the tetrachiorobenzene. There:
are also traces of several other impurities which occur as
by-products or as substances preseat in the starting re-
actaants, :

- Heretofore a degree of purification has been effected in
a costly manner by a single distillation which raises the
2,4,5-trichlorophenol content to about 94-96% while a
second distillation will raise it only slightly more to about
97-98% and even this degree of purity is inadeguate for
certain end uses. Furthermore, the yield of purified 2,4,5-
trichlorophenol obtained by distillation is not very high
because a very careful fractiopation must be carried out.

However, in accordance with this invention it is possi-
ble to simply and inexpensively separate esseatially pure
2,4,5-trichloropbenol from the crude reaction mixture.

Therefore, an object of this invention is to provide a
novel process for purifying 2,4,5-trichlorophenol.

Another object of this invention is to provide a proc-
ess of the character stated in which at least 95% of the
2,4,5-trichlorophenol present in the crude product is re-
covered in at least a 99.5% pure state and has a melting
point of 65 to 67° C.

Another object of this invention is to provide a process
of the character stated that is based upon the separation
of 2,4,5-trichlorophenol from an aqueous medium as its
sodium or potassium salt, in the presence of an excess of
an alkali hydroxide, followed by liberation of free 2,4,5-
trichloropheno! by acidification of the salt.

“ The following examples are illustrative of the inven-
on:
EXAMPLE I

200 grams of a commercial grade of 2,4,5-trichlorophe-
nol containing 94% of the 2.4,5-isomer was dissolved in
600 grams of 10% sodium hydroxide solution, and this
solution was heated to 60° C. Aay insoluble matter which
Wwas apparent in this solution was fltered off and there
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was then added 600 grams of 50% sodium hydroxide

solution, and the mixture was stirred while external cool-
ing was applied. Over a period of 3 hours the mixture
was cooled to 15° C., whereupon a heavy crystal mass
of the sodium salt of 2,4,5-trichlorophenol had formed.
The crystals were filtered off and washed with a small
quantity of cold 30% sodium hydroxide solution. The
pure white crystals were dissolved in 2 liters of water,
and with stirring and cooling, the solution was adjusted to
a pH of 3.0 with dilute hydrochloric acid. The 2,4,5-tri-
chlorophenol which precipitated, was filtered off, washed
with water, and dried. The yield of purified 2,4,5-trichloro-
phenol, having an assay of 99.6% and a melting point of
63.5 C. was 179 grams, representing a recovery of 95%
of - the 2,4,5-trichlorophenol which was present in the
starting crude material.

EXAMPLE II

430 grams of commercial grade 1,2,4,5-tetrachloro-
benzene was dissolved in 1,000 cc. of methyl alcohol, and
400 grams of 50% sodium hydroxide sofution was added.
This mixture was heated in an autoclave at 160° for 6
hours. The reaction mixture was then cooled to 30° C,,

and 500 cc. of water was added. The methyl alcohol was .

then distilled off and the residue was subjected to steam
distillation until no organic matter was evident in the
steam distillate. To the residue was then added 1,200
grams of 50% sodium hydroxide solution and the entire
mixture was heated to 60° C. An additional 500 cc. of
water was added, and the mixture was cooled over a
period of 6 hours to 15° C., whereupon a heavy crystal
mass of the sodium salt of 2,4,5-trichlorophenol formed.
The crystals were removed by filtration, apd washed with
a small quantity of cold 30% sodium hydroxide solution.
The crystals were dissolved in 1 liter of water and the
solution was warmed to 70° C., and acidified to pH 3 with
dilute hydrochloric acid. The 2,4,5-trichlorophenol sepa-
rated from the warm mixture as an oil, and was removed
from the water layer. The product had a setting point of
65° C., and an assay of 99.3% 2,4,5-trichlorophenol. The
yield was 320 grams which represents a yield of 80.8%
of the theoretical amount of pure 2,4,5-trichlorophenol
from 1,2,4,5-tetrachlorobenzene.

EXAMPLE 111

200 grams of a crude technical grade of 2,4,5-trichloro-
phenol, having an assay of 92.5% of the 2,4,5-isomer is
dissolved in 600 cc. of 10% potassium hydroxide solution.
The solution is heated to 60° C., and 800 grams of 50%
potassium hydroxide solution is added. The mixture is
cooled with stirring over a period of 8 hours to 12° C.
The formed crystals of the potassium salt of 2,4,5-tri-
chlorophenol are filtered off and washed with a small
quantity of cold 25% potassium hydroxide solution. The
crystals are dissolved in 1 liter ‘of water, and 300 cc. of
chloroform is added. With stirring, the mixture is acidi-
fied to a pH of 2.0 with dilute sulfuric acid. The chloro-
form solution is separated and clarified by filtration. The
chloroform is distilled off, leaving a residue of 177 grams
of 2,4,5-trichlorophenol having an assay of 99.7%, and a
melting point of 66.5° C. This represents a recovery of
95% of the 2,4,5-trichlorophenol which was present in
the crude starting material.

In the foregoing examples the excess alkali hydroxide
should be present in an amount ranging from 1 to 3
times the weight of the 2,4, 3-trichlorophenol.

Although only hydrochloric and sulfuric acids have
been disclosed as the acidifying agents, it will be appreci-
ated that many other acids could be used for this purpose
as long as they are capable of reducing the pH to 4.5 or
lower.

gty
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The phrase “essentially pure” is intended to indicate a
purity of at least 99.5%.

I claim:

1. In a process for obtaining essentially pure 2,4,5-tri-
chiorophenol from a crude product, wherein the crude
product is obtained from the hydrolysis of 1,2,4,5-tetra-
chlorobenzene, the steps of forming an alkali salt of 2,4,5-
trichlorophenol by treating said crude product with an
aqueous alkali hydroxide selected from the group consist-
ing of sodium and potassium hydroxides in which an ex-
cess of said alkali hydroxide is added at the ratio of about
1 to 3 weight units for each weight unit of 2,4,5-trichloro-
phenol present, cooling to crystallize said alkali salt and
thereafter separating the said crystalized alkali salt of
2,4,5-trichlorophenol from solution by filtration, and re-

W

4

covering 2,4,5-trichlorophenol from the said alkali salt ..

thereof by treating said alkali salt with an acid selected -
from the group copsisting of hydrochloric aad sulfuric

acid.
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ABSTRACT OF THE DISCLOSURZ

This invention is directzd to tha predection of hexa-
chlorophene by 2 two stage process ia wkich ¢ne mol
cf 2,4,5-trichlorcshenol and one mol of formaldehyde
are reacted under the influence of an acid ¢atalyst, after
which the reaction product is condensed with ome mol
of 2,4,5-trickloropherol through the agency of chloro-
sulfonic acid cr fluorosuifonic acid.

RELATED APPLICATION

This appiication is a continuaticn-in-part of my co-
pending application Ser. No. 439,036, now abandored,
filed Sept. 21; 1965, and having the same titde as this

application.
"THE INV ENTION

This inventicn reiates geoerally to new and useful
mprovemen.s for the production of 2,2"-methylene bis-
{3,4.6-trichlorophenol), commoaly callcd hexachloro-
phege, and particularly seeks to provide a novel two
stage process for producing same.

The known processas for the preparation of hexachlo-
rophens (2,2-methylene bis(3,4,6-trichloropbenol)) in-
volve the condensation of two mols of 2,4,5-trichloro-
rhenol with one mol of formaldehyde (as Formalin or
paraformaldehyde). The usuai condernsing agent is cofi-
centrated sulfuric acid or weak oletm, and the reaction
may be carried out in the presence or absence of a sql-
vent which is inert to the reactaats and to the condens-
ing agent.

In t.hese procasses it is cx.sto:nary to mix all of the
reactants (and the solvent, if any) at once and to heat
the mixture, with agitation, for a certain time. Condi-
tions such as these are disadvantageous in the produc-
tion of hexachlorophene in that:

(1) They tend to promote the formation of color _

bodies which make difficult the purification of the product;

(2) They tend to promote the formation of the by-
product 2,4.5-trichlorobenzodicxolane with a2n attendant
loss of yield;

(3) They require, if zcceptable yield§ are to be ob-
tained, axtreme carz that the 2.4,5-trichlotophenol and
formaldehyde be present in exactly the molar ratio
2.00:1.00. Since the uo*npcnl'or‘ of Formalin or of form-
aldehyde s usually imprecise, and since a certain
amount of formaldettyde is lost from the reaction mixture
by volatilization, this is a difficult’requirament to realize
in practice.

However, t‘nough the use of this invention the above
mentioned disadvartages in prior procasses have been
overcome. '

Thereforz. an chject of this invenzion is to provide a
new method of producing hexachlerochens from previ-
ously kXnown sourcs
effective and resuits in Gigher
ptior processes.

Anothar object of this xr'yu\t.on is to provide 1 procass
of the characier siated in which one mol! of 2.4,S-iri-

the
chlorophenal and one moi of formaldzhyds are reaciad

yields by comparison with
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materials which is simpler, more .

0

. ch!orosuif0nic acid or fiuorosulfonic acid to produce hizh

2 .

under the icfuence of an acidic catai;~st 0 form a vovel
intermediate ploduct, which in turn is condensad wiik
ont mol of 2,4,5-trichlorophano} through the asency cf

yields of pure hexachilorophene.

With these and other objects, the nature of which will..

be apparent, the invegton will be more fuilv uaderstood
by reference: to the accompanying detailed description aad
the appended claims.

In accordance with this i mve'"'ou it b be:cn discoversg
that:

(1) Cae mol of 2,4,5-trichloropienol and oz mol of
formaldehyde will react, under the influence of sacidic
catalysts such as benzenesulfonic acid, anhydrous hvdre-
gen, and diluted suifuric acid, to form quanttatively and
exclusively, a compound which as a meiting point of
78° C. The compound has 2 chiorine conwnt 46.5%,
occurs in long colorless prisms, and definitely is ,_ot ‘.‘.4.3-
trichlorosaligenin.

(2) The compound formed as in (1) can be condenzed
with 2,4,5.trichlorophenol, throuzh the agercy oi chloro-
sult'omc acid or fluorosaifonic acid, ¢ produce high yizlds
of pure hexachlorophane.

Both of these reactions are surprising. Tae orly hither-
to known reaction product of equimolar amcunts cf 2,4,5-
trichlorophenol and formaldehyde is 2,4,7-trizhlorosali-
genin, which is formed under alkaiine conditions acad bas
a melting poiat of 128° C. 2,4,5-trichlorcpherol, whick
is relatively inert to coucentrated suifuric acid and to
oleum, will react readily with chlorosulfonic acid and
fluorosulfonic acid to forra 2.4,5-trichlorophernol-6-sul-
fonic.acid. ’

The following emmoles will illustrate this. ‘nvention.

Example 1

197.5 grams of 2,4,5-trichloropheso! Raving 2 meiting
point of 66° C. is dissolved in 1000 grams of perchloro-
ethylene and the solution is warmed to 50° C. with agiza-
tion. To this solution is added 50 erams of $0° suifuric
acid. 30 grams of paraformaldehyde is added slomly over
a period of one bour with sufficient cooling to mainiain
the temperature vetwean 60° C. and 70” C. The reaction
is exothermic. The mixture is stired for an additional
two hours at 70° C. The perchloroethylene solution is then
separated from the dilute acid laver. Upon evaporating
x small sample to dryness a crystalline product is obtained
which has a melting point of 78° C. There is no free form-
aldehyde remaining either in the dilute acid layer or in
the perchloroethylens solution. Thers is no hexachloro-
phene present at this point in the reaction mixture, not
any unreacted 2,4,5-trichleroptienol.

The perchloroethylene solution of the product cf the
reaction between -2,4,5-trichlorophenol and paratormal-
dehyde is mixed with z solution of 197.5 grams of 2,4,5-
trichlorophezol in 1000 grams of perch!oroe&v’enc and
the mixture is heated with agitaticn to 75° C. There is

then introduced dropwise over a perlod of three hours

116 grams of chlorosulfonic acid. The addiiion of chioro-
sulforic acid is accompanied by a mild exothermic reac-
tion and by the evolution of HCL The temperature is
maintained at 75” C. throuzhout the chlorosulferic acid
addidon and is then held at 75° C. :0 80° C. for an ad-
ditional two hours. Agitation is stopeed, the remainicg
sulfuric acid layer is aillowsd to seuls and is s
The hot perchlorosthytene solution is stirred with 1G
grams of activated charcoal and is filiered. The :

product. 2,2%-mathvlene bis!3,4,5- tru.n'orop‘xe el},
tallizes uzoa cooling 2ad is separated by Jltra:
yield is 310 grams having a melting poiat of
Urpon: concentration of ihe mother liquors the
tnme.l an additional 65 zrams of product - m"

meiting point.
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Example 2

.197.5 grams of 2,4,5-trichlorophenoi having a melting
roint of 62° C. is dissoived ia 2600 ml. of chioroform,
and the soiution is warmed to 50° C. with agitation. Dry
hydrcgen chloride is° bubbled through the solution at.a
rate of 5 grams per minute, 2nd over a period of one
hour, 31.6 grams of 95¢¢ paraformaldehyde is added.
Hydrogen chloride addition is continued for 30 mindites,
and the inixture is then heated to reilux for one hour.

A smail sample 07 the reaction mixiurs, evaporated i
“dryness, Vields a white crystalline compound, having a
melting point of 78° C. It coniains 30 2,4,3-trichloro-
pheno| cr formaldenyde.

To the rcaciion mixture is then added a solution of
1875 grams of 2.4.5-trichiorophenol, having a melting
point of 62° C., in 2000 ml. of chloroform. The mixture
is heaied to 65° C., under a rellux condenser and with
good agilation, 100 grains of fvorcsulfonic acid is added
dropwise, over a period of thres hours. Agiation and
heating at €5° C. are continued for three hours more,
then agitation is siopped, the acid {ayer is settled and sepa-
rated. The hot chicroform solution is stirred with 10
grams activated charcoal, filtered znd cooled to 1
The crystallized 2,2'-methylene bis(3,4.6-trichloropinenol)
is fiitered off, washed with cold chloroform and dried.
The vield is 510 grams h:mng a meiting point of 164° C.
Evaporation of the mciher liquor vields an additional 70
grams of product.
) Example 3

To 1000 ml. of benzene is added, slowly, 58 grams of
chicresulfonic acid, and the sofution is then heated to
reflux until al} HCI is driven of. There is thus produced
2 benzene soiution co:taining 79 grams bﬂr‘zencsulfomc

acid. To this scluticn is addad 197.5 grams 2,4.5-trichloro- ;

phenol having a melting point of 62° C. The solution is
‘then heated just to the point of reflux, and .with good
agitation, 85 grams of 379 Formalin is added over two
hours, while the water iniroduced with the Formalin is
taken off as an @zeotrope with berzene. The condenscd
benzene is rcturrned 1o the reaction mixture. Reflux is then
continued for one hour, after which 500 ml. of water is
added. The mixture stirred 15 minetes &t 60° C., and
setiled. The water ;aye: which contains the benzenesul-
fopic 2cid, is separated and discarded.

A small sample of tbe benzene solation ..vapcra!cd to

dryness, .r:.:.m white crysualiine product Laving a melt-
ing poini ¢f 78° C. It coatains no 2,4 ‘-tnchlorophenol
or forma!den"dc.

The bem:cnc soluticn is added to 2000 ml. of perchloro-

ex’hy.:n;, and the benzene is removed from the mixture
by fractional distillation.
To the remaining perchloroethylene sclution of the re-
action preduct of 2,4,5-trichiorophencl with Foermalin is
added 197.5 grams 2,4,5-trichlorophenol having a meli-
iag voint of 62° C. The solution is heated.to 75° C,, and
with vigorous agitation is added, over five hours, 116
‘arams chiorosulfonic acid. Stirring is continued at 75° C
for two hours and the acid layzr is then sett’sd and sepa-
raied. Tha

Kot perchlorosthylens sclution is stirred with
tep grams activated charcoal, filter=d and cooled to 10°
C. The zrystallized 2,"-?1“Jﬁx'="° kiz(3,4,.6-trichlorc-
phenoi} is filtcred o, washed with cold “ennlormt.hvl:nc
and d.l d. The vicid :5 280 grams h x> a melting point
ot 163° C. Evapcravvn of the Todher liquor yielcs 2o
.).d-:lh.-or;;(. 23 zram: of product.

the
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formaldehyde at a 1 to 1 molar tatio in a solvent selected
from the group consisting of, perchlorozthiylene, chloro-
form and benzene, reacting said-2,4,$ tnchlorophcnol and
formaldehyde in the pressure of an acid catalyst selected
from the group consisting of benzens-sulfonic acid, ag-
hydrous hydrogen chloride and diiuted sulfuric acid to

form a soluticn of a compeund which, when dfy, has a -

meliing point of 78° C. and a ch]on’ne contcnt of 46.5%,
then adding a solution of 1 reol of 2,4.5-trichlorophenol
to the solution containing the reaction product of the pre-
ceding siep, and effecting condensation therebetweenp by
the addition of a sulfomc acid selected from the group
consisting of chlorosulfonic acid and Auorosulfonic acid
to nroduce pure hexachlorophene.

2. A reatzion product between 2.4,3-tricklorophenol
and formaldehyde, having a melting point of 78° C. and

a chloiine conteat of 36.5%, proa-"‘ed by supplying a
solul on of 2.4,5-trichlorophenol and formal"ehyd: at a
1 to 1 molar ratio in a sclvent selectzed from the grovp
consicting of perchloroethylene, chloroform and benzcnc,
reacting said 2,4,5-trichlorophenol and formaldehyde in
the presence cf -an acid catalyst selected from the group
consisting of benzenesulfonic acid, anhydrous hydrogen
chloride and diluted sulfuric acid, and separating the sol-
vent solution containing the reaciion product from the
acid.

3. In a. method for producinz he‘c'\chicropbcnc the
steps of; dissolving a molar equivalent of 2,4,5-trichloro-
phenol in a solveni seiected irom the group comsisting

of perchlorethylene, chioroform and benzege; adding to .

said solution an acid caialyst selected frem the group
consisting of benzenesulfonic acid, anbydrous hydrogen
chloride and diluted sulfuric acid; then’ adding a molar
equivalen: of formaldehvde and maintaining the tempera-
ture between about 60° C. and about 70° C. during the
exothermic seaction produced as the result of such addi-
tion to-produce a reaction product which, when dry, has
a melling point of 78° C. and a chlorine content of
46.5%; sepuraiing the solvent soluticn from the acid;
adding a molar equivalent of 2,4,5-trichioropheno! dis-
solved in said solvent 10 said separated solvent solution;
effecting condensation between said added molar equiv-
alent of said 2,4,3-trichlorophenol and ihe reaction prod-
uct iy said sepurared solvent solution by the addition of
an acid selected from the group consisting of chloro-
sulfonic acid and fuorosvifonic acid; then removing the
solvent solution coutaining the condensed product and
recovering pure hexachlorophenz therefrcm ty cooling

and filtering same.
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COMPLETE SPECIFICATION O

Improvements in or relating to Alkali Metal
Polyhalo-Phenates

We, DiaMoND ALkaLl ComMpany, of 300 Union Commerce Building, Cleveland
14, Ohio, United States of America, a corporation organised and existing under the
laws of the State of Delaware, United States of America, (Assignees of JEWEL HEBER
PERKINS, Jr., JACK A. BORROR and Raymonp AUGUST GUIDI) do hereby declare
5 the invention, for which we pray that a patent may be granted to us, and the method
by which it is to be performed, to be particularly described in and by the following
statement : — '
This invention reiates to a new and improved method of preparing polyhalo-
phenates, and more specifically refers to improvements in the preparation of sodium
10 2,4,5-trichlorophenate.
Polyhalophenates, such as sodium 2,4,5-trichlorophenates, are used as raw
materials in the production of polyhalophenoxycarboxylic acids which are widely used
mx as herbicides, and there has been a continuing desire to produce such starting materials
: ' economically, safely and efficiently.
15 Referring particularly to the preparation of sodium 2,4,5-trichlorophenate as an 15
illustration, it is kncwn to prepare this material by reacting molten tetrachlorobenzene
with a mixture of sodium hydroxide and methanol or water or glycol, by adding all
the reactants together as a charge to a reaction vessel, then heating them under pres-
sure to 100°—250° C. to produce the required reactions. This method involves a
20 danger due to the creation of conditions causing runaway reactions and the formation 20
—> of chloracnegens, and is generally less efficient than the method of this invention. The
known method requires the heating of a large amount of a caustic-tetrachlorobenzene
mixture which may result in condensauon reactions, causing a reduction in efficiency.
It is an object of the present invention to provide an improved, method of pro-
25 ducing a polyhalophenate, notably sodium 2,4,5-trichlorophenate, in high yield, in a 25
manner which avoids the hazardous condition of reacting large amounts of hot alkali
and alcohol with tetrachlorobenzene.
According to the invention, an alkali metal poiyhalophenate is prepared by heat-
ing a 1,2,4,5-tetrahalobenzene in a closed vessel to a temperature in the range of 140°
30 to 250° C., adding a mixture of an alcchol and an alkali metal hydroxide at a con- 30
trolled rate, the mol ratio of alcohol to alkali metal hydroxide being from 2:1 to
20:1, and maintaining the reaction temperature in the range of 140° to 250° C.
under a superatmospheric pressure which is at least equal to the autogenous pressure
of the reaction mixture, the amount of alcohoi-alkali mixzture being such as to provide
35 a mol ratio of zikali to tetrahalobenzene of from 2:1 to 4: 1. 35
The desired reaction product is obtained in high yield and, at the same time, the
undesired dangerous condition of large quantities of unreacted tetrachlorobenzene and
alkali-alcohol mixture together in a pressuized high-temperature container is evoided.
The terms “pol yhalophenate” and “tetrahalobenzene” refer respectively to
40 various halogen derivaiives of phenol, such as tetrachlorophencl, and of benzene. 40
While chlorine derivatives are preferred, other halogen derivatives are contemplated
such as brome, fluoro, iodo; and mixed halogen products such as bromochlorophencl.
. The term “alkali”, as used in the specification, refers especiaily to an alkali metal
N Mﬁ) hydrexide, preferably sodium hydroxide, although “other alkali metal hydrexides, e.g.,
R 45 potassium hydroxide and/or lithium hydroxxde can be used. It is intended to refer 45

{Price 4s. 6d.]
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also to other sources of alkali, which, under the conditions of reaction, are suitable to
yield the desired high conversion characterizing the practice of this invention, and
otherwise to be satisfactory. An alkali meta] hydroxide, notably sodium hydroxide,"js
especially preferred. : '

The term “‘alcohol” means primary, secondary and tertiary alcohols. Methanol is
the preferred alcohol.

It is an essential feature of the present invention that a polyhalobenzene, prefer-
ably tetrachlorcbenzere, is placed in a reaction vessel in a molten or solid state in
the absence of any other reactants. The desired reaction is then carried out by the
gradual addition of an alkali in alcohol mixture to the molten tetrachlorobenzene. The
addition, at a controllable rate, is seen to be inherently safer than adding all the
reactants at once and heating the mass to the relatively high temperatures required for
the reaction. Another significant advantage of this invention Is that less alkali is
required. Previous methods require 3.0 mol of alkali per mol of tetrachlorobenzene.
The proposed process provides nearly 1009, yield at 2.4 mol of alkali per mol of
tetrachlorobenzene. Formerly, large amounts of alkali present caused the following
ccndensation reactions which resulted in a corresponding loss of the product and
reduction in efficiency.

c Ohe ¢t @«:x Ci AN, 0 o
I + ———
cri:[a ct -Cl cv@\; cmcx

———

C
Cl 0 cl o'g “Cl NaO a

This undesirable condition is minimized by the coatrolled addition of small quantities
of alkali-alcohol mixtures. The end product of the above reactions is termed a
“chloracnegen”. Condensation products of this class create the occupational hazard
of skin disease known to those employed in the art as “chlor-acne”. This disorder has
been prevalent among operators of prior processes and the absence of the “chlor-
acnegen” renders the method of this invention more desirable than previous processes.

In previous prccesses, large quantities of alcohol, present in the reaction vessel
at the start of the reaction, are subjected to high temperatures before the reaction
can be completed, resulting in losses through formation of dimethyl ether. The con-
trolled addition of alkali-alcohcl mixture to the reaction vessel, in accordance with
the teachings of this invention, reduces losses in alcohol by formation of dimethyl

ether by-product.
The sequence of reaction steps of this invention is set forth structurally in the

following series of equations, it being understood that the alkali-alcohol mixture is
added at a rate pre-determined to produce the most efficient reaction possible. It will
then be appreciated that the reaction proceeds only as the reactants become avaiiable
in the reaction vessel.

111 NaOH + CH,OH=NaOCH, + H.0

cl ol ci OCH
hicd @[ » NQOCHy — ‘:@[ 34 Nact
ar o ci cl

Qg 0CH, ol ONa
M +" NeOH —= +  CHyOH
a ol cl c
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With the practice of the invention, as outlined in the foregoing equations, con-
version of greater than 90% of 1,2,4,5-tetrachlorobenzene to sodium 2,4,5-trichloro-
phenate is obtained. The reaction temperature varies from 140° C. to 250° C., prefer-
ably maintained at 175° C. and a superatmospheric pressure is provided which is at
least equal to the autogenous pressure of the reaction mixture. The reaction time
typically is 3 to 6 hours, although in commercial operations a longer reaction time
of up to 8 hours is not disadvantageous with respect to high yields obtained.

The proportions of the reactants generally can be varied. Thus, molar ratios in

~ the alkali-alcoho! mix can be from 1:2 to 1:20 mols of alkali to alcohol. The overall

molar ratios of alkali to tetrachlorobenzene can be from 2:1 to 4:1. The overall
molar ratios of alcohol to tetrachlorobenzene can be in the range of 4:1 to 80:1. It
is the preferred method to add 2.04 pounds of alkali-alcohol solution per pound of
1,2,4,5-tetrachlorobenzene into the reactor at a uniform rate over a period of 2 hours,
maintaining the temperature at approximately 175° C. Steel equipmen: is employed
in the examples of this invention, and steel is the preferred materia] of construction.

In order that those skilled in the art may more completely understand the present
invention and the preferred method by which the same may be carried into effect, the
following specific examples are offered.

Tetrachlorobenzene is weighed .into a pressure reactor, such as an autoclave,
meited and brought up to the reaction temperature, e.g., 175° C. An alkali methanol
solution is heated to 55°-—65° C. and added to the reactor over a period which may
vary from 40 minutes to 5 hours, preferably at a controlled rate of addition which is
within the range of 0.4 to 11 mol per hour. When all of the alkali methanol solution
has been charged, the reactor temperature is held constant, e.g. at 175° C,, for a
period which may vary from 40 minutes to 3 hours. During the reaction, the pressure
within the reactor will be in the range of 250 p.si.g. to 700 p.s.i.g., due td the auto-
genous pressure of the alcohol, and will vary according to the amount of alcohol added.
When the reaction is complete, the charge is cooled to reduce pressure. Steam is
applied to the reaction vessel to distill off all the unreacted methano! which is collected
through a condenser system and recovered. When all the methanol has been removed,

water is added to the reaction mass which is now a crude sodium trichloroplienate.-

The crude sodium trichlorophenate is transferred to a distillation vessel, where by
steam distillation the intermediate reaction product, trichloroanisole, is removed and
recovered, The steam-stripped sodium trichlorophenate is then pumped through an
enclosed filter, which removes the salts, and is then diluted and stored for later use
in the 2,4,5-trichlorophenoxyacetic acid production.

By way of illustration, the process of the invention is carried out by heating
1,2,4,5-tetrachlorobenzene in the closed reaction vessel to a temperature of 175° C.,,
adding 11 mol per hour of sodium hydroxide contained in a mixture with methanol,
the mol ratio of methanol to sodium hydroxide being 5.4:1, and maintaining the
reaction temperature of 175° C, for a period of 3 'hours, under a pressure of 270 to
490 p.s.i.g., the amount of methanol sodium hydroxide mixture being such as to
provide a mol rato of sodium hydroxide to tetrachlorobenzene of about 2.2:1.

In the following examnples, carried out in the manner indicated, the results are

indexed comparatively:
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TABLE 1
1 2 3 4 5 6 7 8 9 10 11 12 13
Mole Ratio
NaOH 1 1 1 1 1 1 1 1 1 1 1 1 1
CH,0H 5 5 5 5 5 5 5 5 5 5 5 5 5
NaOH 2.2 2.2 2.2 2.2 2.5 2.5 2.5 2.2 2.2 2.2 2.2 2.2 2.2
TCB* T 7 T 7 37 T 7Y 7T T 7T T T 7
CH,OH 11 11 11 11 125 12,5 12.5 12.5 11 11 11 11 11
TCB* 11 1 1 1 1 1 1 1 1 1 1 1
Conditions
——% ExcessNaOH 10 10 10 10 25 25 25 10 10 10 0 10 10
Total chargegm. ~ 3280 3280 3280 3280 3580 3580 3580 3280 3280 3280 3280 3280 3280
Feed Time (hrs.) 2 5 2 3 5 3 4 2 2 2 2 1 3
Hold Time (hrs.) 2 | 3 1 1 1 1 -1 2 3 1 2 2 3

Reaction Temp.,
°C.

% Conversion
to sodium Tri-
chlorophenate

Maximum
Pressure PSIG

.

14072 165—68 164—65

722 73.9 89.3  74.5 90.0 857 833 827 92.7  90.2

340 225 305 360 565 400 280 265 320 420

96.0

330

89.9

370

165 164—66 163—64 163—64 157—62 163—64 174—75 170—88 164—67 173—:79

96.8

385

1,2,4,5-tetrachlorobenzene

+
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EXaMPLE 14. ‘

To the reacton vessel is added 1,080 g. (5 mol) of 1,2,4,5-tetrachlorobenzene. A
207, by weight NaOH in methanol sclution is prepared by adding 440 g. (11 mol)
NaOH pellets to 1,920 g. (60 mol) of commercial grade methanol and heated to 63°
C. The reaction vessei is heated to 170° C,, at which time the 2lkali methanol mix-

“ture is added to the reaction vessel over a period of 1 hour at a uniform rate, which

will ultimately provide a 2.2:1 mol ratio of alkali to tetrachlorobénzere, respectively.
At the end of 1 hour, when all the alkali methanol mixture has been added, the closed
reaction vessel is maintained at 175° C. for a period of 3 hours. The pressure within
the container reaches a maximum of 492 p.s.i.g. approximately one hour after the
end of the alkali methanol addition. After cooling, pressure is reduced, and steam is
applied to the reaction vessel to disiill off the uareacted methanol. When all the
methanol has been removed, water is added, and the crude sodium trichlorophenate
may be purified if desired.

It 15 o be uaderstood that, although the invention has been described with specific
reference to particular embodiments thereof, it is not to be so limited since changes
and zlterations therein may be made which are within the full intended scope of this
invention, as defined by the appended claims.

WHAT WE CLAIM IS: —

1. A process of preparing an alkali metal polyhalophenate, which comprises
heating a 1,2,4,5-tctrahalobenzene in a closed vessel to a temperature in the range
of 140° to 250° C, adding a mixture of an alcohol and an alkali metal hydroxide
at a controlled rate, the mol ratio of alcohol to alkali metal hydroxide being from
2:1 tw 20:1, and maintaining the reaction temperature in the range of 1409 to 250°
C. under a superammospheric pressure which is at least equal to the autogenous
pressure of the reaction mixture, the amount of alcobol-alkali mixture being such as
to provide a mol ratio of alkali to tetrahalobenzene of from 2:1 to 4:1.

2. A process as ciaimed in Claim 1, wherein the tetrahalobenzene is 1,2,4,3-
tetrachlorobenzene. '

3. A process as claimed in Claim 1 or 2, wherein the alkali metal hydroxide is
sodium hydroxide.

4. A process as claimed in Ciaim 1, 2 or 3, wherein the alcohal is methanol.

5. A process as claimed in any preceding Claim, wherein the reaction vessel
pressure is maintained in the range of 250 to 700 p.s.i.g.

6. A process as claimed in any preceding claim, in which the alkali metal
hydroxide in the mixture is added at a controlled rate in the range of 0.4 to 11 mol
per hour.

7. A process as claimed in any preceding claim, in which sodium trichloro-
phenate is prepared by heating 1,2,4,5-tetrachlorobenzene in the closed reaction vessel
10 a temperature of 175° C.; adding 11 mol per hour of sodium hydroxide contained
in a mixture with methanol, the mol ratio of methanol to sodium hydroxide being
5.4:1, and maintaining the reaction temperature at 175° C. for a period of 3 hours,
under a pressure of 270 to 490 p.s..g, the amount of methanol socdium hydroxide
mixture being:such as to provide a mol ratio of sodium1 hydroxide to tetrachloro-
benzene of about 2.2: 1.

8. A process of preparing an alkali metal polyhalophenate, as described with
reference to the foregoing Examples.

9. Alkali metal polyhalophenates, when prepared by a process as claimed in any

preceding claim.
POLLAK, MERCER & TENCH,
Chartered Patent Agents,
Audrey House, Ely Place, London, E.C.1.,
Agents for the Applicants.

Leamington Spa: Printed for Her Majesty’s Stationery Office, by the Courier Press
(Leamington) Ltd.—1966. Published by The Patent Office, 25 Southampton Buildings,
Lendon, W.C.2, from which copies may be obtained.
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PROCESS FOR THE RECOVERY OF
2,4,5-TRICHLOROPHENOL

Berrard H. Nicolaisen, Kenmore, N. Y., assfmor to Olin
Mathieson Chemical Corporation, a curponition of
Virginia

Application May 7, 1953, Serial No. 353,659
1 Claim. (CL 260—623)

My invention relates to the production of 2,9,54sichlo-
ropherol by caustic hyvdrolysis of 1,2,4,5-tetrachdsrcben-
zene agd in particular relates 1o the purificatizy of the
crude 2,4,5-trichloropbenol prodict sc derived.

In the caustic hydrolysis of 1,2,4,5-tetrachlorobznzene
pumercus contaminating products are formed. Meth-
apol, for example, which may be used as a solvent for
the hvdrolysis reaction, tends to czuse some preduction
of trichloroanisole and dichlorodimethoxybenzeme. The
presence of the usual small amounts of other tetrechloro-
benzene isomers, such as I,2,3,4-tetruchlorobenrene, as
impurities in the symmetrical 1,2,4,5-tetrachlorobenzene,
causes the productios of uadesired position isomers of
2,4,5-mchlorophenol.

At the present time there exists & substantial é¢smand
for a high purity 2,4,5-trichlorophenol product which is
not satisfied by the crude derived by the caustic kydroly-
sis of 1,2,4,5-tetrachlorobenzene. The demand i, ia par-
ticular, for a product having a melting po'nt over 65° C.
which in the melten state has a water-white color. The
produ:t must also be completzly soluble to causic solu-

. tion, e, g. 0.1 N NaOH, and should be at least 99% pure.

Caustic-insoluble materials, such as trickloroaniwole and
dichlorcdimethoxybenzene, may be removed to some ex-
tent by stzam distillation of the zlkaline phenz solu-
tion but complete removal of these impurities requises

excessive amounts of steam.  Otber impurities, such as
the position isomers of 2,4,5-urichlorophenol are more
difficult to zeparate because of their similar chemical and
physical propeities, . .

A bigh purity 2,4,5-trichloropheno! product mesting the
above specifications can be recovered from the crude tri-
chlorgphenol obtained by caustic hydrolysis of 1,2,4,5-
tetrachiorobenzene. [ kave found, in particuler, that
crude 2,4,5-trichloropheno! resulting from the z=difica-
tion of the alkaline hydrolysis mixture can be sepzrated
into pure 2,4,5-trichlorcphenc! free from undesirable con-
taminants by a slep-wise extraction with aqueous czustic.

The process of my invenidon thus essentially requites
extracting crude 2,4,5-tricklorophenol with aguenss caus-
tic solution sufficient ip cmcunt 1o convert =¥ of the
2,3,6-trichloropheno! and othier extransous phenols pres-
ent 2od 2 minor proportion of the 2,4,5-richlorepbenol
to the water-soluble corresponding phepates. The op-
eration is carried out at & teperature at which th- phenols
are ig the liquid state, Unseutralize¢ pheno:s zre then
separated from the difute aqueous pkepate solusion.

The unneutralized pherols, separated from the agueous
phenate phase, are furiher exlractcd by the edditon of

aqueous caustic solution io an amount sufficicnt o con-
vert substantially less thzn the to1al of ths phenols pres-
ent 1o the corresponding phenates. The: extrzaaion is
again czrried out at a tercperature at which the phenols
are in the liquid state. The aqueous pLerate extrazt so-
Jution is then separated from the remaining undissolved
oils. Acidification of this second extract yields 1he de-
sired purified 2,4,5-trichlorophenol product which is sap-
arsted and dried.
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The remaining undissolved oils comprisc l.'r-Hcrophe—
nols contaminated with alkali-insoluble impurities znd are
useful as crude tricklorophenol for most purpcs=¢ not re-
quiring the pure isomer. The phenate solulion chiained
in the first exiraction step, althougn relatively impure,
is alsy suitable for use after acidification as cride tri-
chlorophenol. Alternatively, buth fractions mzy be
worked up for specific trichlorophenols or phenol ethers
contained therein or they mav be discarded.

My invention will be further illustrated by reference
16 the accempanyicg drawing which is a diagremmatic
fiow plan of the process.

Crude 2,4,5-trichlorophenc!, obtained by causdic hy-
drolysis of 1,2,4,5-tetrachlorobenzene followed by acidifi-
cation, is introduced by lipe 1 to a first extraction step 2.
‘the crude 2,4,5- mchlorophcno' is extracted with zqueous
cuustic jntroduced by line 3 in an amount sufScient to
convert ali of the 2,3,6-trichlorophenol and a miror pro-
portion of the 2,4,5-trichlorophepol to the water-soluble
corresponding phenates,

Extract phenate solution is separated and removed by
line 4. Yf desired, the pherates are acidified by means
of = mineral acid in zone § and the phenols contzining
stbstantially all the 2,4,6-trichlorophenol and a few per
cent of the 2,4,5-trichlorophenol of the original charge
are removed by line 6.

The undissolved phenol residue from the agueocus
phenate solution of extraction step 1 is separated 25d re-
moved by line 7 to the second extraction step 8 and treated
with agueous caustic solution introduced by Yne 9 in
an amount sufiicient to convert less than the to:al quan-
tity of the phenols contzined in the residue to the corre-
spondino p"):nates The undissolved phenol residue aftcr
caustic treatment is removed by line 10.

The phenate extract solution is separated 2nd removed
by line 11. If desired, the phenate extract is stcam
distilled in zone 12 1o improve the color of the 2,4,5-tri-
chlorophenol. Steam distilled phenrai ~xtrzet is re-
moved by line I3 and acidifizd by means of 2 minerzl
acid in zone 14 and 2,4,5-trichloropheno] is removed by
line 15,

1t is advantageous to use an 2queous caustic solotion
extracting agent coatcining mot more tham abouwt 10%
by weight of caustic since the employment of more con-
centrzted caustic sofutions results in dissolvicg a signifi-
cant proportion of unneutralized phenols by the result-
ing a2queous phenate solution. Water should be added,
therefore, to the 2queous extracting solution prior to or
during each extraction, if required, to adjust the phenate
concentration 10 not more than about 15% by weight
to insure the sepsration of the unneutrz:.zed phenols as
a scpzrate phase which may be removed from contact
with ke agueous phase.

The caustic used in the extraction process will ordi-
narily be sodiun hydroxide but other alkali metal hydrox-
ides, particularly potassium hydroxids, may also be vsed.
The amount of caustic employed in the first extraction
siep preferably is sufficient to dissolve all of the 2.3,6-
trichlorophenol and other extraneous phencls pressat and
at least about 1 or 2% of the 2,4,5-trichlorophenol. The
proportion of caustic used in the first extraction is thus de-
pendent on the pumy of the Orlcmal crude 2,4,S-richlo-
rophenol. This in urn depends on the purity of the
1,2.4,5-tetrachlorobenzene employed to produce the crude
2,4,5-trichlorophenol.  Less pure 2,4,5-trichloropherol re-
quires a greater amount of caustic in the first extrac-
tion step than when the crude trichlorophenol contains a
smaller proportion of impurities. With very impure mix-
tures, the caustic may amount to suflicient 10 extract s
much as one-third to one-hali of the phenols present
The amount of caustic used to extract the residue from
the first extraction step will range from abouvr 25% to
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sbout 95% of that required 1o extract the pheaols pres-
en as water-soluble phenates.

Steam distillation before acidification of the crude
2,4,5-trichlorophenate solution resulting from the hy-

rolysis is extremely bencficial in thet it removes some
of the caustic inscluble impuritics which otherwise are
concentrated in the residual materials, making phase sep-
aration after each extraction progressively more difficult.
Steam distill.tion thus reduces the proportion of remain-
ing ‘crude trichiorophersl to be reworked or discarded
a.d further permits taking a larger heart cut of the crude
product by caustic axtractioz in the second step and the
recovery of a larger propartion of 2,4,5-trichlorophenol
of the desired degree of purity. Steam distillation of the
2,4,5-trichlorophenol obtained by acidification of the sec-
end ext:ection is also advantagzous in improving the color
of the purified product.

While the extraction process of my invention is car-
ried out at temperatures at which the trichlorophenol is
iiquid, the acidification of the extracts and recovery of
phenols therefrom may be carried out at the same or
lower temperatures. By acidifying the extracts at rela-
tively low temperatures, the phenols may be precipitated
as solids and removed by filtration. Alternatively, at
elevated temperatures the trichlorophesol products may
bz obtained as liquids. The purity of the crude trichloro-
pherol and of the final products determines the limiting
temperatures below which acidification of the extracts
must be carried cut in order to obtain th: products as
solids. However, all the operations are preferably car-
ried out between about 20° and 80° C.

Example

A crude 2,4,5-trichlorophenol product (M. P. 60° to
62° C.) is obtained by acidifying the crude alkaline
solution resulting from the caustic hydrolysis of 1,2,4,5-
tetrachlorobenzene and contains about 97% of 24,5-tri-
chlorophenol, 1% of 2,3,6-trichlorophenol and about 2%
of trichleroanisole and other impurities.  The crude phe-
nol is then extracted at about 70° C. with an amount of
5% aqueous sodivm hydroxide calculated to convert about
5% of the phenols present to the corresponding sodium
phenates. The extract solution after separation from un-
dissolved phenols yields an impure product contzining
upon acidification substantially all of the. 2,3,6-trichloro-
pbecol and a few per cent of the 2,4,5-irichlorophenol
of the original charge. -
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The separated trichlorophenol residue from the first
extraction is then treated at about 70° C. with an amount
of 5% aqueous sodium hydroxide calculated to convert
about 90% of the original charge, czlculzted s 2,4,5-
trichlorophenol to sodium 2,4,5-trichlorophenate.

After apitating and separating at about 70° C., the un-
dissolved portion is removed and is combined with the
crude trichloropheaols obtained by acidifying the first
extract. Steam distilling the second extract solution be-
fore acidification aids materially in removing undissolved
materials and results in an improvement :n color of the
2,4,5-trichlorophenol obtained by subsequent acidification
of the extract. The second cxtract solution, with or with-
out the steaming operzation, is thea zcidified by the use
of mineral acid, for example sulivric or hydrochloric
acid, at 60° C. The liquid 2,4,5-trichlorophenol formed
is separated from the aqueous sait solution, steam dis-
tilled, dried, zod crystallized. The crystallized product
has a melting point in excess of 65° C., is water-white in
coler, and is in excess of 99% purity.

I claim:

A process for the recovery cf 2,4,5-trichlorophenol from
crude mixtures thereof obtained by caustic hydrolysis of
1,2,4,5-tetrachlcrobenzene, which comprises extracting
the crude 2,4,5-trichlorophenol at a temperature at which
the mixtare is in the liquid state with aqueous caustic so-
lution in ap amount calculated to coavert the contami-
nating chiorophenols and a minor proportion of the
2,4,5-trichlorophenol present to the corresponding phe-
nates, the resulting solution having a phenate concentra-
tion of not more than about 15 per cent by weight, sep-
arating the undissolved residue from the resulting aqueous
phenate solution, extracting the separated residue at tem-
perature at which the residue is liquid with aqueous caus-
tic solution in an amount calculated to copvert less than
the total quantity of the phenols comained in the residue
to the corresponding phenates, separating the resulting
phenate extract solution from the remaining undissolved
residue, and acidifying the ‘extract solution to recover
2,4,5-trichlorophenol. N
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S82 ¥GR THE RECOVERY OF PURE L33-TRI-
Ox. FEOM FPRODUCIS OF THE

LN YDROLYSIS OF 1245TETRA-
_-._uhUb.‘.\._F_\'E

Tiecdore M. Jenney aznd Hermard H. Nicoliscs, Ken-
more, N. Y, assizoors to Olin Mathieson Chemical
Corporetisn, a vorporation of Virginia

Applizztion February 2. 1853, Serial No, 333,746
2 Qaims. (Cl, 260—£23)

Cur invention relates to the' productioz of 2,4,5-
tiichlorophesol b;.' czustic hvdrolysis of 1,2,435<212chlo-
robenzene and iz particular relates to the pusiSmation of
the crude 2,4, 5~'.n:>‘~‘crophcnol preduct so dafvad.

In the caustic badrolysis of 1,2,4,5-tetrachizchenzene
numerous copiamizaing products are formed. Xsthancl,
for example, which may be used as a solvzzz for the
Thydrolysis reaction, tends to cause some proZsction of
trichlercaniscle and  dichlorodimethoxybepz=ze.  The

rasence of the wsazl small amounts of other i==achloro-
‘beazene isemers. such as 1,2,3,4-tztrachlorcheszzae, as
impurities in the symmetrical 1,2,4,5-tetrachlorcbenzene,
causes the prcdiucdion of undesired position iscmers of
2,4,5-trichlorophenol

At the present time there exists a substaniz! demand
for a high purity 2,4,5-trichlorophenol prodest which is

noi satisfied by the crude derived by the caustic Evdrolysis
of 1,2,» S-tetrachlorstenzene. The demand &, in par-
1z product having a meléng point cv2z 65° C.
wue: state Las 2 color from w2 (¢ near
wbi:a. The produst musi aiso bs completelr saluble in
caustic solution, 2. ¢ 0.1 N NaGH, and should == at least
©9% pure.

Caastic iasoiublas, such as trichlorcanisole z=d dichlo-

rodimethoxybenzens, may be removed to soms axient by

steam distillaticn zlthough their compilste r==cval re- 4

Guires ipordinataiy lzrga amounts cf steam. OGder im-
‘purities, however, such as the positon isomes ef 2,4,5-
m:maropn:ne.. are more difficult to separate canse of
iseir similar cheayzzl and physical prepertize
Ve have discovesed that a high purity 2,45=ichioro-
hesol produc: meetizg the above specificerio may be
recovered from 5 - "'de product obtained by = caustic
‘n} rolysis of 1,2,4,5-t21;2achlorobenzene. Wek=ve found
in particular tha: the solution of crude sodivm 2.4.5-tri-
c‘-:cz‘cpheﬁme which is recovered fom the c==stic hy-
drolysis of L‘l,‘.,S-*.c:rachlorobenzen: may he ssparated
from the wvndesirzbla contaminarnts noted 2bove by a
tan.Wise neutr'?"-aon process.
The process of our inverton thes essentizliF requires

nant cn.d~ 2.4,5-trichlorophenate sol:fon by ad-
ditioa e insrzl acid thereto in an amourt "-“'ent to
neatralize e.’s:c:ss alkalinity of the sclution &3 z minor

creportion of the phenates presant. The :—.f::rahzed
phezates are releaszd as ihe free phenols whics separate
rom the dilute aguzous mnixture as & separait oz ie
whzn the total phenate-phenol cons2atration is sot more
than about 10 by wsaight. Thus, we copiezzhie the
2ddjticny of weter, whan required, o agdjust &= ;::nate-
phenul copcentrziicn to not more thaa 10% br weight,
either prior to ke first weutralization step or i"*-‘dxateiy
thareaiter, whereby the resulting phesols are phasac out
and then may be szparated from the agueous phese which
conains the vemaining unneutralized pnenatﬁ.
" Tke aqueous plenaie phase separated from ¢ phencl
ghase is further psviralized by th2 additios of m _m:ral
acid but in an amocuont sufficient only {or TecovEy as the
[ree phenols of substantially lzss thap the to:st of the
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_tiop steps *

ses a flow
sheet itivstratin appiican:s‘
pTOCESS.

In the drewing an aqueous solutioa of crude 2,4,5-tri-
chlorophanaie cbtained by the caustic hydroivsis of
1.2.4,5-tetrachlocrobenzens is introduced to zone 1 of the
fiow sh2et where it is '_;or.t cied aad pa“na‘dy r.e::frai zed
with ﬂ’; nzral acid. The ,,n shols produced dy the perial
reutralizetion are separztad in zone 2'by 2 phs separa-
tion basad .xpon the insc ‘uvility -of phencls in aguzous
solutions having a phenol-phenate concentration -of not
more thaa .:b 10 7% by weight. The zquecus phenate
solution is then ub]ecwd 10 a sccond p‘an-i:_'. aspiralize-
tion in zome 3 by an additicnal quantity of mineral acid.
The agqueous phepol-phenate solution is then sublacted to
a second phase scparztion of phenol in zene 4. Tae
aquedus laver from this separation contzips resicduszl
phena!e which can be recovered -as crode pheaol and
re"ycxec. f e phenol Javer from the sepa.r"ao_. cf zoms
4 is the produci, substant ahy pure 2,4,3-trickicrophenol.

The phenols precipitaied in the first neutralization step,
zlithovgh Yhey may be rélatively impure, are suitable Yor
uss as crude trichliorophencl. The phecates remeining
in solution sfter the second meuirslization step ‘may be
recoversd 2s fhe free pheuols by compiets nsviralizafion
z2iid are also usaful as-crude-trichlorophenol

The amount -of acidl exmployed in the first nentsiiza-
g2s from an amouat suificiept to orutralizz
ielipity end to spring free as litfis g5 zbout

the excess =k

1 or 2% of the phenstes present wp to an amount sEl-

cient to spring frez as much ss a third ‘or = Lelf of the

rhenates present. The amount of acid edded (o new-
trali:,e the gueous pbase separdted from the first men-
tralization step may range from about 25% to about 90

. or 95% of that required to spring the phenaiss present

as the corresponding phenols. The particulzr ¢hoice of
proportion of acid added is largely depandent upon the
purity of the orizinal crude 2,4,5- trichlorophenats solu-
tice. In wrm, the purity of this solution dzpends largely
upgon the purity of the 1,2,4,5-tetrachlorobenzens em-
p‘oyed to prcduc» the crude 2,4,5-t:dohicrophenate sclu-

‘ton. Wore impure 2.4,5-trichloravhenate -salutions re-

=1
(=

-quire a grester emount -of acid in tise frst neutrzhzation

step 2nd a lesser. amount in the sscond reutrelization
step.  Gegeraily, any mineral zcid, such as suifaric ©or
"‘}dro:’::lo-i acid, is suitable.

We kave found that a pretreatment of the 2 -r,S'tIl"h_O'
rophenate salution, such as by steam distillation to remove
som> Of ths caustic insoluble impurities, is ‘extreimisly
beneficiz? in L‘mf it lowers the required amsuns of acid
for the first step cof neutrzlization and permits a grester
amouuct c‘ a zf‘ fo be ezplioyed in the second neuimeliza-

tion step, a3+ t‘u._n_z highly incressed viclds «of the
recove si products.  Steam d,s::.?t.o-xcv ‘the
product o d '::utrahZaﬁOn is also advazizgsous

as the ccszr of thv ure 2,4,S-trichlorophenst product is

whus improved.

‘Our pracess is coaveniently carried out at any fempera-
ture at which the phenate solution is in the liguid state
preferably betwesn zbout 20° and about 85° LC. The
most important aspect of ternperaturc z‘s whether the
phenols ara o be phased out as solids or Liguik; for €he

temperature at which the p.cw.css is carried out must of
course be selected having in mind whether a liquid-solid
or & Liguid-liquid seperatios is confempiatsd.
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Exomple 1

ol obtained bv ecidifying the
122 caustic hydralysis of 1,2,4.5-
ing the foilowinz znalysis:

(Thecretxcal 198.5)
"h]orc"neno] wi sercent .o, 97.0 finfra-red}
caloropienol, wt zercent ..o-. 1.0 {infra-red)
"ho"azzsole, wi Tarcept __. 1.0 (infra-red)
atified {act tars), =1 percent .. 1.0 {zpprox.)

wzs reacted with ceustic 1z & pH of 10 and si=am distilled
i ove trichloroaniseiz and some unid at
proven 1o bs &Echlorodimethoxyteozene, frem
uangte sclution. To the resulting aguzous phenate
ca was— added omne-=ird the amount c. zgueous hy-
c acid rqu_ire" 1o neutralize the slizht excess of
iH z_m ali ¢ we pvhenzies present. Suffizisnt wster was
< to causs phase seczration of the fres phenols from
"’..ous '2 ute sointion, which was then decanted.
Tz phenol ’a*:er was wezshed free of phenztes with wa-
er zod the washings 2dd:3 to the agueous phznate layer.

i=r steam distilation 1 separate color bedies the sep-
3 phenol containad 9955 7.4,5-trichlorophenol by
rod ana.ysi: was M:Jpletely soluble iz 0.] NaOH
l'zz_..,n_ meited at 64-63° C. and had a nzotral equiva-

= of 2065-7.

4z eguel amount of kxdrochloric acid was added to
'.:‘ rssm:J phenatc solction. The free phenol which
#"d :refroﬂ scntained 100% 2,4,5-trichloro-
_ was completely soluble in
.‘.z'*n m..u—'.. 2t 65-65.5° C., kad a neutral
f 201, and weas water white in the molten

.

,
ﬂ;

2

[2ef
To—t
et

=S Fmamz.,g phenztes, r»sultmg in precipitation of
g=ezols which analyzed 28% 2,4,5-trichloropherol and
15% 2,3,6-trichlorophercl ty infra-red analysis.
Example II

In this example crude thenate solution, prepared as in

xzmple I, wes acidifisd step-wise foliowing the proce-
¢ore of Bremple I emploring first 1066 of the acid the-
oediz r=c'u.r°d to peizralize the slight exzess alkalin-
and &L the phenates p:e>ent as the free pbenols, then
and thea 10%. The steam distiliatica step was
t2d and suficient wz-er was added bzfore the first

4 third cut was obtained by completely pentralizing.

T

10

30

40

zxitification to Iowser th= rhenate concentrzfion to about .

1G5 by weight. The £t cut of phenols recovered was
Eh &I alkeli imsoluble organics containing oy 67%
R "‘»:Io*" henol by izfra-red analysis. The center
ozt was 99.5% 2.4,5- acd 8.5% 2,3,6-trichicrophenol by
-red a.n..h.,_ zmd mshzd at 65.5-66° C. The third
o=t araiyzed 985 2,4,5-<ichlorophsnol.

I= fhe fo,lm-—ng fwo exzmples &l parts 2
zzlazs otherwise noted.

Ezzmple II

s of crude 2.£.5-trichloropheno!, having the
son2 aEslys i_ 2s in E\z:::c!: I, are reacted with 20 parts
o i y parts water and 53 parts of
prev-o-.. bztch to produce about 10%
5t h‘nnl“ soluticn. 10% of the phecnates are
ed out by add'"m of 10% of HC] (37% conc.)
neirically requizd for complete neutralization.
acls are separated by filtration and washed with
waier, recovering 35 parts washings which are
‘ed in the rreparaton of the 10% pl:tn.alc solution

far & subseguent batcb_ The impure 2,4,5-trichloro-

are by weight,

co

63

mg \n'l.
phenols 2

stan"a}lv S-mwichlorophanol.
The ram ;..=:r—_'.c, inciuding 60 parts washings,
noted above, ated with HCI (37% cozo) o

<,
spring fres the --_..a‘:.mz phepztes as the phenols. The
phenols which phzse out are szpzrated by fitrets
are recovered for szle as crude wichloro phenols.
hali the last group of phenols de not phase out and remzin
dissolved in :h> filrete of the third meutralizztion s=p.
They aiso may bz racoverzd for crude sales.

Exampie IV

250 paris of crude 2,4, S-m':;lorophcnol of tm =me
analysis as ihat empioved in Exzmple I ere rezacied wih
50 parts sodivm aydrozide in 250 parts water, 248 pocts
HCI (37% cogc.) @re added to spriog free a portas of
the phenates a5 tha phenols. 2000 parts water are then
added to phess out tha phenels which are separated Tom
the aquecus 1:1::::.:: phese by filation.  The phenclsars
washed and 16 perts recovered as crude trichlorophzacl
The washings, combiped with the aqueous filo=ziz, zre
treated with 108 paris HCl (37% ccocl) to p_zx oot
212.9 perts of 2, .S—m..blorophenol which is washzd znd
steam distilled to recover 165.6 parts pure 2,4,5-tichinro-
phenol. The wasthings, m‘-ﬁ" with the 2guzons fil-
trate, ere furthar treatsd with 27,
to recover 3.2 pars of aude tricklorophenol

© 'We claim:

1. Aprocess § forthe Dmd“Ct‘_O!‘. of 2,4,5-7wichloroshenol
from aquecws mixiorss of crpde 2,4, 5-trichi
obtained by caz hvrlr olysis of 1,2,4,5-tsirackicrosen-
zepe, which comgrises adding mineral acid to rh= -u3~
2,4,5-tricklorcphzzets mixture in amount suEdism
neutralize excess ziia¥inity and a mimor pfopa:s:‘n of
the phenates presaot, which form ccrespond_nc phezsls,
separating the phenols as seperate phase from &3me
aqueous mixturz bzving a phenol-phenate coatent of not
more than sbont 10% by weizht, adding mminerat «333 to
the separzted aguzons phase in an anlount suiiciznr to
convert less thas .;.a :ota[ guentity of remaizing phacaes
to correspondisg
pheno! from ths : a ~:>LL phass.

2. A pracess for "15 recovery of 2,4 S’m"ulu—o:\’zeao‘

N

from cruds mictares thereof chmined by canstz kydsol-

vsis of I,Léj-tetzsl‘iombcnzza:, which comprises 233ing
aqueous ceusiic solztion to cruds 2,4.5-trichiocrophenai to
convert eil thepanis present to the corresponding phanszies,
adding mm:m! acid {o the crude 2.4,5-trichloreot
mixture in emouznt s:ficient to nautralize excass &l
and & miocr prc;»:rmou of the phenates prasent, which
form correspondmz phenols, scparating the phenols 2s

a geparaie phass from dilute agueous mixture heving a
p‘lcno!-;.;-.. e comient of not more thas aboaut (6% by
: nz minzzal acid to the p reted aguzous
phase in s gmorat sufiicient o convert less ibam the
total quantity of remzining ph2nates to the comrespond-
ing phenols, 2nd sssarating 2, ‘.3 tricklorophens! from
the aqueous phase.

Eeferences Ctied ia the file cf this patent
UNITED STATES PATENTS

2,503,245 = Nikswiiz et al
2,563,215 BIMCS ol
2,615,923 Hermioh mcaeemee e

2 perts HCL (37% :«::-.c.)

2epols, and separating 2,4,5-Tickloro-
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5 Clzims.

This {nvention relates to a process for prepar-
ing. 2,4,5-trichiore phenol, and more especially
to a process wherein 1,2.4,5-tetrachloro benzene
is subjected {0 alkaline hvdrolysis in the presence

(CL 289—523)

2

be varled. The alkall metai hydroxide !s used in

-amounts equivalent {0 at least 2 siols of hydrox-

jde per moal of tetrachloro beozene. 2-3 mols of
hydroxide per mol of tetrachloro benzene gives

T

of ethylene- or propylene glycol (propane- ‘g excéllent results. Higher amcunts of ‘hydroxide
é101-1,2). ' : o . may be employed, but are unnecessary.
2,4,5-trichioro phenoi has been prepared from . With regard to the amcunt of glycol wh.ﬂh
1,24 5-tetrachloro benzene by hydrolyzing the should be employed in our process, we find that
latter with alkalj in the présence of methyl al- exceilent results are obtzined when about 750
cohol, the process being conducted under con- 10 grams of the glycel per 216 grams (1 mcl) of the
slderable pressure, of the order of 600300 pounds tetrachloro benzené are used. Larger amounts
per square Inch. . Speclal pressure equipment is of glycol may be used, but in such cases no ad-
required for conducting suich a process. More- ventageous results follow. Amounts less than
over, appreciable amounts of the methyl ether 450 grams of glycol per 216 grams of tetrachloro
of 24,5-{tichloro phenol form when methyl al- 15 benzene are not recommended, as yield and qual-
cohol is employed; and the. formation of the ity of the desired phenol sre adversely afiected. -
ether Is undesirable as i} décreases the vield of . The temperature range at which the hydrol-
the desired free phenol. : ysis may be effected is between about 160° C.
Our present invention overcomes the foregoing and 200° C., the preferred range being betwecn
disadvantages and provides a process fcr making 20 gbout 170° C. and. 180° C. Higher temperatures
-2,4,5-trichloro phenol from 1,245-ietrachlore are obtainable when propylene giycol Is empioyed
benzene which can be conducted with cheaper than is the case when ethylene glycol is employed.
and simpler equipment than is required by the A special advantage of this process is that it
prior art process, and which does not result in can be conducted at atmospheric pressure, under
the formation of any appreciable amount of %5 refiux. However, if desired, the contenis may
ether, be-heated in & closed system, whereby a slight
In general, 0‘11‘ process may be conducted by pressure Is huilt up, amounting however to not .
dissolving an-alkali metal hydroxide, such as so- more than 15 te 20 pounds per square inch, and
dium hydroxide. potsssivm hydroxide and lith- not necessitating the use of any special pressure
fum" hydroxide, in ethylene glycol or propylene ;53 equipment in the plant.
glvcol, or 2 mixture thereof, at elevated texmpera- The invention is illustrated by the following
tures- while stirring the contents. The i{etra- examples without however limiting the same to
chlero benzene is then added and the mixture is them,
hezied for a few houss, normally 3-4 hours being Example I
sufficlent. The end polnt of the reactlon can be 44 CeTT T
determined easily by taking a sample of rhe re- 60 grams of sodiumn hydroxide flakes (85%
action mixture srd diluting it with water. If NaOH) were dissolved in 500 grams of ethylene
the sample is water soluble or practicalis entirely giycot In a 2 liter three-necked flask provided
soiubje in the waler, the reaction may be con- with stirrer and an alr condenser. The conients
sldered to have bezn completed. The desired 40 Were heated to 150° C.-160° C_, this step requir-
naenol may be isolafed in socordance with kaoown ing about 30 minutes. 14% grams of 1,2,4 5-tet-
rrocedures. For examuyix. tm_ reaction mixture rachloro benzene were rapidiy added to the so-
nay be cooled after the c < as above shows sub- lution, and the mixture was heated to 170° C—~
stantial compietion of the reaction, and thea 1£0° C. (Inside temgperature), and maintained at
ac.difled with a mineral acid such as hydro- &5 that temperature range for 4 hours. 10 grams of
chloric acid. The p:ecinitated allzali metal chlo- tetrachloro benzene sublimed in the air con-
zide Is filtered off. The filtrate is poured into denser and were recovered. A sample of the re-
water, causing the 2.4,5-trichloro phenol to pre- action mixture gave a clear sclution when dfs-
cipitate. The phenol §s extracted with benzene solved in 10 times its weight of water.
and the berizene extract is distilled to remove the gq -The reaction mixture was allowed to cool;
tenzene and yicld the phenol. The agueous dry hydrogen chloride wss passed into it uati] it
layer remaining after the Yenzenz extraction became ecld to litmus. The slight excess of hy-
is fractionelly distilled to remove the glycol drogen chloride wes neutralized by the addition
employed. of a small eriount of sodium bicarbonate. After .
Tha proportlon.s of the ingredients used may &5 cooling again to about 20° C., the salt was Sltered - -
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t7 suction and the sxit cake was weshed with -

80 co. vf Izopropyl slcohul. 500 cc. of water sware
added to the filtrate resulting In a bottem layer
of orecipltated trichloro phenol and a top layer
of diliite zthylene glyccl. The entire mixture was

. axtrscted with 400 co., of benzene, then with 100

cc. of benzene gnd finally with 80 cc. of benzene.

The combined bLenzene extracts were shaken.
with 200 cc. of water and the water layer was.

separated and added to the diiute ethylene glycol.
The washed combized benzene exirscls were
dried by means of anhydrous sedium sulfate, fil-
tered, end dlstilled. After removel of the ten-
gene, the residue was distilied at a pressure cf 4
mm, of mercury.. 108 grains of - 2,4,6-trichioro
pheng, bolitag &t 191° C-135° C,, and having a
congealing polnt of 63.3° C. (uncarrected), were
o“ﬁ:«.m&i
The ethylene glvcol can ke recovered bv dis-
tillatica of the aforementicned dilute ethylens
glycal. The waler and {soprepy!l elcohol were re-
moved 1n & fractioneting still at & pressure of 90
mm. of mercury, th2 temperature being carried
up to 56° C. The ethylene glyccl was then dis-
tilled under high vacuum (3 mm.), 233 grams
of the glycol bolling at 82° C. belng recovered.
In order to vemove Dracticaily all of the ethyl-
ene glycol Irom the small amount of salt re-
maining in the distilling flesk, the temperature
was raised so that some glycol, bolling from 86°
C. to 120° C., was cbtained.

Bzample II

72 grams of 1.2,45-tetrachloro benzene wers.

stirred and heated to 180-260° C. with & solution
of 30 grams of sodium hydroxide in 250 grams
of propylene glycol, the heat trestment belng
conducted for 6 hours. 24 grams of concentrated

sulfuric acld (93% HaSO:) were sdded to the re-

actica contents afier they were cooled to room
temperature (about 25> C.)., The entire ccn-
tents were poured into 1000 cc. of water. The
solid matérial was tzen filtered and washed with
500 cc. of water and Anally disscived in 200 cc.
of benzene. The benzane solutlon was dried with
anhydrous sodium sulfate and then. filtered. -

After removal of the benzene by distillation,
the residue was distilled under a high vacuum
(5 mm.), 45 grams of 2,4,5-trichlore phenol being
obtained thereby.

The foregoing illustrates the practics of this in-
vention, which however, 1s not to be limited
thereby but is to be constrized as broadly as per-
missible in view of the prior art and limited solely
ty the sppetided claims.

We claim:

1. The process for preparing 2,4,5-trichloro-
phenol, which comprises heating at 160°-200° C.

-

in {he range of itatl of the stmosphere up to 20
pourds p=r aguare inch and for a tire suflcient
to substanfally complete the conversion into

- 3,4,5-trichicropheénol.

15
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2. The process for preparing 2,4,5- t.r!chloro- ‘
pheaol, which somprises heating at 180°-200° C.°

in the follcwing proportions: I gram molecular
welznt of 1.2,4,5~tetrachloro banzene and at least
2 gram moliecliar weights of an alkalf metal hy-~
droxide in the presence of at least 452 grams of
ethylene giycol, the reaction being conducted
under g pressure within the range of that of the
atrgosphere up fo 20 pounds per square icch

‘end for & time sufiiclent to substanticily com-

piete the ccaversion into 2,4 5-trichlorophaenol.

3. Thg process for prepering 2.-,5-grich_'1>o-
p._en'.. wrich comprises heating st 160°-200° C.
in toe foilowing propoctions: 1 gram molecular
weight of 1,2,4,5-tetrechlaro bepsene and at least
2 grem melecular weighis of sodlum hrdroxide
in the presence of at least 450 gramns of ethylene
glycol, the reaction hslrg conducted under a
pressure within the range of that of the atmos-~
phere up to 20 pounds per squere inch and for a
time sutfcient to substantially complete the con-
version into 2,4,S-trichlorophenol.

-4, The process for prepsring 2,4,5- trichloro— -

phenol, which comprises heating at 170°-186° C.
in tie following proportions: 1 gram molecular
weight of 1,24.,5-tetrachloro benzene and 2-3
gram melecular weights of sodium hydroxide in

the presence of 750 grafns of ethylene glycol, the :
resction belng conductesl inder atmospheric pres-; /

sure and for a time sufficient to substantially

compiete the conversicn into 32,4,5-trichloro- .
.phemol. .

5. The process for preparing zés‘trichloro—'
Eeating at 170°-189° C. -

phenol, which eompr:
in the following proporilons: 1 gram molecular
weight of 1,2,45-tetrachloro benzene and 2-3
gram molecuiar welghts of sodlum. hydroxide in
the presence of 750 grams of proprlene glycol,
the reacticn being conducted under atmospheric
pressure snd for a iime suficlent to substan-
tlally comrplete the conversion into 2,4,5- tr.chloro—
phenol.

EDWARD JOSEPH NIKAWITZ,

WILLIAM 8. GUMP.
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PROCESS FOR THE PURIFICATION OF CRUDE
2,4,5-TRICHLOROPHENOL

BACKGROUND OF THE INVENTION

. The conventional industrial method for preparing
2,4,5-trichlorophenol involves the reaction of 1,2,4,5-
tetrachlorobenzene with methyl alcoholic or aqueous
methyl alcoholic sodivm hydroxide. The crude product
which is available commercially is about 94% 2,4,5-tri-
chlorophienol and about six percent impurities which
are primarily dichlorophenols asd dxchloromethoxy-
phenols.

The germacide known as Hexachlorophene ® (bis-
[3,5,6-trichloro-2-kydroxyphenyljmethane), is prepared
by condeasing 2,4,5-trichlorophsnol with formalde-
hyde. In order to get a germicide of high purity, it is
desirable to start with a 2,4,5-trichlorophenol of high

purity. Since the dichlorophenols znd dichloromethox-
\*u‘lmxcs preseat in the comumercia! grade 2,4,5-tr-
cldoxophenol will also react with formaldchyde, it is
dasirable to remove them prior to the condensation.

SUMMARY OF THE INVENTION

It is the surprising zad uncxpected finding of this
invention thet major impunities in the crude product
(ca 949 2,4,5-trichlorophenol end ca. 5.5 dichloro-
phenols+dichloromethoxyplienols) can be reacted
with formaldehyde under conditions wherein the unde-
sired 5.5% of the impurities react to form condensation
products, but the 2,4,5-trichlorcphenol does not react to

25

2

only a marginal, if any, improvement as io the purity of
the recovered material.

By contrast, at sulfuric acid corcentrations between
55% and 75% there is 8 surprising selectivity demon-
strated with the formaldchyde resction primsrily with
the dichlorophenol and methoxydichlorophenol impu-
rities and not witk the 2,4,5-trichlorophenol. It is pre-

ferred to work at the center of this range of concentra- -

tions, i.c. at concentrations of 609% to 70%.

The temperature renge is less critical than the acid
conceniration, but should be carefully controlled to
insure maximum recovery of high quality 2,4,5-tri-
chlorophenol. Temperatures below 70° C. result in a
sluggish reaction between the impurities to be removed
and the formaldehyde resulting in & poorer grade of
recovered 2,4,5-trichlorophenol

At temperatures exceeding 90° C. the reaction ap-
pears o be less selective and lower yields of recovered
2,4,5 lric'ﬂoroph nol are obtained. Temperatures in the

range of 70° C. t0 99° C. are, inerelore, preferted. Itis
especially preferred 1o work in the middle of this range
st temperstures-of from 75° C. (0 85° C.

The rezction should, of course, te run unti] all of the
impurities to be removed have condensed with the
formaldehyde. Under -the preferred conditions, this
normz!ly occurs from five to eight hours. It is preferred
kowever, to follow the reaction by a suitable analytical
too! such as ges liquid chromstography..

The purified 2,4,5-trichlorophenol can be separated. .

. from the heavier condensation products by methods

form Hexzachlorophene. The unreacted 2,4,5-trichloro-

pheno! can then be separated from the condensstion
products to provide 99.5% pure 2,4,5-trichlorophenol
in high yield.

The critical parameters in this process appear to be
the coaceatration of sulfuric acid, the reaction tempera-
ture and the time the reaction is allowed to run.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The method disclosed herein depends upon the ebil-
ity to judiciously choose reaction conditions wherein
the undesireble impurities will form condensation prod-
ucts with the formaldehyde while the 2,4,5-trichloro-
phenol will not.

The form of the formaldehyde is not critical. Formal-
dehyde adced as a 37% agueous salution or formzlde-
hyde added 2s paraformaldehyde are both suitable.

The nsture or amount of excess of the formaldehyde
used does not appear to be criticsl. Although stoichiom-
etry demands only one mole of formaldehyde for cvery
two moles of phenolic impusity to be condensed, it is
preferred to edd sn excess cof several fold since the
reagent is economical and g1 excess doss not heve 2
detrimental effect on the purification process.

An amount of formaldeliyde greater than I mole per

mole of impurity to be removed would be suitable with
an amount of 2 to' 5 moles/mole preferred. About 3
moles per mole is especially preferred.

The concentration of the sulfuric acid appears to be
the most critical factor. When the sulfuric acid concen-
tration is 509% or less, the yields of recovered 2,4,5-tri-
chlorophenol were lower and the improvement in the

35
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purity was only marginal. When the concentration of 65

sulfuric acid is 80% or greater, the 2,4,5-trichloro-
phenol rezcts rapidly with ihe formiiZehyde and the
result is a Jower recovery of 2,4,5-tnichlorophenol] anJj

‘known in the art, i.e. by extraction and/or distillation.

A nuinber of suitable extraction solvents will dissolve
the trichlorophenol, but not the less soluble bis-phenols.
Suitable for this purpose are the alkane solvents such as
pentane, hexane, heptane and the like.

It is preferred to separate the lower boiling trichloro-
pbenol from the higher boiling condeasation products
by & distillation, preferably a steam distillation or vac-
uum siczm distillation.

ILLUSTRATION OF THE PREFERRED
EMBODIMENTS

A number of examples are provided herein to illus-
trate the preferred embodimerts of this invention. They
are included for the purpose of illustration only and
should not be construed as Lumniting. They are intended
to embrace any equivalents or obvious extensions which

are known or should be known to a person skilled in the

art.
The purity of the 2,4,5-trichlorophenol was deter-

mined by vapor phase chirometography using a § in. X6
fL stainless steel column packed with 495 FFAP on
100/120 mesh chromsorb W, acid washed, DMCS. A
flame ionization detector wes used.

The commercial technical grade 2,4,5-trichloro-
phenol that was purified in these examples was pur-
chased from vendors who are in the business of menu-
facturing and selling this material and was analysed by
gas liquid chromatography as follows:

24,5 Trichlorophenol 940 + 0.2%
2,472,5-Dichlorophenal 10 £ 0.8%
2,3,6/2,4.6- Trichlorophenol 0.3 % 0.3%
1,4-Dichloraphenol 0.1 £ 0.1%
4,5-Dichloro-2-methoxyphenol

2,5-Dichloro-4-methoxyphenol ) 46 +07%

—— T e
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-continued
2,4-Dichloro-5-methoxyphenol

The term technical grade TCP refers to a commer- $
cially aveilable product similzr to that described above
end which is ebout 94% 2,4,5-trichlorophenol. This
term (technical grade TCP) when used hereinafter re-
fers to such a commercially availeble product.

EXAMPLE1

‘Sulfuric acid (903 grams of 93% H1804) was diluted
by slowly adding it to cold water (347 g) which was
cooled end stirred during the addition. Technicel grade
TCP was added and the reaction mixture heated to and 15
subsequently maintained et §80° C.

Aqgueous formaldehyde (14.0 g of a 37% solution)
was sdded slowly over a period of four hours. The
reactics mixture wes maintained at 80° C. for &n 2ddi- 0
tionzi two kours. R

The resction mixture was diluted by adding abeut
620 ml water and the prodvct isolated viz a steam distil-
letion. .

There was obtzined 208.5 g of 2,4,5-trichlorophenol 25
which was 99.5% pure. This represents an 87.7% re-
covery of the 2,4,5-trichlorophenol in the starting mste-
The purified product anzlysed as follows:

10

2,4,5-Trchlorophenol ) 99.5

2,4/2,5-Dichlorophenol —

2,3,6/2,4,6-Trichlorophenal 0.3

3,4-Dichlorophenol -

4,5-Dichloro-2-methoxyphenol ) 35
0.2

2,5-Dichloro4-methoxyphenol
2,4-Dichloro-3-methoxyphenol
EXAMPLE II 20
Example I was repeated, substituting 5 g of paraform-
aldchyde for the 14 g of 37% aqueous formaldehyde.
The paraformaldehyde was added portionwise over a
30 minute period.
Pure 2,4,5-trichlorophenol (200.9 g, 85.5% yield, 45
99.6% pure) was recovered.

EXAMPLE III

Example I was repeated excepting that 21 g of aque- 50
ous formaldehyde was used.

Pure 2,4,5-trichlorophencl (200.9 g, 85.5% yiceld,
99.7% pure) was recovered.

EXAMPLE IV

The process of Example II was repeated using a hot 5
heptene extraction in place of the steam distillation.

There wes 190.6 g of 2,4,5-trichlorophenol recovered
(91.1% yield, 98.3% pure).

EXAMPLE V

Example I was repeated excepting thet a temperature
of 100° C. was used. There was 167.1 g of 2,4,5-tri-
chlorophenol recovered (71.0% yield, 99.6% pure).
This is considerably less than obteined in Example I 68
illustrating the fact that temperatures in excess of 90° C.
result in lower recovery of the desired product.

60
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EXAMPLE VI

Example II was repeated excepting that a sulfuric
acid concentration cf 50% was used. Product recov-
ered was only 96.2% pure. This illustrates the poor
results obtained &t low acid concentrations.

EXAMPLE VII
Example I was repeated and followed by gas liquid

chromaiography to illustrate the shorter reaction times ..

result in 2 product of lower purity.
After | br 94.7% pure 2,4,5-trichlorophenol recover-

able.

After 2 hrs 95.1% pure 2,4,5-trichlorophenol recov-
erable.

After 4 hrs 98.7%5 pure 2,4,5-trichlorophenol recov-
erable.

After 6 hrs. 99.5%6 pure 2,4,5-trichlorophenol recov-
erable.

EXAMFLE Vil
Example I wes repeated and the 24,5-trichloro-
phenol wes receovered viz 2 vacuum steam distillation.
There was recovered 208.0 g (88.5% yield, 99.3%
pure).

EXAMPLE IX

Example I wes repeated excepting that the concen-
tration of the sulfuric acid used was 80%. The 2,4,5-tri-
chlorophencl reacted with the formaldehyde to form a
bis-phenol. This example illustrates the failure of the
purification process if te concentration of acid gets too
high.

We claim:

1. Process for she purification of technical grade TCP
which comprises treating the technical grade TCP with
formaidehyde in the presence of 55% to 75% sulfuric
ecid at a temperature beiween 70° C. and 90° C. and
sepzrating purified TCP therefrom.

2, A process according to claim 1 wherein the puri-
fied TCP is isolated by a distillation or an extraction.

3. A process accerding to claim 2 wherein the puri-
fied TCP is isolsted by a steam distillation or a vacuum
steam distillatiou.

4. A process according to claim 1 wherein 60-70%
sulfuric acid is used. .

3. A process according to clzim 4 wherein the tem-
pereture is between 75° C. and 85° C.

6. A process according to claim § wherein the prod-
uct is isolated by a distillation or an extraction.

7. A process sccording to claim 6 wherein the prod-
uct is isoizted by a distillation.

8. A process according to claim 1 wherein there is
used:

(2) two to five ioler equivalents of formaldehyde

(b) 60% (o 70% «ulfuric acid;

(c) a reaction temperature of 75° C. to 85° C;;

(d) a steam distillation or vacuum steam distillation
for the isoletion of the purified 2,4,5-trichloro-
phenol.

9. The process of cleim § wherein the reaction time is

5 to 8 hours.

10. The process of claim 9 wherein aqueous formalde-
hyde is used. . :

11. The process of claim 9 wherein paraformaldehyde

is used.
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Technetium 8958

F. Manske, Ed. (Academic Press, New York, 1968) pp
597-626.

taxine A

Granular amorph powder, mp 121-124°. [a}}] +95.7 (c
= 4.59 in ethanol). Sol in ether, chloroform, alcohol; prac-
tically insol in water, petr ether. Undoubtedly responsible
for the poisonous properties of the yew. Fatalities among
domestic animals due to yew poisoning are not uncommon
today. : Human fatal symptoms are those of gastrointestinal
irritation, cardiac and respiratory failure.

Taxine A, CyH;NO,,, mp 204-206". [a], — 140" (CHCl,).

8955. Taxodione. 4b,5,6,7,8,8a-Hexahydro-4-hydroxy-
4b,8,8-trimethyl-2-(1-methylethyl)-3,9-phenanthrenedione;
11-hydroxy-13-isopropylpodocarpa-7,9(11),13-triene-6,12-
dione. C,oH,Oy mol wt 314.43. C 76.40%, H 8.34%, O
15.26%. Isoln of naturally occurring (4)-form from Taxo-
dium distichum Rich, Taxodiaceae: Kupchan er al.. J. Am.
Chem. Soc. 90, 5923 (1968). Structure: eidem, J. Org. Chem.
34, 3912 (1969). Total synthesis of the racemate: Mori,
Matsui, Tetrahedron 26, 3467 (1970); T. Matsumoto et al,
Bull. Chem. Soc. Japan 44, 2766 (1971); 50, 1575 (1977); D.
L. Snitman, R. J. Himmelsbach, Tetrahedron Letters 1979,
2477; R. V. Stevens, G. S. Bisacchi, J. Org.' Chem. 47, 2396
(1982). Total synthesis of the (+)-form: T. Matsumoto et
al, Bull. Chem. Soc. Japan 50, 266 (1977). Antitumor activ-
ity studies: Hanson er al. Science 168, 378 (1970).

Golden plates from methanol. mp 115-116". [a]¥ +56°
(c = lin CHCl). uv max (methanol): 320, 332, 400 nm
(e 25,000, 26,000, 2000).

THERAP CAT: Antineoplastic.

8956. Tazettine, Sckisanine; sekisanoline; ungernine.
CpyH;,NOg mol wt 331.26, C 65.24%, H 6.39%, N 4.23%, O
24.14%. From Narcissus tazetta L., Lycoris radiata Herb.,
Ungernia sewerzowi (Rgl.) Fedtsch., and other Amaryliida-
ceae: Spith, Kahovec, Ber. 67, 1501 (1934). Structure and
stereochemistry: lkeda ef al. J. Chem. Soc. 1956, 4749. Abs
config: Highet, Highet, Tetrahedron Leitters 1966, 4099,
Synthesis: Hendrickson et al, J. Am. Chem. Soc. 92, 5538
(1970); Tsuda et al, Tetrahedron Letters 1972, 3153. Bio-
synthesis: Fales, Wildman, J. Am. Chem. Soc. 86, 294
(1964). Identity with sekisanine and sekisanoline: lkeda er
al, loc. cit. Stercospecific total synthesis: Hendrickson et
al, J. Am. Chem. Soc. 96, 7781 (1974); S. Danishefsky ef al,
ibid. 102, 2838 (1980); 104, 7591 (1982).

Consult the cross index before using this section.

[fetet bn

Crystals, mp 210-21}° (evac tube); racemate reported as
mp 237-238° (Tsuda) and mp 175-176° (Danishefsky). [alF
+ 150.3° (82 mg in 2 ml chloroform). Sol in methanol, ctha-
nol, choroform. Sparingly sol in ether.

Hydrochloride, crystals, mp 206°, water soluble.

Methiodide, crystals, dec 220" (evacuated tube). A

8957. TCDD. 2,3,7,8-Tetrachlorodibenzo[b,e]1,4]dioxin;
2,3,7,8-tetrachlorodibenzo-p-dioxin; 2,3,6,7-tetrachiorodi-
benzodioxin; dioxin; TCDBD. C),H,CL0;; mol wt 321.96.
C 44.77%, H 1.25%, C1 44.04%, O 9.94%. Highly toxic and
teratogenic contaminant of 2,4,5-trichlorophenol and 2,4,5-
T, g.¢.v., can be formed during the manufacture of trichloro-
phenol. Prepn by chlorination of dibenzo-p-dioxin: W.
Sandermann, Ber. 90, 690 (1957); M. Tomita et al. Yakuga-
ku Zasshi 79, 186 (1959). C.A. 53, 13152d (1959); by con-
densation of potassium 2,4,5-trichlorophenate: ©. Aniline
in Chlorodioxins— Origin and Fate, E. H. Blair, Ed., Ad-
vances in Chemistry Series 120 (A.C.S., Vashington, D.C.,
1973) pp 126-135. Crystal structure: F. P. Boer er al, Acta
Crystallogr. 28B, 1023 (1972). Toxicity and metabolism
studies: R. J. Kociba er al, Toxicol. Appl. Pharmacol. 35,
553 (1976); J. Q. Rose et al, ibid. 36, 209 (1976); A. Poland,
A. Kende, Fed. Proc. 35, 2404 (1976). Environmental deg-
radation: D. G. Crosby, A. S. Wong, Science 195, 1337
(1976). Review of carcinogenicity studies: JARC Mono-
graphs 15, 41-102 (1977). Comprehensive reviews of forma-
tion, chemistry, and toxic and environmental effects: Chlo-
rodioxins— Origin and Fate, E. H. Blair, Ed., loc. cit. 141 pp;
Environ. Health Perspect. §, 313 pp (1973); R. D. Kim-
brough, Crit. Rev. Toxicol 2, 445-498 (1974); A. Poland, J.
C. Knutson, Ann. Rev. Pharmacol Toxicol. 22, 517-354
(1982). See also: Dioxin— Toxicological and Chemical As-
pects, F. Cattabeni et al, Eds. (Wiley, New York, 1978) 222
pp: special issue, Chem. & Eng. News 61 (June 6, 1983).

c1 : :0 c1
c1 o c1

Nezdles, mp 295" (Tomita); crystals from anisole, mp
320-325° (Sandermana). LDy, orally in male, female rats
(mg/kg): 0.022, 0.045, B. A. Schwetz et al in Chlorodi-
oxin- Origin and Fate, loc. cit. pp 55-69.

Note: An industrial accident during the manufacture of
2,4,5-trichlorophenol in Seveso, Italy on July 10, 1976
caused the release of an estimated two to ten pouads of
TCDD into the environment. Concentrations as high as
51.3 ppm TCDD were found in some samples: R. Rawls, D.
A. O'Sullivan, Chem. & Eng. News 54, 27 (Aug. 23, 1976);
A. Hay, Nature 262, 636 (1976).

TCDD, as a contaminant created in the manufacture of
Agent Orange, a widely used defoliant in Vietnam during the
1960%s, has also been implicated as the causative agent of
various symptoms descnibed by veterans exposed to the
defoliant, see C. Holden, Science 205, 770 (1979).

Caution: Extremely potent, low molecular weight toxin.
Toxic effects in animals include anorexia, severe weight loss,
hepatotoxicity, hepatoporphyria, vascular lesions, chloracne,
gastric ulcers, teratogenicity and delayed death. Industrial
workers exposed to TCDD have developed chloracne, por-
phyrinuria and porphyria cutanea tarda. See Poland,
Kende, loc. cit., C. D. Carter et al., Science 188, 738 (1975).
This substance has been listed as a carcinogen by the EPA:
Second Annual Report on Carcinogens (NTP 81-43, Dec.
1981) pp 226-227.

8958. Technetium, Tc; at. wt (Jongest-lived isotope) 98;
at. no. 43. Usual valences 4 and 7. Trivalent Tc less com-
mon. Radioactive element. Discovery claimed by Noddack,
Tacke, and Berg who called it “masurium”; the existence of
masurium has never been confirtned by isoln of the element.
Element no. 43 is the first artificially produced element.
Named from the Greek word for “antificial™; separated from
a molybdenum plate that had been bombarded for a few
months with a strong beam of deuterons in the Berkeley
cyclotron: Perrier, Segré, Nature 140, 193 (1937); eidem, J.
Chem. Phys. 5, 712 (1937); Cacciapuoti, Segré, Phys. Rev. 52,
1252 (1937). The most commonly available isotope, ¥Tc,
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1-4b,5,6,7,8, 5%
nethylethy

wt 314.42,
quinone

o of nat sold

p CAT Anuacne. antipsonate

Sezkisanine, sekisanohne, ungermine.

Tazettine.

£5
2

34, 3912 (1% “NO,. mol wi 33137, C 65.24%, H 6.39%, N 4.23%,
ori, M. Maf " From Narcissus 1azerta I , Lycoris radiata Herb.,
1o et al, Byj sewerzowt (Rgl) Fedtsch., and other Amaryllida-
77); D. ith, Kahovec, Ber. 67, 1501 (1934). Structure and

V. Steveng, S ‘pemistry. lkeda er al. J. Chem. Soc. 1956, 4749.
). . o . gonfig: Highet, Highet, Tetrahedron Lerers 1966,
2dl. Chem e thesis- Hendnckson er al, J. Am. Chem. Soc. 92,
Can. J. ¥970); Tsuda er al. Teirahedron Lerters 1972, 3153.

Fales, Wildman, J Am Chem. Soc. 86, 294

i refid T pthesis:
i3k “Idenuty with sekisanine and sektsanoline: lkeda er
cit  Stereospecific total synthesis: Hendrckson et
‘Am. Chem. Soc. 96, 7781 (1974), S. Damshefsky et al.
j9302, 2838 (1980); 104, 7591 (1982).

, mp 210-211° (evac tube); racemate reported as
238" (Tsuda) and mp 175-176° (Danishefsky). [a]f
{82 mg in 2 ml chioroform). Soi in methanol,
choroform. Sparingly sol in ether.
hloride, crystals, mp 206°, water soluble.
ide, crystals, dec 220° (evacuated tube).

Tazobactam. [25-(2a,38,5a)]-3-Methyl-7-0x0-3-

3.(1 H ik :
3 . - triazol-I-ylmethyl)-4-thia-1-azabicyclof3.2.0/hep-

Yoo N. 2 boxylic acid 4,4-dioxide; 28-[(1,2,3-1nazol-1-y1)-
Prepn :2a-methylpenam-3a-carboxylic acid 1,1-dioxide;
16, 217856 L30H; CL-29874). C,,H,.N,O,S; mol wt 300.30. C
al, Japai H 4.03%, N 18 66% O 26 6407 S 10.68%. B-Lac-
; on pha M inhibitor. Prepn: R. G. Micetich et al., Eur. pat.
Forsch. . -,7446 eidern, U.S. pat. 4,562,073 (1984, 1985 both

R. G. Micetich er al.. J Med. Chem. 30, 1469
{BPegradation in solution: T. Marunaka er al, Chem.
Bull 36, 4478 (1988); in solid state: E. Matsushima
id. 4593, 3-Lactamase inhibiting activity in com-
iwith clavulanic acid and sulbactam, g.¢.v., vs aer-
- R. Jacobs er al, Anumicrob. Ag. Chemother. 29,
b}, vs anaerobes: P. C. Appelbaum et al, ibid. 30,
LC determn in biological materials: T. Marunaka
<Chromaiog. 431, 87 (1988). Clinical iral in combi-
With piperacillin, g.v.. I. M. Gould et al, Drugs Exp.
17, 187 (1991).

H Q0
: //
‘x)dm—‘ :
'inecarb E/ \
x:hr.om CH L
COOH

um saig, CH N,NaO S, YTR-830. CL-307579.
us sobid. mp > 170 (dec)
Esgleyes Bibination of sodium salt with piperaaithn sadium,

.:
ine, Tozixin, Zasyn.

Consult the Name [ndex before using this section.

in; 2,3,7,8-tetrachlorodibenzo-p-dioxin; 2,3,6,7-tetrachlorodi-
benzodioxin; diexin; TCDBD. C,;KR,Q,0, mol wt 321.97.
C 44.77%, H 125%, Cl 44.04%, O 9.94%. Highly toxic
contaminant; produced as a by-product during the manuf of
chloninated phenols (2,4,5-tnchiorophenol, g.v.) and phen-
oxyherbicides (2,4-D and 2.4,5-T, ¢.q.v.). chlorinc bleaching
of paper pulp and combustion of chlorine-containing waste.
Prepn: W. Sandermann, Ber. 90, 690 (1957); M. Tomita er
al., Yakugaku Zasski 79, 186 (1959), C. 4. 53, 13152d
(1959). Crystal structure: F. P. Boer er al. Acta Crystallogr.
28B, 1023 (1972). Toxicity and metabolism: B. A. Schwetz
e: al, in Chlorodioxins-Origin and Fate, E. H. Blair, Ed.,
Advances in Chemistry Series 120 (A.C.S., Washington,
D.C., 1973) pp 55-69; A. Poland, A. Kende, Fed. Proc. 35,
2404 (1976). Environmental degradation: D. G. Crosby,
A. S. Wong, Science 195, 1337 (1976). Comprehensive re-
view of formation, chemistry, and toxic and environmental
effects:  Chlorodioxins—Origin and Fate, loc. cit. 141 pp;
Dioxin— Toxicological and Chemical Aspects, F. Cattabeni er
al, Eds. (Wiley, New York, 1978) 222 pp; special issue,
Chem. & Eng. News 61 (June 6, 1983). Review of toxicol-
ogy and human exposure: Toxicological Profile for 2.3.7.8-
Tetradichlorodibenzo-p-dioxin (PB89-214522, 1989) 135 pp;
of receptor binding and mechanism of toxicity: J. P. Whit-
lock, Jr., Ann. Rev. Pharmacol. Toxicol 30, 251-277 (1990);
of epidemiological data: L. Tollefson, Regul Toxicol. Phar-
macol. 13, 150-169 (1991); of carcinogenicity: J. Huffl ef al,
Ann. Rev. Phormacol. Toxicol 34, 343-372 (1994).

c o] Cl

Cl e} Cl

Needles, mp 295" (Tomita); crystals from anisole, mp 320-
325" (Sandermanpn). LD in male, female rats (mg/kg):
0.022, 0.045 orally (Schwetz).

Note: An industnal accident during the manufacture of
2.,4,5-trichlorophenol in Seveso, ltaly on July 10, 1976
caused the release of an estimated two to ten pounds of
TCDD into the environment. Concentrations as high as
51.3 ppm TCDD were found in some samples: R. Rawls,
D. A. O'Sullivan, Chem. & Eng. News 54, 27 (Aug. 23,
1976); A. Hay, Nature 262, 636 (1976). .

TCDD, as a contaminant created in the manufacture of
Agent Orange, a widely used defoliant in Vietnamn during the
1960's, has also been implicated as the causative agent of
various symptoms described by veterans exposed to the de-
foliant, see C. Holden, Science 205, 770 (1979).

Caurtion: Toxic effects in animals include the wasting
syndrome, gastrc ulcers, immunotoxicity, hepatotoxicity,
bepatoporphyria, vascular lesions, chloracne, teratogenicity,
fetotoxicity, impaired reproductrive performance, endome-
triosis and delayed death. ° Industrial workers exposed to
TCDD have developed chloracne, porphyrinuna and por-
phyria cutanea tarda. See Poland, Kende, Joc cit; C. D.
Carter er al, Science 188, 738 (1975). This substance may
reasonably be anticipated to be a carcinogen: Seventh An-
nual Report on Carcinogens (PB95-109781, 1994) p 369.

9253, Tebuconazole. (t)-a-{2-(4-Chlorophenyljethyl]-
a-(1,I-dimethylethyl)-1H-1,2,4-triazole-1-ethanol; (RS)-1-(4-
chlarophenyl)-4,4-dimethyl-3.(1.H-1,2,4-triazol-1-ylmethyl)-
pentan-3-of; ethyltrianol; fenetrazole; terbuconazole; terbu-
trazole; BAY HWG 1608; HWG-1608; Corail; Elite; Foli-
cur; Horizon; Lynx; Raxil; Silvacur. C,(H,,CIN;0; mol wt
307.82. C 62.43%, H 7.20%, Cl 11.52%, N 13.65%, O
5.20%. Ergosterol biosynthesis inhibitor. Prepn: G. Holm-
wood et al, Eur. pat. Appl. 40,345; eidem, U.S. pat. 4,723,-
984 (1981, 1988 both to Bayer). Synthesis of enantiomers:
J. Kaulen, Agnew. Chem. Int. Ed. Engl 28, 462 (1989).
Photodegradation: H. Wambhoff er al., Z Naturférsch. 49b,
280 (1994). GC determn in plant material, soil and water;
W. Maasfeld, Pflanzenschutz-Nachr. Bayer (Eng. Ed.}) 40, 29
(1987). Review of chemistry and biochemistry: D. Berg et
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Tebuconazole 9253
THERAP CAT: In combination with 8-lactarn anubiotics a;-ﬁ \
antibacterial. %
9252, TCDD. 23,7,8-Tetrachlorodibenzofb,ej{1,4]diox-
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U.S. PHARMACOPEIA
The Standard of Quality

12601 Twinbrook Parkway
Rockville, MD 20852
Tel: (800) 227-8772 or (301) 881-0666
Fax: (301) 816-8148
Web: www.usp.org
E-mail: custsvc@usp.org
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USP 15 AN INDEPENDENT, NON-GOVERNMENT, not-for-profit organ-
ization that promotes the public health by establishing state-
oi-the art standards and developing programs to ensure the
guality of medicines and related healthcare technologies and
‘practices,

A unique process of public involvement is central to USP’s
public health work and stewardship. Equally significant are the
vital contributions of volunteers representing pharmacy, medi- :
cine, and other healthcare professions, as well as science, acade- Pharmacopeial Education: USP's Pharmacopeial Education
mia, the U.S. government, the pharmaceutical industry, and program helps pharmaceutical professionals better understand 33
other consumer organizations. and apply official USP-NF standards and test methods requireq
for quality control and product release testing. Courses also help
companies meet GMP and [SO training requirements.

USP STANDARDS ARE KNOWN WORLDWIDE as an assurance of high  Dietary Supplement Verification Program: USP's Dietary;
Supplement Verification Program is designed to add clarity an
value to products by helping consumers make informed chxi
es. The program verifies that qualified products contai
declared ingredients in declared quantities and are manufa

tured under GMPs.

quality.

USP-NF: The United States Pharmacopeia-National Formulary
{USP-NF) is the FDA-recognized source for standards of iden-
tity, strength, quality, and purity for drug substances, dosage
forms, excipients, and dietary supplements; tests and assays;
and more. The latest annual edition, USP 26-NF 21, becomes
official on January 1, 2003. USP-NF is available in print, online,
intranet, and CD formats.

Medmarx Patient Safety Solutions: USP’s Medmarx is a3
national medication error reporting database and system ford
data analysis designed to improve patient safety.and redu;
costs. More than 300 hospitals and health care organizations
have enrolled and collectively have submitted over 3000003
anonymous medication error records, making it the larzes
database of its kind.

Reference Standards: USP Reference Standards are highly char- .
acterized specimens of drug substances, excipients, major g@i’g}
impurities, degradation products, and performance calibrators.
They are provided for use in compendial methodology. USP
Reference Standards are established through an extensive
process of collaborative laboratory testing among USP, FDA,
and the pharmaceutical industrv.

OWtary GUDJLIMmSNTL ATl Gy healih L3
prosachy

Pharmacopeial Forum: USP's Pharmacopeial Forum (PF) and
PF Online complement USP-NF. PF and PF Online feature pro- |
posed revisions to USP-NF, as well as revisions that become
- official and binding before the next USP-NF edition is pub- l
lished. PF and PF Online also request public review and com-

ment on proposed revisions. !

NovernberfOecamban PF
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‘Hercules 7531

Action/Use

ACTION: Volatile insecticide in controlled release strip formulation.
Acts by fumigant action on trapped insects. Inner reservoir automati-
cally replenishes the insecticide to maintain effective concentration in
traps.

USE: For insect monitoring and mass trapping programs for control of
boll weevil, codling moth, gypsy moth, spruce budworm, forest tent
caterpillar, Mediterranean fruit fly, Oriental fruit fly, southwestern
corn borer, and sweetpotato weevil. Used in conjunction with insect
attractants to kill trapped insects. Increases trap and monitoring effi-
ciency by reducing the number of escapees before and during counts; ..
especially effective in non-sticky trops. Al
Safety Guidelines /
SIGNAL WORD: CAUTION.

TOXICITY CLASS: III.

HANDLING AND STORAGE CAUTIONS: Do not open pouch until
ready to use. Keep out of reach of children. Avoid contact with eyes, skin,
and clothing. Always wash hands with soap and water after handling.
Emergency Guidelines

FIRE EXTINGUISHING MEDIA: CO,, powder, foam. Use self-con-
tained breathing apparatus.

ANTIDOTE: Atropine sulfate and 2-PAM.

FIRST AID: Get immediate medical aid. Eves, wash with water for at
least 15 minutes. Skin, wash with soap and water; remove contami-
nated clothing. Ingestion, induce vomiting. Inhalation, remove from
exposure. Give oxygen if breathing labored.

EMERGENCY TELEPHONE: 717-764-1191 (Hercon Environmental
Corp.).

Hercules 7531 — see Herban*.

Hercules 9573 — see Azak®.

Hercules 14503 — see Torak*.

Hercules AC 528 — see Dioxathion.

Hercules AC 5727 — see UC 10854.

Heritage' — see Azoxystrobin.

Herkol* — see Dichlorvos.

HETP

Chemistry

COMPOSITION: Ethyl polyphosphates containing 12-20%
pyrophosphate. Also known as hexa-ethyl tetraphosphate.
Action/Use

CTION: Insecticide. )

'SE: TEPP is the insecticidal component of HETP, and is the material
now in production.

Safety Guidelines

HANDLING AND STORAGE CAUTIONS: HETP acts as 2 contact
poison and hydrolyzes rapidly in aqueous solution. Therefore, sprays
should be applied immediately after mixing. Abseorbed rapidly
through the skin of warm-blooded animals and inhalation of the va-
pors also may be dangerous. Possesses no phytotoxicity at normal
concentrations.

See TEPP.

Hexablanc* Insecticide (BHC) — Discontinued by Rhone-Poulenc.
Hexachloroacetone

Identification

COMMON NAME: Hexachloroacetone (ISO}; HCA (WSSA).

CODE NUMBERS: CAS 116-16-5; SHA 043701.

Chemistry

COMPOSITION: 1,1,1,3,3,3-hexachloro-2-propanone (CAS & and 9CI).

tetraethyl

CCl—C-CCh
Hexachloroacetone
Action/Use
ACTION: Nonselective herbicide.
Safety Guidelines

SIGNAL WORD: CAUTION.

TOXICITY CLASS: III.

TOXICITY: (Rat): Oral LD,, 3550 mg/kg.
Hexachlorobenzene

Identification

COMMON NAME: Hexachlorobenzene (ISO, BSI).

TRIVIAL NAME: HCB.

CODE NUMBERS: CAS 118-74-1; SHA 061001.
FORMULATORS’ TRADE NAMES: No Bunt*.
DISCONTINUED NAMES: Anticarie”, Ceku C.B.* (CequisaJ; Gran-
ero* (Atanor S.A.); Res-Q* (+ maneb + captan) (PBl/Gordon).

MPOSITION: Hexachlorobenzene (IUPAC and CAS).
tion/Use
ACTION: Seed protectant.

PESTICIDE DICTIONARY

Safety Guidelines

SIGNAL WORD: CAUTION.

TOXICITY CLASS: IV.

TOXICITY: (Rat): Oral LD,, 40,000 mg/kg. May cause slight irritation
to skin.

Emergency Guidelines

FIRST AID: Get immediate medical aid. [ngestion, induce vomiting

with warm salt water or syrup of Ipecac. Note: Some physicians may
discourage use of saline emesis.
Hexachlorophene
Identification
COMMON NAME: Hexachlorophene (INN, USP USAN); hexachlo-
rophane (BAN).
EXP. CODE NUMBERS: G-11.
OTHER CODE NUMBERS: CAS 70-30-4; SHA 044901.
FORMULATORS’ TRADE NAMES: Seribak*.
DISCONTINUED NAMES: Hexalint*, Hexaphene* L.V,
Isobac*, Nabac* (Webb Wright Corp.).
Chemistry
COMPOSITION: 2,2"-methylenebis(3,4,6-trichlorophenol) (IUPAC).
Action/Use
ACTION: Broad spectrum contact soil, foliar fungicide.
Environmental Guidelines
HAZARDS: Bird: 575 mg/kg (bobwhite quail); 1450 mg/kg (mallard, fe-
male).
Safety Guidelines
SIGNAL WORD: CAUTION.
TOXICITY CLASS: III.
TOXICITY: (Rat): Oral LD,, 560 mg/kg.
HANDLING AND STORAGE CAUTIONS: May be fatal if swallowed.
Do not get in eyes or on skin. Do not breathe spray mist.
Emergency Guidelines
FIRST AID: Get immediate medical aid. Eves, flush with water. Skin,
wash with soap and water. Ingestion, induce vomiting with warm salt
water or syTup of Ipecac. Note: Some physicians may discourage use of
saline emesis.
Hexaconazole

BP: Rallis India Ltd. (Contaf*)

ZENECA Agrochemicals (Anvil*, Planete Aster®)

Identification
COMMON NAME: Hexaconazole (ISO draft, ANSI, BSI).
CODE NUMBERS: CAS 79983-71-4.
FORMULATORS’ TRADE NAMES: Canvil* (VAPCO).
Chemistry
COMPOSITION: (RS)-2-(2,4-dichlorophenyl)-1-(IH-1,2, 4-triazol-1-y1)-
hexan-2-ol (IUPAC).
PROPERTIES: White crystalline solid with no odor. Melting point
111°C. Soluble in a range of organic solvents.

Cl

Hexide*,

(EH:CH:CH:CH;

al C—OH
CH;
/

N—N
L}
N
Hexaconazole

Action/Use
ACTION: Fungicide.
USE: Controls powdery mildews, scabs and rusts of vines, pome fruits,
vegetables, and major diseases of small grain cereals.
FORMULATIONS: Oil miscible liquid, soluble grain, suspension con-
centrate.
PREMIXES: Various Planete* premixes (+ carbendazim or chlorotha-
lonil or fenpropidin)} (ZENECA Agrochemicals).
Environmental Guidelines
SOLUBILITY: Low solubility in water.
Safety Guidelines
SIGNAL WORD: CAUTION.
TOXICITY CLASS: IV,
TOXICITY: (Rat): Oral LD,, 6071 mg/kg (female).
PROTECTIVE CLOTHING: Protective gloves and eve protection
when handling concentrate.
HANDLING AND STORAGE CAUTIONS: Refer to individual formu-
lations.
Hexadieny! isobutyrate

BP: Agri-Pharm de Mexico, S.A. de C.V.

Information is presented herein for preliminary planning only.
Exclusive reliance must be placed on information/directions supplied by manufacturer.
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HESPERIDIN

ACTA PHARMACAL

. ASHLAND CHEMICAL COMPANY
DNP INTERNATIONAL CO., INC.
FREEMAN INDUSTRIES, L.L.C.
KADEN BIOCHEMICALS GMBH
KINGCHEM INC.

MAYPRO INDUSTRIES, INC.
pharmline, inc.

F.H.Taussig, Inc.
- p.LThomas & Co., Inc.

HESPERIDIN COMPLEX
. ARROW CHEMICAL INC.
ASHLAND CHEMICAL COMPANY
Belmont Chemicals Inc.
BOTANICALS INTERNATIONAL, INC., DIV.
. OF ZUELLIG BOTANICALS, INC.
CP8 INTERNATIONAL, INC.
.. FREEMAN INDUSTRIES, L.L.C.
GENERICHEM CORP.
H.INTERDONATI, INC.
RiA Internationat
SELTZER CHEMICALS, INC.
-STAUBER PERFORMANCE INGREDIENTS, INC.

ESPERIDIN METHYL CHALCONE
FREEMAN INDUSTRIES, L.L.C.

EXABROMOCYCLODODECANE
.AMERIBROM INC.
BERJE INC,

‘1,2,5,6,9,10-HEXABROMOCYCLODODE-
CANE

. ICALS GROUP)
- Great Lakes Chemical Corp.

- STAUBER PERFORMANCE INGREDIENTS, INC.

ALBEMARLE CORP. (FORMERLY ETHYL CHEM-

Chemicals & Related Materials

HEXACHLOROACETONE See Hexachloro-2-
Propanone

HEXACHLORO CYCLOPENTADIENE
VELSICOL CHEMICAL CORP.

HEXACHLOROCYCLOTRIPHOSPHAZENE
ESPRIT CHEMICAL CO.

HEXACHLOROETHANE
FABRICHEM, INC.
HUMMEL CROTON INC.
Neuchem inc.

Service Chemical, Inc.
Skyline International

HEXACHLOROPHENE

I, International Commodities Export Corp.
_}‘r o SPECTRUM BULK CHEMICALS, DIVISION
OF SPECTRUM QUALITY PRODUCTS,
INC.

,7 h HEXACHLOROPHENE, DIOXIN-FREE

Inchema, Inc.

HEXACHLORO-2-PROPANONE (Hexa-
chloroacetone)
WACKER CHEMICALS (USA), INC.
WACKER-CHEMIE GMBH

1H,1H,9H-HEXADECAFLUORO-1-
NONANOL
OAKWOOD PRODUCTS

n-HEXADECANE

® SPECTRUM BULK CHEMICALS, DIVISION
OF SPECTRUM QUALITY PRODUCTS,
INC.

HEXADECANEDIOIC ACID

o SPECTRUM BULK CHEMICALS, DIVISION
OF SPECTRUM QUALITY PRODUCTS,
INC.

J30 East Sth St. Suite

natirop

A DIVISION OF NEW WORLD ENTERPRIZES, INC.
RAINFOREST INGREDIENTS ARE HOT!

WE ARE THE PREMIER SUPPLIER OF
BOTANICAL AND FRUIT EXTRACTS FROM THE
Q TROPICS OF SOUTH AMERICA!

WE SUPPLY: '
GUARANA LIQUID & POWDER, ACEROLA POWDER
(VITAMIN C), STEVIA, YERBA MATE AND MANY
OTHER FINE RAINFOREST PRODUCTS. "
- ALSO

VITAVIN'rM GRAPE SEED EXTRACT

WE SERVE THE FOOD, BEVERAGE, HEALTH AND
_ SKIN CARE INDUSTRIES!

204, Oakland. CA 93606
Phone: (S10) 451-7862 -
~ 1-800-260-7862

Fax: (S11431-7864

ABINSA

Phbytochemicals
Berberine Salts
Camptothecin
Capsaicin
Podophyllotoxin

Fine Chemicals
Chrysin

Glucosamine Sulfate
Indole-3-Carbinol
L-Selenomethionine
Vanadium Complex
Zinc Monomethionine

Herbal Extracts
Bioperine®
Boswellin®

Citrin®

Coleus Forskohlii
Curcumin C* Complex®
DGL

Genistein
Gugulipid®
Gymnema Sylvestre
Licorice

Picroliv®

Tylophora
Bacopin™

Organic Intermediates
2-Allytphenol
m-Chlorophenol

1,2 Hexanediol

INAC

Prenyl Ketone

Custom Manufacturing
Pilot to Commercial

Please contact us:

SABINSA CORP.

121 Ethel Road West Unit 46
Piscataway, NJ 08854
TEL: 732-777-1111
FAX: T32-777-1443
sabinsa@compuserve.com

CORPORATION

Check Advertiser Index for page numbers

1998 OPD Chemical Buyers Direcrory |
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Polydatin

THERAP CAT: Poloxamer 18ILF as pharmaceutic aid; 188
as cathartic.

7433. Polyamine-Methylene Resin. Resinat; Exorbin.

Phenol condensation product with polyamines. An ion-
exchange resin specially purified for medicinal use.

[ o o]
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Light amber, granular, free-lowing powder. Insol in wa-
ter, alcohol, ether, aq solns of acids and alkalies. Under the
conditions of the old N.N.R. assay for acid-consuming
capacity, not less than 50 ml Q.1 ¥ hydrochloric acid is con-
sumed by 0.2 g of the resin.

THERAP CAT: Antacid.

7434. Polybasite. 8Ag,S.Sb,S,—silver antimony sulfide.

7435. Polybenzarsol. (4-Hydroxyphenylarsonic acid
polymer with formaldehyde; Benzodol. A polymeric mixture
obtained by adding formaldehyde (40%) (0.116 mole) over a
3-hr period to p-hydroxybenzenearsonic acid (0.209 mole) in
180 g of 90% H,SO; at 0-5° and keeping it cold for 21 hrs.
Dilution of the mixture with H,O precipitates the product:
Faith, J. Am. Chem. Soc. 72, 837 (1950). Description: Jones
et al, Antibiot. & Chemother. 8, 400 (1958).

White powder. Somewhat sol in water; sol in alcoholic
NaOH. LD,y i.p. in mice: 235 mg/kg. No deaths after 4
g/kg i.g. in mice.

THERAP CAT: Antiprotozoal.

7436. Polybrominated Biphenyls, PBB‘; brominated
biphenyls; polybromobiphenyls. Mixtures with structures
similar to polychlorinated biphenyls, g.v., where each X =
H or Br. Once widely used commercially. Prepn: H. Hahn
et al, Ger. pat. 1,161,547 (1964 to Chem. Fabrik Kalb); G.
A. Burk, U.S, pat. 3,733,366 (1973 to Dow); L. C. Mitchell,
D. R. Breckenridge, U.S. pats. 3,763,248 and 3,833,674
(1973, 1974 both to Ethyl Corp.). Persistence in soils: L.
‘W. Jacobs et al, J. Agr. Food Chem. 24, 1198 (1976). Photo-
degradation: L. O. Ruzo et al, ibid. 1062. Review of envi-
ronmental hazards: K. Kay, Eaviron. Res. 13, 74-93 (1977);
F. J. )DiCarlo et al. Environ. Health Perspect. 23, 351-365

1978).

Firemaster BP-6, major component is 2,2°,4,4',5,5"-hexa-
bromobiphenyl. Softens at 72°, dec above 300°. Low vapor
press; degraded by uv light. Very sol in benzene, toluene;
insol in water. X

Note: The 1973 “Michigan Incident” in which BP-6 was
accidentally added to animal feed, and resulted in wide-
spread destruction of contaminated farm animals, led to the
removal of BP-6 from the market: L. J. Carter, Science 192,
240 (1976). )

USE: Flame retardant.

7437. Polychlorinated Biphenyls. PCBs; chiorinated bi-
phenyls; chlorobiphenyls; Aroclor; Clophen; Fenclor; Kane-
chlor; Phenoclor; Pyralene; Santotherm. Once widely used
industnial chemicals whose high stability contributed to both
their commercial usefulness and their long-term deleterious
environmental and health effects. Early synthesis: H.
Schmidt, G. Schulz, 4nn. 207, 338 (1881). Commercially
availabie since 1930: C. Penning, Ind. Eng. Chem. 22, 1180
(1930). Commercial PCBs are mixtures. The Aroclors are
characterized by four digit numbers. The first two digits
indicate that the mixture contaias biphenyls (12), triphenyls
(54) or both (25, 44); the last two digits give the weight
percent of chlorine in the mixture (e.g. Aroclor 1242 con-

Consult the cross index before using this section.

7438

tains biphenyls with approx 42% chlorine). Reviews of envi-
ronmental impact and toxicity: L. Fishbein, Ann. Rev.
Pharmacol 14, 139-156 (1974); R. D. Kimbrough, CRC
Crit. Rev. Toxicol 2, 445-498 (1974); National Conference on
Polychlorinated Biphenyls, Nov. 19-21, 1975 (EPA-560/6-
75-004, 1976) 487 pp. Accumulation of airborne PCBs in
foliage: E. H. Buckley, Science 216, 520 (1982). Reviews: -
H. L. Hubbard in Kirk-Othmer Encyclopedia of Chemical
Technology vol. 5 (Interscience, New York, 2nd ed., 1964)
pp 289-297; O. Hutzinger er al, The Chemistry of PCB's
(CRC Press, Cleveland, Ohio, 1974) 269 pp; J. W. Lloyd et
al., J. Occup. Med. 18, 109-113 (1976). Review of carcino-
genicity studies: JARC Monographs 18, 43-103 (1978).

X X X
/
X / A X
\
X
X =HorCl

Aroclor 1242, clear, mobile liquid; av. number Cl/mole-
cule: 3.10. d¥* 1.381, d{¥* 1.392. Distillation range 325-
366". Flash point (open cup) 348-356°F. n¥ 1.627-1.629.
Dielectric constant (1000 cycles) 5.6 (25%), 4.9 (100°).

Aroclor 1254, light yellow, viscous liquid; av. number
Cl/molecule: 4.96. d$5 1.495; d}5* 1.505. Distillation range
365-390°. No open cup flash point to boiling. nff 1.629-
1.641. Dielectric constant (1000 cycles) 5.0 (25°), 4.3 (100°).
LDy, orally in weanling rats: 1295 mg/kg, Kimbrough, loc.
cit.

Aroclor 1260, light yellow, sgft, sticky resin; av. pumber
Cl/molecule: 6.30. df° 1.555; d}5¥ 1.566. Distillation range
385-420. No open cup flash point to boiling. n¥ 1.647-
1.649. Dielectric constant (1000 cycles) 4.3 (25%; 3.7 (100°).
LDy, orally in weanling rats: 1315 mg/kg, Kimbrough, foc.
cit.

Caution: Toxic effects in humans include chloracne, pig-
mentation of skin and nails, excesstive eye discharge, swelling
of eyelids. distinctive hair follicles, gastrointestinal distur-
bances. In Japan, accidental contamination of rice bran oil
with Kanneclor 400 led to an outbreak of what became
known as “Yusho disease”, see M. Kuratsune et al, in
EPA-560/6-75-004, loc. cit, p 14. Toxic symptoms in ani-
mals include hepatocellular carcinoma, hypertrophy of the
liver, adenofibrosis, weight and hair ioss, mouth and eyelid
edema, acneform lesions, decreased hemoglobin + hemato-
crit, gastric mucosal ulceration and reduced ability to repro-
duce. These substances have been listed as carcinogens by
the EPA: Second Annual Repor: on Carcinogens (NTP 81-
43, Dec. 1981) pp 206-209.

Ust: In electrical capacitors, electrical transformers, vacu-
um pumps, gas-transmission turbines. Formerly used in
U.S. as hydraulic fluids, plasticizers, adhesives, fire retar-
dants, wax extenders, dedusting agents, pesticide extenders,
inks, lubricants, cutting oils, in heat transfer systems, car-
bonless reproducing paper.

7438. Polydatin, 3-Hydroxy-5-[2-(4-hydroxyphenyl)eth-
enyllphenyl-f-D-glucopyranoside; 3-hydroxy-5-(p-hydroxy-
styryl)phenyl glucoside; 3,4',5-trihydroxystilbene-3-8-D-
glucoside; resveratrol-3-A-mono-D-glucoside; piceid. Cyy-
H;,0,; mol wt 390.40. C 61.53%, H 5.68%, O 32.79%. Isoln
from fresh root of Polygonum cuspidarum Sieb. & Zucc.,
Polygonaceae, and structure: Nonomura et al.. Yakugaku
Zasshi 83, 988 (1963).

Trihydrate, crystals, mp 225-226".
1.709 in ethanol).

OH

O-B-g—glucose .

[alf —74.9" (c =
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9450 1,1,2-Trichloroethane

9450. 1,1,2-Trichloroethane. Vinyl trichlonde. C,H,;Cly;
mol wt 133.42. C 18.00%, H 2.27%, Cl 79.73%. CH Ci-
CHCl,. Prepd by catalytic chlorination of ethane or c!hyl-
ene: Joseph, U.S. pat. 2,752,401 and Pye. U.S. pat. 2,752,-
402 (both 1956 to Dow); Reynolds, U.S. pat. 2,783,286
(1957 to Olin Mathieson).

Nonflammable fiquid; pleasant odor; dI® 1.14416; solidif
—35% bp 113-114% a¥ 1.4711. Insol in water; misc with
alcohol, ether, and many other organic liquids. LDy, orally
in rats: 0.58 ml/kg, H. F. Smyth etal, Am. Ind. Hyg. Assoc.
J. 30, 470 (1969).

USE: Solvent for [ats, waxes, natural resins, alkaloids.
Caution: Irritating to eyes, mucous membranes, and, in high
concns, narcotic.

9451. 2,2,2-Trichloroethanol. Trichloroethy! alcohol.
C,H,Cl;0; mol wt 149.42. C 16.08%, H 2.02%, Cl 71.19%,
0 10.71%. CCl,CH OH. Prepd by reduction of the corres-
ponding ester, acid chloride, or acid with lithium aluminum
bydride: Sroog et al, J. Am. Chem. Soc. 71, 1710 (1949).
Manufacture by reduction of chloral hydrate with an amine
borane: Chambcrlam. Schechter, U.S. pat. 2,898,379 (1959
to Callery Chem.).

Hygroscoplc liquid, ethereal odor At low temps it crys-
tallizes in rhombic tablets. mp at 18% bp 151-153% df 1.55.
Sol in about 12 parts water; misciblie with alcohol or ether.
pH of aq soln is 5-6, but on prolonged contact with water
some free acid is formed. Keep well closed and protected from
light. LDy, orally in rats: 600 mg/kg, Handbook of Toxicol-
ogy vol. 1, W. S. Spector, Ed. (Saunders. Philadelphia, 1955)
pp 302- 303

THERAP CaT: Hypnotic, anesthetic.

9452, Trichloroethylene. Trichloroethene; ethinyl tri-
chloride; Tri-Clene; Trielene; Trilene; Trichloran; Trichlo-
ren; Algylen; Trimar; Triline; Tri; Trethylene;: Westrosol;
Chlorylen; Gemalgene; - Germalgene. C,HCl; mol wt
131.40. C 18.28%, H 0.77%. Cl 80.95%. CCl,=CHCL
Usually prepd from sym-tetrachloroethane by elimination of
HCI (by boiling with lime): Ger. pat. 171,900. By passing
tetrachloroethane vapor over CaCl, catalyst at 300" Ger.

pat. 263,457; without catalyst at 450-470": Brit. pat. 575,- .

530 (1946 to du Pont). Review of mfg processes: S. A.
Miller, Chem. Process Eng. 47, 268 (1966); Faith, Keyes &
Clark’s Indusrrial Chemicals, F. A. Lowenheim, M. K.
Moran, Eds. (Wiley-Interscience, New York, 4th ed., 1975)
pp 844-848. Toxicity and metabolism: E. Browning, Toxic-
ity and Metabolism of Industrial Solvents (Elsevier, New
York, 1965) pp 189-212.

Nonflammable, mobile liquid. Characteristic odor resem-
bling that of chloroform. d} 1.4904; dI* 1.4695; d® 1.4649.
Vapor density: 4.53 {air = ].00). Solidifies at —84.8".
by 86.7; bPuy 67.0% bpyg 48.0% bpygy 31.4% bpgy 20.0%
by —1.0% bpy —12.4% bpy —22.8% bpy, a3 oy
1.47914; =1 45560 Pracumlly insol in water; misc wuh
ether, alcohol chloroform. Dissolves most fixed and volatile
oils. Slowly dec (with formn of HCI) by light in the presence
of moisture. Trichloroethylene for medicinal purposes may
contain some thymol or ammonium carbonate (not more
than 20 mg/100 ml) as a stabilizer. Industrial grades of tri-
chloroethylene may contain other stabilizers such as tri-
ethanolamine stearate and cresol. LDy, orally in rats: 4.92
ml/kg; LC (4 hrs) in rats: 8000 ppm, Smyth er al. Am. Ind.
Hyg. Assoc, J, 30, 470 (1969).

Caution: Use with adequate ventilation. Preserve irichlo-
roethylene in sealed, light-resistant ampuls or in frangible,
light-resistant glass tubes. Avoid prolonged exposure of the
product to excessive heat. It must be dispensed in the un-
opened glass container in which it was placed by the manu-
facturer.

Human Toxicity: Moderate exposures can cause symp-
toms similar to alcohol inebriation. Higher concns can have
narcotic effect. Deaths occurning after heavy exposure have
been attributed to ventricular fibrillation. Liver injury is not
definitely established in occupational exposures. Found to
induce hepatocellular carcinomas in National Cancer Insti-
tute tests on mice: Chem. & Eng. News 54, 4 (Apr. 5, 1976).

USE: Solvent for fats, waxes, resins, oils. rubber, paints.
and varnishes. Solvent for cellulose esters and ethers. Used
for solvent extraction in many industries. ln degreasing, in

dry cleaning. In the manuf of organic chemicals, pharma-
ceuticals, such as chloroacetic acid.

THERAP CAT: Analgesic (inhalation).

THERAP CAT VET): Inhalant anesthetic. -

9453, Trichiorofiuoromethane. Trichloromonofluoro-
methane: fluorotrichloromethane; Freon 11; Frigen 1L
Arcton 9. CCl,Fi mol wt 137.38. C 8.74%, Cl 17.43%, F
13.83%. Prepn: Henne, Organic Reactions 2, 64 (1944).
Manuf: Faith, Keyes & Clark’s Industrial Chemicals, F. A.
Lowenheim, M. K. Moran. Eds. (Wiley-Interscience, New
York, 4th ed., 1975) pp 325-330.

Liquid at temps below 23.7°. Faint ethereal odor. Non-
Nammable. d}’?1.494; d, 5.04 (air = 1). mp —111". bpg
23.7% bpyyy +6.8" bpye —9.1% bpygy ~ 23.0% bpg —32.3
bp,y —39.0% bpy —49.7% bp,, —59.0% bp, —67.6% bp,,
—84.3". Crit temp 198" crit press. 43.2 atm (635 lb/sq inch,
abs). nff*1.3865. Dipole moment 0.45. Practically insol in
water. So] in alcohol, ether, other, organic soivents. Less
toxic than carbon dioxide, but decomposes into harmful
materials by flames or high heat.

USE: In refrigeration machinery requiring a refrigerant ef-
fective at negative pressures. As aerosol propellant. Cau-
tion: May be narcotic in high concentrations.

Note: Consult latest Government regulations on use as
aerosol propeilant.

9454, 3,4,6-Trichloro-2-nitrophenol. 2-Nitro-3,4,6-tri-
chlorophenol; 2.4,5-trichloro-6-nitrophenol; Dowlap. C,-
H,Cl,NOy; mol wt 242.44. C 29.72%, H 0.83%, Cl 43.87%,
N 5.78%, O 19.80%. Prepd by dissolving 2.4,5-trichloro-
phenol in glacial acetic acid and treating with concd nitric
acid: Kohn, Fink, Monatsh. 58, 73 (1931); Harrison er al,
J. Chem. Soc. 1943, 235.

OH
c1 NO,

ci
c1

Pale yellow crystals from petr ether. mp 92-93°.
use: To combat the sea lamprey, an eel-like fish which
attacks trout, especially in the Great Lakes region.

9455, 2,4,5-Trichlorophenol. Collunosol; Dowicide 2. é—.
C,H,CL,0; mol wt 197.46. C 36.49%, H 1.53%, O 8.10%, Q
53.87%. Prepd by treating 1,2,4,5-tetrachlorobenzene with
methanolic NaOH in autociave at 160° for several hrs: Har-
rison ef al, J. Chem. Soc. 1943, 235; Agfa. Ger. pat. 411,052
(1925); Chem. Zentr. 1925, 1, 2411.

OR
C1

c1
cl

Needles from alcohol or ligroin. Strong phenolic odor.
mp 67". Sublimes. bp,, 248", bp,, 253", Weak monobasic
acid. K at 25" = 4.3 X 1074 Soly (/100 g of solvent at
25%): acetone 615; benzene 163 carbon tetrachloride 51;
ether 525: denatured alcohol formula 30, 525; methanol 615;
liquid petrolatum (at 50°) 56; soybean oil 79; toluene 122;
water <0.2. LDy orally in rats: 0.82 g/kg, Deichmann, j/-
Fed. Proc. 2, 76 (1943). —

Sodium salt sesquihydrate, Dowicide B. Flakes [prepd ac-
cording to U.S. pat. 1,991,329 (1935 to Dow)]. Solubility
(g/100 g solvent at 25%; acetone 163: denatured alcohol
lormula 30, 186; ethylene glycol 33; methanol 241; water
113. pH of satd aq soln 11.0-13.0.

Complex with trniisobutyl phosphate, C;Hy,CIOP, Tri-
chlorex. Prepn: Bouillenne-Wallrand er al:, Fr. pat. M149
(1961 to Pechiney). Liquid. bpgg, 94-103".

USE: Fungicide. bactericide.

9456. 2,4,6-Trichlorophenol. Dowicide 2S: Omal. C,-
H,C1,0: mot wt 197.46. C 36.49%, O 8.10%, H 1.53%. Cl

Page 1378 Consult the cross index before using this section.
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Hexadlmethrme Bromide

USE: As reagent for pyrophosphoric acid, for the estima-
tion of phosphate.

4571. Hexaborane(10). Hexaboron decahydride; boro-
hexane. BgH;y mol wt 75.00. B 86.56%. H 13.44%. Prepd
by the reaction of magnesium boride with hydrochloric or
phosphoric acid: Stock, Kuss, Ber. 56B, 789 (1923).

Liquid. mp —62.3"; bp 108", vapor pressure (0°): 7.5 mm:
Burg, Kratzer, Inorg. Chem. 1, 725 (1962). d° 0.69. Slowly
dec at room temp. Hydrolyzes in water after long heating.

4572, Hexacarbacholine Bromide. 2,2°-[1,6- Hexanedi-
ylbis(iminocarbonyloxy)Jbis{N,N,N- trimethylethanaminium]
dibromide; choline bromide hexamethylenedicarbamate;
hexamethylenedicarbamic acid choline bromide diester;
hexamethylene-1,6-bis(carbamoylcholine bromide); N, N'-
hexamethylenebis[(2-carbamoyloxyethyDtrimethylammoni-
um bromide]; BC 16; Imbretil. C;HBr,N,O,; mol wt
536.38. C 40.31%, H 7.52%, Br 29.80%, 10.45%, O
11.93%. Preparation: Schmied e al, Austrian pat. 185,371
(1956); Ger. pat. 1,021,842 (1958 to Qesterreichische Stick-
stoffwerke).

+
NHCOOCH, CHy—N (CHJ ) 3
<
COOCH2CH2-~§ (CHJ )3

Crystals from ethanol, mp 174-176".
THERAP CAT: Skeletal muscle relaxant.

4573. Hexachlorobenzene. Perchlorobenzene; Anticarie;

Bunt-cure; Bunt-no-more; Julin’s carbon chloride. CClg
mol wt 284.80. C 25.30%, Cl 74.70%. Not to be confused
with benzene hexachloride, see Lindane. Prepn: Becke,

Sperber, U.S. pat. 2,792,434 (1957 to BASF). Teratogenici-
ty studies: K. D. Courtney et al., Toxicol. Appl. Pharmacol.
35, 239 (1976). Carcinogenicity studies: J. R. P. Cabral et
al., Nature 269, 510 (1977).

cl

Cl

Needles. d® 2.044. mp 231°. bp 323-326". Vapor press
at 20" 1.09 X 105 mm Hg. Sublimable. Insol in water;
sparingly sol in cold alcohol; sol in benzene, chloroform,
ether. LDy, orally in rats: 10,000 mg/kg, RTECSVol. I, R.
J. Lewis, R. L. Tatken, Eds. (1979) p 216.

USE: In organic syntheses. Fungicide. Caution: Cutane-
ous porphyria may result from prolonged periods of inges-
tion, R. Ockner, R. Schmid, Narure 189, 499 (1961).

4574. Hexachloroethane, Carbon hexachloride; perchlo-
roethane. C,Clg mol wt 236.74. C 10.15%, C1 89.85%.
CC1,CCl,. Prepn: Beilstein 1, 87 (1918) and suppls.

Crystals; camphoraceous odor. d 2.09. Readily sublimes
without melting. bp 186.8° (triple point). Heat of sublima-
tion 12.2 kcal/mol. Sol in alcohol, benzene, chloroform,
ether, oils. Insol in water. MLD i.v. in dogs: 325 mg/kg,
Barsoum, Saad, Quart. J. Pharm. Pharmacol. 7, 205 (1934).

USE: Solvent; in explosives; as camphor substitute in cellu-
loid; rubber vulcanizing accelerator. Caution: May be
moderately irritating to skin, mucous membranes.

THERAP CAT (VET): Anthelmintic (flukicide).

4575. Hexachlorophene. 2,2'-Methylenebis{3,4,6-tri-

“ chlorophenol]; 2,2’ -dihydroxy-3.3".5.5',6,6'-hexachlorodi-

phenylmethane; bis(3,5,6-trichloro-2-hydroxyphenyl)meth-
ane; G-11; AT-7; Bilevon; Dermadex; Exofene; Gamophen;
Hexosan; pHisohex; Surgi-Cen; Surofene. C;;H,Cl,O4 mol
wt 406.92. C 38.37%, H 1.49%, Cl 52.28%, O 7.86%. Prepd
by the condensation of 2 mols of 2,4,5-trichlorophenol with
1 mol formaldehyde in the presence of concd sulfuric acid:
Gump, U.S. pat. 2,250,480 (1941 to Burton T. Bush). Im-
s ettt e,

Consult the cross index before using this section.

4578

proved procedures: U.S. pat. 2,435,593 (1948) and 2,812,-
365 (1957 to vaaudan)

Ressd

Crystals from benzene, mp .164- 165‘L‘Pracncal]y insol in
water; sol in alcohol, acetone, ether, chloroform, propylene
glycol; polyethylene glycols; olive oil; cottonseed oil; dil ag
solns of the alkalies. Forms salts with alkalies and alkaline
earths. Phenol coefficient ~125 (monopotassium salt). In-
compatible with Tweens from bacteriological point of view.

Monophosphate, Hepadist.

Toxicity: Excessive dosage to animals results in symptoms
of neurotoxicity. Reversible vacuolar changes mainly affect-
ing the myelin of the brain and spinal cord have been report-
ed. Because of potential neurotoxicity in humans, the FDA
has regulated use. See Lockhart, Pediartrics 58, 229 (1972).

USE: Chiefly in the manuf of germicidal soaps.

THERAP CAT: Anti-infective, topical; detergent.

THERAP CAT (VET):: Anthelmintic (flukicide).

4576. Hexacyclonate Sodium. I-(Hydroxymethyl)cyclo-
hexaneacetic acid sodium salt; sodium 3,3-pentamethylene-
4-hydroxybutyrate; sodium §,8-pentamethylene-v-hydroxy-
butyrate; §,8-pentamethylene-y-hydroxybutyric acid sodi-
um salt; Gevilon; Neuryl. CH,,NaOj;; mol wt 194.21. C
55.66%, H 7.78%, Na 11.84%, O 24.71%. Prepn: Van Wes-
sem, Sakal; Shavel er al, US. pats. 2,960,441; 3,007,940
(1960; 1961 to Warner-Lambert).

’

HOCH, _CHpCOONa

Monohydrate, platelets from n-butanol + benzene, mp
106-108°. The aphydr salt is hygroscopic. Readily sol in
water, methanol, ethanol; sparingly sol in ether, acetone.

THERAP CAT: Central stimulant.

4577. Hexadecyl 3-Hydroxy-2-naphthoate. 3-Hydroxy-
2-naphthalenecarboxylic acid hexadecyl ester. CyH 4,05 mol
wt 412.59. C 78.59%, H 9.77%, O 11.63%. Prepd by the
action of 3-hydroxy-2-naphthoyl chloride on cetyl alc:
Oshima, Hayashi, J. Soc. Cheni. Ind. Japan 44, 821 (1941).

“ll [00.¢] (CHZ) 15 3
OH

Greenish-white, ﬂaky crystals,, mp 72-73°. Soluble in
benzene, glacaa.l acetic acid, petr cther Sparingly sol in cold
alcohol. Insol in water.

USE: As waterproofing agent for rayon.

4578. Hexadimethrine Bromide, N,N,N',N’- Tetrameth-
yl-1,6-hexanediamine polymer with 1,3-dibromopropane;
polymer of N,N,N',N’-tetramethylhexamethylenediamine
and trimethylene bromide; poly(N,N,N’,N’-tetramethyl- N-
trimethylenechexamethylenediammonium dibromide); Poly-

brene. ' (C;3HyoBr,N,) ..
(I:u:, city
t
[ —NT(Clly ) g— N {Clly ) g — ]
| | Zur-
Cliy CHg

White, hygroscopic, amorphous polymer. Soluble in wa-
ter up to 10%. pH of 1% saline soln 5-9. Stable in soln and
when autoclaved. Polymers with mol wt of 5C00-10,000
have LDy, i.v. in mice of 25-40 mg/kg. Ref: Kimura et al,
Toxicol. Appl. Pharmacol. 1, 185 (1959).
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2,4,5-T. (2,45 Trichlorophenoxyjacetic acid; Es-
545; Trioxone; Weedone. CyH(Cl,0,: mol wt 255.48.
-7 3,6"%_ H 1.97%. Cl 41.63%, O 18.79%. Post-emergence
: Necde. Prepd from 24.5-tnchlorophenol: Pokorny. J.
Chem. Soc. 63, 1768 (1941); from benzenehexachloride:
ibid. 74, 3890 (1952). Acuvity: C. L. Hamner, T. B.
. Science 100, 154 (1944).  Contains trace levels of
DD, g.v.. as 3 contaminant: J Smith, Science 203, 1090

)y, Chem. & Eng. News 59, 6 (Jan. 5, 1981). Toxiaty:
Rowe. T. A Hymas, Am. J Ver Res 15, 622 (1954).

Cl O\/COOH

Ci Ct

frystals from benzene, mp 153°. d¥ 1.80. Soly in water
¥ 30 238 mg/kg. Sol in alcobol. Forms warter-soluble
am and alkanolamine salts. Commercial products are
qally in the form of amines or esters. often in mixture
2,4-D. LDy orally in mice, rats: 389, 500 mg/kg
e, Hymas)

gution: Potential symptoms of overexposure in animals
‘ataxia; skin irrtation, acne-like rash. See NIOSH Pocket
le to Chemical Hazards (DHHS/NIOSH 90-117, 1990)

ote: In March 1985 the E.P.A. terminated all registra-
3 for the use of this herbicide on rice fields, orchards,
e, rangeland and other noncrop sites. This follows
70 action of the Department of Agriculture halting
use of the pesticide on all food crops except nce: Chem.
ag. News 63, 6 (Mar. 25, 1985).

: Formerly as herbicide.

=9195. Tabernanthine. 13-Methoxyibogamine. CyH,q-
mal wt 31044, C 77.38%, H 8.44%, N 9.02%, O
¥2. Indole alkaloid isolated from root of Tabernanthe
Baill., Apocynaceae: Delourme-Houdé, 4nn. Pharm.
4, 30 (1946); Dickel er al, J. Am. Chem. Soc. 80, 123
. Also in Tabernaemontana and Stemmadenia spp.:
y found in ibogaine mother liquors: Walls et al,
edron 2, 173 (1958). Isoln from genus Conopharingia,
oceae:  Renner, Prins, U.S. pat. 3,008,954 (1961 to
. Structure: Bartlett et al. J. Am. Chem. Soc. 80, 126
8), Mass spectrum: Biemann. Fnedmann-Spiteller,
183, 4805 (1961). Denvs: Taylor, U.S. pat. 2,877,229
9 to Ciba). Interaction with benzodiazepine receptors:
rouvin er al., Eur. J. Pharmacol 140, 303 (1987).

dles or shiny leaflets from ethanol, mp 213.5-215"
mes at 160° (0.005 mm pressure). [a]l —40° (acetone).
6.04 in B0% methylcellosolve. uv max (ethanol): 228,
99 nm (log ¢ 4.53, 3.64, 3.77). Sol in alcohol, benz-
her, chloroform. Practically insol in water.

Hydrochlioride, CHsN;O.HCL crystals from water, dec
27T, (]3 —66° (methanol, Dickel. loc. cic); mp 2107,
~76.5" {methanol, Delourme-Houdé). Sol in water.

Tabun. Dimethylphosphoramidocyanidic acid,
o ethyl N-dimethylphosphoramidocyanidate; di-
lamidoethoxyphosphoryl cyanide: GA. CH,\N,O,P;
W1 162,13, C 37.04%, H 6.84%. N 17.28%, O 19.74%, P
. Military nerve gas; prepd from dimethylamido-
horyl dichionde and sodium cyanide 1n the presence
Bhano. Holmstedt, Acta Physiol. Scand. 25, Suppl. 90.
1951, The synthesis of dimethylamidophosphory! di-

Tachysterol

9198

chloride is also described by Michaclis, Ann. 326, 119
(1903). Alternate synthetic route: B. C. Saunders, Some
Aspects of the Chemistry and Toxic Action of Organic Com-
pounds Cantaining Phosphorus and Fluorine (Cambridge,
1957) p 91. Toxicity study: B. Holmstedt, Pharmacol. Rev.
11, 567 (1959). Brief review: Schrader, Die Entwicklung
neuer insektizider Phosphorsaiire-Ester (Verlag Chemie,
Weinheim, 1963) p 3.

Liquid. Fruity odor reminiscent of bitter almonds. d
1.077. mp —S50°. bpg 240% bp,, 120% bp, 100-108°. ¥
1.4250. IR absorption: Acta Chem. Scand. 5, 1179 (195 lg.
Readily sol in organic solvents. Miscible with water, but
quickly hydrolyzed. Bleaching powder (chlorinated lime)
destroys Tabun, but gives rise to cyanogen chloride. Ex-
tremely potsonous! LDy, i.p. in mice: 0.6 mg/kg (Holm-
stedt). The lethal dose for man may be as low as 0.01
mg/kg, Chem. & Eng. News 31, 4676 (1953).

Caution: Potent cholinesterase inhibitor. Toxic not only
by inhalation but by absorption through skin and eyes. In-
halation produces coostriction of pupils of the eye, difficulty
in breathing followed by bronchial constriction. convul-
sions, death.

Use: Chemical warfare agent.

9197. Tacalcitol. (1c,38-5Z, 7E,24R)-9,10-Secocholesta-
S5,7,10(19)-triene-1,3,24-triol; 1a,24(R)-dihydroxycholecalci-
ferol; la,24R-dihydroxyvitamin Dy TV-02; Bonalfa. C,-
H,Oy mol wt 416.64. C 77.84%, H 10.64%, O 11.52%.
Bioactive, synthetic vitamin D; analog; exhibits antiprolifer-
ative effect. on keratinocytes. Prepn: T. Takeshita er al,
Ger., pat. 2,526,981; eidem, U.S. pat. 4,022,891 (1976, 1977
both to Teijin); M. Morisaki et al, J. Chem. Soc, Perkin
Trans. I 1975, 1421; K. Ochi et al, ibid. 1979, 165. Pharma-
cology: T. Matsunage er al, J. Dermarol 17, 135 (1990).
Clinical evaluation in psoriasis: M. J. P. Gerritsen er al,
Brit. J, Dermatol 131, 57 (1994). Review: M. Nishimura ef
al, Eur. J. Dermatol 3, 255-261 (1993).

White solid. ‘uv max (ethanol): 265 nm.
THERAP CAT: Antipsoriatic.

9198. Tachysterol. - (38,6E,22E)-9,10-Secoergosta-
5(10),6,8,22-tetraen-3-0ol. C,H,O; mol wt 396.66. C
84.79%, H 11.18%, O 4.03%. From ergosterol or lumisterol
by ultraviolet irradiation: Windaus er al, Ann. 492, 226
(1932); Ann. 499, 188 (1932); Dimroth, Ber. 70,1631 (1937).
From calciferol by adsorption on acid clay: "Thibaudet,
Compt. Rend. 220, 751 (1945). From precalciferol: Velluz,
Goffinet, U.S. pat. 2,847,426 (1958 to UCLAF). Structure:
Grundmann, Z Physiol Chem. 252, 151 (1938); Thibaudet,
loc. cit.  Stereochemistry of the tachysterol system: Inhof-
fen, Ber. 88, 1424 (1955); Verloop, Rec. Trav. Chim. 76, 689

Consult the Name Index before using this section.

(1957); Delaroff et al, Bull Soc. Chim. France 1963, 1739.
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ropylpodocarpa-7, %[ s
| wt 314.42. C 76,40
id quinone methi .. R
oln of maturally oo Wh:::?:k?f Antiacne; antipsoniatic
um Rich, Taxodiacegs THE :
em. Soc. 90, 5923; (1 :9250. Tazettine. Seckisanine; sekisanoline; ungemine.

; mol wt 331.37. C 65.24%, H 6.39%, N 4.23%,
. From Narcissus tazetta L., Lycoris radiata Herb.,
ingernia sewerzowi (Rgl:) Fedtsch., and other Amaryllida-
Spith, Kahovec, Ber. 67, 1501 (1934). Structure and
ereochemistry:  lkeda et al, J. Chem. Soc. 1956, 4749.
¥3CAbs config:  Highet, Highet, Tetrahedron Letters 1966,

1 34, 3912 (l96?)

j’@ymhcsis: Fales, Wildman, J. Am. Chem. Soc 86, 294
Riq1964). Identity with sekisanine and sekisanoline: Ikeda er
Stereospecific total synthesis: Hendrickson ef

Crystals, mp 210-211° (evac tube); racemate reported as
°237-238" (Tsuda) and mp 175-176" (Danishefsky). [«]F
150.3° (82 mg in 2 ml chloreform). Sol in methantl,
ol, choroform. Sparingly sol in ether.

ydrochloride, crystals, mp 206°, water soluble.
fethiodide, crystals, dec 220° {(evacuated tube).

mp 115-116.
anol): 320, 332,

(1H-tetrazol- :
1 3'-(1H-tetrazo ¢79251. Tazobactam. [25-(26,38,5a)]-3-Methyl-7-oxo0-3-
t; Tazanol. * AdH-1,2,3-triazol-I-ylmethyl)4-thia-I-azabicyclo[3.2.0]hep-

-2-carboxylic acid 4,4-dioxide; 28-[(1,2,3-triazol-1-yl)-
ethyl]-2a-methylpenam-3a-carboxylic acid 1,1-dioxide;

R-830H; CL-298741. C,oH,;,N,O,S; mol wt 300.30. C
-#0.00%, H 4.03%, N 18.66%, O 16.64%, S 10.68%. B-Lac-
Bmase inhibitor. Prepn: R. G. Micetich er al, Eur. pat.
ppl. 97,446; eidem, U.S. pat. 4,562,073 (1984, 1985 botb
aiho); R. G. Micetich er al.. J. Med. Chem. 30, 1469
987). Degradation in solution: T. Marunaka er al, Chem.
Bull. 36, 4478 (1988); in solid state: .E. Matsushima
al;"ibid. 4593. p-Lactamasec inhibiting activity in com-
n with clavulanic acid and sulbactam, g.g.v., vs aer-
‘M. R. Jacobs er al, Antimicrob. Ag. Chemother. 29,
(1986); vs anaerobes: P. C. Appelbaum et al, ibid. 30,
HPLC determn in biological materials: T. Marunaka
al, . Chromatog. 431, 87 (1988). Clinical trial in combi-
1on with piperacillin, g.v.. I. M. Gould er al, Drugs Exp.

Res. 17, 187 (1991). :

Prepn: . Japan.:
96, 217856a:(19

o

. H o
itydro-4,4-dimeth 5%
dinecarboxylic'.ac! N/N\\
iochroman-6-y)e! N “-oh, N
NO,S; mol wt 351; g ( \§/
10%, S 9.12%: b oo
.. S. Chandrars

t. 5,089,509 (1988: )
cs in rats: P.-H Bf2Es odium salt, C,¢H,,N,NaOS., ¥TR-830, CL-307579.
"(1994). Clinical; Amorphous solid, mp > 170" (dec).

Esgleyes-Ribot €, T Ombination of sodium salt with piperacillin sodium,
3. @ocilline, Tazocin, Zosvn.

Tebuconazole

9253

THERAP CAT: In combination with 8-lactam antibiotics as ~
antibactenial. '

9252. TCDD. 2,3,7,8-Tetrachlorodibenzofb,eJ(I,4]}diox-"
in; 2,3,7,8-tetrachlorodibenzo-p-dioxin; 2,3.6,7-tetrachlorodi-
benzodioxin; dioxin; TCDBD. C,,H,C1,0, mol wt 321.97.
C 44.77%, H 1.25%, Cl 44.04%, O 9.94%. Highly toxic
contaminant; produced as a by-product during the manuf of
chlorinated phenols (2,4,5-trichlorophenul, ¢.v.) and phen-
oxyherbicides (2,4-D and 2,4,5-T, g.q.v.), chlorine bleaching
of paper pulp and combustion of chlorine-containing waste.

Cousult the Name Index before using this section.

Prepn: W. Sandermann, Ber. 90, 690 (1957); M. Tomita er
al., Yakugaku Zasshi 79, 186 (1959), C. 4. 53, 13152d
(1959). Crystal structure: F. P. Boer ez al.. Acta Crystallogr.
28R, 1023 (1972). Toxicity and metabolism: B. A. Schwetz
et al, in Chlorodioxins-Origin and Fate. E. H. Blair, Ed.,
Advances in Chemistry Series 120 (A.C.S., Washington,
D.C., 1973) pp 55-69; A. Poland, A. Kende, Fed. Proc. 35,
2404 (1976). Environmental degradation: D. G. Crosby,
A. S. Wong, Science 195, 1337 (1976). Comprehensive re-
view of formation, chemistry, and toxic and environmental
effects: Chlorodioxins—Origin and Fate, loc. cit. 141 pp;
Dioxin— Toxicological and Chemical Aspects. F. Cattabeni er
al, Eds. (Wiley, New York, 1978) 222 pp; special issue,
Chem. & Eng. News 61 (June 6, 1983). Review of toxicoi-
ogy and human exposure: Toxicological Profile for 2,3.7,8-
Tetradichlorodibenzo-p-dioxin (PB89-214522, 1989) 135 pp;
of receptor binding and mechanism of toxicity: J. P. Whit-
lock, Jr., Ann. Rev. Pharmacol. Toxicol 30, 251-277 (1990):
of epidemiological data: L. Tollefson, Regul Toxicol. Phar-
macol. 13, 150-169 (1991); of carcinogenicity: J. Huff ef al,
Ann. Rev. Pharmacol. Toxicol. 34, 343-372 (1994).

c ) cl

c O Cl

Needles, mp 295° (Tomita); crystals from anisole, mp 320-
325" (Sandermann). LDg in male, female rats (mg/kg):
0.022, 0.045 orally (Schwetz).

Nore: An industrial accident during the manufacture of
2,4,5-trichlorophenol in Seveso, Italy on July 10, 1976
caused the release of an estimated two to ten pounds of
TCDD into the environment. Concentrations as high as
51.3 ppm TCDD were found in some samples: R. Rawils,
D. A. O’Sullivan, Chem. & Eng. News 54, 27 (Aug. 23,
1976}; A. Hay, Nature 262, 636 (1976).

TCDD, as a contaminant created in the manufacture of
Agent Orange, a widely used defoliant in Vietnam during the
1960's, has also been implicated as the causative agent of
various symptoms described by veterans exposed to the de-
foliant, see C. Holden, Science 205, 770 (1979).

Caution: Toxic effects in animals include the wasting
syndrome, gastric ulcers, immunotoxicity, hepatotoxicity,
hepatoporphyria, vascular lesions, chloracne, teratogenicity,
fetotoxicity, impaired reproductrive performance, endome-
triosis and delayed death: - Industrial workers exposed to
TCDD have developed chloracne, porphyrinuria and por-
phyria cutanea tarda. See Poland, Kende, loc. cit; C. D.
Carter ef al, Science 188, 738 (1975). This substance may
reasonably be anticipated to be a carcinogen: Seventh An-
nual Report on Carcinogens (PB95-109781, 1994) p 369.

9253. . Tebuconazole. (*)-a-{2-(4-Chlorophenyl)ethyl]-
a-(1,1-dimethylethyl)-1H-1,2,4-triazole-1-ethanol; (RS)-1-(4-
chlorophenyl)-4,4-dimethyl-3-(1 H-1,2,4-triazol-1-ylmethyl}-
pentan-3-ol; ethyltrianol; fenetrazole; terbuconazole; terbu-
trazole; BAY HWG 1608; HWG-1608; Corail; Elite; Foli-
cur; Horizon; Lynx; Raxil; Silvacur. CH,CIN,O; mol wt
307.82. C 62.43%, H 7.20%, Cl 11.52%, N 13.65%, O
5.20%. Ergosterol biosynthesis inhibitor. Prepn: G. Holm-
wood et al., Eur. pat. Appl. 40,345; eidern, U.S. pat. 4,723,
984 (1981, 1988 both to Bayer).. Synthesis of cnantiomers:
J. Kaulen, Agnew. Chem. Ini. Ed. Engl 28, 462 (1989).
Photodegradation: H. Wambhoff er al, Z Naturforsch. 49b,
280 (1994). GC determn in plant matenal, soil and water:
W. Maasfeld, Pflanzenschutz-Nachr. Bayer (Eng. Ed.) 40, 29
(1987). Review of chemistry and biochemistry: D. Berg er
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T

. 2,4,5-T. (2,4,5-Trichlorophenoxy)acetic acid; Es-

745; Trioxone; Weedone. CyH(C1,0; mol wt 255.48.
'57.61%, H 1.97%, C1 41.63%, O 18.79%. Post-crnergence
cide. Prepd from 2.4.5-trichlorophenol: Pokomy, J.
Chem. Soc. 63, 1768 (1941); from benzenehexachlonde:
@ “ibid. 74, 3590 (1952). Activity: C. L. Hamner, T. B.
Ex gey, Science 100, 154 (1944). Contains trace levels of
D. ¢.v. as a contaminant: J. Smith, Science 203, 1090

Chem. & Eng. News 59, 6 (Jan. 5, 1981). Toxicity:
“Rowe, T. A. Hymas, Am. J. Vet Res. 15, 622 (1954).

 also 2,4-D-

Ci o] COQH

~

Ci Ci

Crystals from benzene, mp 153°. d3}j 1.80. Soly in water
30 238 mg/kg. Sol in alcohol. Forms water-soluble
fum and alkanolamine salts. Commercial products are
aaally in the form of amines or esters, often in mixture
g'2,4D. LDy orally in mice, rats: 389, 500 mg/kg
Hymas).

ution: Potential symptoms of overexposure in animals
‘ataxia; skin irritation, acne-like rash. See NJOSH Pocker
to Chemical Hazards (DHHS/NIOSH 90-117. 1990)

e: In March 1985 the E.P.A. terminated all registra-

for the use of this herbicide on rice fields, orchards,

ane, rangeland and other noncrop sites. This follows

970 action of the Department of Agnculture halting
' of the pesticide on all food crops except rice: Chem.

g. News 63, 6 (Mar. 25, 1985).

. Formerly as herbicide.

9195. Tabernanthine. I3-Methoxyibogamine. CyHy,-
% mol wt 310.44. C 77.38% H 8.44% N 9.02%, O
Indole alkaloid isolated from root of Tabernanthe
Baill.. Apocynaceae: Delourme-Houdé, Ann. Pharm.
4, 30 (1946); Dickel er al, J. Am. Chem. Soc 80, 123
8).. Also in Tabernaemontana and Stemmadenia spp.;
lly. found in ibogaine mother liquors: Walls er al,
ghedron 2, 173 (1958). Isoln from genus Conopharingia,
aceae: Renner, Prins, U.S. pat. 3,008,954 (1961 to
. Structure: Bartlett et gl. J. Am. Chem. Soc. 80, 126
[938). Mass spectrum: Biemann, Friedmann-Spiteller,
, 4805 (1961). Derivs: Taylor. U.S. pat. 2,877,229
to Ciba). Interaction with benzodiazepine receptors:
rouvin et al, Eur. J. Pharmacol. 140, 303 (1987).

“CH,

les or shiny leaflets from ethanol, mp 213.5-215°.
Dies at 160" (0.005 mm pressure). [a]® —40° (acetone).
§.04 in B0% methylcellosolve. uv max (ethanol): 228,
299 nm (log € 4.53. 3.64, 3.77). Sol in alcohol, benz-
ether, chioroform. Practically insol in water.
ydrochloride, CyHyN,0.HCI, crystals from water, dec
277", [«]# —66° (methanol, Dickel, loc. cit); mp 2107,
—76.5° (methanol, Dclourme-Houdé). Sol in water.
sol in chloroform than ibogaine hydrochloride.

3 196. Tabun. Dimethylphosphoramidocyanidic acid,
By ester; ethyl N-dimethylphosphoramidocyanidate; di-
Ylamidoethoxyphosphoryl cyanide; GA. C.H;,N,O,P;
Wt 162.13. C 37.04%, H 6.84%, N 17.28%, O 19.74%, P

107, Military nerve gas; prepd from dimethylamido-
‘“' phoryl dichloride and sodium cvanide in the presence

Sthanol: Holmstedt, Acia Physiol. Scand. 25, Suppl. 90,
“95[1 The synthesis of dimethylamidophosphoryl di-

Consult the Name Index before using this section.

Tachysterol 9198

chloride is also described by Michaelis, Ann. 326, 129
(1903). Alternate synthetic route: B. C. Saunders, Some- -
Aspects of the Chemistry and Toxic Action of Organic Com~:-
pounds Containing Phosphorus and Fluorine (Cambridge.
1957) p 91. Toxicity study: B. Holmstedt, Pharmacol, Rev.
11, 567 (1959). Brief review: Schrader. Die Entwicklung .
neuer insektizider Phosphorsaiire-Ester (Verlag Chemie,
Weinheim, 1963) p 3.

(e}

b o
C//\O// Sy
Nne |

CH,

Hy

Liquid, Fruity odor reminiscent of bitter almonds. d
1.077. mp —50". bp,g 2407 bpy, 120% bpy 100-108". nf
1.4250. IR absorption: Acra Chem. Scand. 5, 1179 (195157.
Readily sol in organic solvents. Miscible with water, but
quickly hydrolyzed. Bleaching powder (chlorinated lime)
destroys Tabun, but gives rise to cyanogen chloride. Ex-
tremely poisonous/ LDy, i.p. in mice: 0.6 mg/kg (Holm-
stedt). The lethal dose for man may be as low as 0.01
mg/kg, Chem. & Eng. News 31, 4676 (1953). .

Caution: Potent cholinesterase inhibitor. Toxic not only
by inhatation but by absorption through skin and eyes. In-
halation produces constriction of pupils of the eye, difficulty
in breathing followed by bronchial constriction, convul-
sions, death.

Use: Chemical warfare agent.

9197, Tacalcitol, (la,38-52,7E,24R)-9,10-Secocholesta-
5,7,10(19)-triene-1,3,24-triol; 1a,24(R)-dihydroxycholecalci-
ferol; la,24R-dihydroxyvitamin Dy TV-02; Bonalfa. Cp-
H, Oy mol wt 416.64. C 77.84% H 10.64%, O 11.52%.
Bioactive, synthetic vitamin D; analog; exhibits antiprofifer-
ative cffect on keratinocytes. Prepn: T. Takeshita et al,
Ger. pat. 2,526 981; eidem, U.S. pat. 4,022,891 (1976, 1977
both to Teijin); M. Morisaki er al, J Chem. Soc, Perkin
Trans. I 1975, 1421; K. Ochi et al, ibid. 1979, 165. Pharma-
cology: T. Matsunage er al. J. Dermarol 17, 135 (1990).
Clinical evaluation in psoriasis: M. J. P. Gerritsen ef al,
Brit J. Dermatol 131, 57 (1994). Review: M. Nishimura er
al, Eur. J. Dermatol. 3, 255-261 (1993).

CH,

White solid. uv max (ethanol): 265 nm.
THERAP CAT: Antipsoriatic.

9198. Tachysterol. (38,6E,22E)-9,10-Secoergosta-
5(10),6,8,22-tetraen-3-0l. CpuH,O: mol wt 396.66, C
84.79%, H 11.18%, O 4.03%. From ergosterol or lumisterol
by ultraviolet irradiation: Windaus er al, Anr. 492, 226
(1932); Ann. 499, 188 (1932); Dimroth, Ber. 70, 1631 (1937).
From calciferol by adsorption on acid clay: Thibaudet.
Compt. Rend. 220, 751 (1945). From precalciferol: Velluz,
Goffinet, U.S. pat. 2,847,426 (1958 to UCLAF). Structure:
Grundmann, Z Physiol Chem. 252, |51 (1938); Thibaudet,
loc. cit. Stercochemistry of the tachysterol system: Inhof-
fen. Ber. 88, 1424 (1955); Verloop, Rec. Trav. Chim. 16, 689
(1957); Delaroff et al., Bull Soc. Chim. France 1963, 1739.
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9450. 1,1,2-Trichloroethane. Vinyl trichloride. C,H,Cly;
mol wt 133.42. C 18.00%, H 2.27%, Cl 79.73%. CH,CI-
CHCl;. Prepd by catalytic chlorination of ethane or ethyl-
ene: Joseph, U.S. pat. 2,752,401 and Pye, U.S. pat. 2,752,-
402 (both 1956 to Dow); Reynolds, U.S. pat 2,783,286
(1957 to Olin Mathieson).

Nonflammable liquid; pleasant odor; d}® 1.4416; solidif
—35% bp 113.114% nf 1.4711. Insol in water, misc with
alcobol, ether, and many other organic liquids. LDy, orally
inrats: 0.58 ml/kg, H. F. Smyth et al, Am Ind Hyg. Assoc.
J. 30, 470 (1969).

USE: Solvent for fats, waxes, natural resins, alkaloids.
Caution: Irritating to eyes, mucous membranes, and, in high
concns, narcotic.

9451. 2,2,2-Trichloroethanol, Trichloroethyl alcohol.

H,Cl,0; mol wt 149.42. C 16.08%, H 2.02%, Cl 71.19%,
010.71%. CClyCH,OH. Prepd by reduction of the corres-
ponding ester, acid chloride, or acid with lithium aluminum
hydride: Sroog et al, J. Am. Chem. Soc. 71, 1710 (1949).
Manufacture by reduction of chloral hydrate with an amine
borane: Chamberlain, Schechter, U.S. pat. 2,898379 (1959
to Callery Chem.). )

Hygroscopic liquid, ethereal odor. At low temps it crys-
tallizes in rhombic tablets. mp at 18% bp 151-153" d2 1.55.
Sol in about 12 parts water; miscible with alcohol or ether.
pH of aq soln is 5-6, but on prolonged contact with water
same free acid is formed. Keep well closed and protected from
light. LDy, orally in rats: 600 mg/kg, Handbook of Toxicol-
ogyvol. 1, W. S. Spector, Ed. (Saunders, Philadelphia. 1955)
pp 302-303.

THERAP CAT: Hypnotic, ancsthetic.

9452. Trichloroethylene. Trichloroethene; ethinyl tri-
chloride; Tri-Clene; Trielene; Trilene; Trichloran; Trichlo-
ren; Algylen; Trimar; Triline; Tri; Trethylene; Westrosol;
Chlorylen; Gemalgene; Germalgene. CHCly mol wt
131.40. -C 18.28%, H 0.77%, Cl 80.95%. CQl,=CHC.
Usually prepd from sym-tetrachloroethane by elimination of
HCl (by boiling with lime): Ger. pat. 171,900. By passing
tetrachlorocthane vapor over CaCl, catalyst at 300 Ger.
pat. 263,457; without catalyst at 450-47C°: Brit. pat. 575,-
530 (1946 to du Pont). Review of mfg processes: S. A.
Miller, Chem. Process Eng. 47, 268 (1966); Faith, Keyes &
Clark’s Industrial Chemicals, F. A. Lowenheim, M. K.
Moran, Eds. (Wiley-Interscience, New York, 4th ed, 1975)
pp 844-848. Toxicity and metabolism: E. Browning Toxic-
ity and Metabolism of Induswrial Solvents (Elsevier, New
York, 1965) pp 189-212. :

Nonflammable, mobile liquid. Characteristic odor resem-
bling that of chlorolorm. d} 1.4904; d}’ 1.4695; d}° 1.4649.
Vapor density: 4.53 (air = 1.00). Solidifies at —84.8"
bpigg 86.7% bpyy 67.0% bpyy 48.0° bpyy, 31.4% bpg 20.0%5
bpy —1.0% bp, —12.4% bp, —22.8% bp,, —43.8% nf}
1.47914; n§¥ 1.45560. Practically insol in water; misc with
ether, alcohol, chloroform. Dissolves most fixed and volatile
oils. Slowly dec (with formn of HCI) by light in the presence
of moisture. Trichloroethylene for medicinal purposes may
contain some thymol or ammonium carbonate (not more
than 20 mg/100 ml) as a stabilizer. Industrial grades of tri-
chloroethylene may contain other stabilizers such as tri-
ethanolamine stearate and cresol. LDy, orally in rats: 4.92
mi/kg; LC (4 hrs) in rats: 8000 ppm, Smyth et al, Am. Ind.
Hyg. Assoc. J. 30, 470 (1969).

Caution: Use with adequate ventilation. Preserve trichlo-
roethylene in sealed, light-resistant ampuls or in frangible,
light-resistant glass tubes. Avoid prolonged exposure of the
product to excessive heat. It must be dispensed in the un-
opened glass container in which it was placed by the manu-
Facturer.

Human Toxicity: Moderate exposures can cause symp-
toms similar to alcohol inebriation. Higher concns can have
narcotic effect. Deaths occurring after heavy exposure have
been attributed to ventricular fibrillation. Liver injury is not
definitely established in occupational exposures. Found to
induce hepatocellular carcinomas in National Cancer Insti-
tute tests on mice: Chem. & Eng. News54, 4 (Apr. 5, 1976).

Use: Solvent for fats, waxes, resins, oils, rubber, paints.
and varnishes. Solvent for cellulose esters and ethers. Used
for solvent extraction in many industries. In degreasing. in
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dry cleaning. In the manuf of organic chemicals, pharma-
ceuticals, such as chloroacetic acid.

THERAP CAT: Analgesic (inhalation).

THERAP CAT (VET): Inhalant anesthetic.

9453, Trichlorofiuoromethane. Trichloromonofluoro-
methane; fluorotrichloromethane; Freon 11; Frigen 11;
Arcton 9. CCLF; mol wt 137.38. C 8.74%, Cl 77.43%, F
13.83%. Prepn: Henne, Organic Reactions 2, 64 (1944).
Manuf: Faith, Keyes & Clark's Industrial Chemicals, F. A.
Lowenheim, M. K. Moran, Eds. (Wiley-Interscience, New
York, 4th ed., 1975) pp 325-330.

Liquid at temps below 23.7. Faint cthereal odor. Non-
flammable. d}’2 1.494; dZ 5.04 (air = 1). mp —111°. bp,g,
23.T; bpyy +6.8% bpyy —9.1% bpy —23.0% bpg, —32.3%
bpy —39.0% bp,y —49.7% bp,y —59.0% bp; —67.6% bp,,
—84.3°. Crit temp 198°%; crit press. 43.2 atm (635 1b/sq inch,
abs). njf* 1.3865. Dipole moment 0.45. Practically insol in
water. Sol in alcohol, ether, other, organic solvents. Less
toxic than carbon dioxide, but decomposes into harmful
materials by flames or high heat.

USE: In refrigeration machinery requiring a refrigerant ef-
fective at negative pressures. As aerosol propellant. Cau-
tion: May be narcotic in high concentrations.

Note: Consult latest Government regulations on use as
aerosol propellant.

9454. 3,4,6-Trichloro-2-nitrophenol, 2-Nitro-3,4,6-tri-
chlorophenol; 2.4,5-trichloro-6-nitrophenol; Dowlap. Cg-
H,ClyNO,; mol wt 242.44. C 29.72%, H 0.83%, Cl 43.87%,
N 5.78%, O 19.80%. Prepd by dissolving 2,4,5-trichloro-
phenol in glacial acetic acid and treating with concd nitric
acid: Kohn, Fink, Monatsh. 58, 73 (1931); Harrison er al,
J. Chem. Soc. 1943, 235.

OH
1 NO2

o33

Pale yellow crystals from petr ether, mp 92-93°.
use: To combat the sea lamprey, an eel-like fish which
attacks trout, especially in the Great Lakes region.

9455, 2,4,5-Trichlorophenol. Collunosol; Dowicide 2.
C¢HyCl;0; mol wt 197.46. C 36.49%, H 1.53%, O 8.10%, Cl
53.87%. Prepd by treating 1,2,4,5-tetrachlorobenzene with
methanolic NaOH in autoclave at 160° for several hrs: Har-
rison er al, J. Chem. Soc. 1943, 235; Agfa, Ger. pat. 411,052
(1925); Chermn. Zentr. 1925, 1, 2411.

OR
C1

Cl
C1

Needles from alcohol or ligroin. Strong phenolic odor.
mp 67°. Sublimes. bp,,; 248°. bp,g 253°. Weak monobasic
acid. K at 25° = 4.3 X 10-% Soly (g/100 g of solvent at
25%: acetone 615; benzene 163; carbon tetrachloride 51;
ether 525; denatured alcohol formula 30, 525; methanol 615;
liquid petrolatum (at 50°) 56; soybean oil 79; toluene 122;
water <0.2. LDy, orally in rats: 0.82 g/kg, Deichmann,
Fed. Proc. 2, 76 (1943).

Sodium salt sesquihydrate, Dowicide B. Flakes [prepd ac-
cording to U.S. pat. 1,991,329 (1935 to Dow)]. Solubility
(g/100 g solvent at 25°); acetone 163; denatured alcohol
formula 30, 186; ethylene glycol 33; methanol 241; water
113. pH of satd aq soln 11.0-13.0.

Complex with trisobutyl phosphate, C;H,,ClO(P, Tri-
chlorex. Prepn: Bouillenne-Wallrand er al, Fr. pat. M149
(1961 to Pechiney). Liquid. bpgg, 94-103°.

USE: Fungicide, bactericide.

9456. 2,4,6-Trichlorophenol. Dowicide 2S; Omal. C,-
H,Cl1,0; mol wt 197.46. C 36.4%%, O 8.10%, H 1.53%, Cl

Consult the cross index before using this section.
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9450. 1,1,2-Trichioroethane. Vinyl trchloride. C,H,Ciy;

mol wt 133.42. C 18.00%, H 2.27%, Cl 79.73%. CH,Cl- ;
CHCl,. Prepd by catalytic chlorination of ethane or ethyl- i THERAP CAT: Analgesic (inhalation).

ene: Joseph. U.S. pat. 2,752,401 and Pve, U.S. pat. 2,752,-
402 (both 1956 to Dow); Reynolds. U.S. pai 2.783,286
(1957 1o Olin Marhieson).

Nonflammable liquid: pieasant ndor: 33° 1.4416; solidif
—35% bp 113-114% a¥ 1.471). Insol in water; misc with
aicohol, sther, and many other organic fiquids. LDy, arally
in rats: 0.58 ml/kg, H. F. Smyth er al.. Am. Ind Hyg Assoc
J. 30, 470 (1969).

USE: Solvent for iats, waxes. natural resins. alkaioids.
Caution: Irritating to eyes, mucous membranes, and, in high
concns, narcotic,

9451. 2,2,2-Trichioroethanoi. Trichioroethyi alcohol.
C,H,C1,0; mot wt 149.42. C 16.08%, H 2.02%, Cl 71.19%,
0 10.71%. CCL,CH,OH. Prepd by reduction of the corres-
ponding ester, acid chloride, or acid with fithium aluminum
hydride: Sroog er al. J. 4m. Chem. Soc. T1, 1710 (1949).
Manufacture by reductian of chloral hydrate with an amine
borane: Chamberlain, Schechter, U.S, pat. 2,898,379 (1959
to Callery Chem.).

Hygroscopic liquid, ethereal odor. At low temps it crys-
tallizes in rhambic tablets. mp at 18% bp 151-153%; d§ 1.55.
Sol in about 12 parts water; miscible with alcohol or ether.
pH of aq soin is 5-6, but on prolonged contact with water
some free acid is formed. Xeep well closed and protected from
light. LDy, orally in rats: 600 mg/kg, Handbook of Toxicol-
ogy vol. 1, W. S. Spectar, Ed. (Saunders, Philadelphia, 1955)
pp 3G2-303.

THERAP CAT: Hypnotic, anesthetic.

9452, Trichloroethylene. Trichloroethene; ethinyl tri-
chloride; Tri-Clene; Trielene; Trilene; Trichloran; Trichlo-
ren; Algylen; Trimar; Triline; Tri; Trethylene; Westrosol;
Chiorylen; Gemalgene; Germalgene. GHCly mol et
131.40. C 18.28%, H 0.77%, C! 80.95%. CCl,=CHCL
Usually prepd from sym-tetrachlaroethane by elimination of
HCI (by boiling with lime): Ger. pat. 171,900. By passing
tetrachlorocthane vapor over CaCl, catalyst at 300™: Ger.
pat. 263,457; without catalyst at 450-470°: Brit. pat. 575,-
530 (1946 to du Pont). Review of mfg processes: S. A.
Miller, Chem. Process Eng. 47, 268 (1966); Faith, Keyes &
Clark's Industrial Chemicals, F. A. Lowenheim, M. K.
Moran, Eds. (Wiley-Interscience, New York, 4th ed., {975}
pp 844-848. Toxicity and metabolism: E. Browning, Toxic-
ity and Metabolism of Industrial Solvenis (Elsevier, New
York, 1965) pp 189-212.

Nonflammable, mobile liquid. Characteristic odor resem-
bling that of chloroform. df 1.4904; di® 1.4695: dJ® 1.4645.
Vapor density: 4.53 (air = 1.00). Solidifies at ~84.8"
by 86.7" DPygg 67.0% bpagg 48.0% bpg 31.4% bpg 20.07%
bpy —~1.0% bp,, —12.4% bp, —22.8% bp,, —43.5% nff
1.47914; ap 1.45560. Pracrically insol in water; misc with
ether, alcobol, chloroform. Dissolves most fixed and volatile
oils. Slowly dec (with formn of HCl) by light in the presence
of moisture. Trichloroethylene for medicinal purposes may
contain some thymol or ammonium carbonate (not more
than 20 mg/ 100 mi) as a stabilizer. Industrial grades of tn-
chloroethylene may contain other stabilizers such as tri-
ethanolamine stearate and cresol. LDy orally in rats: 4.92
ml/xg: LC (4 brs) in rats: 8000 ppm, Smyth er al.. Am. Ind.
Hyg. Assoc. J. 30, 470 (1969).

Caution: Use with adequate ventilation. Preserve trichlo-
roethylene in scaled, light-resistant ampuls or in frangible,
light-resistant glass tubes. Avoid prolonged exposure of the
product to excessive heat. [t must be dispensed in the un-
opened glass container in which it was placed by the manu-
facturer.

Human Toxicitp: Moderate exposures can cause symp-
toms similar to aicohol inebriation. Higher concas can have
narcotic effect. Deaths occurring after heavy exposure have
been attributed to ventricular fibrillation. Liver injury is not
definitely established in occupational exposures. Found o
induce hepatocellular carcinomas in National Cancer Insti-
tute tests on mice: Chem. & Eng. News 34, 4 {Apr. 5, 1976).

UsE: Solvent for fats, waxes, resins, oils, rubber, paints.
and varnishes. Solvent for cellulose esters and ethers. Used
for soivent extraction in manv industries. In degreasing, in

i dry cleaning. In the manuf of organic chemicals, pharma-

i ceuticals, such as chloroacetic acid.

THERAP CAT (VET:: [Inhalant anesthetic.

9453. Trichloroiluoromethane. Trichloromonofluoro-
. methane; fluorotrichloromethane; Freon 11: Frigen 11;

! Arcion 9. CCLF; mol wt 137.38. C 8.74%, Cl 77.43%. F
{ 13.83%. Prepn: Henne, Organic Reacrions 2, 64 (1944).

Manui: Faith, Keyes & Clark's Industrial Chemicals, F. A.
Lowenheim, M. K. Moran, Eds. (Wiley-Interscience, New
York. 4th ed., 1975) pp 325-330.

Liquid at temps below 23.7". Faint ethereal odar. Non-
flammable. d}’3? 1.494: a2, 5.04 (air = 1). mp — 111" bpsg
23.7% bpyg - 6.8% bpyyy —9.1% bpyg —23.0°% bpg —~32.3%
b,y —39.0% bpy —49.7% bp,, —59.0% bpy —67.6% bpy,
—84.3". Crit temp 198"; crit press. 43.2 atm f 35 1b/sq inch,
abs). af}* 1.3865. Dipole moment 0.45. Practically insol in
water. Sol in alcohol, ether, other, organic solvents. Less
toxic than carbon dioxide, but decomposes into harmful
matenials by flames or high heat.

USE: In refrigeration machinery requiring a refrigerant ei-
fective al negative pressures. As aerosol propellant. Cau-
tign: May be narcotic in high concentrations.

Nore: Consult latest Government reguiations on use as
aerosol propellant.

9454. 3,4,6-Trichloro-2-nitrophenol. 2-Nitro-3,4,6-tri-
chlorophenol; 2,4,5-trichloro-6-nitrophenol; Dowlap. Cg-
H,CI,NO;: mol wt 242.44. C 29.72%, H 0.83%. Cl 43.87%,
N 5.78%, O 19.80%. Prepd by dissolving 2,4,3-trichloro-
phenol in glacial acetic acid and treating with concd nitric
acid: Kohn. Fink, Monatsh. 58, 73 (1931); Harrison er al,
J. Chem. Soc. 1943, 235.

OR
) T/ . P((J2
|
L
) = c1
[}

Pale vellow crystals from petr ether, mp 92-93°,
USE: To combat the sea lamprey, an cel-like fish which
attacks trout, especially in the Great Lakes region.

9455, 2,4,5-Trichlorophenol. Collunosol; Dowicide 2.
C4H,ClLO; mol wt 197.46. C 36.49%, H 1.53%, O 8.10%, Cl
53.87%. Prepd by treating 1,2.4,5-tetrachjorobenzene with
methanolic NaOH in autoclave at 160° for several hrs: Har-
dson et al.. J. Chern. Soc. 1943, 235; Agfa, Ger. pat. 411,052
(1925); Chem. Zentr. 1925, 1, 2411,

OR
c1

C1
c1

Needles from alcohol or ligroin. Strong phenolic odor.
mp 67°. Sublimes. bpy, 248°. bpgg, 253°. Weak monobasic
acid. K at 25° = 4.3 X 10-2 Soly (g/100 g of solvent at
215%: acetone 515; benzene 163; carbon tetrachloride 51i
ether 5235; denatured alcohol formula 30, 525: methanol 615;
liquid petrolatum (at SQ°) 56; soybean oil 79; toluene 122;
water <0.2. LDg, orally in rats: 0.52 g/kg. Deichmann,
Fed. Proc. 2, 76 (1943).

Sodium salt sesquihydrate, Dowicide 8. Flakes [prepd ac-
cording to U.S. pat. 1,991,329 (1935 to Dow)]. Solubility
(g/100 g solvent at 25°): acetone 163: denatured alcohol
formula 30, 186; ethyiene glycol 33: methanol 241; water
113. pH of satd aq soln 11.0-13.0.

Complex with triisobuty! phosphate. C, H,ClO,P, Tri-
chlorex. Prepn: Bouillenne-Wallrand er af, Fr. pat. M149
(1961 10 Pechiney). Liquid. bpgg 94-103

vse: Fungicide, bactericide.

9456, 2.4,6-Trichlorophenol. Dowicide 2S; Omal. C,-
H,C1,0: mol wi 197.46. C 36.49%. O 8.10%, H 1.53% CI
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