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Summary

This paper describes the preparation of a series of alkanolamines
(HCoR.IH_) bearing one or two cyancethyl (-C_H,CMN) groups on the
amino ni%ragen. Choice of reaction conditidns and certain
structural features deterwine whether mono- or disubstitution occurs,
and when both products are formed, the mixture may be conveniently
analysed by non-aqueous titration, All products have been
charactcerised as p-nitrobenzoyl derivatives.,
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-ether (75 ml).to give the phosphorodichloridate; yield: 3.5 g
(85%); m.p. 115°
CyoH3,ClLLIOP  cale. CS563 H67? P76

found 562 68 7.6

LR. (Nujol): vy, =1280 (P==0), 980 (P—0—C) tm~",

Ergosteryl Phosphorodichloridate (7):

Ergosterol (13.4 g) and tricthylamine (3.4 g) were similarly
treated with phosphorus oxychloride (5.1 g) in cther (250 mi) to
give the phosphorodichlcridate; yield: 4.5 g (23%); m.p. 84°
(Ref.3, m.p. 84°).

Evaporation of the cthereal- filtrate and recrystallization of the
residual solid from acetone afforded 3,5-cycloergosta-6,8(14),22-
triene; yield: 6.5 g (605,); m.p. 99-101° (Ref.2, m.p. 102°).

U. V. (cyclohexane): 4 ;,, =261 nm (¢ =23000j.

trans-4-1-Butylcyclohexyl Phosphorodichloridate (12):
trans-4-t-Butylcyclohexanol {15.6 g) and triethylamine (10.1 g) in
cther (150 mi) were reacted with phosphorus oxychloride (15.3 g)
in cther (65 ml) to give the phosphorodichloridate as-an oil;
yield: 12,6 g. Attempted distillation under reduced pressure
caused decomposition.

LR, (Nujo): v,,,=1315 (P=0), 1030 (P—O—C) em™".

trans-4-1-Butylcyclohexyl Disodium Phosphate(correspondingto15):
The crude phosphorodichloridate 12 (1 g) was boiled under reflux
with water (100 ml) for 8 hr, Evaporation of the rcaction mixturs
under reduced pressure, and treatment with hot sodium carbonate
solution gave the disodium salt of 15 as a white powder, yield.
0.7 g; m.p. 268-270°,
CmHggNﬂ;ng calc. C49 H68 Pi1d

found 426 69 107

trans-4-1-Butyleyclohexyl Morpholinephosphorochloridate (14):
The phosphorodichloridate 12 (400 mg) was gently warmed with
morpholine (400 mg) in acetonitnia (20 ml) for 5 min, The product
crystallized on cooling, yield: 180 mg. m.p. 117-119 .
Ci4H;,CINOP  cale. C519 HB84 N43 P96

found 516 88 40 93

trans-3-1-Butylcyclohexyl-M, N -dicyclohiexylphosphorodiamidate
(13):
The phosphorodichloridate $2 (500 mg) was boiled with cyclo-
hexylamine (1 g) in acctonitrile (25 ml) for 5 min, The product
crystallized on cooling; yicld: 450 mg; m.p. 134-137",
CysHyN;O,P cale. C663 H109 N7.0 P78

found 659 105 74 83

LR, (Nujol): vy, = 1215 (P=0), 1030 (P—0O—C) cm~"'.

Bls-[trans-d-t-butylcyclohexyl] Phosphorochloridute:
trans-4-1-Butylcyclohexanol (31.2 g) and triethy lamine (22.2 g) in
cther (300 mi) were similarly treated with phosphorus oxychloride
(15.3 g) in cther (300 ml} to give the phosphorochloridate as
colorless needles; yield: 29 gi m.p. 127-128' (from ethanol).
CyoH2sCIOP  cale. C61.1 H 97 P19

found 613 {00 7.8

LR (Nujol). vaqy = 1300 (P=0), 1045 (or 1003) (P -O~C)ore

We thank the Herifordshire County Counail for the award of
a Research Asswtanship (w D.HW.;. and  Professor
¥.M. Clark of the Untversiy of Warnich for Ins mterest
in this work.
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Cyanoethylation of Some Alkanolamines

J.A. BeLL and C, KENWORTHY

Explosives Research and Development Establishment, Ministry
of Defence, Waltham Abbey, Essex, England

Compounds possessing labile hydrogen atoms may add te
acrylonitrile, forming molecules containing a cyanoethyl
group®. Hydrogen donors may be amines, alcohols, or
compounds in which hydrogen atoms are activated by
clectron-withdrawing groups.

Most amines add to acrylonitrile without the aid of a
catalyst. Primary aliphatic amines react readily with acrylo-
nitrile at low temperatures to give the 2-cyanocthyl deriv-
ative; at higher temperatures, the N,N-bis-[2-cyanoethyl]
compound may be formed from some amines in the pres-
ence of excess acrylonitrile!*2, but reaction is slow unless
an acid catalyst is present® ¢ %, Alcohols react with acrylo-
nitrile in the presence of alkaline catalysts to form cyano-
ethyl ethers®,

Hoffman and Jacobi® have prepared some N-(2-cyano-
ethyl)-alkanolamincs by adding the parent alkanolamine to
cooled acrylonitrile. The only disubstituted alkanolamine
previously reported is N,N-bis-{2-cyanoethyl]-ethanol-
amine?, but reaction conditions were not specifed. and no
yield was quoted.

We have examined the reaction of various other alkanol-
amines with acrylonitrile under reflux or m an autoclave,
and the mone- and bis-{2-cyanocthyl] derivatives obtained
are described here (Table 1).

N,N-Bis-[2-cyanocthyl] derivativcs were obtained from al-
kanolamines in which the amino group is attached to :
methylene group. Introduction of alkyl groups onio i
a-carbon atom progressively reduces the reactivity. in..
compound 6 yiclds a mixture of mono- and bis-cyanoathyl
derivatives, compounds 7, 8, and 9 give only mono-cyis-
ethyl derivatives. Compound 2, which contains a methyi
group on the fi-carbon atom, was less reactive than cthanol-
aminre.

The N,N-bis-cyanocthyl derivatives obtained could also be
prepared by heating the reactar.. at 110 120 (bath tem.
perature) in a stainless-steel autoclave (internal pressure,
1.7 2.4 atm) for 2 hr, but similar treatment did not effect
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“further .Zyanoethylation’ oi‘ compounds 6-92. Attempts to
obtam the bls-cyanocthyl derivatives of compounds 6-9’ by
addmg acetic acid to-refluking reaction mixtures were un-
succcss&ul

We -also investigated the cyanoethylation of-the isomeric
butylarrun&s in excess acrylomtnle (refluix, 16 hr). Products
obtained had cqmvalent weights 132.9- (from, n-), 128.6
(from i), 130.3 (from sec-), and 128. 3 (from ¢-butylamine),
indicating that little if fany bxs-cyanorthﬂatxon had occusred
(molecular. wcxghts of the mono- and bis-cyanoethyl deriva-
tives are-126.2 and 179.3, respectively).

The greater reactivity. of the unsubstituted alkanolamines is
probably diie to hydrogen bonding, enhancing the nucleo-
philicity of the tértiary nitrogen atom.

CH— CHz\ LCHa=CH—CN
0 No- —

G AR

......

HO—CH;—CH;—N

The lower reactivity of the substituted alkanolamines is
probably due to steric hindrance of this hydrogen bonding.

Attempts o purify the cyanocthylated alkanolamines by
distillation undet reduced pressure were unsuccessful. All
the compounds examined behaved like N,N-bis-[2-cyano-
cthyl]-ethanolamine?, decomposing into acrylonitrile and
the starting ulkanolamine.

Structures of the products obtaincd werce confirmed by clemenyal
and T R analyses, by equivalent-weight determination involving
titration with perchloric acid in acetic acid, and by prepanng
4-nitrobenzoyl derivatives. The presence of residual hydroxy
groups in the cyanocthylated alkanolamines was established by
.he presence of the O—CO-band (v, 1635 um ') in the LR,
spectra of their 4 nitrobenzoates, the presence of NH groups in
ihe monocyanocthyl derivatives was shown by the N—CO—

(v 1725 cm™') 0 ssurption of the d-nitrobe~.oate, The ubsence of'

N=CO~bands in the L.R. spectra of the 4-nitrobenzoates of the
bis-{2-cynnoethyl] compounds eliminated the possibility nat the
OH group had been cyanocthylated. Fusther confirmation was
obtained from thie failure to cyanocthylate propare-1.2-diol in
excess boiling acrylonitrile.

The proportions of mono- and bis-[2-cyanoethyl}-alkanolamine
and of non-basic materials in the progducts cun be obtuined by
titrating with perchloric acid before and aler acetylation of the
sample’. On acetylation t1'> monocyanocthyl derivative, being a
scvor lary amine, is acetylated and is insutficiently basic to utrate.
A typical sample of N,N-bis-[2-cyanocthyl}-2,3-dihydroxypropyl-
amine of apparent molecular weight 200.2 (197.2 required) was
calculated (o contain bis-[2-cyanocthyl} compound (972.7°,),
mono-cyanocthyl derivative (0.6°%). and non-basic matenal
(1.7%).

4-Nitrobenzoates were prepaicd conventionally, but only oils
were obtained from N,N-bis-[2-cyanoethyl}-3-hydroxypropyi-
amine and from 1,3-bis-[2-cyanoethylamino]-2-propanol, at-
tempted preparation of 3,5-diniirobenzoates of these compounds
also gaveoils, N-(2 Cyanoethyl)-N-(tris-{hydroxymethyl}-methyl)-
amine afforded only a tris-[4-nitrobenzoate), which contained no
N-—-CQ-absorption but a small NH peak in the LR spectrum,
suggesting that the amine hydrogen had not reacted.

SYNTHESIS

Mclnng poinits were determined using a:Kofler micro hot stage
and are not corrcctcd LR. spectre were mcasurod using a Perkin-
model 237 spectrophotometer.

Preparation of N-(I-Cywoethyl)-nlkano!amlnes (Tadle 1):
The alkanolamine (0,02 mol) was added dropwise to redistilled
acrylonitrile (0.04_5r 0.08 mot), the temperature being maintained

below 5° by external cooling (TCE/CO,) as required. Subsequent-

reaction was conducted at 5-20° or under reflux, Reaction com-
plclc, polymcnscd acrylonitrile, if .present, was removed -by
passing the mixture through a filter aid, then excess acryiomtnlc
was-removed under reduced pressvre using a rotary fi lm cvapo-
rator 10 leave the crinde products. Solid produsts were purified
by’ rccrystalhsatwn. attempts to purify liquid products by distil-
jation resulted in decomposition,

,CHy—CHy,,CHp—=CHp=CN
HO N\ [l :"_-_e
CHp~CHECEN

HE <’

1

,CHa—CH—CN
“CHy=CHy=£N

The reaction of N-(tris-(hydroxymethyl)-methyl)-amine (7), which
was almost insoluble in acrylonitrile, was accomplished by using
cthanol as solvent, No further cyanocthylation occurred when
the monocyanoethyl derivative was dissolved in boiling acrylo-
nitrile for 16 hr.

Preparation of 4-Nitrobenzoates

4-Nitrobenzoates (Table 1) were prepared by shaking a mixture
of the cyanocthyl alkanolamine {0.01 mol) with 4-nitrobenzoyl
chloride (0.02 mol per replaceable hydrogen atom) m pyndine
(100 ml) for 16 hr. The mixture was then added to water (500 ml)
and extracted with chloroform (3 x 100 ml)., The combined ¢x-
tracts were washed successively with water (100 ml), aqueous
sodium carbonate (2x100 ml), dilutc hydrochloric acid
(3 x 102 ml), and water (100 ml), then dried (MgSO,) and evapo-
rated under reduced pressure (60 , 15 mm Hg.). The crude product
wus crystallised from accton (charcoal) light petroleum (b.p.
60°~80°),

Many thanks are due to Mr. J. V., Griffiths, who performed
some af the nonaqueous titrations, and to Miss M. K. Best,
who performed the microanalyses.
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