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. . .
• This invention relates to new chemical corn-pounds 1'
which have gennicidal. activity and which are relatively '
non-toxic, non-irritating and non-sensitizing, to methods 
of preparing- the same, and to soaps and other detergents 
containing said compounds in. which the desirable genni
cidal and other properties are retained. ..- _ . 20 

An acceptable gennicidal compound must ineet -a •• 
number of desiderata. It must have 'effective gennicidal . 
properties, particularly for the destruction Of bactejria..un-. 
der-normal-conditions-of use. If it is-to-destroy bacteria.

activity under these conditions. ' The germicide must be
effective for this purpose in a relatively lo;w concentration-
in order- that it may be economically, employed and also 
utilized- in -concentrations below that which'.would impart-
any adverse-effect - . • . ': ; ao 

'. Such a germicide should also be non-toxic, since: if it is ' 
/ employed in contact with- the human skm- it may bej'.ab

sorBed into the body and would be objectionable if it pqs
seased toxic properties. The nndealrahflity of toxic germi
cides, such as corrosive sublimate; is too .-Well-known- to 3G 

require elaboration. ..= ' 
Furthermore, an acceptable germicide-must be rela

tively non-irritating to the skin. There are many germi
cides which destroy bacteria and which are not objection
ably toxic but which are irritating when used-hi contact 40 
with the skin in that they cause erythema and in extreme 
cases produce blisters and pustules. -. ' 

In addition to being non-irritating, an. acceptable germi-
cide must be relatively non-sensitizing: A germicide may
be unobjectionable, in that it is non-irritative, upon its.
 
first use, but upon repeated use the subject may become
 
sensitive to the germicide so that it cannot be reused with
out advene results.
 

The effectof chemical structure onany and all of the
above properties is not very well understood, if at til, par-.
ticulafly the effect, of structure on irritative properties. 
Changes in chemical structure which amount to no more, 
than a difference of one chlorine atom, on a- dnj, or' in 
the position of a chlorine atom, markedly affect-the results. • 5B Compounds so closely related as adjacent homologues 
similarly give marked differences in- results. There is, 
therefore, no predictability from- a consideration ol chem
ical structure of the results obtained in the field of gennir
cidal activity, toxicity, irritative effects, and sensitization.. 

A large number of compounds have been proposed for eo
-inclusion with soap to render it germicidal. Since soap 

is so universally used in cleansing the'skin, the inclusion 
of a satisfactory germicide in soap-would'be an ideal way 
of destroying bacteria, in contact, with the human skin. 

68Many compounds .which arc recognized a? germicides have 
been proposed for combination with soap,.especially vari
ous phenolic materials, but because T>f the depressing ae

on of soap upon -the gennicidal properties' of known' 
Jrmicidal agents, soaps containing such' agents do not 

liave germicidal properties. This effect has-been, demon
strated and is reviewed: at some length in U. S. Patent 

.: :. Patented NoxVi. 26, 1957 

No. 2,535,077, dated December 26, 1950. In view of this 
fact, which is now well-recognized in the art, It la not pos
sible to predict, from the germicidal properties of a chemi
cal compound itself, whether a soap containing it would 
have-satirfactory'germicidal activity, and would.also meet 
the other requirements discussed above. 

Because of the desirability of a sermicidal soap, a great 
deal of research has been done, and at least one germicidal 
soap has been placed on. the market in which the active 

10 ingredient is 2& - dihydroxy *• 3,5,6-3',5',6' - haxachlorodi
. ' phenyl mrthaue (also referred to as Hexachlorophene and 

O—11). Although a soap .containing, this compound is 
wanting in some respects, as will be pointed out, it has 

 had wide sales and acceptance .a? an unusual product fa 
 which the germicidal activity is' retained hi the presence 

 of the soap. In-view of 'fee-fact that-almost twenty-five, 
years of extensive research on a wide variery of com
pounds preceded the discovery of this particular getmlcldal 
soap. It is obvious that the element of predictability is sub
stantially nil and that the discovery of -any other com* 
pound which could be Incorporated hi soap with equal or 
better results would be quite-nnobvipus and unpredictable. 

We have discovered, in accordande with our Invention, 
that the following described coinpounds have germicidal 

properties are retained hi soap in- contact with the human skin, it must have gwniicidar 2S properties and flat thes . ., _ .
* i*l-r«_- ._ .... **._ •• • .-. •.  and that they meet the other desiderata, enumerated above, 

more particularly non-tbxicity^ nbn-trritation, and 
sensitization. v • - • - . . . . . . . ' • >
 

These compounds have the following general formula: 

where X Wind X* are the same or different but are One 
member selected from the group consistingof."(l) a halo? 
gen, especially: chlorine, bromine and Iodine, and prefer
ably chlorine, and (2) an alky! or cycloalkyl radical hay-' 
ing 1 to 8 carbon atoms; and in which'.Y and.Y' are the: 
same or different:but are the other members selected from: 

the said group.- More particularly; If X and X' arfhalo
gen, ihen Y and. Y' are alkyl or cydoalkyX and if X and 
X' 'are alkyl or cycloalkyl, then Y and Y' are halogen. 
The «dkyl «r Cycloalkyl radical, for instance, may be 
methy^ isoprbpyl, octyl. hexyl, 'cyclbhexyl, etc 

 -.-r-ikl'—r'—fi —^-JIZ—j- V-j./^- • _ . _ _  . ,preferred- compounds have tho general formula:" 

OH OB 

. .' . . ; ' , . " ' • ; . ... 
 in which R and R' are the same or.different aifcyl'-or 

cycloalkyl radicals of 1 to, 8 carbon atoms, and HI and 
HI' are the same or different halogens as defined above,
the preferred compound of this type having.the following. 

 formula: ' • • . 

OH OH 

http:bactejria..un


alternative compounds would have the following 
formula; 

OH 

where 31-andR/ and HI and HI' are as defined above. 
Other compounds falling -within -the invention Include, 10 

16 

20 

26 

36 

38 

40 

A specific embodiment .of: oar invention which we • . 
regard at the present tune as the best mode that we. coa- _ 
template .for carrying oat our invention, utilizes the 2;. *° 
hydroXy-a-methyl-S-ehloK) ;phenyl suJflde. This, com

' Sound, has a melting point .of..about 148-150* C., and 
if' soluble. in alcohol,. benzene • said, warm, carbon, terror- . 
chloride; it Us insoluble on carbon, disulfide, hexane. and 
water. It la, however, soluble. In.soap at the normal 60 

pH |6f -soap. This compound is, selected asj illustrative: 
because of simplicity, and economic' considerations.. Com- • 
pounds in -which .the .hydrocarbqn,, radical. has a larger 
number, of carbon atoms, may bs. -preferred from a, bac
tericidal and. solubility standpoint...: 

The compounds of .the invention may be made :by 
condensing' the appropriate .halogenated alkyl or. cyclo
alkyl phenol with -sulfur- dichlpridev An inert solvent or 
reaction medium may be employed which may. or may 
not be a solvent for the final product The temperature 
is not particularly .critical, as lone as the reaction takes 
place .at a fate which is- controllable. Inasmuch as the 
reaction proceeds satisfactorily at room temperature,.this 
is preferably employed,..since it. obviates .the, need, for 

•	 refrigeration or maintenance, of elevated' temperatures. 
A catalyst is not required, nor is extended refluxing essenv 
tial. -The final product 'if separated from .the reaction 
medium by filtration and''can be .washed; and if necessary 
recrystallized to obtain a purer product 

As illustrative of the best mode of practicing the process 
of preparing the preferred compound of the invention, 
28.4 grams of p-chloro/io-cresoL and 25: cc, of'solvent is 
placed in a flask and; to it is added drop-wise, over a 
period of about fifteeni, minute^ .10.2 grams .of sulfur di
chloride:in 10-cc. of the; solvent. 1' The mixture is stirred 

65 

-

00 

63 

70 

during the addition, which is csirrled out at room' tem
perature (20-r30V CX). The stirring of die mixulrfe is 
continued until the evolution of hydrogen.'chloride ceases; 
which • generally requires front thirty minutes to three 
hours. During thia time,-tho: product crystallizes if -a 
solvent is employed in which the reaction product is- in
soluble. The product is filtered and washed colorless 
with, the solvent generally In an amount of 50-100 be.. 
The combined filtrates may be stripped of solvent and 
unrBacted sulfur dichloride, preferably in vacno, to yield 
oily solids; However, it is difficult to salvage a clean 
product froni such ft residue; , ' , / . . . 

The solvent employed. in the- reaction can influence' 
the yield; ease of handling, and cleanliness of the product. 

When carboa disuffide is employed as the solvent, a 
• reaction medium commonly used for this type of reaction, 
.the	 initial yield is 82%. the product having a tteltine 
point of .126* C.; Upon iecrystalllzation the yield is 
reduced to .56%, tile product having a melting point of 
148* C. The high erode yield is not indicative of the 
final- result^ since the. material salvaged from the second 
crop Of crystals cannot be successfully" handled to- give «. 
clean product under usual circumstances. . For practical 
purposes; therefore, the yield front carbon dlsulfide rhtiy 
be considered 56 96. . . • . 
. When ethyleae dichloride Si used, the crude yield hi
 
60%, the product.melting at 149* C. "When hexane Is
 
used as- the solvent* the erode yield is 6696, the product
 
molting at 130* C. These erode yields' were washed in
 
hexane and not jecrystalilzed. Further Jesses would Ite
 
obtained Upon recryatalliiation.,: ... . . •. . ' 
- In another variation of the process, thte reaction mediiun
 
may be an ester in which (he alcohol, and add'radicals
 
have'5 carbon atoms or less, for instance isbpiopyl acetate.
 
In such solvents, all of the'reaction components are
 
soluble, as well as the resulting prodtict,: intluduite a
 
large portion of the hydrogen chloride. Atlhe con
clusion of,the reaction,-the product is neutralized with
 
sodium carbonate and stripped of hydrogen chloride.
The solvent is evaporated and'the resulting product may
 
be recrystallized from any suitable solvent, such as-heutane.
 

• The preferred solvent consist* of a mixture of ethyle'ne
 
dichlorid* and hexane, such as, for example, 10 to 50% .
 
by volume of ethylene dichloride and 90 to 50% hexane,
 
preferably 22% ethylene dichloride and 72% hexane.
 
The yield from-this solvent Is 63%, the product having a
 
melting point of 148* C.' This initial.product is clean,
 
and does not need recrystallization. This solvent is pre
ferred because of the higher! yield as compared with the' • 
yield of recrystallized product when carbon disulfide is • 
used as the solvent and also because- of the elimination
 
of recrystallization.


In a modification of this process in which the hydrogen 
chloride is swept out by .bubbling with air until no more 
hydrogen chloride is. evolved, followed .by treating the • 
reaction mixture with a slight excess- of sodium carbonate ' 
solution, the product obtained by filtration and washing 

 with hexane amounted to a yield of 72% without recrysr ' 
tallization. 

The- use of excess sulfur- dichloride does not increase 
the yield, nor does the use of a chlorine carrier catalyst, 
such as aluminum chloride, result in advantages; such.a 
catalyst, in fact* reduces the .yield- and gives a darker • 
product Reflvudng does not affect the yield and leads to• 
a darker product. 

The product made by any of the above processes can. 
be decolorized. If desired, by dissolving it in methanol, 
adding a small amount of activated carbon, such as Darco 
G-60, at elevated temperature below the boiling point of 
the methanol, and filtering. . The product is precipitated 
by adding water to the hot. solution and cooling gradually 
with, stirring. ' 

In order to demonstrate the :effectiveness of the. com
pounds of the present invention as germicides, particularly 

75 in. soap, a gennicidal soap composition was prepared-. 



. :• '••. "  ; : -'.fi:'"-- : '•• - • 
as file 'tass a pure white soap: 'of the __ . , 
By-employed for toilet purposes (Ivory), in which 

wi* thoroughly incorporated 2?6 of 2-hydrdxy-3-methyl
5^-^fctoro phebji sulflde. This was tested in comparison 
y&th a similar soap containing 296 jnf Hexachlorophene. 
T1«*B two soaps were tested to determine me sHn-degerm
inj efficiency on six subjects each, according to the method 
odt Arthur Rv Cade, "An In yivb method for determining 
ftfe de-genhing efficiency of soaps containing Hexachloro

* Papers on Evaruatidn of Soaps and Detergents, 10 
[Technical Publication No. 115, published by the 
£an Society for Testing Materials, 1952. •hours,-were administered various dosages of'the com

•While mis test is fully described in the above publica- pound (dissolved in corn 'oil) by stomach tube. An 
tion, it may be summarized as follow*: Twelve subject* nnftnats were .observed for at least two- weeks following 
wire used for the test. They were divided mto two group* 15 the administration of the dosage, unless death occurred 
oC ate subjects each, three male* and three females in 
tfaVEh group, which were used to test each of the above 
twjo ioaja, Each subject was given two cakes, of aoap 
doSfetpbndhig to his or her group, one for use at hoine 
ftnud the other at work. 'No subject had used May germi- 20 
dcui soap for at least two weeks prior to the test' The 
test was started on a Monday and ended on me second 
Friiajr following, during which tbtie the subjects used 
tfre* allotted soap wfien wishing their hands, : -the ttan
rifett and resident bacterial population on th* hands of 
eact: subject was determined on the first day prior, to
 
atajdng the use of the experimental soap. The transient
 
attd resident bacterial population on the hands of each
 

nine and ten 
Map. 

PtfptHTflt'OIH' 
refetnJd to above. Sriefl^^n^od consists fat having 
eact iob'ject waari his hands with a bland, noa-gtrmicldal, 35 

' nettftal soap, five consecutive times, the first, fourth and 
fifth •tfm»«J in separate basins <**if*T«tm' 2 Uteri of hike
wstrn water. "The seeded and third times the hands were 
wasted under running lukewarm tap water. .Bacterial 
couaJs were taken on the wash watera hi the basins, which 40 
represent the first fourth and fifth washings. The counts 
on tl« first .washing are considered to be predominantly 
the transient bacterial population of the skm, whereas the 
cottria on the fourth and fifth washings are considered to 
be predominantly the resident bacterial population of the 46 
skhu . • 

Slice the effectiveness of a germicidal soap wfll be dem
onstrated primarily by the reduction in the resident 
Bacterial population rather than the transient, the results 
are erpressed as the reduction obtained on the fifth wash- so 
ing. The mean figure is obtained by discarding the- two 
highert and the two lowest values and averaging the re
maining two. The mean does not take into consideration 
a subject who may be out of line with the other subjects. 
The nsults.are given in the following table:' • 66 

•	 Reduction in the resident bacterial population . . . . 
(Jf/i tvashtns) . . 

Fourth dfly Ninth day Tonth day 
60 

•QermJddal atemi 
' ' ' Aw- MMH, ATOT- Mam, A-rer- -Mann,

percent .«•, pore out .ag«, peroenC 
peroent percent percent 

65 
M 
89 

It.will be obvious that considering .both the mean and the . 
average, the soap made in accordance with the invention 70 
is as good,- and in some instances better than the soap 
Containing Hexaehlorophene, which may be considered 
•as:th'e standard reference. As has been eacplained bereto
fore, the discoyery of Hexaehlorophene as a germicide for

' 76'Spap was the result of years of research and is widely etc- 76'

•

. . ; - . . . - • •: 6.. ,,-'. ' ' . ' 
cepted'-af ahiutDguar development in tiw germicidal soar) 
field. The development of any other soap which equaled 
{his' at this stage pf die .art would be-quite unexpected. 

The *oxfctty of the.preferred compound of the inven
tion, namely, 2-hydTOxy-3-rnethyl-5-chlaro phenyl sulfide, 
was determined by administering the compound orally to 
rats, ..T^he, method employed is the.IXte test which may 
be defined as. fHe.amouni which, when administered orally 
as a.iingto4ase,-wfli:probabljr kBl-50%.of the animals to 
which it is administered... -la carrying out the test, normal 
healthy white albino rats, palpd-for sex, fasted, ifpr 24 

probably corresponds to the form of the compound pres
ent in soap. The solutions tested were as follows: 
Solution A: 0.5% 2-hydroxy-3-methyl-5-chloit> phenyl 

sulflde in aqueous Isopropyl alcohol 
Solution B: 0.5% Hexaehlorophene in aqueous isopropyl 

alcohol ' 
Solution C: 0.5% sodfum salt of 2^hydroxy-3-methyl-5

chloro phenyl snlfide in aqueous isopropyl alcohol 
Solution D: 0-5% sodhrm salt of Hexaehlorophene in 

aqueous isopropyl alcohol 
. Each solution was tested by the well-known patch test 

to determine if .the compounds would produce contact 
dermatitis on primary. contact. In this test 55 human-
subjects, 34 females and 21 males, ranging from ten to 
sixty-three years, were employed. Discs .approximately 
1 cm. in diameter were cut from white blotting paper, 
and different discs saturated with the four solutions de
scribed above. The saturated discs were applied to the 
flexor surface of either" the forearm or the upper- arm 
of each subject, utilizing four patches .for each subject. 
All patches were covered with an Elastopatch.' After 
twenty-four'hours of primary contact with the patches,-' 
they were removed and the subjects examined. The reac
tions obtained on every subject following examination, 
were noted, and the severity of reaction was based .on an. 
arbitrary scoring system, as follows: . . • 

0=No reaction. • . . 
l=Slight erythema or discoloration lasting at least four, 

hours after removal of the patch. 
 2=Rather severe erythema or discoloration lasting at. 

• e TftnSftWft ffaVft nffftfrjWIftiral nf ttin -nQ+r*fe • " • least two days after removal of'the patch. 

before that tune. . . • . • 
: .The .results are' given' in the following table": 

on the abscissa .ijugonumue BC«UOJS \ 
pound was found to be approximately 1J grams of the 
compound per kilogram body weight. • ! • 

Aa will be obvious to one skilled hi the art. ibis low 
tbxicity, when measured by this standard test, is assurance 
that the compound is- sufficiently, safe for use as a germi
cide hi soap. • . • : ' 

In'order to determine the irritative properties of 2
hydroxy-3-metfayl-57chloro phenyl sulflde, and particu
larly to compare.it with the irritative properties of Hoxa
 chlorophene, these two compounds were tested, as well as 
the sodium salt of both compounds, since the sodium salt 

http:compare.it
http:kBl-50%.of
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•7;' 
circumscribed irritation;wilh blisters or pus- hours later, a reading of the diameter,; height thd colbi! 

tules. ' ' ' '' of the-reaction, was made .and .compared with, similar 
readings-taien After the first jnjectfon.. , Tie resu1ts:;are given in the foDbWing.taljle, which lists . As a result of this Jest,, it iwas-.ibnnd rftist -on an -ten.the -aUmber'of subjects In each leactloo category: animals-the values jfor the test reading* were.iio greater 
than facie for the initial readings, and it is concluded 
that, when tested by the above procedure .the preferredSoItMtcm A' BolntlanB Sohrtlan.D Bdtattm'D. compound-of Che inVentienicarmDt be-oonsidered to be- K 
sensitizer. .-• '. ' . • . ' .Nomlwr of 0.....̂ 12XO-* 0 •SSXO- 0 

munberof i—_—'._ 21X1-8L 28X1-29 •10 The compounds .of-.the invention may-be used in soaps, 
Nnmber of i -_ 11X3-0 TXS-14 in the so-called opn-soap synthetic -organic detaujents, OrNumber of 3:._: 3X»- 9 t)XS= 0 4X8- 0 in combination witiv-any "orianic detergent." This ex

:.' Total-.-, * H M 55 87 SI s» pression is .intended 10 include; the1 soaps which 'are thei
1.80 L'68 o.a> 0.71 salts :of .higher fatty acids and- the- so-called iiftn-soap• 

15 synthetic detergents. AH of th^se compounds are cha*» 
acterized by an prgaaic radical-haviqg at .least 3 carbon,From, a consideration, of the above results, It wfll be atoms and a group.AT Koonpfaig .imparting -sufficient hy~ .obvittris that the compound of the -invention,, as -well as drpphilic, water^olnbtlizing or witer-dispertibje.proper.the sodium salt thereof ate much less irritating than the ties to .give .the. detergent .satisfactory -washingproperties 

'80 in Water.- These organicdetergents,are to ibeditdnguished of the sodium salt, the tonn in the from the inorganic dete&ents, auoh as the. silicates, phoswould exist in soap, •Where theBe^chlo ph i is found phates, etc., which.pojsess detensent properties but which 
to tte -almost again as irritating as the compound of the d&Aot ordidBxQyliajKe the jjcoperty of inhibiting tbe gezmi
invention. • • cidal activity at jeranicides as do -the ioaps and ayjitheticIn order to determine the lensitiring properties, the .ir- 26
ritation test was repeated on.each:of the subjects by ap- The Boap.-mSty fee any ;of these commercially utilizedplying .patches -with' tbe same solution to the same sub- in-the iouseholdiorJn industry, These «i* .generally..the ' ject; each patch-being appHed -at the site previously used sodium-.soaps,of <£arty.acidshaving 12.to 18 carbon atoms,for that particular patch.- .lie'patches were again worn sttch, .-as, Is-uric,.mryristic, palmitic, 'Olcic,. steado,. etc., Or • 

.ante Planner as described above. The results are given from taHo».and oocttnutiul .am flhistrativb..' A. portion 
in the following table: • of the sodium soap may be replaced by potassium soap. 

As. a specific illustrative -.example, -the 'soap jnay consist 
of .75% 4alltiW<fatty iacids and 25% coconut -oil statty

Sotatloni. SolutlonO SotaHonD 85 acids', sapjanified -with sodium -hydroxide. In another 
specific .example,. 10%. ol the -sodium .hydroxide -is ic

'- 0 ixo-o S9XO- 0 placed 'by potassiuml-hydroxidfi. .-The-soap may containSft isxi-rw isxi-ie 
0X3-D antioxidants, pigments, dyes,- perfume, etc,as is .con

•ox»- o oxa- o ventional, 
W 07 40 The non-soap organic detergents may be of the so-called

I.M O.JS ahfrrnir, .nonionic or eationic type. Illustrative detetgenls 
of this type are described. In Industrial and Engineering 

• • • • Chemistry, -vol. 35,.page 107 et.seq: and page 126 et seq. 
From this it wjll be seen that as compared with Hexa- (1943). As specific examples may be mentioned sodium 

chlorophene the :compounds of the invention cause-less *5 lanryl sulfete (Duponol) and sodium polypropylene ben
sensitization,- and -that .this is particularly true in the case zone sulfbnate in which the polypropylene radical con-
of the sodium salt of the compound, where the Hexa- - - - - - —tains. 10 Jo. 15 carbon atoms (Oronite). Others include 
chlbrdphene u .shown to be almost twice as objectionable the sutfonated monoglycerides of fatty acids, the sodium 
as ththee preferrepreferredd compouncompoundd ooff ththee inventioinventionn frofromm tbe fatty .add taurides, and methyl tnnridts such as lodinm ' 
standpoint of sensitizatton. . • . .60 oleic jnethyl tauride .(Igepon T), coconut fatty alkyl.dj
• .A-low sensitizatlon tevel is an-extremely important as- methylbenzyhunmonium chloride .(Triton K-60), coco
pect, of compounds used in; germkldal soaps because of nut fatty add diethanolamide <NinoI), and similar de-

the repeated.use of such soaps-'under normal living con- tergents.
 
ditions. It will be. obvious that a soap is useless- for nor- • The amount of the compound to be incorporated -in
 
mal -toilet .use if it cannot be utilized over -long periods 5S 

the'detergent will be .controlled somewhat by .economic 
of -time. . To substantiate 'tht non-sensitizing properties considerations and the. extent of the germicidal activity

• of-the .preferred compound of'the'invention,'the sensitiza- desired in the detergent. .Amounts as .low.as a fraction 
tion-'was determined on-white :male guinea-pigs'by'the . of 1%, for .example 0.25 to 0.5%, show a significant
method described in an-article-entitled "Methods -for the improvement in germicidal action. Larger amounts,
study, of irritation and toxicity- -of substances' applied 60 however, of the order of 1*5 to 3.0% are preferred, 2.0%
topically to the skin and mucous-membranes,"John H. appearing to be an optimum. Amounts larger than 3%
Draize, Geoffrey. Woodard and Herbert O. Calvery,; Jour- to 5.%-are.uneconomical, and the use-properties are not 
nal of .Pharmacology and Experimental Therapeutics, vol. sufficiently important under the usual circumstances to 
82,:-No. 4, pages 386-388, December a944. In this justify such larger-amounts.65method, ten white male guinea-pics, weighing 325-450 The compounds of the invention may be included in 
grams, were-used. The-hair vras removed from the back soap or detergents in any form,, such as in cakes or bars
by close, clipping. .'A 0.1% suspension of the compound of the type generally sold and used for the toilet, in the:
in water was injected intracntaneously, -using a -26-gauge all-purpose type; such as the white floating bar, or in 
needle. A total of ten injections: were made at random powders,.liquids, flakes, beads, and similar forms.
in an area about three- to four centimeters square, just 70 The compounds may be incorporated in the soap in 
below the midline of the back. The first injection was 0.05 any manner. If the soap.is a Jiquid, the compound may
ml., while the remaining' injections .were' 0.1 ml. ' Two simply be .dissolved therein; if H is a solid, the compound
weeks after the tenth ln.jec.tioa; -a test injection of 0.05 may be incorporated at any stage of the manufacture,
ml. of a freshly-prepared suspension was made on the such as .in the kettle, the mill, .the .plodder, the crutcher 
flank, rslightly.'below .the sensitizing area. Twenty-four 7.6 etc. so long as uniform distribution is obtained. 
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3,814,697 
. . . . . . . . 

Widaim! ; '  ' . •  ' . ;."'. . . . 
1. The compound having the following formula: 

A method of preparing' the compound of dalm 1 
compriseti reacting sulfur dicUorfde -with p-chloro

ol in approximately strichtorrietnc proportions at a 
tetttperatttrt wjaun the rtnge of 20 to 30* C, the sulfur 
dijbJoride being added gradually to the p-chlorb-o-crcsol, 
bfldj thb sulfur dtehltftide and the p-chloro-o-cresol being 
diaolved in a rtacticm mtdinm consisting eSientially of 
fr'cm 10 to 50% by volume of effiyteno dlcilbrido and 
frcrn 90 to 5096.by volume of hrranfi, the reaction being 
cairied oat wKh stirring during the addition of the sulfur 
dicUftide unffl . the evaporation ' of hydrogen chloride 
certtet. 

3. The' mcfliod of claim -2 In *hlch the reaction is 
toUoved fey bubbling stir fhrongh the reaction mixture to 

hydrogen chloxidd nierefrom. 
4 the method of claim 2 in which the reaction me

10 
dram comprises about 22% ethylene dichloride and about 
72% hexane. . 

5. The method of claim 2 in which the reaction me
dium is about 2296 ethylene dichloride and about 7296 

6	 hexane, and in which the reaction is followed by bubbling 
air through the reaction mixture to strip hydrogen chlo
ride therefrom.	 . 

6. A genhltidal detergent composition comprising a 
fatty acid soap and an amount of the compound of claim 

10 1 to render the composition germfoMnL 
•	 7. The composition of claim 6 in which the fatty acid 
loapiaa toilet soap in bar form. 

8. The comfcotftiofl of claim 7 in which' the amount of 
die compound incorporated is about 2%.. 

16 
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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 15 gen, and dflnted sulfnnc and, to form quantitatively and 
of 2,4,5-trichIorophenoI and one mol of formaldehyde
are reacted under the influence of an acid catalyst after
which the reaction product is condensid with one mol
of 2,4,5-trichloropheiiol through the agency of chloro
suffonic acid or fluorosnlfonic acid. *°

1

RELATED APPLICATION

This application is a continuation-in-part of my co- K
pending application Ser. No. 489,036, now abandoned,
ffled Sept 21, 1965, and having the same title as this
application. _

THE INVENTION
This invention relates generally to aew and useful

improvements for the production of 24'-methylene bis
(3,4,6-trichlorophenoI), commonly called hezachloro

^ phene, and particularly seeks to provide a novel two
"} stage process for producing same.

The known processes for the preparation of hexachlo- 35 
rophene (2^-methytene bis(3.4,6-trfchlorophenol)) in
volve the condensation of two mols of 2,4^-trichloro
phenol will one mol of formaldehyde (as Formalin or
paraformaldehyde). The nsual condensing agent is con
centrated sulfnric 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 aeeor.

In these processes ft is customary 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.

?nder *f inflDence of anaddl'c catalyst to form a novel 

 '£!Z^ £^£^ IT " ft*"*** ™%  one m°I °* 2,4,5-tnchlorophenol through the agency of 
 chlorosntfoiuc add or fhiorosnlfonic acid to produce high 

5 y**™ of P"1* nencUorophene. 
 Win these and other objects, the nature of which wffl 
 be apparent, the invention wffl be more fully understood 

 by reference to the accompanying detailed description and 
 the appended daims. 

 fr accordance with this invention it has been discovered 

(1) One mol of 2,4,5-trichloropbenol and one mol of 
 formaldehyde will react, under the influence of acidic 

 catalysts snch as benzenesnlfonjc acid, anhydrous hydro

 exclusively, a compound which lias a melting point of 
™ *-• Tbe compound has a chlorine content 46_5%, 

 ""f" ™ kV* f'0*" prisms, and definitely Js not 2,4,3
 tnchlorosaueemn. 

<2) "n>c compound formed as in (1) can be condensed 
with 2,4,5-trichloropheDOl, through the agency of chloro

 jutfonic acid or fluorosuKonjc acid, to produce high yields 
 of pare heochloropnenc. 

Both of these reaction* are surprising. The only hither
 to known reaction product of equimolar amonnta of 2,4 ̂

 trichlorophcDol and formaldehyde is 2,4,5-trichlorosaIi
 gcrfn, which is formed under alkaline conditions and baa 

a melting point of 128* C. 2,4,5-tridUorophenol, which 
b relatively inert to concentrated sulfnric acid and to 

 30 oleum, wfll react readily with chlorosnlfonic acid and 
 fluorosolfonic acid to form 2A5-trichloropbenol-6-5nl
 fonfcacid. 
 The following examples will illustrate this invention. 

 Example 1 

 1*7-5 gram, of 2,4^-tnch orophenol h.vmg . melong 
 I»mt of 66' C. B dissolved m 1000 grams of perchloro
 ethykne and the solution is warmed to 50' C. with agita
 «°n. To this solution is added SOgrams of 90' sulfnnc 

 acri- 30 grams ol paraforaialddiyde is added slowly over 
a I*™*" °* one hour wrth suffioent coolmg ito maintain 

 me temperature between 60 C. and 7O C. The reaction 
" exothermic. The nuxtnre is stirred for an additional 

 two hours at 70* C. The perchloroethylene somtion is then 
 separated from (be dilute acid layer. Upon evaporating 

* small sample to dryness a crystalline product is obtained 
tions such as these are disadvantageous in the produc- v^^ *** a melting point of 78' C. There is no free fonn
tion of hexachloropbene in that: aldehyde remaining either in the dilute acid layer or In 

(1) They tend to promote the formation of color U» perchloroethylene solution. There is no hexachloro
bodies which make difficult the purification of the product; 50 phene present at this point in the reaction mixture, nor 

(2) They tend to promote the formation of the by-
product 2,4,5-trichloiobenzodioxolane with an attendant
loss of yield;

(3) They' require, if acceptable yields are to be ob
tained, extreme care that the 2,4,5-trichtorophenol and
formaldehyde be present in exactly the molar ratio
2.00:1.00. Since the composition of Formalin or of form
aldehyde is usually imprecise, and since a certain
amount of formaldehyde is lost from the reaction mixture

 ""v nnreacted 2,4^-trichlorophenol. 
 The perchloroethylene solution of the product of the 

 reaction between 2,4,5-trichlorophenol and parafonnal
 dehyde is mixed with a solution of 1973 grams of 2,4,5
 55 trichlorophenol in 1000 grams of perchloroethylene and 
 U"e mixture is heated with agitation to 75* C. There is 
 »hen introduced dropwise over a period of three bonrs 
 1 '6 grams of chtorosntfonic acid. Tbe addition of chloro
 sulfonic acid is accompanied by a mild exothermic reac

by volatilization, this is a difficult requirement to realize 60 tion and by the evolution of HCL Tbe temperature is 
in practice. maintained at 75* C throughout the chlorosulfonic acid 

However, through the use of this invention the above addition and is then held at 75* C. to 80* C. for an ad
meutioned disadvantages in prior processes have been ditional two boun. Agitation is stopped, the remaining 
overcome. sulfuric acid layer is allowed to settle and is separated. 

Therefore, an object of this invention is to provide a 65 The hot perchloroethylene solution is stirred with 10 
new method of producing hexachlorophene from previ- grams of activated charcoal and is filtered. The reaction 
ously known source materials which is simpler, more product, £2'-methylene bis(3,4,6-*richlorophenol), crys
effective and results in higher yields by comparison with tallizes upon cooling and is separated by filtration. The 

J'eld isprior processes.  31° grams having a melting point of 162° C. 
Another object of this invention is to provide a process 70 Upon concentration of the mother liquors there is ob

of the character stated in which one mol of 2,4,5-fri- tained an additional 65 grams of product having the same 
! chlorophenol and one mol of formaldehyde are reacted melting point. 

PLAINTIFFS 
EXHIBIT 
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3,456,020
 
3 

Example 2 

197.5 grams of 2,4,5-tricUorophenol 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 grama of 95% paraforinalilehyile is added. 
Hydrogen chloride addition is continued for 30 minutes, 
and the mixtnre is then heated to reflux for one hour. 

melting point of 78* C. It contains no 2,4,5-trichloro
phenol or formaldehyde. 

To the reaction mixture ii then added a solution of 
197.5 grams of 2,4,5-trichlorophenol, having a melting 15 

point of 62' CX, hi 2000 mL of chloroform. The mixture 

good 

formaldehyde at a 1 to 1 molar ratio in a solvent selected 
from the gronp consisting of perehloroethylene, chloro
form and benzene, reacting said 2,4>5-trichlorophenol and 
formaldehyde in the pressure of an acid catalyst selected 
from the gronp consisting of benzene-snJfonic acid, an
hydrous hydrogen chloride and dflnted snlforic acid to 
form a solution of a compound which, when dry, has a 
melting point of 78* C. and a chlorine content of 463%, 
then adding a solution of 1 mol of 2,4,5-trichloropbenol 
to the solution containing the reaction product of the pre
ceding step, and effecting condensation therebetween by 
the addition of a sulfonic add selected from the gronp 
consisting of chlorosnlfonic acid and fluorosnlfonic acid 
to produce pure hezachlarophi 

a chlorine 
solution of : 
1 to I molar ratio in a solvent selected from the gronp 

20 consisting of perehloroethylene, chloroform and benzene, 

rated. The hot chloroform solution is stirred with 10 
grams activated charcoal, filtered and cooled to 10* C. 
Theaystauizcd2 '̂-metbyleneKs(3,4,6-ttichloroplienol) 
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 

Example 3 30 
To 1000 mL of benzene is. added, slowly, 58 .grams of 

chlorosulfonic acid, and the solution is then' heated to 
reflux until all HO is driven off. There is thus produced 
a benzene solution containing 79 grams benzenesolfonic
add. To this solution is added 197.5 grams 2,4,5-trichloro- 35 tore between about 60* C. and about 70* C. during the 
phenol having a melting point of 62* C. The solution is exothermic reaction produced as the result of each addi
then heated jost to the point of reflux, and with good tion to produce a reaction product which, when dry, has 
agitation, 85 grams of 37% Formalin is added over two a melting point of 78* C. and a chlorine content of 
hours, while the water introduced with the Formalin is 46.5%; separating the solvent solution front the acid; 
taken off as an azeotrope with benzene. The condensed 40 adding a molar equivalent of 2,4,5-trichlorophenol dis-
benzene is returned to the reaction mixture. Reflux is then
continued for one hour, after -which 500 ml. of water b 
added. The mixture stirred 15 minutes at 60* C, and 
settled. The water layer which contains the benzenesnl
fonic acid, is separated and discarded. 45 

A small sample of the benzene 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 Eohition is added to 2000 mL ofperchloro- 60 
ethylene, and the benzene is removed from the mixture 
by fractional distillation. 

To the remaining peTchloroethyloie solution of the re
action product of 2,4,5-tricbJorophenol with Formalin is 
added 197.5 grams 2,4,5-trichloiopbcnol having a melt- 55 
ing point of 62* C. The solution is heated to 75* C, and 
with vigorous agitation is added, over five hours, 116 
grams chlorosnlfonic acid. Stirring is continued at 75* C. 
for two hours and the acid layer is then settled and sepa
rated. The hot perehloroethylene solution is stirred with 00 
ten grams activated charcoal, filtered and cooled to 10* 
C, The crystallized 24'-methylene b£s(3,4,6-trichloro
phenol) is filtered off, washed with cold perehloroethylene 
and dried. The yield is 280 grams having a melting point 
of 163* C. Evaporation of the mother liquor yields an
additional 85 grams of product 

I claim: 
1. In a method for producing bexachlorophene the 

steps of, supplying a solution of 2,4,5-trichlorophenol and 

 05 

reacting said .̂4.̂ r̂̂ ^TV^T î̂ ***1 !̂ *̂ *̂  ft »• iimi^^foy^^ jn 
the presence of an acid catalyst selected from the gronp 
consisting of benzenesnbTonic acid, anhydrous hydrogen 
chloride and dOnted snlfnric acid, and separating the sol
vent somtioa containing the reaction product from the 
acid. 

3. In a,- method for producing hexachloropbene the . 
steps of; dissolving a molar equivalent of 2A5-trichloro
phenol in a solvent selected from the group consisting 
of perchlorcthylene, chloroform and benzene; adding to 
said solution an acid catalyst selected from the group • 
consistmg of benzenesnlfonic acid, anhydrous hydrogen 
chloride and diluted sulfnric acid; then addmg a molar 
equivalent of formaldehyde and iMmmftifcig the tempera_ . . . . . . . 

 solved in said solvent to said separated solvent solution; 
effecting condensation between said added molar equiv
alent of laid 2,-4,5-trichIoroplicool and the reaction prod-
net in said separated solvent sotntion by the addition of 
an acid selected from the gronp ««im.i«jiiic of chloro
snlfonic acid and floarosalfooic acid; then removing the 
solvent solution containing the r**&™*4 product and 
recovering pure hexachloropliene therefrom by cooling 

'and filtering same. 

2,745,881 
2,812̂ 65 
3,196,185 

760.341
760.342
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 and h gh temperature! teacton. lantic. Inc., Centredale. Showing a number of jits staintess steel low

- S 

Excellent Opportunity 

I Products fe'i
 t arqe corporation K*t ouHf ana

ing u»l»t opening. ' Individual 

S. . R W J K K J H J nnuvt b* lac AI resident with 
J-BullKL" Bu.lt>-v« Wrtlor ! 

U

rpanav|«rial abilify. ambition, 

hemi
ile in
2.000 

• pro
luct — 

(1 at a 
r of & 
Vfetro

r new 
newly 

prcsi

cd ho counted M 
conta in in t ; hexnchloro

"Wo arc . n o t j se t t ing ,out to 
Crtptucx.1 the • i t i i i r k i p t for this 
product, l ju t ohly to acquire a 
sh ' i reof it," M^.: Ruonnn.no s;iid. 
Hi ' expressed the o p i n i o n t h a t 
t l \ ' - us^ (>C hexncf i lorophCMie is 
on the incrco.so iihd t^; i t on-
o t h e r m a n u f a c t u r e r w i l l l>e able 
tiv f ind amp le i n i t x r k o t f«r his 
ou tpu t . j .( 

M c f r o - / \ t l a n ( i c was led in to 
t h e p h a r m a c e u t i c a l chevnic . i l s 

production nfj hexarhlorophene. 
.T\vo bt her. programs iire cur

rent ly In progress at the C'en
tn-c la le j . plan}..1 j V V t i r n c-omiiloted. interview, .pleow subfriit rewjrn 

t h e . operat ion there w i l l !n> gating perw>nal nith>rYJ educa 

abou t 1?5 [>er jticnl p h a r m a c e u l i - tion. and busmeti e*p«rienc«. 

•cals. Ji^r. B u h n n n n o said. It is 
our i n t en t ion 1 ; ! he addi 'd . to in- I Wrife Box: 
crease ( h c ' l i r i i * of new pnvduc t s 

' 
O«i i Next 

and iKow prcKgrett f<vr ag». 

Buu'nou or watet bacfcqrouncf 

helpful. In requ«t^inq perton^ 

! M-4373, Journal Office 

, , 

Gdnven/e/?f Downtown Location 
i i - . I ! 

UJ 
Q'il 
o 
o 

f ie ld as a r e su l t o t . a project on, < O Reasonable Rent • , 
i r i n i c a l 
i re the 

w l n r l i
Co. of

 i l wor!;.-d -,-!-ith
 [ n d i a r i a [ H > l i s .

 P:!i L i l l y 
: 

tss 
,

•  'l
 j <

 ® Second Floor 
. i ; 

pounds Ttie l i i t ;
m . ' i M i i f . i r t u r c r

 p l w i i ' i i u i r f  u ' i f . ' i ' i l s 
ne<?<l'\ | r i l i i r j^e

1 1> Self Service: Elevator 

sc. i lc m a n u f a c t u r e r f u r tr i l lur;*
'J-, l i n . - l i ' s i i - . n - i t ' 'd i n rhcmira! OS 



" ' ' And ihow ' pr<X)r«u; <<x «qe. ed he counted difforent i production ofj !nexnchlor;ophen<!. 
Butinett i or ul«f btcl ground hexachloro

.phene.' ' , ;! j r rently In progress at tlie Cen- K«lpM. | In requtitinq f«r tonal 
' trcdaleLplan) [VVhen completed, in»»rvi»w, ,pl««t« tubmif ratunt* 

. products conlainingjhe ; , |Two btheH-lirograms arc cur

"". "Wo arc. not setting ;out to 
•ratio t! there wi l l bo capture the j ili^rket for this 

product, but!o ily! to acquire a per, ;jent pharmaceuti- (ion, and but!neti (ip«rimc«. 
ipanno said. It is share of it." Mr.j Quonahno said. 

He expressed :he opinion that he added, to in- ' i Wrlfe Box: • 
e of new products . the use of he cacNlorophetie is M-4373, Journal Office 

on the increase ind that an- Page 
. other manufnc lun ' r i will'be able
 

to find ample market for his
 
-' OUtpUt. '• .
 

Metro-Atlantic was led into Cdnven;ej?f Downtown Locafion 
the pharmaceutical chemicals 

e field as a resjuU pija project on, Reasonabl Rent!
 
which it worked'ivfith EH Lilly
 il 

1C Co. of Indianapolis.! I Second Floe r 
L! ' 

Is The 'big ! Pharmaceuticals Self $ervice Elevator; . 
il .manufacturcjj needed a. large-


scale manufacture!-; for trifluca
lin. designate* in chemical
 

t ' terms as '|a,a ,a'(-lrinora-2,G-di- Ideal For BUSINESS or 
,'l - nltfO-N.N-diJprc ̂ JlyLy-toluidine." 
'*- .•' i ?« . : L *" _ I i_while "it was .pUilding Its,-o\vn PROFESSIONAL OFFICES 

UCt,_ - . - . - • ! I , ' ! . 

. ' Signed .j&i • Produc lion, It
.They con txictbdiMWr of 

tic and set up an .arra | Rcrhen't EVB05SET MARK T-LGAit-2414 at 
ts • for carrying ;:ori the rcxj ji ired ile
n- search, and also foe p •oducihR vailable Immediafef/
 

ck>se to ha^f1 a | !rniJl io cpounids
 
of the. product 1 ij |
 

Tho Ce Uredale Company
 
worked on ; he urojeet i collab

' -oration wit T Eli! Lilly | Co. for
 
Lit •

about a ye; [ime rx>
 
search was •completed, .a .pilot
 he 
plant set - j[> fa'hd pi xluction in

.'.started. Patients on the product in
.' —a post'enierget ce w« Kl killer nd 

— were prbcu^reji 'aii I | later
 
turned .ove to' .he Li ly corn"
 me tral Falls, R.I. 

With thi 1 ex>mpleti< n "of a' 
" miilt i-millio i-dbliar i>Ii it. Lilly
 

or- , took over t iei jroduOtl' n of the
 
!HR product. It is 1cisisne<3 for spe- ONE-STOP, SERVICE. NO LONGER IS IT NECESSARY
 
;cal ciflc use 'on CO t6n and "Soybcan
 TO HAVE YOUR HEAT-TREATING DONE, AT 'ONE ims • plantations, l|; 

YOUR BLACK I OXIDE AT ANOTHER i The : rese; ret i and si bsequent 
:of •nianufactur c.' < i'\ abou' 500.000 . . LEV US| DO YOUR HEAT-TREATING *± THEN 
In- pounds of t ie ifoduct erved to .(• BLACK, OXIDE FINISHING ALL UNDER i ONE 

interest M trft L'Atlanti In the ' 
ira- pharmri'ceui icaljl' side of the 
the chemical' biisijitiis. -4 Call 724-4250 WR5 The facil li£s!used to the tri

fluralin pro iectlbocami; the -be for Dai Pick-Up and Delivery Service. 
one ginning of he new faci lity now 
isit- being used exclusively for the 

i r >. ;
 

J • ' :. . '
 -v . I , . . , .; i . : . [ ] : • ' 
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t of crystal recovery. 

ICONTINUED from preceding page 
• I • ! I 

Proposed Line of Meir6-Atlqntic
 
. : , • ! . 

To Bel Half Non-Textile Products 
u n t i l ' t h e operation Is ~50J 
cent non-textile. 

.During the development! of 
non-textile prcxlucts, the bom
Ipany's volume in its norrnaj i ox-h-
tile chemicals has boon ho ding 

UJ tap well, management reported. 
Q [Now products ako have been 
LL hdded. Thc.se include, sc ;|ml 
Z t e x t i l e f in ishinc products [ i n 

2 

o cluding wash nnd svcar, pc • o [nent crease and water r?pcl
letocy items. 
. The company ,' 

chemicals for Die mrUi l s . 

RENT 
LEASE 

It IK making products used for 
mctnl finishing and stripping. 
On some of these, M£tro-Atlan
tic is one of the first two suj>
plicrs in" the counti-j', Mr. Fiuon
anno snid. Tlie l ino is made in 
b u l k nnd sold to m a n u f a c t u r e r s 
of m c l a l fmishr-; who package 
and d i s t r ibu te them. 

The company also hns devel
oped a chrome complex type of 
v'vjiter 'repellent used chiefly in , 
the paper trade. It is expected 
to Ix? one of Metr<.i 's big item's. 

The company has Income1 one 
of the f i rs t fiiTPK of its size to 
pro'lucr mallcimiiu1 resins—used 
in t e x t i l e s - t o civc s t i f fnc i r s and 
Crispne.^s to a f. ' ibric. 
j Neiv Kiu- I IKy " M i i n n « ' < l 
L Ea r l i e r t h i s inonlh , Mc'tnv 
A t l a n t i c nnnci i fncr- f ! [ i lans to 

o S-UiO.tyx"' n l a n l at l\--n

about f5ve yeart, has 
boon inc-eased to 50 per centi' 

The ff cility-l5 operated joint
ly wi th a Swiss firm and pro
duccs di? stuffs. The plant sur>
plics th^ ICcnterdale operation, 
(he v.-xluJb^f the imported prod
uct tying 50 per cent American 
and 50 per cent European, | 

OjxTalted for about 18 yenrs 
is a Canadian faci l i ty, utilized 
chief ly for'selling, but including 
t:ome te/xt i le chemicals manu
f a c t u r e . .

Metros-Atlantic addit ionally [is' 
\ v o r k i n K currently under licence 
nn-anpements with,rannufndur
inK companies for the pflcknjj
in^; and i r i i s t r ihu t ion of some of 
Uie products the Tirm produqes 

OJTO 

ilitarv 

 I 



unUl: the operation iiTsaJjcr It I* making products used for ' 
cent non-textile. metal finishing jand stripping. 

During the develorment of On pome of these, Metro-Atlan
non-textile products, the tic Is one of the! first two sun- j 
f>any's volume in its norrna tex- pliers in'th€ coun try, Mr. Biion- j

anno said. The line is mnde in j Lile chemicals has been hoeing 
bulk and sold to, manufacturers1up well, management rope r ed. 
of. metal finishes who package <New products also hnve brcn 
and distribute them. 'added. These include seyrral ; 

textile finishing products] in- The company Q!SO has dcvel-i 
cluding wash and wear, peina- ppcd a .chrome complex type of i 
n'ent i crease and water rp; x-1- water 'repellent used chiefly in ! 
eiicy items. j	 the paper tradej It is expected i 

to be one of Metro's big item's. .	 The company also is acti m 
iThe company has becomclone jchcmicals, for -the metals. Id. 

of the first firms of its size to 
produce mallajnino resins—iiised 

'in textiles-to give stiflncss-f.and 
crispness'to a .fabric. :RENT 1 | - New Facility Planned, 

LEASE ji Earlier this inonth, Metro-
a PONTIAC AUantic announced plans toj 

build a $400,000; plant at pon-| 
aldson Center, Greenville,', ^.C.,' 
for production of a complete! 
]ine of textile ami paper'C)jem-| 
icals." ."Also"' plartncd~ for this; 
facility,' scheduled for complc-! 
jion in the fall , is a linjr , o f i 
printing inks for use in, the! 
paper trade, a inew operation I 
for the company. i • ;' ! 

MeLnj also 'j has facilities!, 
abroad.'One of these is a ^om-i 

•	 pounding plant In.Brussels; de-i 
signed 'to serve the European! 
Common Market It presently: 
uses chemicals produced in|this: 
country,, but plans arc being! 

•	 considered for the addition ;of; 
some manufacturing there.! i 

One of its other foreign,' 6p-| 
enitions is an .interest inj the' 
Virgin Islands Chemical Coj, St.' 
Croix, Christiansted, V.I.| Its 
interest in' the firm, dftting back

FORK LIFT] RENTAL
 
— MONTH 

LEE H. L G ASSOC., INC, 
AVE, S€EKONK, MASS, 45 HIGHLAN 

for Emile'A. Harpin Call—ED 6-941 

about fi ve yoart. has .recently ^ 
been inc -cased' to 50 por cent | ' °P 

• The fi cility in.'bpcrated jolMt- nc 

ly with a Swiss: firm and prio
duces dl • stuffa.-.The. plant sut>
plies th i 'Centenlale operation, 
the value^df the imported prod
uct bcinj'50-percent American 
and 50 ]i>er cent European. '• • 

Operated for about (18 yea^s
 
is a Co Indian 'facility; utilized
 
chiefly I or'selling! but Jncludlftg
 
some textile .chemicals manu
facture.
 

Is1 

working ̂ currently, under1 liccns'e 
arrangei bents'with, manufnct\4r
in'g corripahies for the packs 
ing and [distribution of some-of 
the products the firm produdea. ; ̂ J 

nnirnBmmiiTMii 

i 1 ' • 

; Military. 
: .. -i •* •• .-.»' 

' Surplus Sales 
! ' J^ '• '<' " - • '• •]• ' I Inioectioh rnov be mode ond Mds »bt>~'
 

milled up Ko dates Indicated tor uMabM'
 
luroiui prwerlv and tcrop tor ial« |0t
 
New EnoMnd mllltarv Jratallallora. Far~
ther Inlori tatlan. Including -location. fr^e«.
 
soles catal >at land Md Imlrudlont, mm'
 
b« oWalrxd Iran the.'peterae Surptvo.
 
Soles Ofll *, Deal, P. 'P.O. . Box.'MO.

~ !Newpor{;, Ul*phon« Ml-Kni.
thould »p*clrv tatrt cotoloo
 

number k>V promot rwwxiote.
 
5le« Scr if. Jurw 4—(1 p.m.)—14-S
 

Sleet ictoi unprcoortd, polvonlud
 
ponels). • •, . '
 

Electronics ond Aeronautical. June 
(1: p.m.)-p 14-S45-W. i Current reoulalcri,

moonetron itubej. receiver* •
 |ran>mlHi  n..
 
omDllfleri, !fv*l tonki; iplnner. •er
 
ond >lrul n*embl)e*i volvei, IV'-.
 

pOmpi> txrcrotl beaten, wcner '.„ •
 
srporolori, a^v\Ji wiwv », ^.TIMIW^I 9 ̂ lln*ar «*v>^^">'* »1
 cvllnoers  iiftvw*  octuoinn..
 
uccvmulcrttn and llonllng flxturn. P('t>
)noa anl: ]i-MA,O5i ' . i .
 

Plollmim Tlpo«l SMrk June (>->
P.m.)—11A-S-45-97. Platinum llppwd u>prlc
 

jo»: Originali,coit:' tll,7J9. ' I"
 
Varied (teterfal.; June ID—(1 p.m.)—
 

16-S-45-100, Enolne,.turret ond woodwork
ing lolhet ' mllllrxj. modOne, wood^tjui^
 
foceri tllaqlum ban, borlno ban, cvtlent,.
 
lube CHI. s^oting comobund, leott̂ er'• dron-•
 

 mo. o and lovrKlrv ond rrjlouront' 
equipment. Orlolnal coil; U50.023. 

I 

CRKDIT CARDS 
uclcnlalc, Fla. — (U 

all-purpose credit 
lavinchcd 

Acceptance Cor] to- • 
accorxlihg to J. 

president. Tlic Co Id 
c'dit c.irds wil l be hrin
ally by approximately 

estnblishmcnts'ln 
40 stHlcs. ]• 

l>clievos tha t those 
will,, revolutionize the 

industry. 
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ei company a ^rnearij of crystal recovery. 

used i'oT 
strippLhg. 
ro-Atlin
tvvo sUp

•Tr.	 Huon
mncle! in 

package 

•n .= dewl
x typej of 
chiefly i in 
o.vp^ctoJ 

• '.!• iu-nis. 
. - . • . . • n o 1 oni1 

si?.r ' to 
:,.;-i;:;r;! 
n'-s-v- txnd ! 

to 

Products 
about we years, hns .recently, 
been increased 1.0 50 per cent 

The facility-Is operated joirtt
ly w i t h n Swiss! firm and prb
duees dip K t u f f s . The plant sup
plies th^ Tentcr t la le operntlor), 
the valiib of the import«*d prcxi
m't h^in£ 50 per cent American 
r i m ! r^i f>er cent European. j 

' ^Ti'Jted for about ,18 years 
is a Canadian fac i l i ty , ut i l izer] 
c i r . ' - f l v for ' se l l ing, but incKic i l t iR 
K - O I I M " - t i > j < t ! ! e r - l i o m i c n l s mnnll

^ , ! ' ' ' r i ' - A t i . ' i n t i e ad . ' i ! i o n n l l v '.Ls 
\ \T , r ! ; ! r : j -7 ' ru r re r t ly under lirrn.se 
,•;:•;•:••:.;<••«'!'"'?••'  f- \vi!h manufactdr
inr. e^-nTpanies for Die packag

!of in;-. ar.d I t h ' s t n h i i t i o n of some
the [ i r o < k i r t s thf firm prrx.hincs 

H«w EM of "pr'mHng inlet -fof ut» 
be rftjtnufacturacT in t}>is 

hi • t«ulk. A' household!,blench, 
I ' I ' / «

sjx>t rernove^ tind spray gltj^ are , 
among .these items. • ' i ^ X  j 

The. varied |pr6grnm« of th«*v; 
SS-yenr-old icompany ore work- . 
.big together! to bring expuniJon 
to the .OrmJfM-r.'.BuonanbO said-
Eraployment has clknbed lo, 130 
thro<!tghout i the organization 

. with about 80 kffillated with the 
Ceritredale operation. . /, 
• "We are looking forward to
 
growth, esfiecinlly -from our en
trtrnce into the manufacture of
 
prc<luct's for, the pharroaeeutJcft'I
 

•trade,	 but we• are striving also 
f or' a oonttnuhtiorv of our em
ployment stability record," Mr. 
Buonoiino ^Bajd . He reported 
that thVoui:;hout its 25'years of 
op);ration 'the compntiy has 
never laid o f f ; anyone. 

• ! Explocian Proof V<rBr.«U H««<ll

PLYWOOD
 
TO ANY $CT 

ptnrcoawc 

bs COUNT
 

« 
i-5.p«frcl *• AC ffii!; 1>C D^v+t' ^» Trt¥ 
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SAfc-WAY ELECTRIC MOTOfi C, 
Wettflold St., Provld'ehoo- •i f • 
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pUnt *t Moito-^tbatic, Inc., C«ntrodo>lo, ihowing a number of it* t>ainlo» stool low h i cj K tompofiiiuro r o j c t o r 
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AFFUJAVIT OF THOMAS F. CLEARY
 

Thomas F. Cleaiy, being duly sworn, deposes and states as follows:
 

1 . I have personal knowledge of the facts set forth in this affidavit and, if called as a 

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. I have a B.S.m chemistry from Rutgers University. 

— • • ' • ' 
5. Before my retirement, I was employed at Centerchem, Inc. between approximately
 

1960 to 1 980 as an organic chemist and as President and Chief Executive Officer after 1977.
 

6. While working for Centerchem, Inc., I would solicit custom chemical manufacturing 

contracts for small chemical manufacturing companies. 

7. As part of that work, I would assist the chemical manufacturers with development of 

the manufacturing processes used to fill their custom chemical manufacturing contracts. 

8. In the 1960s I was acquainted with Metro-Atlantic, Inc., a chemical manufacturer 

located in North Providence, Rhode Island. 

9. Metro- Atlantic was owned and run by Joseph Buonanno, now deceased. 

1 0. I was acquainted wth 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. 

SBSF 12922 



H • % primary contacts 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 1964,1 became aware of EH Lilly's development of a 

pesticide fcaown as treflan or trifluralin. 

13. When starting production of treflan, Eli Lilly needed time to design, bufld and start 

up the process equipment in its Tippecanoe, IN plant 

14. I suggested to Joseph Buonanno that Metro-Atlantic might be able to manufacture 

treflan for Eli Lilly. 

15. I assisted Metro-Atlantic in developing the process to manufacture treflan at its North 

Providence, Rhode Island plant and Metro-Atlantic erected a building specifically to house that 

process atthaitime. 

16. Eli Lilly entered into an agreement with Metro-Atlantic by which Metro-Atlantic 

made treflan for Eli Lilly at the Metro-Atlantic North Providence plant. 

11. Tbetreflanproc^ssatmeNormProvidenceplantcon^edofconvertmgmesubstrate 

parachlorobenzotrifluoride or PCBT, obtained from Hooker Chemical in Niagara Falls, N.Y., into 

treflan, first by dinitration then animation of the resulting 3.5-Dinitro-4-cMorobenzotifluoride with 

dipropylamime. The treflan active substance was formulated with solvents and emulsifieis supplied 

by and under the direction of Eli Lilly. 

18. After a short period of production, no more thana few months at most, Eli Lilly began 

production of treflan at its Tippecanoe, IN plant and treflan production at the Metro-Atlantic North 

Providence, JU. plant ceased. 

19 The Metro-Atlantic production facility built for treflan production was not used for 
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some time after the treflan production ceased; I then worked with Joseph Buonanno to set up a 

process to manufacture hexachloropbene in the building formerly used to manufacture treflan. 

20. Tie hexachloropheneproduced by Metro-Atlantic was sold on the open market, with 

Sterling Winthrop being one of the largest purchasers. 

21. To my knowledge, Eli Lilly had no relationship to the production of hexachlorophene 

at the Metro-Atlantic North Providence plant. 

Further affiant sayeth not 

[name] 

Subscribed to and sworn to before me this 
. day of-Spptcmtcri 2001. 

commission expires: 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION I 

ONE CONGRESS STREET SUITE 1JOO _ 
BOSTON, MASSACHUSETTS 02114-2023 

Memorandum DRAFT 

Date:

Subj:

 November 26, 2002 

 Notes of Conversation with Thomas Cleary 

PLAINTIFFS 
EXHIBIT 

From: Ann Gardner 
Paralegal 

To: 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. 

Background 

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 

November 26, 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 worked 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./At 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 jaire 2,4,5

trichlorophenol unavailable. JMetro-Atlantic purchased a crude form of 2,4,5

trichlorophenol from Diamond Alkali. This was a dark liquid brought into the facility by 

tanker 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 

to 2,4,5-trichlorophenol. There was not 100% recovery from the 

purification process and some 2,4,5-trichlorophenol became a waste or by-product. Mr. 

Cleary believes that this waste 2,4,5-trichlorophenol is the origin of the dioxin at the 

November 26, 2002 D RAFT 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION 1 

1 CONGRESS STREET, SUITE 1100 
BOSTON, MASSACHUSETTS 02114-2023 

CERTIFffiD MAIL - RETURN RECEIPT REQUESTED 

November 26, 2002 

Thomas Cleary 
45451 S. Caspar Drive 
Mendocino, CA 95460 

Deai- Mr. Cleary, 

•	 Enclosed is a draft summary of my conversation with you concerning the Metro-Atlantic facility, 
formerly located in North Providence, PJ. 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, 
\

i ~ 
I :

rtxH-K..__..

•
 '. 

 -, '

 j. 

 }O-

Ann L. Gardner, 
Paralegal 

Enclosure 

PLAINTIFF'S
 

EXHIBIT
 

13 

Toll Free .1-888-372-7341
 
Internet Address (URL) » http://www.epa.gov/region1
 

Rt-ycled'Recyclabls >• Printed with Vegetsble Oil Based Inks on Recycled Paper (Minimum 30% Posiconsumer)
 

http://www.epa.gov/region1
mailto:gardner.ann@epa.gov
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>• UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

=> isSWK*^ REGION 1 
* _^M/OZ ° 1 CONGRESS STREET, SUITE 1100 
V*"*^? BOSTON, MASSACHUSETTS 02114-2023 

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, RI 

Deai' 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 pur review and comment. 

Thank you for your time and assistance in this matter. If you have any questions, do not hesitate 
to call me at (617) 918-1895. 

Sincerely, ,1 /-^ 

Arm L. Gardner 
Paralegal 

Enclosure 

Toll Free-1-888-372-7341
 
Internet Address (URL)« http://www.epa.gov/region1
 

Recycled/Recyclable "-Printed with Vegetable Oil Based Inks on Recycled Paper (Minimum 30% Postconsumer)
 

http://www.epa.gov/region1
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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 

•P° /
 
,£" material, 1,2,4,5-tetrachlorobeneze was put into an autoclave, a machine that puts
 

V3
 
' substances under very high temperatures and pressure, and converts the 1,2,4,5

\5 tetrachlorobenzene into 2,4,5-trichlorophenol. Mr. Cleary suggested we contact John 

§ — Burton, formerly with Diamond Alkali, to ask questions about this process and the 2,4,5

"^ trichlorophenol delivered to Metro-At!antic, 

f

(<<-"•
Once the 2,4,5-trichlorophenol was purified, it was nais^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 dioxin at the 

site.) As previously mentioned, the 2,4,5-trichlorophenol purification 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 process/ Apparently, hexachlorophene was really the only chemical 

they produced;] the other chemical work done by Metro-Atlantic was primarily mixing and 

November 26, 2002 DRAFT 



s	 : 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. deary's. 

was active in managing the hexachlorophene production and moved to South Carolina 

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. Bernie would be at the plant 

but Mr. Cleary did not recall what he did. Mr. Bonino moved to South Carolina when 

Metro-Atlantic opened a plant there but has since passed away. 

f) 

J 
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Semi Volatile Organic Compounds
 
Exceeding Rhode Island Residential Standards
 

(June to November 1999)
 
- *:*(2-£t.i)1t:r*r<i phlha.'o'* fo-' 

(i-f'i 

0.3J — Cttfrt^af 
10.0 - tittl-fi*r<ri*wtj mt 
o'.s> - a4m* fi^J'l 

0,99J - t*nr(o)ant*ract*t (O-'J 
- B*a*o(o)prr,n* (O-'j . 

t fO-1} 

^/iin^^»^,.fo-'-} 

SOIL BORING LOCATION 

BUILDING OUTLINE 

WATERWAY OR POND
 
ROADWAY EDGE
 
FENCE
 

NOTC: ONLY THE UAX1MUM CONCENTRATION FOR EACH COMPOUND CXCEECHWCE
 
IS LISTED FOB EACH BORING LOCATION.
 

NOTE: ONLY BORING LOCATOHS SAUPLCO TOR SEX VOLATILE ORGANIC
 
COMPOUNDS ARE SHOWN.
 

SOURCE FOR RHOOE reLAND STANDARDS:
 
TABU 1 DIRECT EXPOSURE CRITERIA. REMEDIATION PECULATIONS.
 
DEU-DSR-OI-93. 31 MATCH 1993. AMENDED AUGUST 1996
 

88C ELM STREET 
HOPKINTON, MASSACHUSETTS 

(b08) 435-9561 
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FIGURE 4 
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(June to November 1999) 

CENTREDALE MANOR RESTORATION;PROJECT 
NORTH PROVIDENCE. RHODE'ISLAND 



Total SVOC Results
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Total VDC Results
 
(June to November 1999)
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PCB Concentration Distribution in Soil
 
(O-1 feet below ground surface)
 

(June to November 1999)
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Concentration Distribution in Soil 
(1-2 feet below ground surface) 

(June to November 1999) 

5000
 

4000
 

3000
 

2000
 

1000
 

900
 

800
 

TOO
 

600
 

no
 
400
 

300
 

200
 

100
 

90
 

BO
 

70
 

to
 
SO
 

40
 

M
 

20
 

10
 

I
 

g
 
7
 
e
 
a
 
4
 
3
 

2
 

Concentrations in 
milligrams p«r kilogram (mg/Kg) 

LEGEND:
 

| SOIL BORING LOCATION
 
a. o- Mfwcnm «*«i 

BUILDING OUTLINE 

FENCE 

NOTE ONLY THE MAXIMUM CONCENTRATION DETOTEO IS LISTED FOR
 
EACH BORING LOCATION.
 
NOTE ONLY BORING LOCATIONS SAMPLED FOR PCBS ARC SHOWN. 

mg/kg « PARTS PER UIUJGN
 

BOL - 8ELOW DETECnON UWT
 

03 88C ELM STREET 
HOPKINTON , MASSACHUSETTS 

(508) 435-9561 
IT CORPORATION 

FIGURE 7b 
PCB Concentration Distribution in Soil 

(1-2 feel below ground surface) 
(June to November ,1999) 
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PCB Concentration Distribution in Soil
 
(2-3 feet below ground surface)
 

(June to November 1999)
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(2-3 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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PCS Concentration Distribution in Soil
 
(4-8 feet below ground surface)
 

(June to November 1999)
 

LEGEND: 
•SOIL BORING LOCATION 

a.: CUS-155 - SOIL BORING OENUFX/O1ON 

•1 ppm 

•10 ppm 
RED 4-5 FEET 

GREEN 5-6 FEET 
BLUE 6-7 FEET
 
CYAN 7-8 FEET
 

BUILDING OUTLINE 

FENCE 

375 FLTT 

E3 SBC ELM STREET 
HOPKINTON . MASSACHUSETTS 

(508) 435-9561 
IT CORPORATION 

FIGURE 7e 
PCB Concentration Distribution in Soil 

(4-8 feet below ground surface) 
(June to November 1^39) 

CENTREDALE MANOR RESTORATION PROJECT
 
NORTH PROVIDENCE. RHODE ISLAND
 

/



TCDD Concentration Distribution in Soil
 
PLAINTIFFS (1-2 feet below ground surface) EXHIBIT 

(June to November 1999) 

Site Action Level i B

«b 
Concentrations in 

microgrami per kilogram (ug/Kg) 

LEGEND: 

• SOIL BORING LOCATION 
EX.: CUS-1 IB - SOU BORING DENtlfKATION 

o.w 

BUILDING OUTLINE 

FENCE 

NOTE: ONLr THE UWIUUU CONCEHTRAtlOK DETECTED IS USTED TOR
 
EACH BORING LOCATION.
 

NOTE: ONLY BORING LOCATIONS SAMPLED FOR D1OX1N ARC SHOWM. 
- PARIS P£H BILLION 

6DL - BELOW DETECTION LIMrt
 
S C A L E
 

125 250 

88C ELM STREET 

HOPKINTON , MASSACHUSETTS 

(508) 435-9561 
IT CORPORATION 

FIGURE 8b 
TCDD Concentration Distribution in Soil 

(1-2 feet below ground ^urface) 
(June to November 1999) 

CENTREDALE MANOR RESTORATION PROJECT 
NORTH PROVIDENCE, RHODE ISLAND 



i 1
"J	 

TCDD Concentration Distribution in Soil 
(2-3 feet below ground surface)
 

(June to November 1999)
 

900
 

<OD
 

300
 

100
 

100
 

»
 

ao
 
70
 

ao
 
so
 
40
 
30
 
20
 

10
 
«
 
s
 
7
 
< •
 

s
 
4
 

3
 

1
 

Site Action Level 1 
o 

Concentrations in 
mlcrogroms per kilogram (ug/Kg) 

LEQEMil 

•	 SOIL BORING LOCATION 
* ' - - < * 

BUILDING OUTLINE 

FENCE 

HOTC: OHJT THE MAMUUU COHCEKTTOT10H OCtCItD B LISTED TOR 
t«X BORING lOCAHOH. 

NOTE: OHLT 80RINC LOCATIONS SAMPLED FDR D10X1N ARE SHOWN. 
«9/m - P*TS PER BILUON 
m. - BQ.OW DencnoH uun 

S C_A L E . 

1
 12S 250 

I
 
SBC ELM STREET 

HOPKINTON , MASSACHUSETTS 

(508) 435-9561 
irCORPORAUM 

FIGURE 8c 
TCDD Concentration Distribution in Soil 

(2-3 feet below ground surface) 
(June to November 1999) 

CENTREDALE MANOR RESTORATION PROJECT 
NORTH PROVIDENCE, RHODE ISLAND 



TCDD Concentration Distribution in Soil
 
(3-4 feet below ground surface)
 

(June to November 1999)
 

300
 

400
 

300
 

200
 

100
 

OO
 

80
 

70
 

00
 

SO
 

40
 

30
 

20
 

10
 

•
 

• I
 
7
 

fi
 

3
 

4
 

Site Action Level 1 |W| 

Concentrations in 
microgroms per kilogram (ug/Kg) 

I FGEND: 

SOIL BORING LOCATION 

BUILDING OUTLINE 

FENCE 

NOTE: ONLY THE UHXIKUU CONCENTRATION DETECTED B USTED FOR
 
EACH BORING LOCATION.
 

NOTE: ONLY 90HNS LOCATIONS SAMPLED FOR OIOXM ARE SHOWK.
 

»9/K4 - IWOS PER mUM
 
BOL - BELOW OETEcnoH uuir 

S C A L E 

25O 

E3 SBC ELM STREET 
HOPKINTON, MASSACHUSETTS 

(508) 435-9561 

FIGURE 8d 
TCDD Concentration Distribution in Soil 

(3-4 feet below ground surface) 
(June to November 1999) 

CENTREDALE MANOR RESTORATIQN PROJECT 
NORTH PROVIDENCE. RHOfJE ISLAND 



TCDD Concentration Distribution in Soii
 
(4-8 feet below ground surface) 

O 
V7-

(June to November 1999) > 

SOIL BORING LOCATION 
EX.: CUS-1SS - SOU. BOmHC DEHTlFlCAtlON 

ppb
 
pbb
 

10 ppb
 
RED 4-5 FEET
 

GREEN 5-6 FEET
 
BLUE 6-7 FEET
 
CYAN 7-8 FEET
 

BUILDING OUTLINE
 

FENCE
 

25Q 

SBC ELM STREET 
HOPKINTON , MASSACHUSETTS 

(508) 435-9561 
IT CORPORATION 

FIGURE Be 
TCDD Concentration Distribution in Soil 

I
! (4-8 feet below ground surface) 

(June to November 1999) I CENTREDALE MANOR RESTORATION PROJECT 
NORTH PROVIDENCE . RHODE ISLAND 



Diox1n/PCB
 
Concentration Summary Map
 

(February 1999 and June to November 1999)
 

BLANK = NO SAMRE FOR TCDD
 
•̂  lOppb
 

1ppb
 

IK = NO SAMKE FOR PCBs 
-2 50pprn_ 

< 1 ppm 

* - LOCATION MOVED FOR CLARITY 
LEADER DENOTES ACTUAL LOCATION 

88C ELM STREET 
HOPKINTON. MASSACHUSETTS 

(508) 435-9561 
FT CORPORATION 

FIGURE 9
 
Dioxin/PCB


Concentration Summary Map
 
(February 1999 and June to November 1999)
 

CENTREDALE MANOR RESTORATION PROJECT'
 
NORTH PROVIDENCE, RHODE ISLAND
 



 Cchen and
"  Ostler 650 321 0171;
 Jan-13-03 4:37PM;
 Page 5 /7 

PLAINTIFFS 
EXHIBIT 

State of 
County ss: 

AFFIDAVIT OF THOMAS F. CLEARY
 

Thomas F. CJesry, being duly sworn, deposes and states «s follows;
 

1. I have personal knowledge of the facts set forth in this affidavit and, if called as a 

witness, I could end would competently testify to the facts set forth below. 

2. I em retired after a career working for several companies as an organic chemist 

3. I currently reside at 45451 S. Caspar Dr., Meadocino, CA 95460, phone 707-964

7065. 

4. I have a B.S. in chemistry from Rutgers University. 

5. Before my retirement, I was employed at Centcrchem, Inc. between approximately 

1960 to 1980 as an organic chemist and as President and Chief Executive Officer after 1977. 

6. WhilewoiVingforCeatcrcben^lnc,, I would solicit custom chemical manufacturing 

contracts for email chemical manufacturing companies. 

: 7. 

* 

the manufacturing processes used to fill their custom chemical manufacturing contracts, 

8. In the 1960s I was acquainted with Metio-Allantic, Inc., u chemical manufacturer 

located m North Providence, Rhode Island. 

9. Metro-Atlantic was owned and run by Joseph Buonanno, now deceased. 

10. I was acquainted 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. 

f 
EXHIBIT 

I SBSF 12922 
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11. My primary contacts at Eli LULy in the 1960s were Robert G. "Bob" Wcigel, Eli ' 

Lilly's purcliasing agent, aow deceased, and assistant purchasing agent Robert Dille, also deceased. 

12. la approximately 1963 or 1964,1 became aware of Eli Lilly's development of a 

pesticide known as treflaa or trifhxralui. 

13. When starting production of treflan, Eli Lilly needed time to design, build end start 

up the process equipment in its Tippecanoe, IN plant 

14. I suggested to Joseph Buonanno thai Metro-Atlantic might be able to manufacture 

treflan for Eli Lilly. 

15. lasastedMctrcnAtJaiiticindevclopingthcprocesstomanufacharctreflaiiaiitaNorth 

Providence, Rhode Island plant and Metro-Atlantic erected a building specifically to bouse that 

process at thai time. 

: 16. Eli Lilly entered into an agreement with Metro-Atlantic by which Metro-Atlantic 

made treflan for Eli Lilly at the Metro-Atlantic North Providence plant, 

17. ThefreflanprowssattbeNorihProvideaceplantconsistedofconvertingthssubstrate 

paiuchiorobcnzotrifiuoiide or PCBT, obtained from Hooker Chemical in Niagara Falls, K.Y., into 

treflaa., first by dinitration then aminaliou of the resulting 3.5-Dixutro-4-chlorob«nzotiftuoride with 

dipropylamime. The treflan active substance was formulated \vith solvents and emulsifiers supplied 

by and under the direction of Eli Lilly. 

18. AflerashortperiodofproducUoBL>nornoretiianafcwmonthsaiinost,EltLillybegan 

production of trefian at its Tippecanoe, IN plant and treflan production at the Metro-Atlantic North 

Providence, R.I. plant csased. 

19. The Metro-Atlantic production facility built for treflan production was not used for 

SBSF 12923
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tifice after £he fireflac production ceased; I then worked with Joseph Buonanno to set up a 

processio manufacture hexschloropLene in the buDding formerly used to manufacture treflao

20. The hexachiorophsseproduced by Metro- Atlantic was said on the open market, vritti 

Sterling Winthrop being one of the largest purchasers. 

21.- To my knowledge, Eli Lilly had no relationship to the production of faexachloroplicne 

Et the Metro-Atlantic North Providence plant. 

Further affiant sayeth not. 

[name] 

Subscribed to and EWOXH to before me this 
<iey ofSeptosafcr, 2001 

SSSF12924
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DOCUMENTS TO BE PRODUCED
 

(1) any and all documents concerning the manufacture and/or sale of hexachlorophene by 

Metro-Atlantic, lac, including any efforts to establish a process for such manufacture 

and/or sale of hexachlorophene, 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 the hexachlorophsne 

manufactured and/or sold by Metro-AtlantiCi Inc. 
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Iiif. CJ. C07c 37/00 
U.S. Cl. 250—619 3 Claims 10 

ABSTRACT OF THE DISCLOSURE 
This invention is directed to the production of he,\a

which the reaciion product is condensed with one mol 
of 2,4,5-trichlorophenol through the agency of chloro
sulfocic ncid or fiuorosuifonic acid. . 20 

RELATED. APPLICATION 

This application is^ a continuation-in-part of my co- 23
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 3°

under the influence of an acidic caiaiysr. :a form a cove! 
intermediate product, which in turn is conJeusid with 
otic mol of 2,4,5-tr;chloropher;o! through the agency of 
ch'.orosuifonic acid or fiuc'rosulfonic acid to produce high 
yields of pure hex<ich!orophene. 

With these and-ether objects, the nature of which-will , 
be apparent, the invention will be more fuJly understood 
fay reference to the accompanying detailed description and 
the appended claims. 

In accordance with this invention it has been discovered 
that: 

(1) One mol of 2,4,5-trichlorophenol and one mol of 
formaldehyde will react, under the influence ot" acidic 
catalysts such as benzer.esulfonic acid, anhydrous hydrc

occurs in long colorless prisms, and definitely is not 2,4,5
trichlorcsaligenin. 

(2) The compound formed as in (11 cun be'condensed 
with 2,4,5-trichlorophenol, through the agency of chloro
sulfonic acid or fluorosuifonic acid, to produce high yields 
of pure hexachlorophene. 

Both of these reactions are surprising. The only hither
 to known reaction product of equirnolar amounts cf 2,4,5

trichlorophenol and formaldehyde is 2,4,5-tricblorosali
genin, which is formed under alkaline conditions apd has 
a melting point of 128° C. 2,4,5-trichlorophcnol, which 
is relatively inert to concentrated sulfuric acid and to 

 oleum, will react readily with chlorosulfonic acid anti 
improvements for the production of 2,2'-msthylene bis- fluorosuifonic acid to. form 2,4,5-trichlorophenol-6-sul
. - . - . . . . . . . . . . . . . . for.ic acid(3,4;6-trichlorophenol), commonly called hexachloro-

The following examples will illustrate this invention. phene, and particularly seeks to provide a novel two 
stage process for producing same. Example 1 

The known processes for the preparation of hexachlo- 35 
197.5 grams of 2,4,5-trichloropheaol having a melting rophene (2,2'-methylene bis(3,4,6-trichlorophenol)) in-

point of 66° C. is dissolved in 1000 grams of perchlorovolve the condensation of two mols of 2,4,5-trichloro
ethylene and the solution is warmed to 50° C. with agitaphencl with one mol of formaldehyde (as Formalin or 
tion. To this solution is added 50 grams of 90° sulfuric paraformaldehyde). The usual condensing asent is con- -- .- -

centrated sulfuric acid or weak oleum, and the reaction 40 acid. 30 grams of paraiormaldehyde is added slowly over 
may be carried out in the presence or absence of a sol- a period of one hour with sufficient coolmg.to maintain 
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 solvent, if any) at once and to heat
the mixture, with agitation, for a certain time. Condi
ticns such as these are disadvantaseous in the produc
tionof 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-trichlorobenzodioxo!ane with an attendant
loss of yield;

(3) They require, if acceptable yields are to be ob
tained, extreme care that the 2,4,5-trichlorophenol and
formaldehyde be present in exactly the molar ratio
2.00:1.00. Sines Lhs composition of Formalin or of form
aldehyde i.i usually imprecise, and since 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 processes have been 
overcome. 

Therefore, an object of this im-enrion is to provide a
new method of prcducin; he.xachlorophene from previ
o-jsly kno-.vn source materials which is simpler, more 
effective and results in higher yields by comparison with 
prior processes. . 

th« temperature between 60° C. and 70° C. The reaction 
's exothermic. The mixture is stirred for an additional 

 two hours at 70° C. The perchloroethylene solution is then 
 43 separated from the dilute acid layer. Upon evaporating 

a 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 perchloroethylene solution. There is no hexachloro
 50 phene present'at this point in the reaction mixture, nor 

 55

 6" 

 anv unreacted 2,4,5-trichlorophenol. 
 Ths perchloroethylene solution of the product of the 

 reaction between 2,4,5-trichlorophenol and pavaformal
 dehyds is mixed with a solution of 197.5 ,?rams of 2,4,5

 trichiorophsirol in 1000 grams of pereh!oroe;hy!eiie and 
 the mixture is heated with agitation to 75° C. There is 

•then introduced dropwise over a period of three hours 
116 grams of chlorosulfonic acid. The addition of ch!oro
sulfor.ic acid is accompanied by a mild exothermic reac
tion and by the evolution -of HC1. The temperature is 
maintained 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. 

 65 The hot perchloroe!h;'!er>e solution is stirred with 10 
 grams of activated charcoal and is filtered. Ths reaction 

product, 2,2'-methy!enj bis(3,4,6-trich!oropheiiol), crys
tallizes upon cooling and is separated by filtration.'The 
yield is 310 grams having a melting point of V6.2' C. 

Another object of this invention is to provide a process 70 Upori concentration of the mother liquors therj is oh-
of the character stated in which one mo! of 2,4,5-tri- tained an additional 65 grams of product having the sam; 
cWorophiiioI and one mo! of formaldehyde are reacted melting point. 

http:sulfor.ic
http:2.00:1.00
http:coolmg.to
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Example 2 
.197.5 grains of. 2,4,5-trichlorophenoJ having a melting
 

point of 62° C. is dissolved in 2000 ir.!. of chloroform,
 
and the solution is warmed to 50° C. with aciiation. Dry
 
hydrogen chiyride 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.
 
Hydiogen chloride addition is continued for 30 minutes,
 
and the mixture is then heafed to reflux for one hour.
 

A small sample of the reaction mixture, evaporated to 10 
dryncss. yields a white crystalline compound, having a 
melting point of 78' C. It contains no 2,4,5-trichIoro . .phenol or formaldehyde.
 

To the reaction mixture is then added a solution of
 j5197.5 grab's of 2.4,5-trichioropbenol, having a melting
 
point of 62° C., in 2000 ml. of chloroform. The mixture
 
is heated to 65° C., under a refiux condenser and with
 
good agitation, 100 grams of fluorosulfonic acid is added
 
dropv/ke, over a period of three hours. Agitation and
 20
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 crystallized 2,2'-methyIene bis(3,4.6-trichlorophenol)
 25
is filtered off, v.-ashed with cold chloroform and dried.
 
The yield is 310 grams haying a meiting point of 164" C.
 
Evaporation of the mother liquor yields an additional 70
 
grams of product.
 

Example 3 30
To 1000 ml. of benzene is added, slowly, 58 grams of 

chlorosulfonic acid, and the solution h then heated to 
reflux untii all HC1 is driven off. There is thus produced 
a ben.zens solution containing 79 grams benzenesulfonic 
acid. To this solution is added 197.5 grams 2,4,5-trichloro- 35 
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 37% Formalin is added over two 
hours, .while the water introduced with the Formalin is 
taken off as an azeot-ope with ber.zene. The condensed 40

' ' ' - ...benzene is returned :o the reliction mixture. Reflux is then 
continued for one hour, after which 500 ml. of water is 
added'. The mixture stirred 15 minutes at 60° C., and 
settled. The water layer which contains the benzenesul
fooic acid, is separated ar.d discarded. ' 45 

A sr.'isll sample cf the benzene solution evaporated to
 
dryncss, yields a white crystalline product haying a melt
ing poin; el 75° C. Ir contains aq 2,4-,5-trichlorophenoi
 
or formaldehyde.
 

The benzene solution is added to 2000 ml. of perchloro- 50 
ethyiene, and tin benzene is removed from the mixture 
by fractional distillation. 

To the remaining pcrchloroethylene solution of ths re
action product of 2,4,5-trichloropheno! with Formalin is 
added 197.5 grams 2,4,5-trichlorophchiil having a rnek- 55 
ia:; point of £2° C. The solution is heated.to 75" G., and 
with v/soroTis agitation is added, over five hours, 116 
£ramj. chiorosj'fop.ic acid. Stirring is continued at 75° C. 
fcr two houi s and the acid layer is then setL'ed and sepa
rated. TL: l;ot aer-hloroetbylens solution is stirred with CO 
ten grams rctivaitd charcoal, filtered '-ind cooled to 10° 
C. The c-y.-taliizftd 2,2'-methy!i-,c ti5;3A-6-trichlorc
cherio!) is filtered off., washed with) cold pcrch'oroethylene 
and dried. The yicid is 250 crams nav-:^ a melting point 
ot 163" C. Evaporation of the .rroiher liquor yields zi>. G3 
additional 85 gram: of product 

1 claim: 
I. In a method for producing hevachlorcpbene the 

steps of., supplying a solution of 2>-),;-tr:chlorophenol anJ 

formaldehyde at a 1 !o 1 molar ratio in a solvent selected 
from the group consisting of.perchloroelhylene, chloro
form and benzene, reacting said'2,4,5-trichlorophenol ajid 
formaldehyde in the pressure of 'an acid catalyst selected 
from the group consisting of benzeno-sulfonic acid, an
hydrous hydrogen chloride and diluted 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 rcol of 2,4,5-trichlorophenol 
to the solution containing the reaction product of the pre
ceding step, and effecting condensation therebetween by 
the addition of a sulfonic acid selected from the ^roup 

 consisting of chlorosulfonic acid and fluorosulfonic acid 
to produce pure hexachlorophene. 

 2. A reatcjon 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 2,4,5-trichlorophenol and formaldehyde at a 
1 to 1 molar ratio in a solvent selected from the group 

 consisting of perchloroethylcne, chloroform and benzene, 
reacting said 2,4,5-trichlorophenol and formaldehyde in 
the presence of an acid catalyst selected froni the group 
consisting of benzenesulfonic acid, anhydrous hydrogen 
chloride and diluted sulfuric acid, and separating the sol

 vent solution containing the reaction product from the 
acid. 

3. In a. method for producing hexnchiorophene the 
steps of; dissolving a molar equivalent of 2,4,5-trichloro
phenol in a solvent selected from the group consisting 

 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 r.nd maintaining the tempera
ture between about 60° C. and about 70° C. during the 
exothermic reaction produced as the result of such addi
tion to produce a, reaction product which, when dry, has 
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
alent of said 2,4,5-trichlorophenoI and the reaction prod
uct in said separated solvent solution by the addition of 
an acid selected from the srouP consisting of chloro
sulfor.ic acid and fiuorosulfonic acid; then removing the 
solvent solution containing the condensed product and 
recovering pure hexachlorophens therefrcm by cooling 
and filtering same. 
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10ABSTRACT OF THE DISCLOSURE 
This invention is directed to a method for purifying 

crude 2,4,5-trichlorophenoI 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, ig
then crystallizing and separating the alkali salt of 2,4,5
trichlorophenol and recovering essentially pure 2,4,5-tri
chlorophenol from the separated alkali salt by treating 
the salt with an acid. 

2(1

This invention relates to new and useful improvements 
in the production of essentially pure 2,4,5-trichlorophenol 
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 30

the desired 2,4,5-trichlorophenol and is inevitably accom
panied by at least three impurities consisting of the methyl 
ether of 2,4,5-trichlorophenol, the 2,4-5-trichloropb.eny'. 
ether of 2,4,5-trichlorophenol, and 2,4-dichIorophenol 

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 
65.5 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 solution 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, and washed with 
a small quantity of cold 30% sodium hydroxide solution. 

The latter impurity results from trichlorobenzene whicl) 35 The crystals were dissolved in 1 liter of water and the 
is present as an impurity in the tetrachlorobenzene. Then: 
are also traces of several other impurities which occur as 
by-products or as substances present in the starting re
actants. 

Heretofore a degree of purification has been effected in 40 

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 inadequate for 
certain end uses. Furthermore, the yield of purified 2,4,5
trichlorophenol obtained by distillation is not very high 
because a very careful fractionation must be carried out. 

However, in accordance with this invention it is possi
ble to simply and inexpensively separate essentially pure 
2,4,5-trichlorophenol 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 GO 

sodium or potassium salt, in the presence of an excess of 
an alkali hydroxide, followed by liberation of free 2,4,5
trichlorophenol by acidification of the salt. 

The following examples are illustrative of the inven
tion: 

EXAMPLE I 
200 grams of a commercial grade of2,4,5-trichlorophe

j)!?' containing 94% of the 2.4,5-isomer was dissolved in

solution was wanned 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 99.5% 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 III 

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 amoi:nt ranging from 1 to 3 
times the weight of the 2,4:5-trich!orophenol. 

Although only hydrochloric and sulfuric acids have 
been disclosed as the acidifying agents  it will be appreci~~.. ........̂ n... — ...~ .,.~- -= .,, .* ..... ~~ ~rf-~

600 grams of 10% sodium hydroxide solution, and this 70 ited that many other acids could be used for this purpose 
solution was heated to 60° C. Any insoluble matter which as long as they are capable of reducing the pH to 4.5 or 
was apparent in this solution was filtered off ar.d there lower. 
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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

chlorophenol 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

covering 2,4,5-trichlorophenol from the said alkali salt 
thereof by treating said alkali salt with an acid selected 
from the group consisting of hydrochloric and sulfuric 
acid. 
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under the influence of an acidic cataiyst :o form a core}

3,456,020 intermediate product, which in turn is condensed with" PRODUCTION OF 2,2'-SlETKYI.ENE BIS(3,4.6 one mol of 2,4,5-trich'orophjnoi through the agency cfTR1CHL9ROPHENOL) 
chiorosuifonic acid or fiuorosuifonic acid to produce hlznThomas F. CIcary, Su:nmil. NJ., assignor to Ceriicrthcm 
yields of pure heXaciilorophene.Inc., .New York, N.Y., a corporation of New York 

No Drawing. Coniinuatinc-in-pnrt of application 5er. No. With these and other objects, the nature of which will . , 
489,036, Sept. 2J..1965. This application Nov. 28, 1967, be apparent, the invention will be more fully understood 
S«r. No. 636.290 by reference to the accompanying detailed dascriptiori and 

lat. C'!. C07c 57/00	 the appended claims. 
U.3. CI. 250—619	 3 Claims 10 la accordance with {his invention it has be-c discovered 

that: 
(1) One mol of 2,1,5-trichJoropcenol and one mol of 

ABSTRACT	 OF THE DISCLOSURE formaldehyde will react, under the inSuencs of acidic 
catalysts such as benzetiesuifonic acid, anhydrous hydro-This invention is directed to the production of faexa

15 gen, and diluted suifuric acid, to form quantitatively andchlorophene by a two stage process in which ens	 mol 
exclusively, a compound which lias a rnoiting point ofcf 2,4,5-trichiorcpnenol and ona mol of formaldehyde 
78° C. The compound has a chiorine content 46.5~c. , ,/\are reacted under the influence of an acid catalyst, after 
occurs ia long colorless prisms, and definite!/ is net 2.4.5- (_/* ^ ' which the reaction product is condensed with one	 mol 
trichlorcsaligenin.of 2,4,5-trichloropher.ol through the agency of chloro

20 (2) The compound formed as in (1) can be condensedsulfonic acid or fiuorosuifonic acid. 
with 2,4,5-trichIorophenoI, through the agency of chloro
sulfonic acid or fiuorosuifonic acid, to produce high yields 
of pure hexachlorophane.RELATED APPLICATION 

Both of these reactions are surprising. The or.Iy hither-

This application is a continuation-in-part of my co- 05 to known reaction product ot" equimolar amounts cf 2,4,5

pending application Ser. No. 489,036, now abandoned, trichlorophenol and formaldehyde is 2,4,5-t-ichlorosali
filed Sept 21; 1965, and having the same tide as this genin, which is formed under alkaline conditions and has
 
apolication. a melting point of 128° C. 2,4,5-trichloropher.ol, which
 

THE INVENTION is relatively inert to concentrated suifuric acid and to
 
oleum, will react readily with chlorosulfonic acid and
This invention relates generally to new and useful 30 
fluorosulfonic acid to form 2.4,5-trichloropheiiol-6-sulimprovements for the production of 2,2'-methylene bis

(3,4.6-trichlorophenoI), commonly called hexachloro- fonic.acid.
 
phene, and particularly seeks to provide a novel two
 The following examples will illustrate this invention.
 
stage process for producing same. Example 1
 

The known processes for the preparation of hexachlo- 35
 
197.5 grams of 2,4,5-trichIoropheno! having a meltingrophene (2,2'-methylene bis(3,4,6-trichloropheriol)) in-

point of 66* C. is dissolved in 1000 grams'of perchlorovolve the condensation of two mols of 2,4,5-trichloro
ethyiene and the solution is warmed to 50° C. with agita-phenol with one mol of formaldehyde (as Formalin or 
tion. To this solution is added 50'grams of 90" suifuricparaformaldehyde). The iistiai condensing agent is con

centrated suifuric acid or weak
 
may be carried out in the presenc
 
vent which is inerr to the reactaats
 

exothermic. The mixture is stirred for art additionaling agent 
two hours at 70* C. The perchloroethyiene solution is thenIn these procasses it is customary to mix all of the
 

reactants (and the solvent, if any) at once and to heat separated from the dilute acid layer. Upon evaporating
 
a sma11 sample to dryness a crystalline produce is obtained 
which has a melting point of 78° C. There is no free forth-

the mixture, with agitation, for a certain time. Condi
tions such as these are disadvantageous in the produc

aldehyde remaining either in ths dilute acid layer	 or intion of hexachlorophene in that:	 the perchloroethytene solution. There is no hexachloro
bodies which make difficult the purification of the product; 5° phene present at this point in the reaction mixture, nor
 

(1) They tend to promote the formation of color 

(2) They tend to promote the formation of the by- any unreacted 2,4,5-trichlorophenol.
 
product 2,4,5-trichloroberizodicxoIane with an attendant The perchloroethyiene solution of the product of the
 
Io« of yield; reaction between 2,4,5-trichlorophenol and paraformal

(3) They' rcauire, if acceptable yields are to be ob- dehyde is mixed with a solution of 197.5 .erams of 2,4,5
tained, extreme care that the 2,4,5-trichlorophenol and 55 trichloropberrol in 1000 grams of percfaloroethyler.e and
 
formaldehyde be present in exactly the molar ratio t«e mature is heated with agitation to 75° C. There is
 
2.00:1.00. Since the composition of Formalin or of form- •*=" introduced dropv.'ise over a period of three hours 
aldehyde is usually imprecise, and since a certain U6 grams of chlorosulfonic acid. The addition of ch!oro
amount of formaldehyde is lost from the reaction mixture sulfonic acid is accompanied by a mild cxother/nic rcac
by volatilization,, this is a difficult'requirement to realize 60 tion and by the evolution -oc HC1. The temperature i^ 
in practice. maintained at 75* C. throu;!iout the chlorosulr'or.iu acid 

However, through the use of this invention the above addition and is then held it 75' C. to 80J C. for an ad-
mentioned disadvantages in prior processes have been ditional two hours. Agitation is stopped, the rerr.nir.ics 
overcome. suifuric acid layer is allowed to stttlj and is sep 

Therefore, an object of this invention is to provide a 65 The hot perchloroethyiene solution is stirred wiiti 11CC 
ne ww•  method of prcdixing hexachlorochene from previ- grams of activated charcoal and is filtered, ihs reacticren 
oasly kno'.vn materials which is simpler, more product. 2.2'-methylep.>; bisr3,4,.>trkhiorophar.olV VJ-

effective and results i;i higher yields by comparison with tallizes upon :oo!ine and is separated by n!fr?.tion. The 
prior proccrse?. yield is 310 grams having a meltir..? point or 1'6^' C. 

Another obJL-ct of this invention in to provije a process ro L'poi; concentration of the mother liquors 'her; is oS 
of ths character v.ritid in which one mo! of 2.4,5-tri- tained sn additional 65 grams of croc!::c: !:::vins the sam; 
cWurcp.'i.-Ko! ar.J one .nci or forrr.^ldjhyds are reacted iT.eitina Mint. 

http:chlorosulr'or.iu
http:2.00:1.00
http:2,4,5-trichloropher.ol
http:2,4,5-trichloropher.ol
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Example 2 
.197.5 grams of. 2,4,5-trichlorophenol having a melting 

point of 62° C. is dissolved in 2COO ml. of chloroform, 
and the solution is warmed ;o 50° C. «'ith acitation. Dry 
hydrogen chloride is bubbled through the solution at a 
rate 'jf 5 grams per minute. 2nd over a period of one 
hour, 31.6 grams of 95Tc parnformaldthyde is added. 
Hydrogen chloride addition is continued for 30 minutes, 
and the mixture is then heated to re?.ux for one hour. . ., , . . j inA small sample 01 the reaction rr.ttUiri, evaporated to 10
dryncss, yields a white crystalline compound, having a 
melting point of 78' C. it contains no 2,4,5-trichloro
phenol cr formaldehyde. 

To the reaction mixture is then added a solution of 
197.5 grims of 2.4.5-tric!i!orophenol, having a melting 
point of 62° C, in 2COO ml. of chloroform. The mixture 
is heated to 65° C., under a reflux condenser and with 
good agitation. 100 grains of fiuorcsulfonic acid is added 
dropwise, over a period of three hours. Agnation and ^ 
heating at 65* C. are continued fot 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 crystallized 2,2'-methylene bis(5,4,6-trichlorophenol) o. 
is filtered off, washed with cold chloroform and dried. ~d 

The yield is 310 grams having a meiting point of 164° C. 
Evaporation cf the mother liquor yields an additional 70 
grams of product. 

Example 3 0
To 1000 ml. of benzene is added, slowly, 58 grams of 

chlorosulfonic acid, and the solution is then heated to 
reflux until all HCl is driven off. There is thus produced 
& benzene solution coutaining 79 grams b^nzencsulfonic 
acid. To this solution is added 197.5 grams 2,4,5-trichloro- j
phenol having a melting point of 62' C. The solution is 
tben heated just !o the point of reflux, and with good 
agitation, 85 grams of 37% Formalin is added over two 
hours, .while the water inirodiiced with the Formalin is 
taken off as an azeotrope with bcczer.i;. The condensed 40
benzene is returned :o th^ reaction mixture. Reflux is then 
continued for one hour, after which 500 ml. of water is 
added'. The mixture stirred 15 minutes at 60° C., and 
sailed. The water layer which contains the benzenesul
fonic acid, is separated ucd discarded. 45 

A small sample cf the benzene solution evaporated to
 
dryncss, yields 2. white crystalline product haying a melt
ing point cf 7S° C. It contains no 2,4,5-trich.Iorophecoi
 
or fcnrtaldeliyde.
 

The benzene solution is sddcd lo 2000 ml. of perchloro- 50 
eihylene, aad the benzene is removed from the mixture 
by fractional distillation. 

To the remainirig pcrchloroethylene solution of ths re
action product cf 2,4,5-trichiorophericI with Formalin is 
added 197.5 grams 2,4,5-trichlorophcnoi having a rneli- 55 
ing point of 62° C. The solution is h;ated to 75° C., and 
with vigorous agitation is added, over five hours, 116 
grams chlorosulfonic acid. Stirring is continued at 75° C. 
fcr wo hours and the acid layer is '-ion settled and sepa
rated. TV..1 hot perchlorosthylene solution is stirred with CO 
tsr. grams activated charcoal, filtered '-md cooled to 10" 
C. The crystallized :,2'-mc'Jvy!eae bi3(3,4,6-trkhJoro
phenoi.) is E'llcred off. Mashed with coM perchloroethylene 
2nd dried. Tht yield is 2SO grsnis h^'iriu: a nieltir.g point 
ot 163° C. Evaporation of ths T.cAer liquor yields ac GO 
addulorni1. 35 gram: of product, 

i. claim: 
I. In a msijiod for proJuclrc hexachiorcplieae the 

stej^s of. supplying a soluiu" jf ;,4,:5-!r:ch!orcphcno! and 

formaldehyde at a 1 !o 1 molar rutio in a solvent selected 
from the group consisting of,perchloroeinylene, chloro
form and benzene, reacting said 2,4,5-trichlorophenol and 
formaldehyde in the pressure of an acid catalyst selected 
from the group consisting of benzeni-sulfonic acid, an
hydrous hydrogen chloride and diluted 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 rcol of 2,4,5-trichlorophenol 

 to the solution containinc the reaction product ul of the pre .. . _ .- . . ^ . . P'c 

ceding step, and effecting condensation therebetween by 
the addition of a sulfonic acid selected from the group 
consisting of chlorosulfonic acid and rluorosulfonic acid 
to produce pure hexachlorophene. 

2. A reatcjon 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 2,4,5-trichlorophenol and formaldehyde at a 
1 to 1 molar ratio in a solvent selected from the group 
consisting of perchloroethylcne, chloroform and benzene, 
reacting said 2,4,5-trichlorophenol and formaldehyde in 
the presence cf an acid catalyst selected from the sroup 
consisting of benzenesulfonic acid, anhydrous hydrogen 
chloride and diluted sulfuric acid, and separating the sol
vent solution containing the reaction product from the 
acid. 

3. Jn a. method for producing hexachicrophene the 
steps of; dissolving a molar equivalent of 2,4,5-trichloro
phenol in a solvent selected from the group consisting 

 of perchlorethylent, chloroform and benzene; adding to . 
said solution an ncid caiaiyst selected from the group 
consisting of benzenesulfonic acid, anhydrous hydrogen 
chloride and diluted sulfuric acid; then adding a molar 
equivalent of formaldehyde nnd maintaining the tempera

 ture between about 60° C. ;md about 70° C. during the 
exothermic reaction produced as the result of such addi
tion to produce a reaction product which, when dry, has 
a melting point of 78" C. and a chlorine content of 
46.5%; separating ;he solvent solution from the acid; 

 adding a molar equivalent of 2,4,5-trkhiorophtno] dis
solved in said solvent to said separated solvent solution; 
effectinc condensation between said added molar equiv
alent of said 2,4,3-trichIorophenol and the reaction prod
uct in said sepw.iieei solvent solution by_the addition of 
an acid selected from the group consisting of chloro
sulfonic acid ar.d fiuorosulfonic acid; then removing the 
solvent solution containing the condensed product and 
recovering pure bexachlomphem tbtreircm by cooling 
and filtering same. 
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COMPLETE SPECIFICATION (""'" 

Improvements in or relating to Alkali Metal
 
Polyhalo-Phenates
 

We, DIAMOND ALKALI COMPANY, 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 RAYMOND AUGUST Guroi) do hereby declare 

5 the invention, for which we pray that a patent may be granted to us, and the method 5 
by which it is to be performed, to be particularly described in and by the following 
statement:— ' 

This invention relates 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. 10 
Polyhalophenates, such as sodium 2,4,5-trichlorophenates, are used as raw 

materials in the production of polyhalophenoxycarboxylic acids which are widely used 
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 known 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 condensation 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 alcohol 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 die reaction mixture, the amount of alcohol-alkali mixture being such as to provide 

35 a mol ratio of alkali to tetrahalobenzene of from 2:1 to 4: 1. 35 
The desired resction product is obtained in high yield and, at the same time, the 

undesired dangerous condition of large quantities of unreacted retrachlorobenzene and 
alkali-alcohol mixture together in a pressurized high-temperature container is avoided. 

The terms "polyhaiophenate" and "tetrahalobenzene" refer respectively to 
40 various halogen derivatives of phenol, such as tetrachlorophenol, and of benzene. 40 

While chlorine derivatives are preferred, other halogen derivatives are contemplated 
such as bromo, fluoro, iodo; and mixed halogen products such as bromochlorophenol. 

The term "alkali", as used in the specification, refers especially to an alkali metal 
hydroxide, preferably sodium hydroxide, although other alkali metal hydroxides, e.g., 

45 potassium hydroxide and/or lithium hydroxide 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 metal hydroxide, notably sodium hydroxide, is 
especially preferred. 

5 The term "alcohol" means primary, secondary and tertiary alcohols. Methanol is 5 
the preferred alcohol. 

It is an essential feature- of the present invention that a polyhalobenzene, prefer
ably tetrachlorcbenzenej 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 

10 gradual addition of an alkali in alcohol mixture to the molten tetrachlorobenzene. The 10 
addition, at a controllable rate, is seen to be inherently safer than adding all the 
reactants a: 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. 

15 The proposed process provides nearly 100% yield at 2.4 mol of alkali per mol of 15 
tetrachlorobenzene. Formerly, large amounts of alkali present caused the following 
condensation reactions which resulted in a corresponding loss of the product and 
reduction in efficiency. 

Cl

—
 
This undesirable condition is minimized by the controlled 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 

25 been prevalent among operators of prior processes and the absence of the "chlor 25 
acnegen" renders the method of this invention more desirable than previous processes. 

In previous processes, 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

30 trolled addition of alkali-alcohol mixture to the reaction vessel, in accordance with 30 
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 

35 added at a rate pre-deteirnined to produce, the most efficient reaction possible. It will 35 
then be appreciated that the reaction proceeds only as the reactants become available 
in the reaction vessel. 

Ill NaOH + CH.,OH^iNaOCH3. + H3O 

NaOCH  .
l v ,3 + N a C  I 

NaOH CH3OH 
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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 

5 least equal to the autogenous pressure of the reaction mixture. The reaction time 5 
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-alcohol mix can be from 1:2 to 1:20 mols of alkali to alcohol. The overall 

10 molar ratios of alkali to tetrachlorobcnzene can be from 2:1 to 4:1. The overall 10 
molar ratios of alcohol to tetrachlorobenzene can be in die range of 4: 1 to SO: 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 equipment is employed 

J5 in the examples of this invention, and steel is the preferred material of construction. 15 
In order that these 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, 
20 melted and brought up to the reaction temperature, e.g., 175° C. An alkali methanol 20 

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 cf addition which is 
within the range of 0.4 to 11 mol per hour. When all of the alkali methanol solution 
has been charged, die reactor temperature is held constant, e.g. at 175° C., for a 

25 period which may vary from 40 minutes to 3 hours. During the reaction, the pressure 25 
within the reactor will be in the range of 250 p.s.i.g. to 700 p.s.i.g., due to" the auto
genous pressure of the alcofcoJ, and will vary according to the amount of alcohoJ 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 methanol which is collected 

30 through a condenser system and recovered. When all the methanol has been removed, 30 
water is added to die reaction mass which is now a crude sodium trichlorophenate. 
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 

35 enclosed filter, which removes the salts, and is then diluted and stored for later use 35 
in the 2,4,5-trichlorophenpxyacetic acid production. 

By way of illustration, the process of the invention is carried out by heating 
1,2,4,5-tetrachlorobenzene in die closed reaction vessel to a temperature of 175° C., 
adding 11 mol per hour of sodium hydroxide contained in a mixture with methanol, 

40 the mol ratio of methanol to sodium hydroxide being 5.4:1, and maintaining the 40 
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 ratio of sodium hydroxide to tetrachlorobenzene of about ,2.2:1. 

In the following examples, carried out in the manner indicated, the results are 
45 indexed comparatively: 45 



TABLE I 

1 2 3 4 5 6 7 8 9 10 11 12 13 

Mole Ratio 

NaOH l l l l l l l l l l l l l 

CHSOH 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* l l l l l l l l l l l l l 

CHSOH 11 11 11 11 12.5 12.5 12.5 12.5 11 11 11 11 11 

TCB* l l l l l l l l l l l l l 

Conditions 
"a 

% Excess NaOH 10 10 10 10 25 25 25 10 10 10 10 10 10 o\ 

Total charge gm. 3280 3280 3280 3280 3580 3580 3580 3280 3280 3280 3280 3280 3280 
"o oo c 

Feed Time (hrs.) 2 5 2 3 5 3 4 2 2 2  2 1 } 

Hold Time (hrs.) 2 1 1 1 1 1 1 2 3 1  2 2 3 

Reaction Temp., 
140—72 165—68 164—65 165 164—66 163—64 163—64 157—62 163—64 174—75 170—88 164—67 173—79 

% Conversion 
to sodium Tri
chlorophenate 72.2 73.9 89.3 74.5 90.0 85.7 83.3 82.7 92.7 90.2 96.0 89.9 96.8 

Maximum 
Pressure PSIG 340 225 305 360 565 400 280 265 320 420 330 370 385 . • 

* 1.2.4.5-tetrachlorobenzene 
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EXAMPLE 14. ', " I 
To the reaction vessel is added 1,080 g. (5 mol) of l,2,4,5-tetrachlor6ben2ene. A 

20% by weight NaOH in methanol solution is prepared by adding 440 g. (11 mol) 
NaOH pellets to 1,920 g. (60 mol) of commercial grade methanol and heated to 63° 

5 C. The reaction vessel is heated to 170° C, at which time the alkali methanol mix 5 
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 tetrachlorobenzene, 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 ' 

10 the container reaches a maximum of 492 p.s.i.g. approximately one hour after the 10 
end of the alkali methanol addition. After cooling, pressure is reduced, and steam is 
applied to the reaction vessel to distil! off the unreacted methanol. When all the 
methanol has been removed, water is added, and the crude sodium trichlorophenate 
may be purified if desired. 

15 It is to be understood that, although the invention has been described with specific 15 
reference to particular embodiments thereof, it is not to be so limited since changes 
and alterations therein may be made which are within the full intended scope of this 
invention, as denned by the appended claims. 

WHAT WE CLAIM IS: — 
20 1. A process of preparing an alkali metal polyhalophenate, which comprises 20 ; 

heating a 1,2,4,5-tetrahalobenzene 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 hydroxicfe being from j 
2:1 to 20:1, and maintaining the reaction temperature in the range of 140° to 250° : 

25 C. under a superatinospheric pressure which is at least equal to the autogenous 25 ; 
pressure of the reaction mixture, the amount of alcohol-alkali mixture being such as 
to provide a raol ratio of alkali to tetrahalobenzene of from 2:1 to 4:1. '1 

2. A process as claimed in Claim 1, wherein the tetrahalobenzene is 1,2,4,5 ; . 
tetrachlorobenzene. i 

,..», 30 3. A process as claimed in Claim 1 or 2, wherein the alkali metal hydroxide is 30 '. 
5 sodium hydroxide. i 

4. A process as claimed in Claim 1, 2 or 3, wherein the alcohol is methanol. : 15 
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. • 
35 6. A process as claimed in any preceding claim, in which . the alkali metal 35 '. 

hydroxide in the mixture is added at a controlled rate in the range of 0.4 to 11 mol 
per hour. ' 20 

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 ; 

40 to a temperature of 175° C., adding 11 mol per hour of sodium hydroxide contained 40 ; 
in a mixture with msthanol, 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, 25 
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 ratio of sodium hydroxide to tetrachloro ', 

45 benzene of about 2.2:1. 45 
8. A process of preparing an alkali metal polyhalophenate, as described with 

reference to the foregoing Examples. 30 
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.G. 1., 35 

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, 

London, W.C.2, from which copies may be obtained. ..
40 
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1 Claim. (CL 260—«3) 

My invention relates '.3 the production of 2,4.5-trichlo
rophenol by caustic hydrolysis of 1,2,4,5-ietraclJwcben
zene- and in particular relates to the purificai'Ou of the 
crude 2,4,5-trichIoropbenoi product so ueiivcd. 

In the caustic hydrolysis of l,2,-?,5-tetrachlorob;:czcne 
numerous contaminating products are formed. Meib
anol, for example, which may be used as a solvent for 
the hydrolysis reaction, tends to cause some production 
of tricbloroanisole and dicrilorodimethoxybenzeK. The 
presence of the usual small amounts of other tetncfcloro
benzene isomers, such as 1,2,3,4-tetnichlorobecieoe, as
impurities in the symmetrical 1,2,4,5-tetrachloroteiizene, 
causes the production of undesired position isoaers of 
2,4,5-m'chlorophenol. 

At the present time there exists a substantial demand 
for a high purity 2,4.5-trichlorophenol product vhich is
not satisfied by the crude derived by the caustic hydroly
sis of 1,2,4,5-tetrachlcrobenzene. The demand is, to. par
ticular, for a product having a rnelting po:.nt over 65* C. 
which in the molten state has i water-white color. The 
product must also be completely soluble in causa: solu

'"\ tion, e. g. 0.1 N NaOH, and should be at least 995 pjre. 
Causuc-insoluble materials, such as tricbloroanisole and 

dichlorodimethoxybenzenc, may be removed to soae ex
tent by steam distillation of the alkaline phenzK solu
tion but complete removal of these impurities requires
excessive amounts of steam. Other impurities, q!cb as 
the position isomtrs of 2,4,5-trichlorophenol are more 
difficult to rrcarate because of their similar chemical and 
physical propeities. 

A high purity 2,4.5-trichJoropheno! product meeting the
above specifications can be recovered from the erode tri
chlorophenol obtained by csustic hydrolysis of 1.2,4,5
telracbiorobenzene. I have found, in particular, thai 
crude 2,4,5-trichlorophenol resulting from the asdifica
tion of the alkaline hydrolysis mixture can be separated 
into pure 2,4,5-trichlorophenr1 free from undesirable con
tamintnts by a step-wise extraction with aqueous caustic. 

The process of my invenu'on thus essentially requites 
extracting crude 2,4,5-trichlorophtnol with aqueo.3 caus
tic solution sufficient m antcunt to convert 2!! of the 
2,3,6-trichlorophenol and oilier extraneous phenols pres
ent and a minor proportion of the 2,4,5-trichloropbenol 
to the water-soluble corresponding phenates. Tee op
eration is carried out at a temperature at which ;h.~ phenols 
are in the liquid state. Unneutralized phenois are then
separated from the dilute aqueous phenate solution. 

The unneutralized phenols, separated from the icueous 
phenate phase, are further extracted by the addition of 
aqueous caustic solution in an amount sufficient to con
vert substantially less than the total of th: phenols pres
ent to the corresponding phenates. The extraction is 
again carried oi;t at a temperature at which 1 he phenols 
are in the liquid state. The aqueous phenate extract so
lution is then separated from the remaining undi'ssoKed 

'> oils. Acidification of this second extract yields the de
•	 sired purified 2,4,5-trichlorophenol product which is sep

arated and dried. 
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The remaining undisiolvcd oils comprise trichlorophe
nols contaminated with alkali-insoluble impurities tr.d are 
useful as crude tric'ilorophenol for most purposes net re
quiring tht pure isomer. Ine phensie solution obtained 
in the first extraction step, although relatively impure, 
is als? suitable for use after acidification as crude tri
chlorophenol. Alternatively, both fractions may be 
worked up for specific Irichloropricnols or phenol ethers 
contained therein or they may be discarded. 

10 My invention will be further illustrated by reference 
to the accompanying drawing which is a diagrammatic 
flow plan of the process. 

Crude 2,4,5-trichlorophenol, obtained by caiistic hy
drolysis of 1,2,4,5-tetrachlorobenzene followed by acidifi

 15	 cation, is introduced by line 1 to a first extraction step 2. 
'I lie crude 2,4,5-trichloropheno! is extracted with aqueous 
caustic introduced by line 3 in an amount sufficient to 
convert ali of the 2,3,6-trichlorophenol and a misor pro
portion of the 2,4,5-trichlorophenol to the water-soluble 
corresponding phenates. 

Extract phenate solution is separated and removed by 
line 4. Tf desired, the phecates are acidified by means 
of a. mineral acid in zone 5 and the phenols containing 
substantially all the 2,4,6-trichloropbenoI and a few per 

 25	 cent of the 2,4,5-tricblorophenol of the original charge 
are removed by line 6. 

The undissolved phenol residue from the aqueous 
phenate solution of extraction step 1 is separated and re
moved by line 7 to the second extraction step 8 and treated 

 *"	 with aqueous caustic solution introduced by line 9 in 
an amount sufficient to convert less than the total quan
tity of the phenols contained in the residue to the corre
sponding phenates. The undissolved phenol residue after 
caustic treatment is removed by line 10. 

" The phenate extract solution is separated and removed 
by line 11. If desired, the phenate extract is steam 
distilled in zone 12 to improve the color of the 2,4,5-tri
chlorophenol. Steam distilled pbenai -vtract is re
moved by line 13 and acidified by means of a minerU 

 40	 acid in zone 14 and 2,4,5-trichlorophenol is removed by 
line 15. 

It is advantageous to use an aqueous caustic solution 
extracting agent containing cot more than about 10% 
by weight of caustic since the employment of more con

"	 centrated caustic solutions results in dissolving a signifi
cant proportion of unneutralized phenols by the result
ing aqueous phenate solution. Water should be added. 
therefore, to the aqueous extracting solution prior to or 
during each extraction, if required, to adjust the phenate: 
concentration to not more than about 15% by weight 
to insure the separation of the unneutr&:.ied phenols as 
a separate phase which may be removed from contact 
with the aqueous phase. 

The caustic used in the extraca'on process wffl ordi
narily be sodium hydroxide but other alkali metal hydrox
ides, particularly potassium hydroxide, may also be used. 
The amount of caustic employed in the first extraction 
step preferably is sufficient to dissolve all of the 2,3,6
trichlorophenol and other extraneous phenols present 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 purity of the original crude 2,4,5-tr:'chlo
roplicnol. This in turn depends on the purity c!" the 
1,2.4,5-tetrachlorobenzene employed to produce the- crude 

" 2,4,5-trichlorophcnol. Less pure 2,4,5-lrichlorophenol 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-
lures, the caustic may amount to sufficient 10 extract ss 

 70 much as one-third to one-hall of the phenols present. 
The amount of caustic used to extract the residue- from 
'Jbe first extraction step will range from about 25Tc to 
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about 95% of thai required to extract the phenols pres- The separated trichiorophenol residue from the first 
ent as water-soluble phenaies. extraction is then treated at about 70" C. with an amount 

Sleam disti l lat ion before acidification of the crude of 5% aqueous souium hydroxide calculated to convert 
2,4,5-trichlo-opherale solution resulting from the hy- about 50% of the original charge, calculated ss 2,4,5
drolysis is extremely beneficial in that it removes some 5 trichiorophenol to sodium 2,4.5-trichlorophenatc. 
of the caustic insoluble impuri t ies which otherwise arc After agitating and separating at about 70° C., the un
concentrated in the residual materials, making phase sep- dissolved portion is removed and is combined with the 
aration after each extraction progressively more difficult. crude tricbJoropheaoIs obtained by acidifying the first 
Steam distinction thus reduces the proportion of remain- extract Steam distilling the second extract solution be
ing crude trichiorophenol to be reworked or discarded 10 fore acidification aids materially in removing undissolved 
a-jd further permits taking a larger heart cu; of the crude materials and results in an improvement In color of the 
product by caustic extraction in the second step and the 2,4,5-trichlorophcnol obtained by I'jbsequent acidification 
recovery of a larger proporJion of 2,-4,5-trichlorophcnol of the extract. The- second extract solution, with or with-
of the desired degree of purity. Steam distillation of the out the steaming opeiation, is then acidified by the use 
2,4,5-trichlorophenol obtained by acidification of the sec- 15 of mineral acid, for example sulfuric or hydrochloric 
ond exaction is also advantageous in improving the. color acid, at 60C C. The liquid 2,4,5-trichloropbenoI formed 
of the purified product. is separated from the aqrtous salt solution, steam dis-

While the extraction process cf my invention is car- tilled, dried, and crystallized. The crystallized product 
ried out at temperatures at which the trichiorophenol is has a melting point in excess of 65* C., is water-white in 
liquid, the acidification of the extracts and recovery of 20 color, and is in excess of 99% purity, 
phenols therefrom may be carried out at the same or I claim: 
lower temperatures. By acidifying the extracts at rela- A process for the recovery cf 2,4.5-irichIorophenol from 
lively low temperatures, the phenols may b« precipitated crude mixtures thereof obtained by caustic hydrolysis of 
as solids and removed by filtration. Alternatively, at 1,2,4,5-tetrachlorobenzene, which comprises extracting 
elevatid temperatures the trichlorophecol products may 26 the crude 2,4,5-trichlorophenol at a temperature at which 
be obtained as liquids. The purity of the crude trichloro- the mixture is in the liquid state with aqueous caustic so
phecol and of the final products determines the limiting lution La an amount calculated to convert the contami
temperatures below which acidification of the extracts natiag chlorophcnols and a minor proportion, of the 
must be carried out in order to obtain the products as 2,4,5-tricblorophenol present to the corresponding phe
solids. However, all the operations are preferably car- 30 nates, the resulting solution having a phenate concentra
ried out between about 20* and 80* C. tion of not more, than about 15 per cent by weight, sep

arating the undissolved residue from the resulting aqueous Example phenate solution, extracting the separated residue at tem-
A crude 2,4,5-trichlorophenoI product (M. P. 60* to perature at which the residue is liquid with aqueous caus

62* C.) is obtained by acidifying the crude alkaline 35 tic solution in an amount calculated to convert less than 
solution resulting from the caustic hydrolysis of 1,2,4,5- the total quantity of the phenols contained in the residue 
tetrachlorobenzene and contains about 97% of 2,4,5-tri- to the corresponding phenaies, separating the resulting 
chlorophenol, 1% of 2,3,6-trichIorophenol and about 2% phenate extract solution from the remaining undissolved 
of trichloroanisole and other impurities. The crude phe- residue, and acidifying the extract solution to recover 
nol is then extracted at about 70* C. with an amount of 40 2,4,5-trichlorophenol. 
5% aqueous sodium hydroxide calculated to convert about 
5% of the phenols present to the corresponding sodium References Cited in the file of this patent 
phenates. The extract solution after separation from un- UNITED STATES PATENTS 
dissolved phenols yields an impure product containing 

2,509,245 Nikawitz et al May 30, 1950 upon acidification substantially all of the 2,3,6-trichloro- 45 
2,615,S>23 Henrich Oct. 28, 1952 pbeijol and a few per cent of the 2,4,5-irichloropbenol 

of the original charge. 
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2 Claims. (Cl. 260—623) 

Our invention relates to the produciioz of 2.4.5
tricbloropheaol by caustic hydrolysis of l,2,-i,5-:ii^-chlo
robeiuene End in particular relates to the piri£caaon of 
&i crude 2,4,5-tricMcrophenoI product so ctnved. 

In the caustic hydrolysis of l,2,4,5-terracb'i;rebeazene 
riasierous contaminating products are formed. Methancl, 
tor example, which may be used as a. SO]VK: for the 
"hydrolysis reaction, tends to cause some proinion of 
trichioroanisole acd dichlorodimethoxybenin:i. The 
prssence of th; usual small amounts of other sracaloro
t-eozeae isomers. rjch as l,2.3,4-t;trachlorcbsc2Me, as 
impurities in the symmetrical 1,2,4^-tetrachlorcbenzene, 
causes the prcducdcn of undesired position HStaers of 
2,4,5-trichlorophenoL 

At the present time there exists a Eubstaaisl demand 
for a high purity 2,4,5-trichlorophenol prodc± s-hich is 
net satisfied by the crude derived by the caustic tydrolysis 
of 1^,4,5-tetrachlorobenzene. The demand it in par
tic-alar, for 2 product having a melting point cr±r 65* C. 
wbich in tha raoltec state has a color from wfe; 10 near 

^ white. The product musi also be completelj soluble in 
caustic solution, e. g. 0..1 N NaOH, and shouJS re at least 
99% pure. 

Caustic iasolubles, such as trichlorcanisoIeEZ-i^fichlc
rcdunetboxyber.2is±, may be removed jo sore stint by 
«team distiilatioB although their coraplM* ri^CTal re
quires inordinately large amounts cf steam. Other irn
•purities, however, such as the posiLoa isoaurs of 2,4> 
tricbloropheao!. are more difficult to wparatt b^acse of 
Uieir sitrular ch;rr-j=al and physical prcpertiss. 

We haw d-swvwed that a high puriry 2,^richioro
pnenol produa msc\.i>.s the above spsofletms cay be 
recovered irom te =™<te product oocunedI bv « «usuc 

chlorcphenate -**ich is recovered from (is ootic hy
drclyso of 1.24,5-ietrachloroben^ne may te itpanted 
from the uad-.siiiblf contaminants noted ttoe bv a 
steD-ras neutralis&m process. ' 

The process of o-jr invention L^US essenODr requires 
MUiraiizing crude 2.4,5-trichloi'Ophecate sol^re by ad
dSdon cf miaerd add thereto in'aa amounT sEScfent to 
aeutralize excess aiialbiity of the sclution 5=2 a rflinor 
proportion of the phsnates presiot. The rsarelized 
phesates are released as ;he free phenols wises separate 
from the dilute aqueous mixture as E. separate phc.*.. i. e. 
•when ihe total phenate-phenol con^atration is ~oi more 
than about 10% b;,' weight. Thus, we coniesrhte the 
addition of water, when required, t-j adjust the phecate
phtr.jl concentretion to not more than 10% by- weight,
either prior to thj first neutralization step or inrs~ia:eiy
thereafter, whereby the resulting phenols arc piiie^ c'jt 
2nd then may be separated from th: aqueous pbise which 
czr.islus the remaining unneutraliied phenates. 

Ths aqueous .phecate phase separated fron tht phenol

 5 

 in 

-° 

 r>0 
_ 

 __ 
phase is further neuiralized by the addition K niajral "" 
asid but in an araoiuit sufficient only far recovsy as the 
fr« phenols of substantially less than the tciii of the 

phscaiss reraainLnz -in solution. The p-hsr.c'-s ihs.se oat 
tpcn tr.i second ncMJtralizttion step without further sd

-
--" -^--^=-^--?n"^ product 

"*e invention w;:! PS fcrtner described :n conjunction 
with the accr.mpEaying drawing which comprises a flow 
sheet iliustratins the essential features of the ansUcar.ts' 
n~oc°ss 
' ' In*;hs era v/ir.g an aqueous solution of cruce 2.4.5-tri
cblorophsnaie obtained by the caustic hydrolysis of 
1.2.4,5-terrsehlcrobsnzene is introduced to zone 1 of the 
a<JW sh«; whe... :£ is coritacted and partially neutralized 
with min.eral acid. The phenols produced by the partial 
r'eutrah'zation are separated in zone 2 by a phase separa
tior. based upon the insolubility of phenols La aqueous 
solutions having a phenol-phenate concentration -of not 
aorc than about 10% by weight. Toe aqueous phenats 
solution is then subjected to a stccnd partial siHtraiira
tion in zone 3 by an additional quantity of mineral acid. 
The aqueous pher-ol-phecate solation is then subjected to 
a second phase separation of phenol in zcas 4. The 
aqueous layer from this separation contains residual 
phenate which can be recovered as crude phssol and 
recycled. The phenol layer from the separation of zone 
4 is the product, substantially pure 2,4,5-tricrJcroprisnol. 

The phenols precipitated in the first neutralization step, 
although taey may be relatively impure, are suitable tor 
ust as crude trichloropher.ol. The phenates reraainiug 
in solution after the secona neutralization step inay be 
recovered as the free obet;ois "by complete neutra'izatson 
and are also usefiil as -crude trichloropnenoL 

The ansouat -of aci3 -'eraploysd in the fest SEutTEiha
tion steps rsjigss from ea anjouat sufficient to s?utralizs 
the excess alica'iiEity zzd to spring free ss Itttis as about 
I or 2^ of the Dhez!2*ss present is? to aa araoust snS
cient to spring free as much as a third or a hslf ox iiie 
phenates present The amoitrrt of acid •added to neu
tralize the aqueous phase separSted from the first nen
tralizatioa step may range from about 25?J> to about 90 
or -9595, of that requii-ed to spring the phsnates present 
aj jhe corresponding phenols. The particular -choice of 
DrODOrtion cf acid added is largely dependent .upon toe 
' n-tj, of  oriamal crude 2.4,5-trichloroBhsaats soiu

qmre a greater amount of 

 &s

^ JR mnj ̂  rft of ̂  so ̂  on ̂ .^ lar£(3y^ ^ f ^ 1,2,4,5-tetrachlorobsnzeas em
"

" 
^ y crude 2,4.5-triohloroDhMste s=lu

«i n  ^  r ' 
a le s ser amount"* "? . , ™ *e econd 

«*P-' Generally, aay aunera! acid, such BS -sufonc w 
hydrocWonc add, is smtaote. 

We havf foxlnd ^^ a pretreatmenl of the 3,4,5-tncMo
rophsnaie Solution, ^uch as by steam distiL'arjoa :o remove 
som- of &* caustic insoluble impurities, is ertreaiely 
benefidai in Lhat it lowers the required amount of acid 
for the fL-s: step cf neutralization and psnnits a greater 
aaiouut of acid to be erapioyed in Ihe second r.eutraliza
tioa step, thus permitting highly increased yields of the 
recovered iiigh purity products. Stesm -distil!? vion C;f ̂ he 
proaurr of the second neutralization is also advsstisgsoas 
as the coicr of the pure 2,4,5-trichiorcphenol product is 
thus improved. 

Our process is conveniently carried out at any tcrripsra
nsre at vhi;h the phenate solution is hi the liquid state, 
preferably between about 20° and about SO* C. The 
most important aspect of tsroperatur-e is v.'setber -the 
phsaols are ic> be phased out as -solids or liqckis; for ifhe 
teEperature at which the process is carried out must of 
course be selected having in mind whether a liquid-solid 
or a liquid-liquid ssperatio-i is conteinplEted. 

http:trichloropher.ol
http:ansUcar.ts


C-.:-''. ri.-"o-'i.rl:aloror--/.ei:ol obtained by acidifying the 
::•;;• rlj.cs.:? prjJact o: thi caustic hydro'JT-'S of 1,2,4.5
•..-":;L:;.;'ci-;c2i.:;£ tnd h=v;r:g the ioilov.ir.z analysis: 

:: ?.. '-C.	 60-62 
H.-~-, -•-'. percent	 0.00 
AE, v.-t. percent	 0.05 
?'r;i:~sj equivalent	 207 

(Theoretical 198.5) 
^•45-trichloropnsnol, wt. percent 97.f: ' infra-vcd) 
24,f-irich!oi'OpbenoI, •*.- percent 1.0 (infra-red) 
rX.S-irichioreasisole, wt. percent 1.0 (infra-red) 
Uec-eatiSed (not tars)., m. percent __ 1.0 (approx.) 

•^ts reacted rvilh caustic ;s a pH of 10 and jresm distilled 
ia remove trichJcrcanisc-e and some uniden-if icJ inate
rUI, l~t:r proven to bs schlorodimethoxyb-irjzene. frcsYi 
£2 pitnats solution. To tie resulting aqueous phenatc 
K-i jiiaa was added one-iiird the amount cf aqueous hy
crcxaloric acid required to neutralize the slijht excess of 
zT-'tf and all tfce phen=:es present. Sufficient water was 
Eiiid to cause phase se?sjr=iion of the free phenols from 
us aqnsous psenUe soiarion, which was then decanted. 
Tie phenol layer was washed free of phenstes with wa
ter EEC the washings sd-dta to the aqueous phsnate layer. 
ASsr steam distillation ia separate color bodies the sep
srssi phenol contained 99% ^.4,5-tricblorophenol by 
kxrs-red analysis, was completely soluble is 0.1 NaOH 
Ewhzdoa. melted at 64—65* C. and bad a neutral equiva
lent of 205-7. 

As. equal amount of hydrochloric acid c-as added to 
fes rssidaal phenate solrfon. The free phenol which 
wss ^spsrEtaQ iberefrom scstained 100% 2,4.5-trichloro-
EEEiol by infra-red sash-sis, was completely soluble in 
C.1 KkOH solution, melisd at 65-65.5' C, had a neutral 
K-iivalsat of 201, and •K-ES water white in the molten 
sits. 

A third cut was obtarssd by completely neutralizing 
Ss rasr'Tring phenatss. resulting in precipilation of 
*hi£dts which analyzed 3S% 2,4,5-trichlorophenoI and 
L5S 2,3,6-tricfaloropheEO: by infra-red analysis. 

Example II 

In this esampls crude pbeuate solution, prepared as in 
asssfls I, was acidified step-wise followicg the proce
cbrs of Er^mp-ls I employing first 10% of the acid the
G3JJ3lJy required to necsalize the slight excess alkalin
iry £nd all the phenates present as the free phenols, then 
SOS- and then 10%. las steam distillation step was 
csiliid sad snScfent w^sr was added bsfore the first 
sdoiScaiion to lower tfcs rObenate concentratioD to about 
ICfS by weight The Srst cut of phenols recovered was 
Idp in alkali insoluble: organics ccntainiag oniy 67% 
2.4.5-tdchIorcphenoI by infra-red analysis. The center 
dJ TTES 99.5% 2 4,5- and G.5% 2,3,6-tricbJoropheDol by 
hfrsi-red analysis and nieiied at 65.5-66° C. The third 
cc: Eislyz-d 98ft 2,4,5-eichlorophenol, 

Is the fcilofffEg tffo eiiEipIes ?H parts are by weight, 
snliss otherwise noted. 

Exsmple III 

100 parts of crude 2.4p-trichlorophenoL having the 
K-C:J ansiysis as is Example I. are reacted v.-ith 20 parts 
p;-5h;̂ : hydrc'ide in 950 parts water find 55 pans of 
'Tziziijs frc_i a preview batcli to produce about 10% 
by .̂-sigiit phenats solution- 10% of the phenates are 
tis pissed" out by addition of 10% of HCI (37% cone.) 
rl>iri;c:meirically requz.T-d for complete neutralization. 
Tis pL?20ls are separated by filtration and washed with 
50 parts water, recoveries 55 parts washings which are 
iiiiisd ia the crsparatiDE of the 10% pheriate solution 
for ii subsequent batch. The impure 2,4,5-trichloro

5	 originally pr;;;^: £5 free phsn-r:j. Tit; pi;;r-:S zr 

are washed v.i± 50 pans water, recovering 50 piru
ing which are siisi to the aqueous filtrate. Ths v; 
phenols sre stsim dirtiiied and tisa dried to via 5 rnb

10	 stenliaDy p-Jrs ILi.5-trichloropheool. 
The reraaicjig f2trz.te, including 60 parts \v: ii 

noted above, is tan treated viih HO .) " 
spring free lie naiaaiiEg phecates as the pbeco'i s 
phenols which phssa out are separated by Eitratios aad 

15 Hre recovered for ssle as cnade rrichlorophtnols. Aboat 
half tlis !?.si croup of phenols do cot phase out and rsnsijL. 
cissolveti ic tae g:rate of the third neutralization, sap. 
They aiso may be ricoverid for crude sales. 

20	 Example W 

250 parts of crcde 2,4,.5-triCiiiorophecol of the sane 
analysis as that Employed in Example I are reacisi with, 
50 parts sodium hydroxide in 250 parts water. 24.S parts 
KC1 (37% cone.) are added to spring free a portion of 

25 the phenates as the phenols. 2000 parts water are then 
added to phsss out ihi phenols which are separated Sxtn 
the aqueous phemte phase by filtration. The phecols srs 
washed acd 16 pars recovered as crude tricbJoro>:i»aoL 
The washings, cossbsned with the aqueous filtrsle, ars 

30	 ireated with iOD r-sTis KC! (37% cc-nc.) to phasi oct 
212.9 parts of 2,4.5-:richloropheriOl which is -wasntd End 
steam distilled to recover 165.6 parts pure 2,4,5-tricsloro
phenol. Tee wssnicgs, corabissJ with_the aqnscsi fil
trate, are furUier treated with 27JZ parts KC1 (37% co=c.) 

35	 to recover 3.2 para of crjde trichloropheTiol. 
We claim: 
1. A procass f&r fhs prodnctioii of 2,4^-fricMorop;Hfiol 

obtained by catsiiic: hydrolysis of l,2,4,5-tetravhicre:iei:
40 zene, which costpriiss adding mineral acid to the erode: 

?.,4,5-trichlorcpheaE:a misturc ia amount stsfacIeiSi to 
neutralize excess alkalinit}' ana a minor proponk-2 of 
the pheaates presect, which fonr corresponding paeaols, 
separating the phenols as separate phase from dihse 

45 aqueous mixture navrug a phenol-phenate content <x not 
more than about IDS by weizht, sdding mineral acid to 
the separated aqueous phase in aa amount sufHciiai to 
convert less than the total quamiry of remaining phesues 
to corrtsposdiag phenols, and separating 2,4,5-trichkjro

;>0	 phenol from the aqaeous phase. 
2. A process for ihe recovery of 2,4,5-trichloropfeeool 

from cradt jnixtnrcs thereof obtained by caastis fcySroJ
ysisof 1,2,4^-tetactIorobenzece, which comprises sddnig 
aqueous caustic solsion to crude 2.4,5-lrichloropbecoj to 

05 convert ell phenols present to the corresponding phesaies, 
adding mineral acid to the crude 2,4,5-trichlorDshrcats 
mixture ia aaouct suSc-enl to neutralize excess alk£imiry 
and 2 miser proportion of the phenates present, \inich 
form correspoatisi? phenols, separating the phesals as 

CO	 a separate phase from dilute aqueous mixture ha-rfng a 
phenol-phsEK'.e content of not more than abost 1&% by 
weight, addk'2 rDineral acid to tbe separated sgseous 
phase in an amoMn: suScient to convert less frtr. the 
total quEntitj-- of resiaiaiag phenates to the corresscsd
ing pheno's, and separating 2,4^5-trictlorophencl from 
Ihe aqus-ous phase. 
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5 CLiinis.

This Invention relates to a process for prepar
ing 2.4,5-triehioro phenol, and more especially 
to a process wherein 1,2,4,5-tetrachloro benzene 
is subjected to alkaline hydrolysis in the presence 
of et-hylene- or propylene glycol (propane
dlol-U). ' 

2,4,5-trlchioro phenol has been prepared from 
1,2,4,5-tetrachloro benzene by hydrolyzing the 
latter with alkali in the presence of methyl al
cohol, the process being conducted under con
siderable pressure, of the order of 600-300 pounds 
per square inch. Special pressure equipment is 
required for conducting such a process. More
over, appreciable amounts of the methyl ether 
of 2,4,5-trichloro phenol form when methyl al
cohol Is employed; and the. formation of the 
ether is undesirable as it decreases the yield of 
the desired free phenol. 

Our present invention overcomes the foregoing 
disadvantages and provides a process for making 
2,4,5-trichloro phenol from 1,2 4,5-cetrachloro 
benzene which can be conducted with cheaper 
and simpler equipment than is required by the 
prior art process, and which does not result in 
the formation of any appreciable amount of 
ether. 

In general, our process may be conducted by 
dissolving an alkali metal hydroxide, such as so
dium hydroxide, potassium hydroxide and lith
ium hydroxide, in ethylene glycol or propylene 
glycol, or a mixture thereof, at elevated tempera
tures while stirring the contents. The tetra
chloro benzene is then added and the mixture is 
heated for a few hours, normally 3-4 ho'Jrs being 
sufficient. The end point of the reaction can be 
determined easily bj takir.g a sample of r,he re
action mixture and diluting it with water. If 
the sample is water soluble or practically entirely 
soiubie in. the water, the reaction may be con
sidered to have been corrpleted. The desired 
phenol may be isolated in ;i*:corclance with known 
procedures. For exarr.plt. the reaction mixture 
may be cooled after the i.cs^ as above shows sub
stantial completion of the reaction, and thea 
ac.difled with a mineral rtcid such as hydro
chloric acid. The precipitated alkali metal chlo
ride Is filtered off The filtrate is poured into 
water, causing the 2.4,5-trichloro phenol to pre
cipitate. The phenol Is extracted with benzene 
and the benzene extract is distilled to remove the 
benzene and yield the phenol. The aqueous 
layer remaining after the benzene extraction 
is fractionally distilled to remove the glycol 
employed. 

Too proportions of tae ingredients used may 

 '(CL2S3— 523) ' 
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be varied. The alkali metal hydroxide Is used In 
amounts equivalent to at least 2 uiqls of hydrox
ide per mol of tetrachloro benzene. 2-3 mols of 
hydroxidR .per mol of tetrachloro' benzene gives 

5 excellent results. Higher amounts of hydroxide 
may be employed, but axe unnecessary. 

With regard to the amount of glycol which 
should be employed in our process, we find that 
excellent results are obtained when about 750 

10 grams of the glycol per 215 grams (1 mol) of the 
tetrachloro benzene* are used. Larger amounts 
of glycol may be ussu, but in such cases no ad
vantageous results follow. Amounts less than 
450 grams of glycol per 216 grams of tetrachloro 

15 benzene are not recommended, as yield and qual
ity of the desired phenol are adversely affected. 

The temperature range at which the hydrol
ysis may be effected is between about 160* C. 
and 200° C., the preferred range being between 

20 about 170° C. and. 180° C. Higher temperatures 
are obtainable when propylene glycol Is employed 
than is the case when ethylene glycol is employed. 

A special advantage of this process is that it 
can be conducted at atmospheric pressure, under 

2fi reflux. However, if desired, the contents may 
be heated in. a closed system, whereby a slight 
pressure Is built up, amounting however to not 
more than 15 to 20 pounds per square inch, and 
not necessitating the use of any special pressure 

30 equipment in the plant. 
The Invention 'is illustrated by the following 

examples without however limiting the same to 
them. 

Example I 

60 grams of sodium, hydroxide flakes (95% 
NaOH) were dissolved in 500 grams of ethylene 
glycoi in a 2 liter three-necked flask provided 
with stirrer and an air condenser. The contents 

40	 were heated to 150° C.-160' C., this step requir
ing about 30 minutes. 14.4 grams of 1,2,4 5-tet
rachloro benzene were rapidly added to the so
lution, and the mixture was heated to 170° C.
1KO° C. (Inside temperature) , and maintained at 
that temperature range for 4 hours. 10 grams of 
tetrachloro benzene sublimed in the air con
denser and were recovered. A sample of the re
action mixture gave a clear solution when dis
solved In 10 times Its weight of water. 

The reaction mixture was allowed to cool; 
dry hydrogen chloride was passed into it until It 
became acid to litznuj. The slight excess of hy
drogen chloride was neutralized by the addition 
of a small amount of sodium bicarbonate. After 
cooling again to about 20° C., the salt was filtered 



3 
b? suction and the salt cake was •washed with 
60 cc. of l&opropyl alcohol. 600 cc. of water were 
atSdsd to the filtrate resulting in a bottom layer 
of precipitated trlehioro phenol and a top layer ; 
of dilute sthylene glyccl The entire mixture was e 

• extracted with -iOO co. of benzene, then with 100 
cc. of benz-ene snd finally with 80 cc. of benzene. 

The combined L>enzeae extracts were shaken 
with 200 cc. of water and the water layer was 
separated and added to the dilute ethylene g'ycol. 10 
The washed combined benzene extracts were 
dried b;-' means of anhydrous sodium sulfate. fil
tered, acd distilled. After removal of the ten-, 
zene, the residue was distilled at a pressure of 4 
mo. of mercury. 108 grains of - 2.4,G-trichioro 13 
paeno!, boiling at 101° C.-1Q5" C.. and haying a 
congealing point of 63.3' C. (unc-rrected). -*<re 
obtained," 

The ethylene giycol can be recovered by dis
tillation of the aforementioned dilute ethylene 20 
giycol. The water and Isopropyl alcohol were re
moved in a fractionating still at a pressure of 90 
mm. of mercury, ths temperature being carried 
up to 50' C. The ethylene glyccl was then dis
tilled under high vacuum (3 mm.). 232 grams 26 
of the giycol boiling at 80° C. being recovered. 
In order to lemove practically ail of the ethyl
ene giycol from the small amount of salt re
maining In the distilling fle.sk, the temperature 
was raised so that some giycol, boiling .from 80* so 
C. to 120' C., was obtained. 

Zxamtle II 
72 grams of 1.3,4,5-tetrachloro benzene wers. 

stirred and heated to 180-200* C. with a solution 35 
of 30 grams of sodium hydroxide in 250 grams 
of propylene giycol, the heat treatment being 
conducted for 6 hours. 54.grams of coccentrated 
sulfuric acid (93% HaSOO were added to the re
action contents after they were cooled to room 40 
temperature (about 25' C.). The entire con
tents were poured Into 1000 cc. of water. The 
solid material was then filtered and washed with 
500 cc. of water ahci anally dissolved in 200 cc. 
of benzene. The benzene solution was dried with 46 
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-trichlor2 phenol being 
obtained thereby. 60 

The foregoing illustrates the practice of this in
vention, which however, la not to be limited ' 
thereby but )s .to be construed aa broadly as per
missible in view of the prior art and limited solely 
fcy the appended claims. CO 

We claim: 
1. The process for preparing 2,4.5-trichloro

phenol, which comprises heating at 160'-200* C. 
in the following proportions: 1 gram molecular 
weight of 1,2,4,5-tetrachlbro benzene and at least so 
3 gram molecular weights of an alkali metal 
hydroxide in the presence of at. least 450 grams 
of at least one material from the group.consist
inj of ethylene glyeo). and propylene giycol, the 
reaction being conducted under a pressure with- e3 

in the raasa of .that pi the atmosphere up to 20 
pounds per square inch and for a tior.e sudcient 
to substantially complete the conversion into 
2,4,5-trichleropheriol.

2. The procssa for .preparing 2,4,6-trlchloro--
pheaol, -ffiiich comprises heating at 180"-20o° C." 
in the .folio-sing proportions: 1 Gram molecular 
,weight of 1,2,4,5-tetrachloro benzene and at least 
2 gram molecular weights of aa alkali metal hy
droxide in the presence of at Irjast 45? grams of 
ethylene giycol. the reaction being conducted 
under a pressure within the «,nge of that of the 
atmosphere up fx> 20 pounds per square lech 
and 'or a. time sufficient to substanti-uiy com-. 
plete the conversion into 2,4.5-trichlorophenol. 

3. Tfcs process *cr prepf^ring S.i.o-trichioro
phenyi, wiich comprises heating at 160°-20o° C. 
in the following proportions: i gram molecular 
weight of 1,2,4,5-tetrachloro benzene and at least 
2 grain molecular weishis of sodium hydroxide 
in the presence of at least 450 grams of ethylene 
giycol, the reaction heir.? conducted under a 
pressure within the range of that of the atmos
phere up to 20 pounds per square inch and for a 
time sufficient to substantially complete the con
version into 2.4.5 -trichlprophenol. 

4. The process for preparing 2,4,5-trichloro
phenol. which comprises heating at 170°-180* C. 
in the following proportions: 1 gram molecular 
weight of 1,2,4,5-tetrachloro benzene and 2-3 
gram molecular weights of sodium hydroxide in 
the presence of 750 grams" oi ethylene giycol, the • 
reaction bains conducted vindsr atmospheric pres-/ 
sure and for a time sufficient to substantially' 
complete the conversion into 2,4,5-trlchloro
. phenol. . 

5. The process for preparing 2,4,5-trlchloro
phenol, which comprises Heating at 170*-i80* C. • 
in the following proportions: 1 gram molecular 
weight of 1.2,4.5-tetrachloro benzene and 2-3 
gram moiecular weights of sodium hydroxide in 
the presence of 750 grams of propylens giycol, 
the reaction being conducted under atmospheric 
pressure and for a time sufficient to substan
tially complete the conversion into 2,4,5-trichloro
phenoL 

EDWA7XD JOSEPH NBCAW3TZ. 
•WTTJJAM S. QUMP. 
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[57] ABSTRACT 

A novel process for the purification of 2,4,5-trichloro
phenol which comprises selectively reacting the major 
impurities with formaldehyde. 
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only a marginal, if any, improvement as io the purity of 
PROCESS FOR THE PURIFICATION OF CRUDE the recovered material. 

2,4,5-TRICKLOROPHENOL By contrast, at sulfuric acid concentrations between 
55% and 75% there is a surprising selectivity demon-

BACKGROUND OF THE INVENTION 5 strated with the formaldehyde reaction primarily with 
,,,j . The conventional industrial method for preparing

"*** 2,4,5-trichlorophenol involves the reaction of 1.2,4,5
tetrachlorobenzenc with methyl aJcohoh'c or aqueous
methyl alcoholic sodium hydroxide. The crude product
which is available commercially is about 94% 2,4,5-tri- 10

. • chlorophenol and about six percent impurities which
. are primarily dichlorophenols and dichloromethoxy

phenols.
The gennacide known as Hexachlorophene ® (bis

[3,5,6-trichJoro-2-hydroxyphenylj,nethane), is prepared
by condensing 2,4.5-tnchlorophaiol with formalde
hyde In order to get a germicideof high punty it a
desirable to start with a 2,4,5-tr.chlorophenol of high
Durity. Since the dichlorophenols and dichloromethox

 the dichlorophcnol and methoxydichlorophenol impu
 rities and not with the 2,4,S-trichlorophcnol. It is pre
 ferred to work at the center of this range of concentra
 tions, i.e. at concentrations of 60% to 70%. 

 The temperature range is less critical than the acid 
 concentration, 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 ruction between Uie impurities to be removed 
 md Ae formaldchyde resu]tmg in a poorer grade of 

recovered 2,4,5-trichlorophenoL 
 A{ tem atures exce£ing 90- C. the reaction ap

, , . .. ,, . .,  *. 
 *"? 5° ̂  leSS *le?ve "?d lowf^^!ds of

 r
 recovered 

ii>hcnc!s press* in the cosnmeicial erade 2,4,5-tri- M 2.^.5-tnch orophenol are obt^ned. 1 emperatures m the 
ru>Se.°'  C  to  arechlorophenol will also react with formaldehyde, it is  '° - ?° C - ̂ (bre, preferreu. It is 

desirable to remove them prior to the condensation. especially preferred to work in the middle of this range 
at tttr.psratiircj-of from 75* C. Jo 85' C. 

SUMM ARY OF THE INVENTION The reaction should, of course, be nm until all of the 
It is the surprising and unexpected finding of this 25 impurities to be removed have condensed with the 

invention that major impurities in the erode product
(ca. 94% 2,4,5-trichlorophenol and ca. 5.5% dichloro
phenols+dichloromethoxyphenols) can be reacted
with formaldehyde under conditions wherein the under
sired 5.5% of the impurities react to form condensation 30
products, but the 2,4,5-trichlorophenol.doe3 not react to
form Hexachlorophene. The unreacted 2,4,5-trichloro
phenol can then be separated from the condensation
products to provide 99.5% pure 2,4,5-trichlorophenol
in high yield.

The critical parameters ui this process appear to be
the concentration of sulfuric acid, the reaction tempera-
tore 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 undesirable 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 added as a 37% aqueous solution or formalde
hyde added as paraformaldehyde are both suitable.

 formaldehyde. Under the preferred conditions, this 
 normally occurs from five to eight hours. It is preferred 

 however, to follow the reaction by a suitable analytical 
 tool such as gas liquid chromatographjt-_ 

The purified 2,4,5-trichlorophenol can be separated, 
 from the heavier condensation products by methods 
 known in the art, i.e. by extraction and/or distillation, 
 A. number of suitable extraction solvents will dissolve 

the tricl Jorophenol, but not the less soluble bis-phenols. 
 35 5^^^ for jj.^purpose are the alkane solvents such as 

 penune, hexane, heptane and the like, 
r, -a preferred to ^paratc the lower boiling trichloro

pbeno, frQm ^ higher ^^ condensation product. 

^ by & distillation, preferably a steam distillation or vac
 uum steam distillation. 

 ILLUSTRATION OF THE PREFERRED 
 EMBODIMENTS 

A nunlber of 45  "^ples are provided herein to illus
*rate tDe Preferrcd embodiments of this invention. They 

 ve included for the purpose of illustration only and 
 should not be construed as limiting. They arc intended 

 to embrace tny equivalents or obvious extensions which 
The nature or amount of excess of the formaldehyde 50 are known or should be known to a person skilled in the 

used docs not appear to be critics!. Although stoichiom- art. 
ctry demands only one mole of formaldehyde for every The purity of the 2,4,5-trichlorophenol was dcter
two moles of phenolic impurity ro be condensed, it is mined by vapor phase chromalography using a 1 in. X6 
preferred to add an excess oi" several fold since the ft. stainless steel column packed with 4% FFAP on 
reagent is economical and ta excess does not have a 55 100/12*0 mesh chromsorb W, acid washed, DMCS. A 
detrimental effect on the purification process.

An amount of formaldehyde greater thsn 1 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 siilfuric acid concen
tration is 50% or less, the yields o' iccovercd 2,4,5-tri
chlorophenol were lower and the improvement Ln the
purity was only marginal. When the concentration of
sulfunc acid is 80% or greater, the 2,4.5-trichloro
phenol reacts rapidly with ine form;J dehyde and the
result is a lower recovery of 2,4,5-!richlorophenol anJ

 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 manu

 60 facruring and selling this material and was analysed by 
 gas liquid chromalography as follows: 

 ______^__________________ 
 2,«.5-Trichlorophenol M.o ± 0.2% 
 65 H/W-DichJoropbenol 1 
 ™™£&F~* 

4,5-Dichlorx>-2-meihox>-ph«K>) \ 
 2,5-Diehloro-*-meihoiyphenol \ 4.6 ± 0.7% 



4,216,342
 

-continued EXAMPLE VI 
Z,*-Dichloro-i-mrthoxyphenol Example II was repeated excepting that a sulfuric 

acid concentration of 50% was used. Product recov-
The term technical grade TCP refers to a commer- ered was only 96.2% pure. This illustrates the poor 

cially available product similar to that described above results obtained at low acid concentrations. 
and which is about 94% 2,4,5-trichlorophenol. This EXAMPLE VII 
term (technical grade TCP) when used hereinafter re
fers to such a commercially available product Example I was repeated and followed by gas liquid 

10 chromatography to illustrate the shorter reaction times 
EXAMPLE I result in a product of lower purity. 

After 1 hr 94.796 pure 2,4,5-trichlorophenol recover-Sulfuric acid (903 grams of 93% HjSOO-was diluted 
able. by slowly adding it to cold water (347 g) which was 

After 2 hrs 95.1% pure 2,4,5-trichlorophenol recovcooled and stirred during the addition. Technical grade 
IS erable. TCP was added and the reaction mixture heated to and 

After 4 hrs 98.7% pure 2,4,5-trichlorophenol recovsubsequently maintained Et 80' C. erable. Aqueous formaldehyde (14.0 g of a 37% solution) After 6 hrs. 99.5% pure 2,4,5-trichIoropheDol recov
was added slowly over a period of four hours. Tne erable. 
reaction mixture wzs msintaiiitd at SO* C. for an ?.ddi20 
tiontl two hours. EXAJ^FLE VIII
 

The reaction mixture was diluted by adding about
 Example I was repeated and the 2,4,5-trichloro
600 ml water and the product isolated vis a steam distil phsnol was recovered vii a vacuum steam distillation. 
ls tion. There was recovered 20S.O g (88.5% yield, 99.3% 

There was obtained 206.5 g of 2,4,5-trichlorophenol 25 pure). 
which was 99.5% pure. This represents an 87.7% re-

EXAMPLE Kcovery of the 2,4,5-trichlorophenol in the starting mate
rial. Example I wes repeated excepting that the concen-

The purified product analysed as follows: tration of the sulfuric acid used was 80%. The 2,4,5-tri
30 chlorophenol reacted with the formaldehyde to form a 

bis-phenol. This example illustrates the failure of the 
2,4, S-Trichlorophenol 99.5 purification process if the concentration of acid gets too 
2,4/1,5-Dichlorophenol high. 2,3,6/2.4,6-TrichlorophenoI 0.3 
3,4-Dichloropheoo) We claim: 
4.5-Dichloro-2-inciijQ*ypIie*jl 35 1. Process for the purification of technical grade TCP 
2,5-Dkhloro-t-melhoxyphenol 0.2 which comprises treating the technical grade TCP with 
2,4-Dichloro-5-meUioiyphenol formaldehyde in the presence of 55% to 75% sulfuric 

acid at a temperature bevweea 70" C. and 90* C. and 
separating purified TCP therefrom. 

EXAMPLE II 40 2. A process according to claim 1 wherein the puri-
Example I was repeated, substituting 5 g of paraform- fied TCP is isolated by a distillation or an extraction. 

3. A process according to claim 2 wherein the purialdehyde for the 14 g of 37% aqueous formaldehyde. 
fied TCP is isolated by a steam distillation or a vacuum The paraformaldehyde was added portioawise over a 
steam distillation. 30 minute period. 

45 4. A process according to claim 1 wherein 60-70% Pure 2,4,5-trichlorophenoI (200.9 g. 85.5% yield, 
sulfuric acid is used. 99.6% pure) was recovered. 

5. A process according to clsim 4 wherein the tem-
EXAMPLE III perature is between 75* C. and 85* C. 

6. A process according to claim 5 wherein the prod-Example I was repeated excepting that 21 g of aque so uct is isolated by a distillation or an extraction. ous formaldehyde was used. 7. A process according to claim 6 wherein the prod-Pure 2,4,5-trichlorophenol (200.9 g, 85.5% yield, uct is isolated by a distillation. 
99.7% pure) was recovered. 8. A process according to claim 1 wherein there is 

EXAMPLE IV used: 
55 (a) two to five aoler equivalents of formaldehyde 

The process of Example II was repeated using a hot (b) 60% to 70% mlfuric acid; 
heptane extraction in place of the steam distillation. (c) a reaction temperature of 75* C. to 85" C.; 

There was 190.6 g of 2,4,5-trichlorophenol recovered (d) a steam distillation or vacuum steam distillation 
(91.1% yield, 98.3% pure). for the isolation of the purified 2,4,5-trichIoro

60 phenol. EXAMPLE V 
9. The process of claim 8 wherein the reaction time is 

Example I was repeated excepting that a temperature 5 to 8 hours. 
of 100' C. was used. There was 167.1 g of 2,4,5-tri- 10. The process of claim 9 wherein aqueous formalde
chlorophenol recovered (71.0% yield, 99.6% pure). hyde is used. 
This is considerably less than obtained in Example I 65 11. The process of claim 9 wherein paraformaldehyde 
illustrating the fact that temperatures in excess of 90" C. is used. 
result in lower recovery of the desired product. 



Technetium 8958 

F. Manske, Ed. (Academic Press, New York, 1968) pp 
597-626. 

Granular amorph powder, mp 121-124". [ajj,7 +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. CMHA1NO10, mp 204-206V [a]D - 140" (CH C13). 

8955. Taxodione. 4b,S,6,7,8,8a.Hexahydro-4-hydroxy 
46, S, 8- trimcthyl- 2-(I- methylechyl)- 3,9-phenanthrenedione; 
ll-hydroxy-13-isopropylpodocarpa-7,9(ll),13-triene-6,12
dione. CMHMOj; mol wt 314.43. C 76.4O%, H 8.34%, O 
15.26%. Isoln of naturally occurring (+)-form from Taxo
dium distichum Rich, Taxodiaceae: Kupchan a 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 el aL, 
Bui!. 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 (-t-)-form: T. Matsumoto et 
a!., BulL Chem. Soc. Japan 50, 266 (1977). Antitumor activ
ity studies: Hanson et al.. Science 168, 378 (1970). 

(c = 1 in CHClj). uv max (methanol): 320, 332, 400 nm 
(< 25,000, 26.000. 2000). 

THERAP CAT: Antineoplastic. 

8956. Tazettine. Sekisanine; sekisanoline; ungernine. 
CaHaNOf mol wt 331.26. C 65.24%, H 6.39%. N 4.23%, O 
24.14%. From Narcissus lazelta L., Lycoris radiata Herb., 
Ungemia scwerzowi (Rgl.) Fedtsch., and other Amaryllida
ceae: Spatb, Kabovec, Ber. 67, 1501 (1934). Structure and 
stereochemistry: Ikcda et al.. J. Chem. Soc. 1956, 4749. Abs 
config: Highet, Highet, Tetrahedron Letters 1966, 4O99. 
Synthesis: Hendrickson et aL. J. Am. Chem. Soc. 92, 5538 
(1970); Tsuda et aL. Tetrahedron Letters 1972, 3153. Bio
synthesis: Fales, Wildman. /. Am. Chem. Soc. 86, 294 
(1964). Identity with Sekisanine and sekisanoline: Ikeda et 
aL. toe. cit. Stereospecific total synthesis: Hendrickson et 
al.. J. Am. Chem. Soc. 96, 7781 (1974); S. Danishefsky et aL. 
ibid. 102, 2838 (1980); 104, 7591 (1982). 

Crystals, mp 210-211" (evac tube); raccmale reported as 
mp 237-238" (Tsuda) and mp 175-176" (Danishefsky). [a]g 
+ 150.3" (82 cng in 2 ml chloroform). Sol in methanol, etha
nol, choroform. Sparingly sol in ether. . j ..-i 

Hydrochloride, crystals, mp 206", water soluble. * ;,-' ' *"' 
Methiodide, crystals, dec 220" (evacuated tube). ,,./ 

8957. TCDD. 2,3,7,8-Tetrachlorodibenio(b,e][l,4jdioan; 
2,3,7,8-tetrachiorodibenzo-p-dioxin; 2.3,6,7-tetrachlorodi
benzodioxin; dioxin; TCDBD. C'yH^Cl^Oy mol wt 321.96. 
C 44.77%, H 1.25%, Cl 44.04%, O 9.94%. Highly toxic and 
teratogenic contaminant of 2,4,5-trichlorophenol and 2,4,5
T, q.q.v., can be formed during the manufacture of trichloro
phenol. Prepn by chlonnation of dibenzo-p-dioxin: W. 
Sandermann, Ber. 90, 690 (1957); M. Tomita el al. Yakuga
ku Zoanin, 186 (1959), C.A. S3, 13152d (1959); by con
densation of potassium 2,4,5-trichlorophenate: O. Aniline 
in Chlorodioxins— Origin and Fate, E- H. Blair. Ed.. Ad
vances in Chemistry Series 120 (A.C.S., Washington, D.C., 
1973) pp 126-135. Crystal structure: F. P. Boer et aL. Acta 
Crystallogr. 28B, 1023 (1972). Toxicity and metabolism 
studies: R. J. Kociba et a!.. Toxicol. AppL Pharmacol. 35,
 
553 (1976); J. Q. Rose et aL. ibid. 36, 209 (1976); A. Poland.
 
A. Kende, Fed. Proc. 35, 24O4 (1976). Environmental deg
radation: D. G. Crosby, A. S. Wong, Science 195, 1337
 
(1976). Review of carcinogenicity studies: 1ARC 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. 5, 313 pp (1973); R. D. Kim
brough, Cm. Rev. ToxicoL 2, 445-498 (1974); A. Poland, J.
 
C. Kflutson, Ann. Rev. PharmacoL Toxicol. 22, 517-554
 
(1982). See also: Dioxin—Toxicological and Chemical As
pects. F. Cattabeni et aL. Eds. (Wiley, New York. 1978) 222
 
pp; special issue. Chem. 4 Eng. News 61 (June 6, 1983).
 

Cl 

Needles, mp 295" (Tomita); crystals from anisole. mp 
320-325" (Sandermann). LDH 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 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. A 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 
defoliant, see C. Holden, Science 205, 770 (1979). 

Caution: Extremely potent, low molecular weight toxin. 
Toxic effects in animals include anorexia, severe weight loss, 
icpatotoxicity, 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, 
Cende, 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 (longest-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 confirmed by isoln of the element. 
Element no. 43 is the first artificially produced element. 

rned from the Greek word for "artificial"; separated from 
a molybdenum plate that had been bombarded for a few 
months with a strong beam of deuterons in the Berkeley 
cyclotron: Perrier, Segre, Nature 140, 193 (1937); eidem. J. 
Chem. Phys. 5, 712 (1937); Cacciapuoti, Segre; Phys. Rev. 52, 
252 (1937). The most commonly available isotope, Tc, 

Consult the cross index before using this section. Page 1305 
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C*T: Ant iacne : ant ipsor iar ic .
 

Tazettine. Sekisanine; sekisanoline; ungernine. 
5bs; mol wt 331.37. C 65.24%, H 6.39%, N 4.23%, 

t.' From Narcissus tazetta L., Lycoris radiaia Herb., 
i sewerzowi (Rgl.) Fedtsch., and other Amaryllida
ilh, Kahovec. 5er. 67, 1501 (1934). Structure and 

lisiry: Ikeda et a(.. 7. Chem. Soc 1956, 4749. 
g: Higher, Highet , Tetrahedron Letters 1966, 

nthesis: Hendrickson et a/.. 7. Am. Chem. Soc. 92, 
'70); Tsuda el al. Tetrahedron Letters 1972, 3153. 

Fales. Wildman. 7. Am. Chem. Soc. 86, 294 
dent i ty with sekisanine and sekisanoline: Ikeda et 

•at- Stereospecific total synthesis: Hendrickson et 
. Chem. Soc. 96, 7781 (1974); S. Danishcfsky ft aL. 

, 2838 (1980); 104, 7591 (1982). 

OCH, 

is, mp 210-211' (evac tube); racemale reported as 
T23r (Tsuda) and mp 175-176' (Danishefsky). [a]g 

mg in 2 ml chloroform). Sol in methanol, 
Tolorm. Sparingly sol in ether.
 

Joride, crystals, mp 206*. water soluble,
 
lide. crystals, dec 220' (evacuated tube).
 

'V Tazobactam. f2S-(2a.Jl3,5a)J-J-Methyl-7-oio-3
-triaz.ol-I-ylmelhyl)-4-thia-l-atabicyclo[3.2.0]hep
rboxylic acid 4,4-dioxide; 2/3-J(l,2,3-triazol-l-yl)
a-methylpenam-Sa-carboxylic acid 1,1-dioxide; 
H; CL-298741. C10H,jN4OjS; mol wt 300.30. C 

4.037c, N 18.66%, O 26.64%, S 10.68%. (3-Lac
hibitor. Prepn: R. G. Micetich et a!.. Eur. pat. 

7,446; eidem. U.S. pat. 4,562,073 (1984, 1985 both 
R. G. Micetich et al., J. Afed. Chem. 30, 1469 
gradation in solution: T. Marunaka ft aL. Chem. 

36, 4478 (1988); in solid state: .E. Matsushima 
4593. 0-Lactamase inhibiting activity in com

fith clavulanic acid and sujbactajn, q.q.v., vs acr
i R. Jacobs et at., Antimicrob. Ag. Chemother. 29, 

', vs anaerobes: P. C. Appelbaum et al., ibid. 30, 
determn in biological materials: T. Marunaka 

immatog. 431, 87 (1988). Clinical trial in combi
piperacillin, q.v.: I. M. Gould ft aL, Drugs Exp. 

17, 187 (1991). 

rr N-V 

coon 

sa l t ,  CM,HMN4NaO5S. YTR-830, CL-307S79. 
's solid, mp > 170' (dec). 
ation of sodium salt wi th p iperac i l l in sodium. 

:ofi;i, Zosyn. 

THERxP CAT: In combination with 0-laciam ant ib io t ics as 
antibacterial. 

9252. TCDD. 2,3,7,8-Telrachlorodiben-o[b,e][l,4]dioi
m; 2,3,7,8-tetrat:rtlorodibcHZO-p~dioxin; 2,3,6,7-tetrachlorod.i
benzodioxin; dioxin; TCDBD. C,2H,C14O,; mol wt 321.97. 
C 44.77%, H 1.25%. CI 44.04%, O 9.94%. Highly toxic 
contaminant; produced as a by-product during the manuf of 
chlorinated phenols (2,4,5-trichlorophenol. q.v.) and phen
oxyherbicides (2.4-D and 2,4,5-T. q.q.v.). chlorine bleaching 
of paper puJp and combustion of chlorine-containing waste. 
Prepn: W. Sandermann. Ber. 90, 690 (1957); M. Tomita et 
al.. Yakugaku Zasshi 79, 186 (1959). C.A. S3, 13152d 
(1959). Crystal structure: F. P. Boer et aL, Acta Crystallogr. 
2SB, 1023 (1972). Towcity and metabolism: B. A. Schwetz 
el 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. Kendt, Fed. Proc. 35, i24O4 (1976). Environmental degradation: D. G. Crosby, 
A. S. Wong, Science 195, 1337 (1976). Comprehensive re
view of formation, chemistry, and toxic and environmental 
effects: Chhrodioxins—Origin and Fate, loc cil. 141 pp; 
Dioxin—Toxicological and Chemical Aspects, F. Cattabeni et 
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 loxicity: ). 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 er aL. 
Ann. Rev. Pharmacol. ToxicoL 34, 343-372 (1994). 

Needles, mp 29T (Tomiia); crystals from anisole, mp 320
325" (Sandermaon). LDW in male, female rats (mg/kg): 
0.022, 0.045 orally (Schwetr). 

Note: An industrial accident during the manufacture of 
2,4,5-trichJorophenol in Seveso, I taly 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. <4 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. viscular 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 et aL, Science 188, 738 (1975). This substance may 
reasonably be anticipated lo be a carcinogen: Seventh An
nual Report on Carcinogens (PB95-109781, 1994) p 369. 

9253. TebucoDlZOle. (±)-a [2-(4-Cfllorophcnyl)ethylJ
a-(l,l-dimelhylelhyl)-lH-l,2,4-triazole-I-etnanol; (RS)-1 -(4
cbJorophenyl)-4,4-dimethyl-3'(l//-l,2,4-triazol-l-ylmethyl)
pentan-3-oI; ethyltrianol; fenetrazole; terbuconazole; terbu
trazoie; BAY HWG 16O8; HWG-1608; Corail; Elite; Foli
cur; Horizon; Lynx; Raxil; Silvacur. C16HUCIN3O; 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: 

. KauJen. Agnew. Chem. Int. Ed. EngL 28, 462 (1989). 
botodegradation: H. Wamhoff et aL, Z. Naturfarsch. 49b, 

280 (1994). GC determn in plant material, soil and water: 
W.	 Maasfeld, Pflanzenschutz-Nachr. Bayer (Eng. Ed.) 40, 29 
1987). Review of chemislry and biochemistry: D. Berg el 

Consult the Name /nrfejr before using this section.	 Page 1555 



PLAINTIFFS 
E X H I B I T U.S. PHARMACOPEIA 

The Standard of Quality5" 

/ 2 6 0  / TW/nbrook Parkway 
RocJcv///e,MD 20852 

Tel: (800) 227-8772 or (301) 851-0666 
Fax: (301) 816-8148 
Web: www.usp.org 

E-mail: curtsvc@usf>.org 

Year Founded: 1S20 

USP is AN INDEPENDENT, NON-GOVERNMENT, not-for-profit organ
ization that promotes the public health by establishing state-
of-the art standards and developing programs to ensure the 
quality 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
mia, the U.S. government, the pharmaceutical industry, and 

""~\ other consumer organizations, 

USP STANDARDS ARE KNOWN WORLDWIDE as an assurance of high 
quality. 

USP-\T: The United States Pharmacopeia-National Formulary 
(USP-NTF) 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, L'SP 26-NF 21, becomes 
official on January 1, 2003. USP-NT is available in print, online, 
intranet, and CD formats. 

Reference Standards: USP Reference Standards are highly char
acterized specimens of drug substances, excipients, major 
impurities, degradation products, and performance calibrators. 
They are provided for use in compendia! methodology. USP 
Reference Standards are established through an extensive 
process of collaborative laboratory testing among USP, FDA, 
and the pharmaceutical industry. 

Pharmacopeial Forum: USP's Pharmacopeia! Forum (PF) and 
PF Online complement U5P-NF. PF and PF Online feature pro
posed revisions to USP-NT, as well as revisions that become 
official and binding before the next USP-NJF edition is pub
lished. PF and PF Online also request public review and com
ment on proposed revisions. 

Pharmacopeial Education: USP's Pharmacopeia! Education.1 
program helps pharmaceutical professionals better understand • 
and apply official L'SP-NF standards and test methods required^ 
for quality control and product release testing. Courses also help-; 
companies meet GMT and ISO training requirements. 

Dietary Supplement Verification Program: USP's Dietary:' 
Supplement Verification Program is designed to add clarity and'? 
value to products by helping consumers make informed civic-; 
es. The program verif ies that qua l i f i ed products contain;; 
declared ingredients in declared quantit ies and are manutac-. j 
rured under GMPs. 

Medmarx Patient Safety Solutions: USP's Medmarx is aj 
national medication error reporting database and system forj 
da ta analysis designed to improve pat ient safety and reduce!! 
costs. More than 500 hospitals and heal th care organizations^ 
have enrolled and collective!}' have submitted over 300,00 
anonymous medication error records, making it the la 
database of its kind. 

http:curtsvc@usf>.org
http:www.usp.org
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Hercules 7531 PESTICIDE DICTIONARY PE
 

Action/Use 
ACTION: Volatile insecticide in controlled release strip formulation. 
Acts by fumigant action on trapped insects. Inner reservoir automati
cally replenishes the insecticide 10 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 t«nt 
caterpillar, Mediterranean fruit fly, Oriental fruit fly, southwestern 
corn borer, and sweetpotato weevil. Used in conjunction with insect 
attractaats 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 traps. * 
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 MEDLA.: CO,, powder, foam. Use self-con
tained breathing apparatus. 
ANTIDOTE: Atropine sulfate and 2-PAM. 
FIRST AID: Get immediate medical aid. Eyes, 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 12-205 terraethyl 
pyrophosphate. Also known as hexa-ethyl tetraphosphate. 
Action/Use 

.-: ACTION: Insecticide. 
*"")JSE: TEPP is the insecticidal component of HETP, and is the material 

'now in production.
 
Safety Guidelines
 
HANDLING AND STORAGE CAUTIONS: HETP acts as a contact
 
poison and hydrolyzes rapidly in aqueous solution. Therefore, sprays
 
should be applied immediately after muring. Absorbed 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
 

COMMON NAME: Hexachloroacetone (ISO); HCA (WSSA).
 
CODE NUMBERS: CAS 116-16-5; SHA 043701.
 
Chemistry
 
COMPOSITION: l,l,1.3:3,3-hexachloro-2-propanone (CAS E and 9CI).
 

0 
CCIj-C-CCIj 

Hexachloroacetone 
Action/Use 
ACTION: Nonselective herbicide. 
Safety Guidelines 
SIGNAL WORD: CAUTION. 
TOXICITY CLASS: III. 
TOXICITY: (Rat): Oral LDM 3550 mg/kg. 
Hexachlorobenzene 
Identification 
COMMON NAME: Hexachlorobenzene (ISO, BSD. 
TRIVIAL NAME: HCB. 
CODE NUMBERS: CAS 118-74-1: SHA 061001. 
FORMULATORS' TRADE NAMES: No Bunt*. 
DISCONTINUED NAMES: Anticarie', Ceku C.B.* (Cequisai; Gran
ero' (Atanor S.A.); Res-Q* (+ maneb ~ captan) (PBUGordon). 

Jemistry 
MPOSITION: Hexachlorobenzene (IUPAC and CAS).
 
Lion/Use
 

ACTION: Seed protectant.
 

Safety Guidelines 
SIGNAL WORD: CAUTION. 
TOXICITY CLASS: IV. 
TOXICITY: fRat): Oral LDV.. 40.000 mg/kg. May cause slight irritation 
to skin. 
Emergency Guidelines 
FIRST AID: Get immediate medical aid. Ingestion. 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-ll. 
OTHER CODE NUMBERS: CAS 70-30-4; SHA 044901. 
FORMULATORS1 TRADE NAMES: Seribak*. 
DISCONTINUED NAMES: Hexalint*, Hexaphene* L.V., Hexide*, 
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 LDM 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 syrup 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. BSD.
 
CODE NUMBERS: CAS 79983-71-4.
 
FORMULATORS' TRADE NAMES: Canvil" (VAPCO).
 
Chemistry

COMPOSITION: (RS)-2-(2,4-dichlorophenyl)-l-(ffl-l,2,4-triazol-l-yl)
hexan-2-ol (IUPAC).

PROPERTIES: White crystalline solid with no odor. Melting point
 
lll'.C. Soluble in a range of organic solvents.
 

CH-,CH2CHnCH, 
I " 

Hexaconazole 

Action/Use
 
ACTION: Fungicide.

USE: Controls powder)' 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.
 
PREMDCES: Various Planete* premixes (+ carbendazim or chlorotha
loni] or fenpropidin) (ZENECA Agrochemicals).
 
Environmental Guidelines
 
SOLUBILITY: Low solubility in water.
 
Safety Guidelines
 
SIGNAL WORD: CAUTION.
 
TOXICITY CLASS: IV.
 
TOXICITY: (Rat): Oral LD!0 6071 mg/kg (female).
 
PROTECTIVE CLOTHING: Protective gloves and eye protection
 
when handling concentrate.

HANDLING AND STORAGE CAUTIONS: Refer to individual formu
lations.
 
Hexadienyl Isobutyrate
 

BP: Agri-Pharm de Mexico, S.A. deC.V. 
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Information is presented herein for preliminary planning only. 
Exclusive reliance must be placed on information/directions supplied by manufacturer. 
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Chemicals <Sc Related Materials 

HEXACHLOROACETONE See Hexachloro-2
•NT ACTA PHARMACAL Propanone	 i SABINSA 

, ASHLAND CHEMICAL COMPANY HEXACHLORO CYCLOPENTADIENE 
DNP INTERNATIONAL CO, INC VELSICOL CHEMICAL CORP. 
FREEMAN INDUSTRIES, L.L.C. 
KADEN BIOCHEMICALS GMBH HEXACHLOROCYCLOTRIPHOSPHAZENE 
KINGCHEMINC ESPRIT CHEMICAL CO. 
MAYPRO INDUSTRIES, INC. HEXACHLOROETHANE 
pharmline, Inc FABRICHEM, INC 
STAUBER PERFORMANCE INGREDIENTS, INC. HUMMEL CROTON INC. 
F.H.Taussig, Inc. Neuchem Inc 

'• P.LThomas & Co., Inc Service Chemical, Inc. 
HESPERIDIN COMPLEX Skyline International 
.:. ARROW CHEMICAL INC HEXACHLOROPHENE 
•	 ASHLAND CHEMICAL COMPANY International Commodities Export Corp. 

Belmont Chemicals Inc. -.v • SPECTRUM BULK CHEMICALS, DIVISION 
• I BOTANICALS INTERNATIONAL, INC., DM. ~f OF SPECTRUM QUALITY PRODUCTS, 

OF ZUELLIG BOTANICALS, INC. INC. 
'-:'r~ CPB INTERNATIONAL, INC. 
^FREEMAN INDUSTRIES, L.L.C. ^ HEXACHLOROPHENE, DIOXIN-FREE 

,- GENERICHEM CORP. ' Inchema, Inc 
S H.INTERDONATI.INC. HEXACHLORO-2-PROPANONE (Hexa
, RIA International chloroacetone) 

i: SELTZER CHEMICALS, INC. WACKER CHEMICALS (USA), INC. 
0;: .STAUBER PERFORMANCE INGREDIENTS, INC. WACKER-CHEMIE GMBH 
HESPERIDIN METHYL CHALCONE 1H, 1 H,9H-HEXADECAFLUORO-J 
•: FREEMAN INDUSTRIES, L.L.C. NONANOL 
HEXABROMOCYCLODODECANE OAKWOOD PRODUCTS 
l AMERIBROM INC. n-HEXADECANE 
* BERJE INC. • SPECTRUM BULK CHEMICALS, DIVISION 
1,2,5,6,9,10-HEXABROMOCYCLODODE-	 OF SPECTRUM QUALITY PRODUCTS, 

CANE INC. 

ALBEMARLE CORP. (FORMERLY ETHYL CHEM HEXADECANEDIOIC ACID 
ICALS GROUP) • SPECTRUM BULK CHEMICALS, DIVISION 

Great Lakes Chemical Corp. OF SPECTRUM QUALITY PRODUCTS, 
INC. 

nottrop
 
A DIVISION OF NEW WORLD ENTERPRIZES, INC. 

RAINFOREST INGREDIENTS ARE HOT! 

WE ARE THE PREMIER SUPPLIER OF
 
BOTANICAL AND FRUIT EXTRACTS FROM THE
 

I TROPICS OF SOUTH AMERICA!
 

WE SUPPLY:
 
GUARANA LIQUID & POWDER, ACEROLA POWDER
 

(VITAMIN C), STEVIA, YERBA MATE AND MANY
 
OTHER FINE RAINFOREST PRODUCTS.
 

ALSO
 
VITAVIN™ GRAPE SEED EXTRACT
 

WE SERVE THE FOOD, BEVERAGE, HEALTH AND
 
SKIN CARE INDUSTRIES!
 

530 Kast Nth St. Sinlc 2(M. Oakland. ('A 9-16(16
 
Phone: (510) 451-7X62- Fax: (510)451-7X64
 

l-,SOO-26()-7,S62
 

C O R P O R A T I O N 

Phytochemicals 
Berberine Salts 
Camptothecin 
Capsaicin 
PodophyUotoxLn 

Fine Chemicals 
Chrysin 
Glucosamine Sulfate 
IndoIe-3-Carbinol 
L-Selenomethionine 
Vanadium Complex 
Zinc MonomethionLne 

Herbal Extracts 
Bioperine* 
Boswellin* 
Citrin* 
Coleus Forskolilii 
Curcumin C3 Complex* 
DGL 
Genistein 
Gugulipid* 
Gymnema S)rlvestre 
Licorice 
Picroliv* 
Tylophora 
Bacopin™ 

Organic Intermediates 
2-Allylphenol 
m-Chlorophenol 
1,2 Hexanediol 
INAC 
Prenyl Ketone 

Custom Manufacturing 
Pilot to Commercial 

Please contact us: 

SABINSA CORP. 
121 Ethel Road West Unit #6
 

Plscataway, NJ 08854
 

TEL: 732-777-1111
 

FAX: 732-777-1443
 

sabinsaQcompuserve.com
 

Check Advertiser Index for pigc numbers	 1998 OPD Chemical Buyers Director)- 365 

http:sabinsaQcompuserve.com


Polydatin 7438 

THERAP CAT: Poloxamer 182LF 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. 

Light amber, granular, free-flowing 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 0.1 Af hydrochloric acid is con
sumed by 0.2 g of the resin. 

THERAP CAT: Antacid. 

7434. Polybasite. 8Ag2S.Sb,S3—silver antimony sulfide. 

7435. Polybenzarsol. (4-Hydroxyphenyl)arsonic 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% H2SO4 at 0-5" and keeping it cold for 21 hrs. 
Dilution of the mixture with H2O precipitates the product: 
Faith, /. Am. Chem. Soc. 72, 837 (1950). Description: Jones 
et at. Antibiot. &. Chemother. 8, 400 (1958). 

White powder. Somewhat sol in water; sol in alcoholic 
NaOH. LDM i.p. in mice: 235 mg/kg. No deaths after 4 
g/kg i.g. in mice. 

THERAP CAT: Antiprotozoal. 

7436. Polybrominated Biphenyls. PBB's; brominated 
biphenyls; polybromobipbenyls. Mixtures with structures 
similar to polychlorinated biphenyls, q.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, Environ. Res. 13, 74-93 (1977); 
F. J. DiCarlo et aL. Environ. Health PerspecL 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. 

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; chlorinated bi
phenyls; chlorobiphenyls; Aroclor; Clophen; Fenclor; Kane
chlor; Phenoclor; Pyralene; Santotherm. Once widely used 
industrial 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, Ann. 207,338 (1881). Commercially 
available 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 contains 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

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. 19-2,1, 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. S (Interscience, New York, 2nd ed., 1964) 
pp 289-297; O. Hutzinger el 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: IARC Monographs 18, 43-103 (1978). 

X X X X 

V—/ \ /
\ J \ 

X - H or Cl 

Aroclor 1242, clear, mobile liquid; av. number Cl/mole
cule: 3.10. d}5 1.381, dj« 1.392. Distillation range 325
366". Rash point (open cup) 348-356"F. ng> 1.627-1.629. 
Dielectric constant (1000 cycles) 5.6 (25'), 4.9 (100"). 

Aroclor 1254, light yellow, viscous liquid; av. number 
CI/molecule: 4.96. dj3 1.495; d}" 1.505. Distillation range 
365-390". No open cup flash point to boiling. ng> 1.629
1.641. Dielectric constant (1000 cycles) 5.0 (25"), 4.3 (100*).
 
LDn orally in weanling rats: 1295 mg/kg, Kimbrougb, loc.
 
cit.
 

Aroclor 1260, light yellow, sqft, .sticky resin; av. number • 
Cl/molecule: 6.30. d*> 1.555; dj" 1.566. Distillation range 
385-420. No open cup flash point to boiling. ng> 1.647
1.649. Dielectric constant (1000 cycles) 4.3 (25'); 3.7 (10CT).
 
LDy, orally in weanling rats: 1315 mg/kg, Kimbrough, loc.
 
cit.
 

Caution: Toxic effects in humans include chloracne, pig- |
mentation of skin and nails, excessive 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 loss, mouth and eyelid 
edema, acneform lesions, decreased hemoglobin + bemato
crit, gastric mucosal ulceration and reduced ability to repro
duce. These substances have been listed as carcinogens by 
the EPA: Second Annual Report on Carcinogens (NTP 81
43, Dec. 1981) pp 206-209. 

USE: 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)tth
enylJphenyl-f}-D-glucopyranoside; 3-hydroxy-5-(p-hydroxy
slyryDphenyl glucoside; 3,4',5-trihydroxystilbene-3-0-D
glucoside; resveratrol-3-£-mono-D-glucoside; piceid. CM
H23O,; mol wt 390.40. C 61.53%, H 5.68%, O 32.79%. Isoln 
from fresh root of Polygonum cuspid alum Sieb. & Zucc., 
Polygonaceae, and structure: Nonomura et al.. Yakugaku 
ZasshiS3, 988 (1963). 

0-&-D-jlucose . 

Trihydrate, crystals, mp 225-226". [<*]£ —74.9" (c 
1.709 in ethanol). 

Consult the cross index before using this section. Page 1091 



9450 1,1,2-Trichloroethane 

9450. 1,1,2-Trichloroethane. Vinyl trichloride. C,H3C13; 
mo! wt 133.42 C 18.00%. H 1.27%. Cl 79.73%. CH,C1
CHC1,. Prepd by catalytic chlorination of ethane or ethyl
ene: Joseph. U.S. pal. 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 Mathicson). 

Nonflammable liquid; pleasant odor; dj° 1.4416; solidif 
-35*; bp 113-114'; ng> 1.4711. Insol in water; misc with 
alcohol, ether, and many other organic liquids. LDM orally 
in rats: 0.58 ml/kg, H. F. Smyth el 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-Trichloroethanoi. Trichloroethyl alcohol. 
CjHjCljO; mol wt 149.42. C I6.087o, H 2.027,, Cl 71.19%. 
O 10.71%. CCljCHjOH. Prepd by reduction of the corres
ponding ester, acid chloride, or acid with lithium aluminum 
hydride: Sroog el aL. J. Am. Chem. Soc. 71, 1710 (1949). 
Manufacture by reduction of chloral hydrate with an araine 
borane: Chamberlain. Schechter, U.S. pat. 2,898,379 (1959 
to Gallery Chem.). . 

Hygroscopic liquid, ethereal odor. At low temps it crys
tallizes in rhombic tablets, mp at 18'; bp 151-153*: dfj} 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 
some free acid is formed. Keep well closed and protected from 
light. LD50 orally in rats: 600 mg/kg, Handbook ofToxicol
ogytol. I, W. S. Specter. 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; Trethylenei Wcstrosol; 
Chlorylen; Geraalgene; Germalgene. CjHCl3; mol wt 
131.40. C 18.28%, H 0.77%, Cl 80.95%. CC1,=CHC1. 
Usually prepd from j^m-tetrachloroethane by elimination of 
HC1 (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 Industrial Chemicals. F. A.. Lowenheim, M. 1C. 
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 139-212. | 

Nonflammable, mobile liquid. Characteristic odor resem
bling that of chloroform, dj 1.4904; dj5 1.4695; dj° 1.4649.
 
Vapor density: 4.53 (air = 1.00). Solidifies at —84.8*.
 
bp760 86.7*; bp,,,,, 67.0"; bpjoo 48.0*; bp,M 31.4*: bpw 20.0";
 
bpj,, -1.0*; bp,0 -12.4*; bp, -22.8"; bp,0 -43.8'; no'
 
1.47914; n$ 1.45560. Practically insol in water, misc with
 
ether, alcohol, chloroform. Dissolves most fixed and volatile
 
oils. Slowly dec (with [ormn 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) aj a stabilizer. Industrial grades of tri
chloroethylene may contain other stabilizers such as tri
ethanolamine stearate and cresol. LDM orally in rats: 4.92
 
ml/kg; LC (4 hrs) in nts: 8000 ppm, Smyth et aL. Am. Ind.
 
Hyg. Assoc. J. 30, 470 (1969).
 

Caution: Use tviih 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. New 54, 4 (Apr. 5, 1976). 

USE: Solvent for fats, waxes, resins, oils, rubber, paints, 
and varnishes. Solvenl for cellulose esters and ethers. Used 
for solvent extraction in many industries. In degrcasing. in 

I dry cleaning. In the manuf of organic chemicals, pharma
| ceuticals, such as chloroacetic acid. 

THERAP CAT: Analgesic (inhalation). 
THERAP CAT 'VET): Inhalant anesthetic. 

9453. Trichlorofluoromethane. Trichloromonofluoro
methane; fluorotrichloromethane; Freon 11; Frigen 11; 
Arcton 9. CCljF; mol wt 137.38. C 8.74%, d 77.43%, F 
13.83%. Prepn: Henne, Organic Reactions 2, 64 (1944). 
Manuf: Faith, Keyes & Clark's Industrial Chemicals. F. A. 
Lnwenheim, M. K. Moran. Eds. (Wiley-Interscience, New 
York. 4th ed., 1975) pp 325-330. 

Liquid at temps below 23.7*. Faint ethereal odor. Non
flammable, dj" 1.494; dg, 5.04 (air = 1). mp-111'. bp,M 
23.7'; bp^, -6.8*; bp^ -9.1*; bplm -23.0*; bptt -32.3"; 
bp« -39.0*; bpM -49.7*; bp,0 -59.0*; bp. -67.6'; bp,j> 
— 84.3'. Crit temp 198*; crit press. 43.2 atm (635 Ib/sq inch, 
abs). njj-5 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. C(
H,C13NO3; mol wt 242.44. C 29.72%, H 0.837.. Cl 43.87%. 
N'5.78%, O 19.80%. Prepd by dissolving 2,4,5-trichloro
phenol in glacial acetic acid and treating with coned nitric 
acid: Kohn, Fink, Monatsh. 58, 73 (1931); Harrison el aL. 
J. Chem. Soc. 1943, 235. 

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-TrichJorophenol. Collunosol; Dowicide 2. 
C.HjCljO; mol wt 197.46. C 36.49%, H 1.537., O 8.107., d 
53.87%. Prepd by treating 1,2,4,5-tetrachlorobenzene with 
methanolic NaOH in autoclave at 160" for several hrs: Har
rison et aL. J. Chem. Soc. 1943, 235; Agfa, Ger. pat. 411,052 
(1925); Chem. Zentr. 1925, I, 2411. 

Needles from alcohol or ligroin. Strong phenolic odor. 
mp 67'. Sublimes. bp7M 248*. bp,M 253*. Weak monobasic 
acid. K at 25" = 4.3 X IO-«. 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. LDW 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 said aq soln 11.0-13.0. 

Complex with triisobutyl phosphate, C.gHjgClOjP, Tri
chlorex. Prepn: Bouillenne-Wallrand er a/:. Fr. pat. M149 
(1961 to Pechiney). Liquid. bp00( 94-103". 

USE: Fungicide, bactericide. 

9456. 2.4,6-Trichlorophenol. Dowicide 2S; Omal. C,-
HjCljO; mol wi 197.46. C 36.49%, O 8.107o, H 1.537.. Cl 
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4578 Hexadimethrine Bromide 

USE: As reagent for pyrophosphoric acid, for the estima
tion of phosphate. 

4571. Hexaborane(lO). Hexaboron decahydride; boro
hexane. B6H10; 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'-[l,6-Hexanedi 
ylbis(iminocarbonyloxy)Jbis{N,N,N-trimcthylethanaminiumj 
dibromide; choline bromide hexamethylenedicarbamate; 
hexamethylenedicarbamic acid choline bromide diester; 
hexamethylene-l,6-bis(carbamoylcholine bromide); N.N'
hexamethylenebis[(2-carbaraoyloxyethyl)trimethylammoni
um bromide]; BC 16; Imbretil. CIIHwBrjN4O<; mol wt 
536.38. C 40.31%. H 7.52%, Br 29.80%, N 10.45%, O 
11.93%. Preparation: Schmied el aL, Austrian pat. 185,371 
(1956); Ger. pat. 1,021,842 (1958 to Oesterreichische Stick 
stoffwerke). 

NHCOOCH,CH,—N 

< % 6 

HHI! C O O C H C H —  H 

Crystals from ethanol, mp 174-176". 
THERAP CAT: Skeletal muscle relaxant. 

4573. Hexachlorobenzene. Perchlorobenzene; Anticarie; 
Bunt-cure; Bunt-no-more; Julin's carbon chloride. C,Clj; 
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 studjes: J. R. P. Cabral et 
aL. Nature 269, 510 (1977). 

Needles. da 2.044. mp 231'. bp 323-326". Vapor press 
at 20": 1.09X \Q~S mm Hg. Sublimable. Insol in water; 
sparingly sol in cold alcohol; sol in benzene, chloroform, 
ether. LDM 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. Oclcner, R. Schmid, Nature 189, 499 (1961). 

4574. Hexachloroethane. Carbon hexachloride; perchlo
roethane. C2C1,; mol wt 236.74. C 10.15%, Cl 89.85%. 
CdjCClj. Prepn: Beilstein 1, 87 (1918) and suppls. 

Crystals; caraphoraceous 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
'^ chlorophenolj; 2,2'-dihydroxy-3.3',5,5',6,6'-hexachlorodi

phenylmethane; bis(3,5.6-trichloro-2-hydroxyphenyl)meth
ane; G-ll ; AT-7; Bilevon; Dermadex; Exofene; Gamophen; 
Hexosan; pHisohex; Surgi-Cen; Surofene. C13H6Cl6Oj; 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 coned sulfuric acid: 
Gump, U.S. pat. 2,250,480 (1941 to Burton T. Bush). Im

proved procedures: U.S. pat. 2,435,593 (1948) and 2,812,
365 (1957 to Givaudan). 

Crystals from benzene, mp 164-165 . Practically insol in 
water; sol in alcohol, acetone, ether, chloroform, propylene 
glycol; polyethylene glycols; olive oil; cottonseed oil; dil aq 
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, HepadisL 
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, Pediatrics 50, 229 (1972). 

USE: Chiefly in the manuf of germicidal soaps.
 
THERAP CAT: Anti-infective, topical; detergent.
 
THERAP CAT (VET): Anthelmintic (flukicide)
 

4576. Hexacyclonate Sodium. l-(Hydnuymethyl)cyclo
hexaneacetic acid sodium salt; sodium 3.3-pentamethylene
4-hydroxybutyrate; sodium 0,0-pentamethylene->-hydroxy
butyrate; 0,0-Dentamethylene--y-hyaTOxybutyric acid sodi
um salt; Gevilon; Neuryl. C,HlsNaOj; mol wt 194.21. C 
55.66%, H 7.78%, Na 11.84%, O 24.71%. Prepn: Van Wes
sem. Sakal; Shavel et aL. U.S. pats. 2,960,441; 3,007,940 
(1960; 1961 to Warner-Lambert). 

r ' ' 

HOCH2 CH2COON» 

Monohydrate, platelets from n-butanol + benzene, mp 
106-108*. The anhydr salt is hygroscopic. Readily sol in 
water, methanol, ethanol; sparingly sol in ether, acetone. 

THERAP CAT: Central stimulant. 

4577. Hexadecyl 3-Hydroxy-2-oaphthoate. 3-Hydmxy
2-naphthalenecarboxylic acid hexadecyl ester. C^H^Oj; 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 ale: 
Oshima. Hayashi, J. Soc. Chem. Ind. Japan 44, 821 (1941). 

COO(CH-). 

Greenish-white, flaky crystals,,mp 72-73". Soluble in 
>enzene, glacial acetic acid, petr ether. Sparingly sol in cold 

alcohol. Insol in water. 
USE: As waterproofing agent for rayon. 

4578. Hexadimethrine Bromide. N,N,N',N'-Tetrameth
tl-2,6-hexanediamine polymer with 1,3-dibromopropane; 
>olymer ofN,W,Ar'.Ar-tetramethylhexamethylenediamine 
ind trimethylene bromide; poIy(7V,Ar,W".Af'-tetramethyl-N
rimethylenehexamethylenediammonium dibromide); Poly-

r i
o

 L
 .. 

-N*-(CII2)b-N-(CII2) . ,
 
L < I
 

White, hygroscopic, amorphous polymer. Soluble in wa
er up to 10%. pH of 1% saline soln 5-9. Stable in soln and 

when autoclaved. Polymers with mol wt of 5000-10,000 
lave LD50 i.v. in mice of 25-40 mg/kg. Ref: Kimura el aL, 
ToxicoL Appl. PharmacoL 1, 185 (1959). 
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Tachysterol	 9198 

2,4,5-T. (2,4,5-Trichlorophenoxy)acetic acid; Es
,%45- Trioxone; Weedone. CjHjCljO.,; mol wt 255.48 

7 61%. H 1-97%, Cl 41.63%. O 18.79%. Post-emergence 
dde Prepd from 2,+,5-trichlorophenol: Pokorny. /. 

Soc. 63, 1768 (1941); From benzenehexachloride: 
. 74, 3890 (1952). Activity: C. L. Hamncr. T. B. 

,, Science 100, 154 (1944). Contains trace levels of 
, 1-"- as a contaminant : J. Smith, Science 203, 1090 

) Chem. & Eng. Nevs 59, 6 (Jan. 5, 1981). Toxicity: 
Rowe, T. A. Hymas. Am. J. Vet. Res. 15, 622 (1954) 

i 2,4-D. 

.COOH 

'Stals from benzene, mp 153'. djjj 1.80. Soly in water 
238 mg/kg. Sol in alcohol. Forms water-soluble 

, and alkanolamine salts. Commercial products are 
By in the form of amines or esters, often in mixture 

Hi 2.4-D. LDj, orally in mice, rats: 389, 500 mg/kg 
..._, Hymas). 
jjailiorv Potential symptoms of overexposure in animals 

_ u a ; skin irritation, acne-like rash. See NIOSH Pocket 
• to Chemical Hazards (DHHS/NIOSH 90-117, 1990) 

In March 1985 the E.P.A. terminated all registra-
T the use of this herbicide on rice fields, orchards, 
ne, rangeland and other noncrop sites. This follows 

J970 action of the Department of Agriculture halting 
: of Che pesticide on all food crops except rice: Chem. 

j.	 News 63, 6 (Mar. 25, 1985).
 
Formerly as herbicide.
 

$5. Tabernan thine. 13-Mcthoxyibogamine. CaHM
i'mol wt 310.44. C 77.38%. H 8.44%. N 9.02%, O 

Indole alkaloid isolated from root of Tabemanthe 
aill., Apocynaceae: Delourme-Houde, Ann. Pharm. 

*.*, 30 (1946); Dickel el aL. J. Am. Chem. Soc. 80, 123 
Also in Tabernaemontana and Stemmadenia spp.; 
found in ibogaine mother liquors: Walls el aL. 

i 2, 173 (1958). Isoln from genus Conopharingia. 
ae: Renncr, Prins, U.S. pat. 3,008,954 (1961 to 

D. Structure: Bartlett et aL. J. Am. Chem. Soc. 80, 126 
Mass spectrum: Biemann, Friedmanrt-Spiteller, 

1*3, 4805 (1961). Derivs: Taylor. U.S. pat. 2,877,229 
to Ciba). Interaction with benzodiazepine receptors: 

tVTrouvin el al.. Eur. J. PharmacoL 140, 303 (1987). 

HjCO 

lies or shiny leaflets from ethanol. mp 213.5-215*.
 
gi-nes at 160* (0.005 mm pressure). [a]$ -4O* (acetone).
 
"" "4 in 80% mcthylcellosolve. uv max (ethanol): 228.
 

I nm (log « 4.53, 3.64, 3.77). Sol in alcohol, benz
fber. chloroform. Practically insol in water, 

ydrochloride. C,0Hj,N,O.HCl. crystals from water, dec 
J277* MS -W (methanol, Dickel, loc. cit.); mp 210*. 
5~~76.5* (methanol, Delourme-Houde). Sol in water. 

•»ol in chloroform than ibogaine hydrochloride. 

Tabun. Dimethylphosphoramidocyanidic acid, 
oter; ethyl iV-dimeihylphosphoramidocyanidate; di

'ylarnidoethoxyphosphoryl cyanide; GA. CgHnN^.P; 
»*J 162.13. C 37.04%. H 6.847o. N 17.28%, O 19.74%, P 

"*• Mili tary nerve gas; prepd from dimethylamido-
Pnoryl dichloride and sodium cyanide in the presence 

•nol:	 Holmstedt, Ada PhysioL Scand. 25, Suppl. 90, 
The synthesis of dimethylamidophosphoryl di-

chloride Is also described by MTchaelis. Ann. 326, 129 
(1903). Alternate synthetic route: B. C. Saunders. Some 
Aspects of the Chemistry and Toxic Action of Organic Cam-
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. 

O 
II 

NC I 
CH3 

Liquid. Fruity odor reminiscent of bitter almonds, d 
1.077. mp -SO". bp,M 240"; bp]0 12CT; bp, 100-108'. nj» 
1.4250. IR absorption: Acta Chem. Scand. 5, 1179 (1951). 
Readily sol in organic solvents. Miscible with water, but 
quickJy hydrolyzed. Bleaching powder (chlorinated lime) 
destroys Tabun, but gives rise to cyanogen chloride. Ex
tremely poisonous! LDU 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 constriction of pupils of the eye, difficulty 
in breathing followed by bronchial constriction, convul
sions, death. 

USE:	 Chemical warfare agent. 

9197. Tacalcitol. <la,3p-5Z,7E,24R)-9.10-SecocholBta. 
5,7,10(19)-triene-I,3J24-triol; la,24(.R)-dihydroxycholecalci
ferol; la,24/Z-dihydroxyvitamin D3; TV-02; Bonalfa. C,,-
HuOy mol wt 416.64. C 77.84%. H 10.64%. O 11.52%. 
Bioactive, synthetic vitamin D3 analog; exhibits antiprolifer
ative effect on keratinocytes. Prepn: T. Takeshita et aL, 
Gtr. pat. 2,526^81; eidem, VS. pat. 4,022,891 (1976. 1977 
both to Teijin); M. Morisaki et aL, J. Chem. Soc, Perkin 
Trans. 11975, 1421: K. Ochi et al. ibid. 1979, 165. Pharma
cology: T. Matsunage et aL. J. DermatoL 17, 135 (1990). 
Clinical evaluation in psoriasis: M. J. P. Ocrritscn et aL, 
Brit J. DermatoL 131, 57 (1994). Review: M. Nishimura er 
aL, Eur. J. DermatoL 3, 255-261 (1993). 

HO' 

White solid, uv max (ethanol): 265 nm.
 
THERAP CAT: Antipsoriatic.
 

9198. Tachysterol. (3P,6E,22E)-9,10-Secoergosta
5(10),6,8,22-tetraen-3-ol. CnH^O; mol wt 396.66. C 
84.79%, H 11.18%, O 4.03%. From ergostcrol or lumisterol 
>y ultraviolet irradiation: Windaus et aL. Ann. 492, 226 
1932); Ann. 499, 188 (1932); Dimroth, Ber. 70, 1631 (1937). 
-rom calciferol by adsorption on acid clay: Thibaudet, 

CompL Rend. 220, 751 (1945). From precalciferol: Velluz, 
Goffinet, U.S. pat. 2,847,426 (1958 to UCLAF). Structure: 
jrundmann, 2. PhysioL Chem. 252, 151 (1938); Thibaudet, 
oc. cii Stereochemistry of the tachysterol system: Inhof
en. Ber. 88, 1424 (1955); Verloop, Rec. Trav. Chim. 16, 689 
1957); Delaroff et aL BulL Soc. Chim. France 1963, 1739. 
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Tebuconazole	 9253 

11 j responsible ton 
Fatalities among d 
e not uncommon/,
trointestinal imtatic 

-methylerhyl)-3,9-fh
ropylpodocarpa- 7,5 
 wt 314.42. C 76.4 
id quinone 
oln of naturally 
urn Rich, Taxodia 
em. Soc. 90, 5923 
,. 34, 3912 (1969).: 
vlori, M. Matsui, 
ioto et aL. Bull -Chi 
1977); D. L..-Sniti 
R. V. Stevens, G. 
12). Total syntbes 
BulL Chem. Soc., 
L, Can. J. Chem.:t 
es: Hanson et aL. , 

mp 1 15- IIP. :[a 
»nol): 320, 33Z:' 

(ia-teerazol-S-yl)t 
1 3'-O.ff-tetrazbl-3-j 
t; Tazanbl: C,i 
3%, N 24.21%, o 

Prepn: Japan. J 
96, 217856a:.(19 

t ai, Japan. J. 
es on pbarmacolo 
l-Forsch. 38, 

dinecarboxylic 
iochroman-6-yl) 
•JOjS; mol wt 35 
10%, S 9.12%. ,.-..,,, 
L. S. Chandrar»tn»£ 
t. 5,089,509 (19,8J * 
cs in rats: P.-H- ' 
(1994). Clinical 
Esgleyes-Ribot " 

•). 

. White solid.
 
CAT: Antiacne; antipsoriatic.
 

£••9250. Tazettine. Sekisanine; sekisanoline; ungemine. 
"" *,,NOS; mol wt 331.37. C 65.24%, H 6.39%, N 4.23%, 

4.14%. From Narcissus tazttta L., Lycoris radiate Herb., 
emia sewerzowi (RgL) Fedtsch., and other Amaryllida-

Spath, Kahovec, Ber. 67, 1501 (1934). Structure and 
chemistry: Ikeda et al., J. Chem. Soc. 1956, 4749. 
config: Highet, Highet, Tetrahedron Letters 1966, 

.9. Synthesis: Hendrickson et aL. J. Am. Chem. Soc. 92, 
38 (1970); Tsuda et aL. Tetrahedron Letters 1972, 3153. 

JTosynthesis: Falcs, Wildman, J. Am. Chem. Soc. 86, 294 
J964). Identity with sekisanine and sekisanoline: Ikeda et 
i- Ioc. cit. Stereospecific total synthesis: Hendrickson el 
i J. Am. Chem. Soc. 96, 7781 (1974); S. Danishefsky et aL. 

102, 2838 (1980); 104, 7591 (1982). 

OCH3 

[^Crystals, mp 210-211* (evac tube); racemate reported as 
DJT237-238* (Tsuda) and mp 175-176" (Danishefsky). [a]§ 
1̂50.3* (82 mg in 2 ml chloroform). Sol in methane], 
'l, choroform. Sparingly sol in ether. 
jlydrochloride, crystals, mp 206*, water soluble. 

hiodide, crystals, dec 220* (evacuated tube). 

Tazobactam. [2S-(2a.30,5a)J-3-Methyl-7-oxo-3
%H-J,2,3-lriazol-l-ylmethyt)-4-thia-l-azabicyclof3.ZOJhep
'-'i-2-carboxylic acid 4,4-dioxide; 2(3-[(l,2,3-triazol-l-yl)

hyl]-2a-methylpenam-3a-carboxylic acid 1,1 -dioxide; 
R-830H; CL-298741. C10H,jN,O,S; mol wt 300.30. C 

00%, H 4.03%, N 18.66%, O 26.64%, S 10.68%. /5-Lac
inhibitor. Prepn: R. G. Micetich et aL, Eur. pat. 

: 97,44«; eidem. U.S. pat. 4,562,073 (1984, 1985 both 
R. G. Micetich et al.. J. Med. Chem. 30, 1469 

Degradation in solution: T. Marunaka et aL, Chem. 
. Bull 36, 4478 (1988); in solid state: .E. Matsushima 

jaL, ibid. 4593. 0-Lactamase inhibiting activity in com
irison with clavulanic acid and sulbactam, g.q.t., vs acr-

5*S:' M. R. Jacobs et aL, Antimicrob. Ag. Chemother. 29, 
*0:(1986); vs anaerobes: P. C. Appelbaum et aL, ibid. 30, 
9.	 HPLC determn in biological materials: T. Marunaka 

. J. Chromatog. 431, 87 (1988). Clinical trial in combi
n with piperacillin, q. v.: I. M Gould et aL, Drugs Exp. 

•Res. 17, 187 (1991). 

rr 
COOH 

Sodium sa l t . C^HnNjNaOjS. YTR-830, CL-307S79. 
solid, mp > 170* (dec). 

of sodium salt with pipcracillin sodium. 
Tazocin, Zosyn. 

THERAP CAT: In combination with 3-lactam antibiotics as 
antibacterial. 

9252. TCDD. 2,3,7,8-Teirachlorodibtnzo[b,e][l,4]diox
in; 2,3,7,8-tftrachlorodibenzo-p-dioiin; 2,3.6.7-tetrachlorodi
benzodioxin; dioxin; TCDBD. C,,H,C14O,; 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-trichloropheiiul, q. v.) and phen
oxyherbieides (2,4-D and 2,4,5-T, q.q.v.), chlorine bleaching 
of paper pulp and combustion of chlorine-containing waste. 
Prepn: W. Sandermann, Ber. 90, 690 (1957); M. Tomita et 
al.. Yakugaku Zasshi 79, .186 (1959), C.A. S3, 13I52d 
(1959). Crystal structure: F. P. Boer et al.. Ada Crystallogr. 
28B, 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, 
24O4 (1976). Environmental degradation: D. G. Crosby, 
A. S. Wong, Science 195, 1337 (1976). Comprehensive re
view of formation, chemistry, and toxic and environmental 
effects: Chhrodioxins—Origin and Fate. ioc. cit. 141 pp; 
Dioxin — Toxicological and Chemical Aspects. F. Cattabeni et 
al.. Eds. (Wiley, New York, 1978) 222 pp; special issue, 
Chem. & Eng. News 61 (June 6, 1983). Review of toxicol
ogy and human exposure: Toxicologicaf 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 et al., 
Ann. Rev. PharmacoL Toxicol. 34, 343-372 (1994). 

Cl 

Needles, mp 295* (Tomita); crystals from anisole, mp 320
325* (Sandermann). LDj, in male, female rats (mg/kg): 
0.022, 0.045 orally (Schwetz). 

Note: An industrial accident during the manufacture of 
2,4,5-trichlorophenol in Scveso, Italy on July 10, 1976 
caused the release of an estimated two to ten pounds of 
TCDO 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 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, cbloracne, teratogenicity, 
Fetotoxicity, unpaired reproductrive performance, endome
triosis and delayed death. ' Industrial workers exposed to 
TCDD have developed chloracne, porphyrinuria and por
phyria cutanea tarda. See Poland, Kende, Ioc. cit.; C. D. 
Carter et 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-Chhrophenyl)ethylJ
a-(l,l-dimethylethyl)-lH-l,2,4-triazole-l-ethanol; (RS)-\-(4
chlorophenyl)-4,4-dimethyl- 3-( I H- 1,2,4-triazol -1 -y Imethyl)
5entan-3-ol; ethyltrianol; fenetrazole; terbuconazole; terbu
trazole; BAY HWG 1608; HWG-1608; Corail; Elite; Foli
cur; Horizon; Lynx; Raxil; Silvacur. C|6HnClNjO; 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 ft 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). 

hotodegradation: H. Wamhoff el aL, Z Naturforsch. 49b, 
280 (1994). GC determn in plant material, soil and water: 
W. Maasfcld, PJlanzenschutz-Nachr. Bayer (Eng. Ed.) 40, 29 
"1987). Review of chemistry and biochemistry: D. Berg et 
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2,4,5-T. (2,4,5-Jrichloropheniay)acetic acid; Es 
« 245: Trioxone; Weedone. C,H5CljOj; mol wt 255.48 
?6I?a H 1.97%, a 41.63%, O 18.79%. Post-emergence 
ricide. Prepd from 2,4,5-trichlorophenol: Pokomy, J. 
iChem. Sac. 63, 1768 (1941); from benzenehexachloride 

,I ibid. 74, 3890 0952). Activity: C. L. Hamner, T. B 
, Science 100, 154 (1944). Contains trace levels ol 

v as a contaminant: J. Smith, Science 203, 1090 
• o j n m  . & Eng. News 59, 6 (Jan. 5, 1981). Toxicity 
ffji Rowe, T. A. Hymas, Am. J. yet. Res. 15, 622 (1954) 

' 2,4-D. 

.COOH 

Cl 

rstals from benzene, mp 153'. djjj 1.80. Soly in water 
238 mg/kg. Sol in alcohol. Forms water-soluble 
and alkanolamine salts. Commercial products are 
in the form of amines or esters, often in mixture 

LDjd orally in mice, rats: 389, 500 mg/kg 
. Hymas). 

_ iitian: Potential symptoms of overexposure in animals 
[gj'ttaxia; skin irritation, acne-like rash. See NIOSH Pockei 

' -to Chemical Hazards (DHHS/NIOSH 90-117. 1990) 

In March 1985 the E.P.A. terminated all registra
ilfpr the use of this herbicide on rice fields, orchards, 

rangeland and other noncrop sites. This follows 
Sjj970 action of the Department of Agriculture halting 
e'nse of the pesticide on all food crops except rice: Chem. 

. News 63, 6 (Mar. 25, 1985).
 
.Formerly as herbicide.
 

J95. Tabernanthine. 13-Methoxyibogamine. CarHM
=mol wt 310.44. C 77.38%, H 8.44%, N 9.02%, O 
_. ..Indole alkaloid isolated from root of Tabernanthe 
l";BailI., Apocynaceae: Delourme-Houde, Ann. Pharm. 

*, 30 (1946); Dickel « aL. J. Am. Chem. Soc. 80, 123 
. Also in Tabernaemontana and Stemmadenia spp.; 

ijr.. found in ibogaine mother liquors: Walls et aL, 
medron 2, 173 (1958). Isoln from genus Conopharingia. 

mactae: Renner, Pans, US. pat. 3,008,954 (1961 to 
X' 'Structure: Harriett et aL J. Am. Chem. Soc. 80, 126 

if)). Mass spectrum: Biemann, Friedmann-Spiteller, 
1J3, 4805 (1961). Derivs: Taylor, U.S. pat. 2,877,229 

.to Ciba). Interaction with benzodiazepine receptors: 
Trouvin el aL, Eur. J. Pharmacol. 140, 303 (1987). 

HjCO 

<Ues or shiny leaflets from ethanol, mp 213.5-215'. 
es at 160' (0.005 mm pressure), [a]j? —40' (acetone). 

jfr6.04 in 80% methylcellosolve. uv max (ethanol): 228, 
nm (log « 4.53, 3.64, 3.77). Sol in alcohol, benz
'' chloroform. Practically insol in water. 

Wrochloride, Cj0HMN2O.HCl, crystals from water, dec 
**?""• MS -66' (melhanol, DickcJ, loc. fit.); mp 2KT. 
E.—76.5' (methanol, Delourme-Houde). Sol in water. 

* «ol in chloroform than ibogaine hydrochloride. 

Tabun. Dimethylphosphoramidocyanidic acid, 
tster; ethyl ^-dimethylphosphoramidocyanidate; di

midoethoxyphosphoryl cyanide; GA. CSH,,N,O,P; 
162.13. C 37.04%, H 6.84%, N 17.28%, O 19.747»; P 

Military nerve gas; prepd from dimethylamido
horyl dichloride and sodium cyanide in the presence 

Holmstedt  Ac!a' °': -  Physiol. Scand. 25, Suppl. 90. 
The synthesis of dimethylamidophosphoryl di-

chloride is also described by Michaelis. Ann. 326, 129 
(1903). Alternate synthetic route: B. C. Saunders, 5ome: 
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 Eniwicklung . 
newer insektizider Phosphorsaiire-Ester (Verlag Chemie, 
Weinheim, 1963) p 3. 

Liquid. Fruity odor reminiscent of bitter almonds, d 
1.077. mp -5CT. bp760 240"; bp,0 120'; bp, 100-lor. n? 
1.4250. IR absorption: Ada Chem. Scand. 5, 1179 (1951). 
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! LDM 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 constriction of pupils of the eye, difficulty 
in breathing followed by bronchial constriction, convul
sions, death. 

USE: Chemical warfare agent. 

9197. TacaJcitol. <la,3p--5Z,7E,24R)-9,10-Secocholesu>
S,7,10(19)-triene-l,3,24-triol; la.24(JO-dihydroxycholecalci
ferol; la,24/{-dihydroxyvitamin D3; TV-02; Bonalfa. Cn
HUO3; 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. Takeshiu et 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. 11975, 1421; K. Ochi et aL, ibid. 1979, 165. Pharma
cology: T. Matsunage et aL. J. DermatoL 17, 135 (1990). 
Clinical evaluation in psoriasis: M. J. P. Gerritsen et aL, 
Brit J. DermatoL 131, 57 (1994). Review: M. Nishimura et 
aL. Eur. J. DermatoL 3, 255-261 (1993). 

HO' 

White solid, uv max (ethanol): 265 nm.
 
THERAP CAT: Antipsoriatic.
 

9198. Tachysterol. (3P,6E,22E)-9,10-Secoergosta
5(10),f,S,22-letraen-3-ol. CMHMO; mol wt 396.66. C 
84.79%, H 11.18%, O 4.03%. From ergosterol or lumisterol 
by ultraviolet irradiation: Windaus et aL, Ann. 492, 226 

:
1932); Ann. 499, 188 (1932); Dimroth, Ber. 70, 1631 (1937). 
rom calciferol by adsorption on acid clay: Thibaudet, 

Compr. Rend, 220, 751 (1945). From precalciferol: Velluz, 
offmet, U.S. pat. 2,847,426 (1958 to UCLAF). Structure: 

Gnmdmann, Z. PhysioL Chem. 252, 151 (1938); Thibaudet, 
oc. cii. Stereochemistry of the tachysterol system: Inhof
en, Ber. 88, 1424 (1955); Verloop, Rec. Trav. Chim. 76, 689 
1957); Delaroff et aL. Bull Soc. Chim. France 1963, 1739. 
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9450 1,1,2-Trichloroethane 

9450. 1,1,2-Trichloroethane. Vinyl trichloride. dry cleaning. In the manuf of organic chemicals, pharma
mol wt 133.42. C 18.00%, H 2.27%, Cl 79.73%. j ceuticals, such as chloroacetic acid. 
CHClj Prepd by catalytic chlorination of ethane or ethyl - THERAP CAT: Analgesic (inhalation). 
ene: Joseph, U.S. pat. 2,752,401 and Pye, U.S. pat. 2,752,- THERAP CAT (VET): Inhalant anesthetic. 
402 (both 1956 to Dow); Reynolds. U.S. pat. 2,783,286 

9453. Trichlorofluoromethane. Trichloromonofluoro(1957 to Olin Mathieson). 
methane; fluorotrichloromethane; Freon 11; Frigen II; Nonflammable liquid; pleasant odor; dj° 1.4416; solidii 
Arcton 9. CC13F; mol wt 137.38. C 8.74%, Cl 77.43%. F-35*; bp 113-114'; ng1 1.4711. Insol in water misc with 13.83%. Prepn: Henne, Organic Reactions 2, 64 (1944J. alcohol, ether, and many other organic liquids. LDM orally 
Manuf: Faith, Keyes & Clark's Industrial Chemicals, F. A. in rats: 0.58 ml/kg, H. F. Smyth et aL, Am. Ind. Hyg. Assoc. 
Lowenheim, M. K. Moran, Eds. (Wiley-Interscience, New J. 30, 470 (1969). 
York, 4th ed., 1975) pp 325-330. USE: Solvent lor fats, waxes, natural resins, alkaloids. Liquid at temps below 23.T. Faint ethereal odor. Non-Caution: Irritating to eyes, mucous membranes, and, in high 
flammable, dj" 1.494; d« 5.04 (air = 1). mp - 111". bp7M concns, narcotic. 
23.7"; op,,, -t-6.8"; bp^ — 9.1"; bp,M —23.CT; bpw -32.3'; 
bpM -39.0'; bpM -49.7"; bp10 -59.0'; bp« -67.6";bp,09451. 2,2,2-Trichloroethanol. Trichloroethyl alcohol. 
— 84.3'. Crit temp 198'; crit press. 43.2 atm (635 Ib/sq inch, C,H,CljO; mol wt 149.42. C 16.08%, H 2.02%, CI 71.19%, 
abs). «},*•* 1.3865. Dipole moment 0.45. Practically insol in O 10.71%. CCl3CHjOH. Prepd by reduction of the corres
water. Sol in alcohol, ether, other, organic solvents. Less ponding ester, acid chloride, or acid with lithium aluminum 
toxic than carbon dioxide, but decomposes into harmful hydride: Sroog et aL. J. Am. Chem. Soc. 71, 1710 (1949). materials by flames or high heat. Manufacture by reduction of chloral hydrate with an amine 

USE: In refrigeration machinery requiring a refrigerant efborane: Chamberlain, Schechter, U.S. pat. 2,898,379 (1959 fective at negative pressures. As aerosol propellant. Cauto Gallery Chem.). 
tion: May be narcotic in high concentrations. Hygroscopic liquid, ethereal o'dor. At low temps it crys- Note: Consult latest Government regulations on use as tallizes in rhombic tablets, mp at 18"; bp 15 1- 153'; dg 1.55. aerosol propellant. Sol in about 12 parts water; miscible with alcohol or ether. 

pH of aq soln is 5-6, but on prolonged contact with water 9454. 3,4,6-Trichloro-2-nitrophenol. 2-Nitro-3,4,6-tri
some free acid is formed. Keep well closed and protected from chlorophenol; 2,4,5-trichloro-6-nitrophenol; Dowlap. C(
light. LDM orally in rats: 600 mg/kg, Handbook of Toxicol- HjCljNO,; mol wt 242.44. C 29.72%, H 0.83%, Cl 43.87%, 
ogy rol. 1, W. S. Spector, Ed. (Saunders, Philadelphia. 1955) N 5.78%, O 19.80%. Prepd by dissolving 2,4,5-trichloro
pp 302-303. phenol in glacial acetic acid and treating with coned nitric 

THERAP CAT: Hypnotic, anesthetic. acid: Kohn. Fink, Monatsh. 58, 73 (1931); Harrison et aL, 
J. Chem. Soc. 1943, 235. 

9452. Trichloroethylene. Trichloroethene; ethinyl tri
chloride; Tri-Clene; Trielene; Trilene; Trichloran; Trichlo
ren; AJgylen; Trimar; Triline; Tri; Trethylene; Westrosol;
 
Chlorylen; Gemalgene; Germalgene. CjHClj; mol wt
 
131.40. C 18.28%, H 0.77%, Cl 80.95%. Cd,=CHd.
 
Usually prepd from jym-tetrachloroetbane by elimination of
 "*^V 
HQ (by boiling with lime): Ger. pat. 171,900. By passing
 
tetrachloroethane vapor over CaClj catalyst at 300": Ger.
 
pat. 263,457; without catalyst at 450-470": Brit. p»t. 575,
530 (1946 to du Pont). Review of mfg processes: S. A. Pale yellow crystals from petr ether, mp 92-93".
 
Miller, Chem. Process Eng. 47, 268 (1966); Faith, Keyes & USE: To combat the sea lamprey, an eel-like fish which
 
Clark's Industrial Chemicals, F. A. Lowenheim, M. K. attacks trout, especially in the Great Lakes region.
 
Moran, Eds. (Wiley-Interscience, New York, 4th ed., 1975)
 9455. 2,4,5-Trichlorophenol. Collunosol; Dowicide 2. pp 844-848. Toxicity and metabolism: E. Browning, Toxic C6H3C13O; mol wt 197.46. C 36.49%, H 1.53%, O 8.10%, Cl ity and Metabolism of Industrial Solvents (Elsevier, New 53.87%. Prepd by treating 1,2,4,5-tetrachlorobenzene with York, 1965) pp 189-212. methanolic NaOH in autoclave at 160" for several hrs: Har-Nonflammable, mobile liquid. Characteristic odor resem rison el aL. J. Chem. Soc. 1943, 235; Agfa, Ger. pat. 411,052 bling that of chloroform, d} 1.4904; d» 1.4695; dj° 1.4649. (1925); Chem. Zentr. 1925, I, 2411. Vapor density: 4.53 (air = 1.00). Solidifies at -84.8'.
 
bp760 86. T; bpm 67.0"; bpj,,,, 48.0"; bp1M 31.4'; bp,, 20.0';
 
bpM -1.0"; bp,0 -12.4-; bpj -22.8'; bpu —43.8'; nf
 
1.47914; ng 1.4J560. Practically insol in water; misc with
 
ether, alcohol, chloroform. Dissolves most fixed and volatile
 
oils. Slowly dec (with forrnn of HC1) 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-
 Needles from alcohol or ligroin. Strong phenolic odor, 
ethanolamine stearate and cresol. LDg, orally in rats: 4.92 mp 67". Sublimes. bp144 248". bp,M 253". Weak monobasic 
ml /kg; LC (4 hrs) in rats: 80OO ppm, Smyth el aL, Am. Ind. acid. K at 25" = 4.3 X 10-'. Soly (g/100 g of solvent at 
Hyg. Assoc. J. 30, 470 (1969). 25*): acetone 615; benzene 163; carbon tetrachloride 51; 

Caution: Use with adequate ventilation. Preserve trichlo ether 525; denatured alcohol formula 30, 525; methanol 615; 
roethylene in sealed, light-resistant ampuls or in frangible, iquid petrolatum (at 50") 56; soybean oil 79; toluene 122; 
light-resistant glass tubes. Avoid prolonged exposure of the water <0.2. LDOT orally in rats: 0.82 g/kg, Deichmann, 
product to excessive heat. It must be dispensed in the un- Fed. Prac. 2, 76 (1943). 
opened glass container in which it was placed by the manu- Sodium salt sesquihydrate, Dowicide B. Flakes [prepd ac
facturer. cording to U.S. pat. 1,991,329 (1935 to Dow)]. Solubility 

tinman Toxicity: Moderate exposures can cause symp g/100 g solvent at 25"); acetone 163; denatured alcohol 
toms similar to alcohol inebriation. Higher concns can have ormula 30, 186; ethylene glycol 33; methanol 241; water 
narcotic effect. Deaths occurring after heavy exposure have 13. pH of satd aq soln 11.0-13.0. 
been attributed to ventricular fibrillation. Liver injury is not Complex with triisobutyl phosphate, C.jHjjClC^P, Tri
definitely established in occupational exposures. Found to chlorex. Prepn: Bouillenne-Wallrand et a/., Fr. pat. M149 
induce hepatocellular carcinomas in National Cancer Insti 1961 to Pechiney). Liquid. bpom 94-103". 
tute tests on mice: Chem. <& Eng. NewsSt, 4 (Apr. 5, 1976). USE-. Fungicide, bactericide. 

USE: Solvent for fats, waxes, resins, oils, rubber, paints, 
and varnishes. Solvent for cellulose esters and ethers. Used 9456. 2,4,6-Trichlorophenol. Dowicide 2S; Omal. C6
for solvent extraction in many industries. In degreasing, in HjCljO; mol wt 197.46. C 36.49%, O 8.10%, H 1.53%, Cl 
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9450 1,1,2-Trichloroethane 

9450. 1,1.2-Trichloroethane. Vinyl trichloride. CHjCK; ; dry cleaning. In the manuf of organic chemicals, pharma
mol wt 133.42. C 18.00%, H 2.2TZ,, Cl 79.73%. CH,C1- ceuticals, such as chloroacetic acid. 
CHCU. Prepd by catalytic chlorination of ethane or ethyl- j THERAP CAT: Analgesic (inhalation). 
ene: Joseph. U.S. pat. 2,752,40] and Pye. U.S. pat. 2.752,- ; THERAP CAT 'VET): Inhalant anesthetic. 
402 (both 1956 to Dow); Reynolds. U.S. pat. 2.783,286 

I 9453. Trichlorotluoromethane. Trichloromonofluoro(1957 to Olin Mathieson). 
meihane; fluorotrichloromethane; Freon 11; Frigen 11; Nonflammable liquid; pleasant odor; dj° 1.4416; solidif 

; Arcton 9. CC1,F; mol wt 137.38. C 8.74%, Cl 77.43%. F— 35"; bp 113-114*: n§ 1.4711. Insol in water; misc with 13.83%. Prepn: Henne, Organic Reaction; 2, 64 (1944). alcohol, ether, and many other organic liquids. LD50 oraJly 
Manuf: Faith, Keyes & Clark's Industrial Chemicals, F. A. in rats: 0.58 ml/kg, H. F. Smych it at.. Am. Ind. Hyg. Assoc. 
Lowenheim. M. K. Moran, Eds (Wiley-Interscience, New J. 30, 470 (1969). 
York. 4th ed.. 1975) pp 325-330. USE: Solvent for fats, waxes, natural resins, alkaloids. 

Liquid at temps below 23.7". Faint ethereal odor. Non-Caution: Irriiating to eyes, mucous membranes, and, in high 
flammable. dJ'J 1.494; d» 5.04 (air = 1). mp - 111". bp1M concns, narcotic. 
23.7"; bPlOT -1-6.8*; bp,M -9.1"; bp100 -23.0'; bpM -32.3"; 
bpu -39.0'; bp,0 -49.T: bp,0 —59.0'; bp, -67.6";bp,09451. 2,2,2-Trichloroethanol. Trichloroethyl alcohol. 
— 34.3". Crit temp 198"; crit press. 43.2 aim (635 Ib/sq inch, CjHjCljO; mol wt 149.42. C 16.08%, H 2.02%, Cl 71.19%, ; 
abs). nJ,1J 1.3865. Dipole moment 0.45. Practically insol in O 10.71%. CC13CH,OH. Prepd by reduction of the corres- i water. Sol in alcohol, ether, other, organic solvents. Less ponding ester, acid chloride, or acid with lithium aluminum ! ;oxic than carbon dioxide, but decomposes into harmful hydride: Sroog ei al, J. Am. Chem. Soc. 71, 1710 (1949). 1 materials by flames or high heat. Manufacture by reduction of chloral hydrate with an amine •• 

L'SE: In refrigeration machinery requiring a refrigerant efborane: Chamberlain. Schechter, U.S. pat. 2,898,379 (1959 ! fective at negative pressures. As aerosol propellant. Cauto CaJlery Chem.). I tion: May be narcotic in high concentrations. Hygroscopic liquid, ethereal odor. At low temps it crys- : Sole: Consult latest Government regulations on use as tallizes in rhombic tablets, mp at 18"; bp 151-153'; d||j 1.55. j aerosol propellant. Sol in about 12 parts water; miscible with alcohol or ether, i 
pH of aq soln is 5-6, but on prolonged contact with water > 9454. 3,4,6-Trichloro-2-nitrophenol. 2-Nitro-3,4,6-tri
some free acid is formed. Keep well closed and protected from j chlorophenol; 2,4.5-trichloro-6-nitrophenol; Dowlap. C,
light. LDH orally in rats: 600 mg/kg, Handbook ofToxicol- \ H,C!3NO3; mol wt 242.44. C 29.72%, H 0.83%, Cl 43.37%, 
ogyvol. I, W. S. Spector, Ed. (Saunders, Philadelphia, 1955) |N~5.78%, O 19.80%. Prepd by dissolving 2,4,5-tricbloro
pp 302-303. i phenol in glacial acetic acid and treating with coned nitric 

THEHAP CAT: Hypnotic, anesthetic. j acid: Kohn. Fink, Monatsh. 58, 73 (1931); Harrison er al, 
J. Chem. Soc. 1943, 235. 

9452. Trichloroethylene. Trichloroethene; ethinyl tri
chloride; Tri-Clene; Trielene; Trilene; Trichloran; Trichlo- |
 
ren; Algylen; Trimar; Triline; Tri; Trethylene; Westrosol;
 
Chlorylen; Gemalgene; Germalgene. CjHCl,; mol wt
 
131.40. C 18.28%, H 0.77%, Cl 80.95%. CC1, = CHC1.
 
Usually prepd from jym-tetrachloroethane by eJimination of
 
HO (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,
S30 (1946 to du Pont). Review of mfg processes: S. A. Pale yellow crystals from petr ether, mp 92-93".
 
Miller, Chem. Process Eng. 47. 268 (1966); Faith, Keyes 4 USE: To combat the sea lamprey, an eel-like fish which
 
Clark's Industrial Chemicals, F. A. Lowenheim, M. K. attacks trout, especially in the Great Lakes region.
 
Moran, Eds. (Wiley-lnterseience, New York, 4th ed., 1975)
 9455. 2,4,5-Tricolorophenot. Collunosol; Dowicide 2. pp 844-848. Toxicity and metabolism: E.Browning, Toxic- CjHjCljO; mol wt 197.46. C 36.49%, H 1.53%, O 8.10%, dicy and Metabolism of Industrial Solvents (Elsevier, New 

53.87%. Prepd by treating 1,2.4,5-tetrachlorobenzene with York, 1965) pp 189-212. methanolic NaOH in autoclave at 160" for several hrs: Har-Nonflammable, mobile liquid. Characteristic odor resem- \ nson et al.. J. Chem. Soc. 1943, 235; Agfa, Ger. pat. 411,052 Wing that of chloroform. d{ 1.4904; d{5 1.4695; df 1.4649. i (1925); Chem. Zentr. 1925, I, 2411. Vapor density: 4.53 (air = 1.00). Solidifies at —84.8". ]
 
bpwo 86.7"; bp4M 67.0'; bPMO 48.0"; bploo 31.4'; bpM 20.0"; i
 
bpM -1.0"; bp,, -12.4"; bp, -22.8-; bPlJ, -43.S"; n{,' |
 
1.47914; nj? 1.45560. Practically insol in water; misc with
 
ether, alcohol, chloroform. Dissolves most fixed and volatile
 
oils. Slowly dec (with formn of HC1) 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- Needles from alcohol or ligroin. Strong phenolic odor. 
ethanolamine stearate and cresol. LDM orally in rats: 4.92 mp 67". Sublimes. bp,w 248*. bp1M 253". Weak monobasic 
ml/kg; LC (4 hrs) in rats: 8000 ppm. Smyth et al.. Am. Ind. acid. K at 25" = 4.3 X 10-'. Soly (g/100 g of solvent at 
Hyg. Assoc. J. 30, 470 (1969). 25"): acetone 515; benzene 163; carbon tetrachloride 51; 

Caution: Use with adequate ventilation. Preserve trichlo ether 525; denatured alcohol formula 30, 525; methanol 615; 
roethylene in sealed, light-resistant ampuls or in frangible, liquid petrolatum (at 50") 56; soybean oil 79; toluene 122; 
light-resistant glass tubes. Avoid prolonged exposure of the water < 0.2. LDM orally in rats: O.B2 g/kg, Deichmann. 
product to excessive heat. It must be dispensed in the un- Fed. Proc. 2, 76 (1943). 
opened glass container in which it was placed by the manu- Sodium salt sesquihydrate, Dowicide B. Flakes [prepd ac
facturer. cording to U.S. pat. 1,991,329 (1935 to Dow)]. Solubility 

Human Toxicity: Moderate exposures can cause symp (g/100 g solvent at 25"); acetone 163; denatured alcohol 
toms similar to alcohol inebriation. Higher concns can have formula 30, 186; ethylene glycol 33; methanol 241; water 
narcotic effect. Deaths occurring after heavy exposure have 113. pH of satd aq sola 11.0"-13.0. 
been attributed to ventricular fibrillation. Liver injury is not Complex with triisobutyl phosphate. C^HjjClOjP, Tri
definitely established in occupational exposures. Found to chlorcx. Prepn: Bouillenne-Wallrand et at.. Fr. pat. M149 
induce hepatocellular carcinomas in National Cancer Insti (1961 to Pechiney). Liquid. bpM1 94- 103". 
tute tests on mice: Chem. d £ng. .V<>i«54, 4 (Apr. 5, 1976). USE: Fungicide, bactericide. 

USE: Solvent for fats, waxes, resins, oils, ruobsr, paints, 
and varnishes. Solvent for cellulose esters and ethers. Used 9456. 2.4,6-Trichlorophenol. Dowicide 2S; Omal. Cs-

J for solvent extraction in many industries. In degreasmg. in H3C13O: mol w( 1P7.46. C 0 3.10%. H 1.53'"r. Cl 
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