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ABSTRACT 

N-Substituted-N1,N"-di-(2-cyanoethy1)-gundines have been cyclized with the elinlination 
of acrylonitrile to 2-imino-3-substituted-4-keto-hexahydropyrimidines. These pyrimidine 
derivatives also were prepared by treating 1-substituted-3-(2-cyanoethy1)-S-methyl iso- 
thiuronium iodide salts with ammonia. 1-(3,4-Dichlorobenzy1)-3-(2-cyanoethy1)-urea was 
cyclized in the presence of absolute ethanolic hydrogen chloride to 2,4-diketo-3-(3,ii-dichloro- 
benzyl)-hexahydropyrimidine. 

A series of N-substituted-N1,N"-di-(2-cyanoethy1)-gnidines (I) (Table IA) was 
prepared froill the corresponding thiourea (Table IB) in order to study their propensity 
for cyclization. The desired bicyclic derivatives (11) were not obtained. Under the reaction 

I I 
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R-6' \ N H  R-N 
I I . H X *  I I .HX + RNHC(NH)NH(CHz)?COOCzH6.HX 

O=C CHz O=C CH, 

"c," 'c/ IV 
H 2 H 2 

conditions employed, the guanidine derivatives (I) lost 1 inole equivalent of acrylonitrile 
and the inonocyclic 2-imino-3-substituted-4-keto-hexahydropyriiidines (111) were 
formed together with N-substituted-N1-(2-carbethoxyethy1)-guanine (IV). When 
N-(3,4-dichlorobenzyI)-N1,N11-di-(2-cyanoethyl)-guanidine (I, R = 3,4-CI?C6H3CH2) or 
its hydrochloride or hydroiodide salts were refluxed in absolute ethanol for 8 hours, the 
original compounds were recovered unchanged. 

l-Phenyl-3-(2-cyai~oethyl)-S-methyl-isothiuroiiui iodide (V, R = CGH6) on treatment 
with anhydrous an~inonia in ethanol or anhydrous a-aminoisobutyronitrile gave 2,4- 
diimino-3-phenyl-hexahydropyrimidinium iodide (VI, R = CGH6). When aqueous 

'Contribution No. 33. 

Canadian Journal of Chemistry. Volume 40 (1962) 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

C
L

E
M

SO
N

 U
N

IV
E

R
SI

T
Y

 o
n 

11
/1

0/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



CANADIAN JOURNAL O F  CHEMISTRY. VOL. 40, 1962 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

C
L

E
M

SO
N

 U
N

IV
E

R
SI

T
Y

 o
n 

11
/1

0/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



KRELING .4ND McKAY: AMINO NITRILES 145 

I aq. NHI 

I 1 1  + RNHC(NH)NH(CH?)?CN. HX 

VI I  

ammonia was einployed in the same reaction, then the corresponding 2-imino-3-sub- 
stituted-4-keto-hexahydropyrimidinium salts (111) were isolated. Treatment of 1-(3,4- 
dichlorobeiizyl)-3-(2-cyanoethyl)-S-inethyl-isothiuroi1iun iodide (V, R = 3,4-C12C6H3- 
CH2) with aqueous aminonia gave a mixture of 2-imino-3-(3,4-dichlorobenzy1)-4-lteto- 
hexahydropyrimidiiliuin iodide (111, R = 3,4-C12C6H3CH2) and N-(3,4-dichlorobenzy1)- 
N'-(2-cyanoethy1)-guanidinium iodide (VII, R = 3,4-C12C6H3CH2). When l-inethyl-3- 
(2-cyanoethy1)-S-methyl-isothiuronium iodide was heated under reflux in anhydrous 
ethanolic ainmonia solution, it  gave N-methyl-Nf-(2-cyanoethy1)-guanidinium iodide 
instead of the expected 2,4-diimino-3-methyl-hexahydropyrimidiniun iodide (VI, 
R = CH3). 

In order to obtain the 2,4-diimino-3-substituted hexahydropyriinidine salts (VI) 
strictly anhydrous conditions inust be employed. The presence of moisture during 
reaction or during crystallization will convert these salts (VI) into the corresponding 
2-imino-3-substituted-4-keto-hexahydropyrnidie salts (111). Also, crystallization of 
l-(3,4-dichlorophei~yl)-3-(2-cyanoethyl)-S-ethyl-isothiuroniun iodide (V, R = 3,4-C12 
C6H3) from ethanol-ether solution gave some 2-l~eto-3-(3,4-dichlorophenyl)-4-ii~iiiio- 
hexahydropyriinidiniuin iodide. 

Attempts (1) to cyclize 1,3-di-(2-cyanoethy1)-urea and 1-(2-~yai1oetliy1)-3-(cyaiio- 
methyl)-urea by refluxing in ethanol solution were unsuccessful. Now 1-(2-cyanoethy1)- 
3-(3,4-dichlorobenzy1)-urea has been cyclized by heating with anl~ydrous ethanolic 
hydrogeil chloride. In the presence of 9.5 mole equivalents of hydrogen chloride an 83% 
yield of l-(3,4-dichlorobenzyl)-3-(2-carbethoxyethyl)-urea and an 11.9yo yield of 2,4- 
dil~eto-3-(3,4-dicl~lorobenzyl)-hexahydropyrimidiie were obtained. The latter coiiipound 
was obtained in 65yo yield when the hydrogen chloride was reduced to 1.2 inole equivalents. 

Infrared Sfiectra 
The pyriinidiiles which are reported here have been described as hexahydropyrimidine 

derivatives. Spectral evidence (2, 3) a t  present favors the ketonic structures for 2- 
hydroxy-, 4-hydroxy-, and 2,4-dihydroxy-pyrimidines. Moreover, the spectra given in 
Table I1 indicate that the 4-an~ino group in this series of 2,4-diamino- and 2-lteto-4- 
amino-dihydropyriinidines exists in the iiniilo form. The amino group in position 2 of 
the dihydropyriinidines probably exists in the ainiiio forin but no conclusion can be 
drawn from the present spectral data. In this investigation the infrared spectra were used 
mainly to confirin the forination of cyclic reaction products. A number of the band 
assignments in the 1500-1750 c111-~ region for pyrimidines are still regarded as tentative. 

The C = N stretching band between 2250 and 2265 cmrl is a weak band and it  disap- 
pears completely with soine of the salts where the general absorption is high in this region. 
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TABLE I1 0 

Infrared absorption band (cnl-I) assignments* > 
5 
u 

Stretching modes s 
Bending modes 2 

Compounds N-H CeN C=O C=N N-H C 
0 c 

2,4-Diimino-3-phenyI-he~ahydropyrimidi1ium chloride 3100 (br) 1674, 1638 1615,1555,1540 
2,4-Diirnino-3-(3,4-dichlorobenzyl)-hexahydropyrimidii~iuin chloride 3120 1672,1627 1568,1557 
2-I~eto-3-(3,4-dichlorophenyl)-4-imino-hexahydropyrimidinium iodide 3340, 3180 168.3 1745 1608 $ 
2-Imino-3-phenyl-4-keto-hexahydropyrimdiiun chloride 3180 1730 1680 1613 o 7 
2-11nino-3-(3,4-dichlorobenzyl)-4-keto-hexahydropyrinidiium chloride 3290, 3180, 3080 1730 1677 1607 D 

2,4-Dilceto-3-(3,4-dichlorobenzyl)-hexahydropyritnidine 3245,3100 1725 1600 1570 z 
l-(3,4-Dichlorobenzyl)-3-(2-carbethoxyethyl)-urea 3350 1726, 1619 1583 r;l 

3'345,3300 2260 1560,1508 
Z 

1-Meth yl-3-(2-cyanoethy1)-thiourea - 
2260 

m 
1-(3,4-DichlorophenyI)-3-(2-cyai~oethyl)-thiourea 3400,3310 1555,1515 ri 
N-Phenyl-N1,N"-di-(2-cyanoethy1)-guandnium chloride 3245 164'2 1604,1567 0 -C 
N-(3,4-Dichlorophenyl)-N',N"-di-(2-cyanoethyl)-guanidiniun~ chloride 3220,3150,3050 2255 1660 1578,1553 
N-Methyl-N'-(2-cyanoethyl)-guanidiniu iodide 3380,3240,3175 16'38 1620,1567,1545 3 
N-(3,4-Dichlorobenzyl)-N'-(2-cyanoethyl)-guaiidi~iun iodide 3320,3240,3170 1647 1615,1542 
l-Metl~yl-3-(2-cyanoethyl)-S-methyl-isothiuroniun iodide 3450,3260,3160 2265 1613 1560, 1528 P 

3170 
0 

l-Phenyl-3-(2-c~~a1~oethyl)-S-n~ethyl-isothiuro1ium iodide 2250 1608 1589,1517 - 
w 

'Nujol mulls of the crystalline compounds were used for spectral analyses. N 
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KRELING A N D  McKAY: AMINO NITRILES 147 

EXPERIMENTAL? 

I-Szrbstituted-S-(2-~~~a~toctltyl)-thiozrrcas 
All of the 1-substituted-3-(2-cyanoethy1)-thioureas which are listed in 'l'able 1B were prepared by the 

following procedure for the preparation of 1-1nethyl-3-(2-cyanoethyl)-thio~1rea. 
A solution of methyl isothiocyanate (5.4 g,  0.075 mole) in benzene (20 ml) was added slowly to a stirred 

solution of 3-aminopropionitrile (5.2 g ,  0.075 mole) in benzene (15 1111) while the temperature was main- 
tained a t  20-30'. After addition was complete, the stirring was continued a t  roorn temperature for 1 hour. 
The thiourea was recovered by filtration and the product was p~~ri f ied  by crystallizing from ethanol. 

l-Phe~tyl-3-(2-cyanoetIzyl)-S-nzetlzj~l-isotlziz~~o~ziu~~z Iodide 
Methyl iodide (7.4 g,  0.052 mole) was added over a period of 5 minutes to  a refluxing solution of l-phenyl- 

3-(2-cyanoethy1)-thiourea (9.73 g, 0.047 mole) in absolute ~nethanol (75 ml). After the heating under retlus 
had been continued for 3 hours, the solution was evaporated to dryness i n  oac~ro. The oily product crystallized 
on trituration with acetone (50 ml), yield 15.1 g (92.6'k). Three crystallizations from absolute ethanol - 
ether (3:l)  solution raised the melting point from 152-159' to 165-167'. Anal. calc. for C I ~ H , ~ I N ~ S :  C 38.04, 
H 4.06, 136.55, N 12.10, S 9.23yA; found: C 38.07, H 4.12, 1 36.40, N 12.07, S 9.05%. 

A picrate (m.p. 139-141") was formed in 72% yield in the L I S L I ~ I  manner in aqueous solution. Anal. calc. 
for C17HlbN607S: C 45.53, H 3.60, 9 18.74%; f o ~ ~ n d :  C 45.83, H 3.87, S 18.51%. 

l-Methyl-3-(2-cya~zoetlzyl)-S-~netIzyl-isothiu~oniutz Iodide 
1-Methyl-3-(2-cyanoethy1)-thiourea (9.3 g, 0.065 mole) was methylated by the procedure described 

above for the methylation of 1-phenyl-3-(2-cyanoethy1)-thiourea with the exception that the reflux period 
was 1 hour. After evaporation of the solvent i n  naclro, the residual colorless oiI was triturated with absoIute 
ethanol. The crystals (rn.p. 10'3-113') were recovered by filtration, yield 4.3 g (30.2%). Three crystallizations 
from absolute ethanol raised the melting point to 116-117'. Anal. calc. for CGHI?IN~S:  C 25.27, H 4.24, 
144.50, N 14.73, S 11.25%; found: C 25.16, H 4.39, 144.34, N 14.61, S 11.25%. 

1-(S,4-Dichlo~oplzenyl)-S-(2-cya~zoethyl)-S-methyl-isotlziu~onium Iodide 
l-(3,4-DichlorophenyI)-3-(2-cyanoethyl)-thio~~rea (10.95 g,  0.04 mole) and methyl iodide (6.25 g, 0.044 

mole) in methanol (75 rill) were heated under reflux for 3 hours. Evaporation of the solvent i n  nacuo gave 
16.5 g (99.5YG) of a semicrystalline product. Since this product lost methyl mercaptan readily it was 
used without further purification for the next reaction. 

An attempt to purify a sample (8.25 g)  of the sen~icrystalline product by crystallizing fro111 ethanol-ether 
(5 : l )  solution gave 2.1 g of a white crystalline product melting a t  176-288". This product did not contain 
sulphur and several crystallizations from ethanol raised the melting point to 301-301.5° decon~p. (evac. cap.). 
Anal. calc. for C~OHIOCI~IS~O:  C 31.11, H 2.61, N 10.88, total halogen 51.25%; found: C 31.43, H 2.67, 
N 11.04, total halogen 50.74%. This product was identified by analyses and infrared spectrum as 2-keto-3- 
(3,4-dichlorophenyl)-4-imino-hexahydropyrimidine. 

1-(S,4-Dichlo~obenzyl)-~-(d-cyanoethyl)-S-nzethyl-i.~otIzizrroniz~nz Iodide 
1-(3,4-Dichlorobenzyl)-3-(2-cya11oethyl)-thio~1rea (7.35 g,  0.025 lnole) and methyl iodide (3.62 g, 0.025 

mole) in absolute methanol were stirred a t  room te~nperature for 1 hour. The temperature was increased 
to 45' and the stirring was continued for 15 minutes. On the addition of ether to the cooled solution, crystals 
(m.p. 127-128") separated, yield 6.3 g (57.5%). The melting point was not changed by recrystallization. 
Anal. calc. for CI~H14C121N3S: C 33.51, H 3.28, total halogen 16.00, N 9.77, S 7.45%; found: C 33.50, 
H 3.40, total halogen 45.56, N 10.06, S 7.38%. 

A sample of the hydroiodide salt in ri~ethanol solution \\Tas converted into its picrate (111.p. 122.5-123.5") 
in the usual manner. Anal. calc. for C I B H ~ ~ C I . ' S ~ O ~ S :  C 40.69, H 3.04, Cl 13.35, N 15.82, S 6.03%; found: 
C 40.74, H 3.25, C1 13.38, N 15.58, S 6.147;';;. 

N-Substituted- N ' ,  N"-di-(2-cyanoethy1)-gzranidines 
The N-substit~1ted-S',N"-di-(2-cyanoethyl)-guanidines listed in Table IA were all prepared by the 

following general procedure. 
l-(3,4-Dichlorophenyl)-3-(2-cyanoeth~~l)-S-111ethyl-isothi~1ro~~i~11~~ iodide (8.32 g, 0.02 mole) and 3-amino- 

propionitrile (1.4 g, 0.02 mole) were heated under reflux in absolute ethanol (50 ml) for 3 hours after which 
the evolution of methyl mercaptan had ceased. Evaporation of the solvent gave a crystalline residue which 
was purified by crystallizing from absolute ethanol. 

A picrate (m.p. 218.5-219') was prepared in 79.8% yield from aqueous solution in the usual manner. 
I t  was purified by crystallization from water. 

Conversion of the guanidiniun~ iodides into their corresponding hydrochlorides or free bases was accom- 
plished by one of the followi~~g methods. 

? A l l  melting points are z~ncorrected. i l l icroannlyses were perfor?ned b y  iVIicro-Tech Laboralories, Skok ie ,  
Il l inois.  
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illelhod A .  A solution of N-(3,4-dichlorophenyI)-N',N"-di-(2-cya1oethyl)-g~aidi1i~ iodide (2 g ,  
0.0046 mole) in absolute ethanol (30 ml) was passed through a column of I l iA 400 resin (25 n ~ l  in the 
chloride forin). The  resin was washed with nietha~iol (50 ml) and the combined washings and eluate were 
talten to  dryness in uaczro. The  crystalline hydrochloride was obtained in 80% (1.26 g)  yield. I t  was crystal- 
lized froin ethanol-ether (3:2) solution. 

il~etlaod B. Ii solutioil of N-(3,4-dichloropheny1)-N1,N"-di-(",- iodide (0.32 g, 
0.0007 mole) in absolute ethanol was treated with 1.5 mole eqi~ivale~lts of 4% aqueous sodium hydroxide 
solution a t  0'. I t  was then held a t  room teinperature for 15 minutes after which the solution was diluted 
with water. The  aqueous solution was extracted with chlorofornl. After the cornbilled chlorofor~n extracts 
had been washed with water, the chloroforin layer was treated with excess 1 iV hydrochloric acid. A11 oil 
separated which crystallized inimediately, yield 0.19 g (76.970). 

The  free base was obtained by passage of a solution of the iodide salt (0.62 g)  in absolute ethanol (45 ml) 
through a.  c o l u n ~ ~ ~  of IRA 400 resin (in the hydrosyl forin). The  resin colunii~ was washed with e tha~iol  
(80 ml) and the washi~igs and eluate were evaporated to dryness in uaczro under nitrogen. N-(3,4-Dichloro- 
phenyl)-N',N"-cli-(2-~);anoethyI)-g~1ai~idine was obtained in 79.3y0 (0.44 g )  yield. 'The free base was 
crystallized fro111 absolute ethanol for a~ialyses. 

2,~-Di~ii~iiizo-S-pheiayl-he.~a1zydropyriitzidiniz~i1z Iodide  
l-Phenyl-3-(2-cyanoethyl)-S-niethyl-isothiuroni~1i~ iodide (3.47 g, 0.01 mole) ill absolute etha~iol (25 1111) 

which had been saturated with arihydrous ammo~lia was heated under reflus for 12.5 hours. After evaporatioi~ 
of the solvent oaczlo, the seinicrystalli~~e product was crystallized from ethanol-ether solution. The  
crystals possessed a double melting point of 162-163" and 192O, yield 2.33 g (73.8%). 

A sample of the hydroiodide salt in ethanol was converted into its picrate (11i.p. 220-231') in the usual 
manner. Anal, calc. for CloHljN707: C 46.05, H 3.62, N 23.50%; fountl: C 46.12, H 3.64, .\T 23.15%. 

Reaction of 1 - P l z e i z y l - 3 - ( 2 - c y a n o e t h y 1 ) - S - i i z e t l a y l - i  Iodide  w i t h  2-Ai?ain.oisobz~tyro~aitrilc 
A solution of l-pl~e11yl-3-(2-c~anoethyl)-S-ineth~l-isothii1ro1iiuni iodide (1.87 g,  0.005 mole) and 2-ami~io- 

i s o b ~ t ~ r o n i t r i l e  (0.45 g, 0.005 mole) in absolute ethanol (25 ml) was heated ~ ~ n d e r  rellux for 7 hours. Since 
a crystalline hydroiodide could not be isolated from the reaction, the crude hydroiodide in ethanol was 
passed through a column of IRA 400 resin (ill the chloride form). The resin was washed with ethanol and 
the combined washings and eluate were taken to dryness in uaczlo. The residual semicrystalline solid 
crystallized on trituration with absolute ethanol, yield 0.6 g (51.7%). Crystallization fro111 ethanol-ether 
(1:'L) solution raised the inelting point fro111 85-216' to 217-218'. This conlpo~u~d gave the correct analyses 
for 2,4-dii1iiii10-3-phe1i~~l-hel(ilhydropyrinidiiii11ii chloride. Anal. calc. for CloH1,CIN.I: C 53.45, H 5.83, 
CI 15.78, N 24.93%; found: C 53.55, H 5.93, CI 16.03, N 24.87%. 

The  picrate ( ~ n . ~ .  225-230') was formed in the usual manner froill the hydrochloride salt in aqueous 
medium. Two crystallizations fro111 water raised the melting point to 229'. This picrate did not depress 
the melting point of 2,4-dii111ino-3-phenyl-hexahydropyrimidii11ii picrate (229-231') formed from the 
reaction of anhydrous ainnlonia with l-phenyl-3-(2-cyaiioethyl)-S-methyl-isothi~1r01ii~1n1 iodide. 

React ion of 1-(S,~-D~iclalorobeia~yl)-3-(2-cya1aoethyl)-.~-i,retlayl-isotlziuronizri1i Iodide  witla Aintrlo?tan 
Concentrated aqueous ammonia solution (5  n ~ l )  was adtled to 1-(3,4-dichlorobenzyl)-3-(2-cyanoethy1)-S- 

~ l l e t h y l - i s o t h i ~ ~ r o n i u ~ ~ ~  iodide (1.83 g,  0.004 mole) in ethanol (4  1111). After the solution had been heated 
under reflux for 10 hours, the solvent was renioved in uaczro. The residual oil partially crystallized on addition 
of a small amount of absolute ethanol. The crystals (m.p. 262-264O, deco~np.) were removed by filtration, 
yield 0.12 g (8.670). Two crystallizations fro111 aqueous ethanol raised the melting point to 267.8-268.6". 
The analytical results indicate tha t  two molecules of 2-imino-3-(3,4-dichlorobenzyl)-4-l.;eto-hexahydro- 
pyrimidine are associated with one ~nolecule of hydrogen iodide. Anal. calc. for C P P H ? ~ C I ~ ~ ~ \ T ~ O ? :  C 39.31, 
H 3.45, total halogen 39.98, N 12.50Yo; found: C 39.40, H 3.84, total halogen 39.92, N 12.39%. 

A sample of the crude product in aqueous sol~ition gave a crystalline picrate (lll.p. 205-207") ill 94.5% 
yield on treatment with aqueous picric acid. One crystallization from aqueous ethanol raised the melting 
point to  206-207'. Anal. calc. for C17H14C1?1\1608: C 40.74, H 2.83, C1 14.15, N 16.77%; found: C 41.04, 
H 3.08, C1 14.00, N 16.74y0. 

The mother liquor from the above crude hydroiodide gave a second crystalline iodide (m.p. 157-159') 
on addition of ether, yield 0.18 g (10.6%). Crystallization froin ethanol-ether raised the melting point to 
163.2-163.8'. This product was identified as N-(3,4-dichlorobenzyl)-N'-(2-cyanoethyl)-g~1anidini~1m iodide 
by elemental and infrared analyses. Anal. calc. for C11HlaCI?IN4: C 33.10, H 3.28, total halogen 49.57, 
N 14.04%; found: C 32.90, H 3.32, total halogen 49.50, N 13.86y0. 

A picrate (m.p. 198-198.5") was formed in 80% yield in the usual Inanner fro111 aqueous solution. Anal. 
calc. for C ~ ~ H ~ S C I P N ~ O ~ :  C 40.80, H 3.02, N 19.60%; found: C 40.95, H 2.97, N 19.74%. 

Reaclion of 1-(S,4-Dichlorobenzyl)-3-(2-cyanoethyl)-S-iiaetlayl-isotlaiuro~aizri~~ Iodide  witla 3-A1?1inopropio?aitrilc 
1-(3,4-Dichlorobenz).I)-3-(2-cya1~oethyl)-S-1etil-isothi~roni~i iodide (6.89 g, 0.016 inole) and 3-amino- 

propionitrile (1.12 g, 0.016 mole) in absolute ethanol (40 ml) were heated under reflux for 4.5 hours. Evapora- 
tion of the solvent in uacuo gave 7 g of semicrystalline residue. 
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KRELING A N D  McKAY: AMINO NITRILES 149 

A portion (0.5 g)  of the crude product was converted into a picrate (m.p. 60-65') in the usual manner in 
water, yield 0.41 g (677'). Crystallization from aclueous acetone raised the melting point to 156-157'. 
The analyses are in agreement with those calculated for N-(3,4-dichlorobenzy1)-N',N"-di-(2-cyanoethyl)- 
guanidine picrate. Anal. calc. for C?oH~sCleNsO-i: C 43.42, H 3.28, CI 12.82, N 20.25y0; found: C 43.70, 
H 3.42, Cl 12.82, N 20.21%. 

The remainder of the original semicrystalli~ie residue was dissolved in ethanol and passed through a 
column of IRA 400 resin (in the OH form). After the column was \vashed with ethanol, the washings and 
eluate were evaporated to dryness in vacr~o. The oily product 011 solution in ethanol and acidification with 
concentrated hydrochloric acid gave a crystalline precipitate (m.p. 280-285"), yield 0.6 g (12%). One 
crystallization from ethanol raised the melting point to 288-290'. The analytical values for this compouild 
agree with those calculated for 2-imino-3-(3,4-dichlorobenzyl)-4-lceto-hexahydropyri1idini~1n chloride. 
Anal. calc. for Cl1Hl?C13N30: C 42.80, H 3.92, CI 34.46, N 13.62%; found: C 43.06, H 4.16, CI 34.62, N 
13.70%. 

The picrate (m.p. 206-207') was obtained in the usual manner from aqueous solution in 98% yield. A 
sample of this picrate on admixture with 2-imino-3-(3,4-dichlorobenzyl)-4-l~eto-hexahyclropyri1nidine 
picrate (m.p. 206-207') from the reaction of ammonia with 1-(3,4-dichlorobenzy1)-3-(2-cyanoethy1)-S- 
methyl-isothiuronium iodide did not depress its melting point. 

2- Inzino-3-(3,4-dichloropl~e~~yl)-/t-keto-lze.~al~ydropyii1i~idi~ze 
Crude 1-(3,4-dichlorophenyl)-3-(2-cyanoethyl)-S-nethyl-isothi~1ro1i~11 iodide (0.83 g, 0.002 mole) was 

dissolved in ethanol (4 ml) and treated with an excess of concentrated ammonia (5  ml). The solution was 
heated under reflux for 6.25 hours. Crystals (rn.p. 247') separated from the cooled solution in 60.6% yield. 
Crystallization from aqueous ethanol raised the melting point to 262-262.5°. Anal. calc. for CjoH9Cl2N30: 
C 46.52, I1 3.52, C1 27.47, N 16.28%; found: C 46.90, EI 3.53, CI 27.16, N 16.360j0. 

iV-~1~ethyl-N'-(2-cyanoetl~yl)-guanidrrw~ Iodide 
l-Methyl-3-(2-cyanoethyl)-S-metl~yl-isothiuroi~i~1m iodide (2.3 g, 0.008 mole) in saturated absolute 

ethanolic ammonia solution (25 inl) was heated under reflux for 21 hours. Evaporation of the solution to  
dryness in vacrro gave 1.92 g (93.7%) of crystals (double melting point a t  159-160' and 169-170"). Crystal- 
lization froin ethanol-ether (2 : l )  solution gave a product with a double melting point. I t  melted a t  160°, 
resolidihed, and remelted a t  173-173.8'. Anal. calc. for CIH1~IN4:  C 23.63, H 4.36, I 49.95, N 22.05%; 
found: C 23.87, H 4.35, I 50.08, N 22.00C/0. 

1-(3,4-Diclzlorobenzy1)-3-(2-cyanoetlzy1)-r~,.en 
A solution of 3,4-dichlorobenzyl isocyanate (5.02 g, 0.025 mole) in ether (50 1111) was added to a cooled 

ethereal solution of 2-aminopropionitrile (1.75 g, 0.025 mole). The reaction inixture was held a t  room 
temperature for 2 hours after which the crystals (1n.p. 125-127') were recovered by filtration, yield 6.4 g 
(94.5%). The meltiilg point was raised to 133.6-134.2" by crystallizing from aqueous ethanol. Anal. calc. 
for CI1HllC12T30: C 48.55, H 4.07, C1 26.06, S 15.449;; found: C 48.58, H 4.21, CI 26.06, X 15.47%. 

1-(3,4-Dichlorobenzy~)-3-(2-carbetlzoryetlz~~~)-r1rea 
A solution of 1-(3,4-dichlorobei~zyl)-3-(2-c~oetl~yl)-~1rea (2.16 g,  0.008 mole) in ethanolic hydrogen 

chloride (2.8 g,  0.077 mole of hydrogen chloride in absolute ethanol (20 1111)) was heated under reflux for 
3.5 hours. When the solution was cooled, a sinall amount of ammonium chloride separated, yield 0.35 g. 
The filtrate was evaporated to dryness a ~ i d  the seniicrystalline residue was triturated with ethanol (10 ml). 
The crystals (111.p. 183-185") were removed by filtration, yield 0.26 g (11.97;). These crystals were identified 
as 2 , 4 - d i l c e t 0 - 3 - ( 3 , 4 - d i c h l o r o b e 1 i z y l ) - h e ~ i d i e  by a inixed melting point determination. 

The filtrate on evaporation yielded a solid which melted a t  89-93'. Recrystallization from ethanol-ether 
solution raised the melting point to 110.5-111'. The yield of 1-(3,4-dichlorobenzyl)-3-(2-carbethoxyethy1)- 
urea was 2.1 g (8'370). Anal. calc. for C I ~ H I G C I ? N ? O ~ :  C 48.91, H 5.05, CI 22.21, N 8.78(2; found: C 48.96, 
H 5.17, CI 22.20, N 8.90%. 

2,4-Diketo-3-(3,4-dichlorobensyl)-1zerahydropy1"i~~iidi~~c 
1-(3,4-Dichlorobenzyl)-3-(2-cyanoethyl)-~1rea (0.68 g, 0.0025 mole) in ethanolic hydrogen chloride (0.1 g, 

0.003 mole) in absolute ethanol (5  ml) was heated under reflux for 2.3 hours. The reaction m i x t ~ ~ r e  on 
cooling gave crystals (1n.p. 180-183') of 2 ,4-diketo-3-(3 ,4-dichlorobenzyl)-he~dropyri id ie ,  yield 
0.46 g (65%). One crystallization from absolute ethanol raised the melting point to 183.5-185'. Anal. calc. 
for ClIH~oCIgN?02: C 48.37, H 3.69, CI 25.96, N 10.26%; found: C 48.07, H 3.88, CI 26.01, N 10.22%. 

Attempted Cyclization of N-Sz~bstitz~ted-N',N"-di-(2-cyanoetlzgl)-gz~anidines 
Method A. N - ( 3 , 4 - D i c h l o r o b e n z y l ) - N 1 , N " - d i - ( ' 3 -  chloride ( 1  g )  in absolute 

ethanol was refluxed for 8 hours. After concentratioii and cooling of the solution, the starting material was 
recovered unchanged in 81.5% yield. The recovered material was identified by a mixed melting point 
determination. 

Under similar conditioils both N-(3,4-dichlorobenz).l)-S',N"-di-(2-caioethl)-g~1aiidi1e and its hydro- 
iodide salt were recovered ~~nchanged. 
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illcthod B. N-Phenyl-N',N"-di-(2-cyanoethyl)-g~1anidilli~1m chloride (0.97 g, 0.0035 mole) was heated 
under reflux for 2 hours i n  absolute ethanol (7.5 ml) containing hydrogen chloride (1 g, 0.028 mole). The 
reaction mixture was cooled and the crystals (m.p. 280-282") were recovered by filtration, yield 0.43 g 
(54.8y0). 'Two crystallizations from absolute ethanol raised the melting point to 292.4-292.8'. 'This product 
was identified as 2-imino-3-phenyl-4-keto-hesahydropyrirnidinium chloride by elemental analyses and 
infrared spectrum. Anal. calc. for CloHI?CIN30: C 53.21, H 5.36, Cl 15.71, N 18.627;; found: C 53.47, 
H 5.44, CI 15.58, N 18.897;. 

The picrate (m.p. 242-244") \\,as formed in 41% yield in the ~ ~ s u a l  manner from aqueous ethanol. Anal. 
calc. for Cl6HldN608: C 45.94, H 3.37, N 20.09%; found: C 45.83, H 3.39, N 19.73%. 

The mother liquor from the crystals was evaporated to dryness in uacuo. A mixture of oil and crystals 
was obtained, yield 1.14 g. A portion (0.23 g )  of this rl~ixture in absolute ethanol on treatment with aqueous 
picric acid gave a crystalline picrate (m.p. 133.2-133.8'), yield 0.15 g (38.77;). The melting point was raised 
to 134.4-134.8' by two crystallizations from aqueous ethanol. 'The analyses agree with those calculated 
for the picrate of l-phenyl-3-(2-carbethoxyethyl)-g~1a1iidi1e. .Anal. calc. for C I ~ H ? O ~ G ~ ~ :  C 46.54, H 4.34, 
N 18.10%; found: C 46.65, H 4.36, N 18.29%. 

When N - p h e n y l - N ' , N " - d i - ( 2 - c y a 1 l o e t h y l ) - g ~ l  chloride was treated under the same conditions 
as above using approximately 1 mole equivalent of hydrogen chloride instead of 8, the starting material 
was recovered ill 44.3% yield and a 42% yield of 2-imi1~o-3-phe1~yl-4-l~eto-hexahydropyri1nidii1 chloride 
was obtained. 

The infrared spectra were d e t e r m i l l e d  by Dr. C. Sandorfy of the University of Montreal, 
Montreal, Quebec. 
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