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I .1-71-19 .. oS) NITROHYDROX'{ COMPOUNDS 

:-';;l 2-Nitr'J-I-JlItnnol 

NMP 2-Nilro-2-methyl-l-propuno1 

NMPD 2-Nitl'o-2-methy1-1,3-propanedio1 

Nepo 2-Nitro-2-ethy1-1,3-propanedio1 
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These nitrohydroxy compounds are produced for the chemical 

industry as raw mate:-ia1s for synthesis. They enter into a variety 

of chemical reactions and, since the nitro group Cull be reduced readily 

to the amine, they offer possibilities for synthesis of dyes, pharma-

ceutica1s, and surface active agents. They also possess varying degrees 

of effectiveness as biocides, but to a somewhat lesser extent than does 

tris(hydroxymethyl)nitromelhane. Tris Nitro® brand of tris(hydroxymethy1)-

nitromethane is described in detC!il in NP Technical Data Sheet No.5. 

Except for 2-nitro-l-bulan01, all of tllese Ilitrohydroxy 

compounds arc colorless, crystalline solids. Although quite slable at 

ordinary temperatures, they will decompose when heated. When exposed 

to alkaline rna terials, the ni trohydroxy compounds yield furmaldl'hydl'. 

The rate of release can be controlled by pH and temperatur~; thus the 

nitrohydroxy compounds may be used as formaldehyde dl.lors in specialty 

products such as adhesives or foundry resins where efficient ulili.za-

t:'O'1 of tlle formalde!lyd(~ and minimum odor are essential. 

~-Nit"ru-l-lJul.Ill01 is n liquid of low vapor pressur.e which 

i")S';CSS"!S f-t .. 'ong sulvl'lll power 1'0[, many polyamide resins, as well as Z{' ill, 



nitrocellulose, celllliose acetate butyrate, and ethylcellulose. It 

is used as a "i'ugitive" plasticizer and evaporation retarder in printing 

inks to control flow. 

Thc nitrnhydroxy compounds Llrc soluble in watl'r or al~oho1.s, 

but are insoluble in aliphatic hydrocarbons. The munohydrjc .tlcohols 

arc soluble in aromatic hydrocarbons; the diols a~e only moderately 

soluble even at 50°C. 
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esc Specific~tiuns NB Nl'IP ~~PD NEPD 

~+..' 1 t i.n~; po in t (1:1 in.) 80°C 150°C I~OOC 

\'.'atl'l' (1:1.lX.) G. U~b by \v t o '),' • /0 by \oJ t O. ');6 by wt 0.5% by wt 

Fl'l'e fUl'lnaluehyue (max.) 0.2% by wt 0.0 11% by wt O.()IJ% by wt 0.011% by wt 

lJH ')f 20% l1queous solu t ion IL 0-6.5 3.5-7.0 "LO-6.S 

Color of 20"10 aqueous solution (max.) 1 Gardner 110 APHA 1 Gardner 110 APHA 

. " \ 
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pj'I':"'; i,';!l t';'·~:.t'~ iee; tl" P'll i ~'i(·d ~\;Jtl'l'irtls 
----~---- -'-- ------ ----

NB t\~IPD NEPD 

ll9.12 119.12 US.12 11~9. 1S 

~kltil1~ l-lcint 

Bo i 1 iJl'~ poi n tilt 10 torr 
dc' C OJl1pOS l'S decumposes 

a l 1S torr 

iJH of 0.1:-1 solu i.. i,)n at 20°C 5.1 5.4- 5.S 

D · 'J::' °c t'Jl:-illy al c,J 
l.129 glml 

9 . 1~3 lb 

0.00076 

Fl;l:-;h point 

37.7 dynes/em 

54- g 350 ~ 80 t' <=> 
qOO g 

88 ~ 



i\~TlmCROBll\L USES 

eel' t i.l Ln ni ll'ollydroxy COmi)()UIlUS un! lIsefu I. iJl'l~:,;erVLl t Lves rut' 

<lllUL'OUS systPllls, especially (It u sl i.~hlLy alkal inc pll. Surh systems 

a:,; cllttin~ uils and emulsions Ctln be kept substantitlLly free [rom 

micrubial growtll by tl concentratLon or O,l-O.S%, depending on tile 

composition of tile system ilIlU the degree of contamination W. While 

:'11i8 runge or concentration probably will be satisI'uctory for 'most 

systems, usel.'S should test these materials under their particular 

conui tions to determine the !.Jest metlil1d of using the pl.'oduct. 

Tile following antimicrobial spectrum indicates the effec

tiveness of 2-nitro-2-methyl-l,3-propilnediol ilnd 2-nitro-2-ethyl-

1,3-propanediol. 

Inhibitory Concentrut iOll, ,J.g/ml 

Ot'ganism N~lPD ~ I: lID 

Staphylococcus ,Itlt'ell s SOO-lUOO SUO-IOUO 

Streptococcus rectllls LOUO SUU-IUOO 

Streptococcus l1e;1101 y l lcus SUO-1OUU SO (j - I lJ II a 

Escherichi u col i >1.000 >lU()U 

Pasteurella p,.;(!udotuuerculosis 500-1000 10U-SOO 

Shigelltl c.1ysenteriac SOO-lOOO 10O-S1l0 

l'lycobac tel' ium ()07 SOO-LUOO SOU - Llj(jO 

Mycobtlctcrllllll I.' ,111 il L' > 1 fJOO >iUUO 

II 



lilt.! ~l"t"ecLiv\'IH'ss Ul" dill i.mlcl'uiJ Lid. ,1~Cl,ls III t'uL ling uils, lll~ 

following results \ ... ere obtaineJ. 

Conccntration of 
NitrohyJroxy CompounJ 

1,000 ppm 

5100 

100 

DUl'atjoJ\ of E1Teclivl'w'ss 

NMPD t-;EPD 

lOS days 131~ Jays 

98 ill 

72 7 

4a 



CIIGUCAL REACTIONS 

These nitrohyLlcuxy compounds nre 1Il00de by condensing a 

Ilitropur<1rrin with fOl'IIILlldehyue; e.g.: 

NO, 
i 

CH,CH,NO, I ~HCHO -- ~ tlOCH,--<:·o CH,OH 

CH, 

III the jJl'e!>ellce ot' ull alklllLne subsLlIll:C, this Cl~act Lon is r(~Vl~rS ible 

to Yleld free forlllaldehyde and the ocigillal nitr·oparat'l'ill. The 

reversal is quantitative and is the basis of an analyticnl procedure 

[or nitrohyuroxy compounds in which the released formaldehyde is 

measured. (TrLs Nitro is an exception for it releases only two moles 

of formaldehyde instead of the expected three.) 

Nitro alcoll0ls react with primary or secondary amines to 

form the nitro amine, which .in tur.n can be l'educed GQ) to form the 

N-substituted diamine: 

CH, CH, 

CH,-C-CH,OH -i· HN(C,H,), -+ CH,-<:-<:H,N(C,H,). + H.O 

NO. NO, 

CHI CH, 
H, 

CH,~-CH,N(C.H,), • CH,-C-CtI,N(C,H,), 

I 
NO, NH, 

If (he nilrohydroxy compound .is a uiul, then the nitro dialllinc .1.S 

r ormed U1); (lnd if 01 n i ITO d Lo 1 (lnd a polyam Lne are ellllJloyeu, a 

polymer 1S oblained CD· 

2-Nitro-l-butanol ,\Ill.! 2_nitro-Z-methyi-i-propanol react with 

lnnmald'~llyll\' and hydrogen chloriue to form the chlorolllethyi ethcr 

(l-/. ~,. e " . 
\2..,~, -,.,-. 

'~()2 NOZ 
I 

C
2

11:, -CH-CJlZOII + HCllO + HCi -) C2 115 -CII-CII 2 -O-CJlZC I + 112° . 



The chlorine in such a compound is very reactive, so this product Can 

be employed in [uL'lher reactions. 

11 hi~her aldehydes l'Ulldense with nitro aleoliob;, nitro 

acelClls aee outained l!J?, l~, 21): 

NO, 
HCI 

CH,-<:H-<:H,OH T CH,CHO -->--
. Di,hli 

CH, 
NO, NO, 

, 
CH,~-<H,-o-<H-O-CH,-C-<H, 

, , 
CH, CH, CH, 

These nitro Clcetals can be reduced to amino acetals @. 

Nitro diols reClct with aldehydes and ketones to form substi-

tuted acetals or ketals known as ni t:'o dioxanes (14, ZO): 

C1l3 • 
I 

llOCHZ-C-CHZOH + 
I 
NO Z 

£S ters or nilr'ohydroxy compounds are pr'epared reCld il.y fro,", 

LJl.'ganic <lnd inorganic acids or anhydrides ill L1w presence of the l,suaL 

esterificCltion catalysts (i, 7..., lS). Tillu,lll (~j) has t'epol'tcd tlH' 

preparation of 96 nitro esters. Some or these esters have potentially 

~nceresljll~ DropecLies. For eXl1mpll', [<ILLy <lcid l'st-eL'S l'<ln be applied 

to lextj~l's for waterproofing (If), ~, <llId till' 1lI,t\('ic \llld i'tJ;T1iH'ic 

~ster~ Of 2-ni.tro-L-bllUmol or Z-nilco-2-mclhyi·-L-pL'opanol producc 

unique:! (" ,poll ynwrs wi th butadiene U1J. N i. tt'o esters also may have 



utility a::. stabilizers 1'01' petroleum lubricants Q!). 

The llitt'ate esteL'S [Ol'm easily on treatin~ the nitro 

"Ll'tli1oLs wi t I] the SlIllle nitric ae i.d--sllli'uric C1ciJ l1iixtllrl~ that is 

(,SL'll i01' tI)(' mC1~lIlacturL' of nitro:c,lyel'l'ill. The resulli.n).', pcotiucrs 

llaVl! good L'X,) Lus.ive properties, allll <Lppllrently only their cos t has 

IH'0ventetl theil' inl1ustrial utili.zation. 

The acetate esters of primary and secomlary nitro alcohols 

such as 2-nitro-l-butanol are useful intermediates [or the preparation 

of nitro olefins: 

, NoHCO. 
H o 

CH,-(H,-C-(H,O-(-(H. • 

Nitro olefins can be uf-led as intermediates In numecous reactions, 

most of which are typical of olefins. for instance, hydrogen sulfide 

will add directly to 2-nitro-l-butene GO: 

R,N 
2CH,-<:H,-C CH, -+ H,S --+. (CH,-CH,-CH-(H,l,S 

, 
NO, NO, 

and nitro olefin::; cOndellSl' with cyanoacetic esters to iorm nitrocyano 

esters CD: 

C,H.-o-·C-CH,-C~.N -;- CH,CH,-C .CH, • 
, 

o NO, 

C,H,-o·-C ~H-CH,-CH-C,H. 

o CN NO, 

I: ni.trohydroxy compounds l'eacL with carbon disuLCiLlc, 

nitro-substituted xanthates arc formed: 
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'l'iliullyl chllJI'iuc wi_lL CUI1Vc'I'L 111C)J1UllyJI'UXY n.i.lro CUnljlulIIldS to 

NO, NO, 
pyridine 

CH,---<:---<:H.OU ,. SOCI. •. CH,---<:---<:H,CI 

CH, CU, 

NO, CH, 

HOCH,---<:-CH,OH 50Cl, ---+ CH,-C--CH, 1- HCI 

CH, NO, 

0--$--0 
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