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iV-(2-Chlorobenzy1)carbaniloyl chloride and (3-chlorobenzyl)methylcarbamoyl chloride are formed 
by reaction of phosgene with Il;-benzylideneaniline and N-benzylidenemethylamine, respectively. Reac- 
tion of these carbamoyl chlorides with a number of nucleophiles is described, some of which cause 
cleavage of the benzyl to nitrogen bond while others give rise to substitution products without such cleav- 
age. Of the latter type, substituted hydrazines react to effect ring closure to 1,2,4-triazolidine-5-ones. 
The method serves as a convenient synthesis of these new heterocyclic systems. 

Le chlorure de hr-(rl-chlo1.oben7yl) carbaniloyle et le chlorure de (cl-chlorobenzyl) methylcarbamoyle 
sont formes dans la reaction entre le phosgene et la AT-benzylidene aniline et la N-benzylidene methyl- 
amine, respectivernent. La rCaction de ces chlorures de carbamoyle avec un certain nombre de nuclCophiles 
est decrite, certains d'entre eux provoquent le clivage du benzyle lie B l'azote tandis que d'autres donnent 
lieu a des produits de substitution sans clivage. Les hydraziaes substituies rkagissent selon ce dernier 
schema en formant un cycle de type triazolidine-1,2,4, ones-5. La methode constitue une synthese 
commode de ces nouveaux systemes heterocycliques. [Traduit par le journal] 

Can. J .  Chem.. 51, 333 (1973) 

Introduction 

Phosgene has been reported to react with 
azomethines, 1, to produce N-(chloroformy1)- 
azomethines, 2, and I-chloroalkyl isocyanates, 
3 (1). 

Enolizable imines of the type 4 were reported 
by Chupp (2) to react with phosgene to afford 
(1 -alkenyl)carbamoyl chlorides, 5. In an unusual 

The present work was undertaken to examine 
the reaction of non-enolizable N-substituted 
imines with phosgene as a general route to (1- 
chloroalkyl)carbamoy1 chlorides with a view to 
the use of such compounds in the synthesis of 
heterocyclic systems. A similar study was made of 
N-(cl-chlorobenzylidene)carbamoyl chloride 
formed from the addition of phosgene to ben- 
zonitrile (5). In this paper, we report the forma- 
tion of the (x-chlorobenzyl)carban~oyl chlorides, 
8, and some of their reactions including conver- 
sion to the 1,2,4-triazolidine-5-ones, 22. 

example, N-isobutylidinemethylan~ine (4, R = 
R /  = ~ " 1  = Results and Discussion 

CH,; R" = H) was converted to 
(1 -chloro -2 -methylpropyl) m e t h  y 1 c a r b  a m  0 y 1 N-Benzylideneanili~~e (7a) and N-benzylidene- 
chloride (6) which is surprisingly stable to de- n~ethylamine (7b) underwent reaction with phos- 
hydrochlorination(3). Kiefer (4) recently reported gene in l ~ n z e n e  sol~ltion to afford N-(x-chloro- 
the reaction of phosgene with some non-enoliz- benz~l)carbaniloyl chloride ( 8 ~ )  and (a-chloro- 
able N-substituted imines to give the corres- benz~l)nlethylcarbamoyl chloride (861, respect- 
ponding (1-chloroalkyl)carbamoyl chlorides. ively (see Scheme I). The (1-chloroalky1)car- 

a, R = CtiH5;  b, R = C H ,  

SCHEME 1 
6 

bamoyl chlorides 8 were stable and could be 
'Author to whom correspondence should be addressed. isolated under anhydrous conditions. The struc- 
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tural assignments 8 are consistent with spectral 
data and elemental analyses (see Experimental). 

Ethanolysis of 8a caused cleavage to ben- 
zaldehyde diethyl acetal(9) and ethyl carbanilate 
(10). On the other hand, the methyl derivative, 8b 
did not undergo cleavage, but was converted to a 
product characterized as ethyl (a-etlioxybenzy1)- 
methylcarbamate (11) which was stable in 
refluxing ethanol (Scheme 2). 

Reactions of the carbamoyl chlorides, 8, with 
anhydrous ammonia and primary amines resulted 
in products which can be explained as having 
formed through the intermediacy of the corre- 
sponding (a-aminobenzyl)ureas, 12, followed by 
base-catalyzed cleavage (see Scheme 3). From 
reaction with methylamine, N-benzylidenemeth- 
ylamine (13, R' = CH,) was obtained from 
both 8a and b together with I-methyl-3-phenyl- 
urea (14a, R' = CH,) from 8a, and 1,3-di- 
methylurea (14b, R' = CH,) from 8b. Aniline 
reacted in an analogous fashion to produce N- 
benzylideneaniline (13, R'  = C,H,) from both 
8a and b along with 1,3-diplienylurea (14a, R '  = 

C,H,) from 80, and 1-methyl-3-phenylurea (14b, 
R '  = C,H,) from 86. Anhydrous ammonia con- 
verted 8a to 1,1 '-benzylidenebis(3-phenylurea) 
(15a) which, at least formally, can be viewed as 
having been formed through the cleavage of 12a 
(R' = H) to benzylidene-ammonia (13, R '  = H) 
and phenylurea (14a, R '  = H) which reacted 
further to give the bisurea. In an analogous 
fashion, 1 , 1 ' - benzylidene - bis - ( 3  - methylurea) 
(156) was obtained from 8b. The bisureas 15a (6) 
and b (7) have been reported previously as 
products of the condensation of benzaldehyde 
with phenylurea, and methylurea, respectively. 

Secondary amines also would be expected to 
give rise to (a-aminobenzy1)ureas analogous to 
the intermediates 12 but which would be stable 
to base-catalyzed cleavage. Dimethylamine con- 

verted 8a and b to the 1,l-dimethyl-3-(a-dimethyl- 
aminobenzyl)ureas, 16a and b, respectively. 
These compounds react readily with moisture in 
the atmosphere. On hydrolysis, each forms benz- 
aldehyde and the corresponding urea, 17a or b. 
The 3-phenyl-derivative, 16a, undergoes what 
appears to be slow thermal decomposition in a 
dry nitrogen atmosphere at ambient temperatures 
as well. 

Reaction of the carba~noyl chlorides, 8, with 
hydrazine resulted in the formation of the semi- 
carbazones, 19, as the main products, together 
with the biureas, 20, in smaller yields. The 1,2,4- 
triazolidine-5-ones, 18, could be postulated as 
intermediates which underwent base-catalyzed 
ring opening to the semicarbazones 19 (see 
Scheme 4). 

Under oxidizing conditions, the semicarbazone 
(19a) is known to undergo cyclization to 3,4- 
diphenyl-A2-1,2,4-triazolin-5-one (21) (8) (see 
Scheme 5). This result also suggests the inter- 
mediacy of the triazolidinone 18. 

The formation of the biureas, 20, could be 
explained by an analogous base-catalyzed cleav- 
age of the corresponding 1,2-bis [(rr-hydrazino- 
benzyl)carbamoyl]hydrazine derivative which 
would be expected to form, in addition to 18, by 
reaction of 8a or b with hydrazine. 

1,2-Disubstituted 1,2,4-triazolidine-5-ones 
would be expected to be stable to base-catalyzed 
ring opening of the type 18 -t 19. Reaction of the 
(a-chlorobenzyl)carbamoyl chlorides, 8, with 
1,2-dimethyl- and with 1,2-diphenylhydrazine 
afforded convenient routes to the new hetero- 
cycles, 22, which appear to be the first reported 
1,2,4-triazolidine-5-ones (see Scheme 6). The 
structures are consistent with elemental analyses 
and spectral data (see Experime~ltal). 

Experimental 
All melting points are uncorrected. The n.m.r. spectra 

were recorded on a Varian HAIOO (100 MHz) spec- 
trometer using tetramethylsilane as internal standard. The 
i.r. spectra were recorded on a Unicam SPlOOO spec- 
trometer. Mass spectra were measured on a Hitachi- 
Perkin-Elmer RMU-6 mass spectrometer. Microanalyses 
were performed by A. B. Gygli, Toronto, Ontario. 

In every case in which a previously described con~pound 
was isolated as a product, the spectral data (n.m.r. and 
i.r.) were identical with those of an authentic sample. For 
each such crystalline product, the m.p. of a mixture with 
an authentic san~ple was not depressed. Each authentic 
sample was prepared either by the procedure cited, or if 
none is cited, by an unequivocal method. 
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0 
BH 

0 
2 C6HrCH=NNHCONR 

J-.f B: 
C6H5CH -- NNHCONHR 

18 19 

RNHCONHNHCON H R 

20 

a, R = C6H5; 6 ,  R = CH3 

K3Fe(CN)6 Anal. Calcd. for C,,H,,CI,NO: C, 60.03; H, 3.95; C1, 
C H C - N-C6H5 

N ~ O H  ' \ 25.32; N, 5.00. Found: C, 60.17; H, 3.85; C1, 25.47; N, 
5.00. 

N, ,c=o 
N Synthesis of (2-C~zlorobenzyl)methylcarbamoyl 

1 Chloride (8b) 
H By a procedure similar to that described above for the 

21 synthesis of 8a, 22.8 g (0.20 mol) of freshly distilled 
N-benzylidenemethylamine (Aldrich) was treated with 

SCHEME 5 

Synthesis of N-(x-Chlovobenzyl) carbaniloyl 
Chloride (8a) 

To a stirred solution of 36.2 g (0.20 mol) of N-ben- 
zylideneaniline (9) in 100 ml of benzene maintained in an 
ice bath was added, over 1 h, 175 g of a 12.5% solution 
(0.22 mol) of phosgene in benzene (Matheson). The 
reaction mixture was stirred for an additional hour 
and then filtered, if necessary, to remove N-benzylidene- 
aniline hydrochloride. Evaporation of solvent under 
reduced pressure gave 52.6 g (95% yield) of crude 8a ,  
m.p. 99-100.5" as white needles, m.p. after recrystalliza- 
tion from hexane, 102.5-103.5"; n.m.r. 6 (CDCI,): 7.19 
(m, 10H, aromatic-H) and 7.57 p.p.m. (s, l H ,  C,H,CH); 
i.r. spectrum (Nujol): vcZo 1750 cm- I .  
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phosgene to glve 38.9 g (89% yield) of 8b, b.p. 116" (0.1 C,H,) in 77% yield. The benzene filtrate from the reaction 
Torr); n.m.r. 6 (CDCI,): 2.94 (s, 3H, methyl) and 7.40- mixture was concentrated and the residue recrystallized 
7.55 p.p.m. (m, 6H, aromatic-H and C,H,CH); i.r, from ethanol to give N-benzylideneaniline, m.p. 48-50" 
(neat): vc=, 1744 cm-l.  Mass spectrum parent peak in 86% yield from 8a, and in 81% yield from 8b. 
(nile): 217; calcd., 217. 

Anal. Calcd. for C9H9Cl2NO: C, 49.57; H, 4.16; C1, Reaction 'fSa Anhydrous Ammonia 

32.51; N, 6.42. Found: C, 49.83; H, 4.41; ~ 1 ,  32.76; N, A" excess of anhydrous ammonia was ~ a s s e d  through 
6.47. a cooled (Ou) stirred solution of 5.6 g (0.02 mol) of 8a in 

50 ml of benzene over 0.5 h. The reaction mixture was 
Ethanolj~sis of 8a 

A solution of 2.7 g (0.0096 mol) of 8a in 50 ml of 
anhydrous ethanol was heated under reflux for 0.5 h. 
After removal of ethanol under reduced pressure, frac- 
tional distillation gave 0.85 g (49%) of benzaldehyde 
diethyl acetal (9), b.p. 58" (0.25 Torr), and 1.07 g (68%) 
of ethyl carbanilate (lo), b.p. 115' (0.35 Torr), m.p. after 
recrystallization from heptane, 49.5-50.0d. 

Ethanolysis of8b 
A solution of 5.0 g (0.023 mol) of 8b in 50 ml of ethanol 

was heated under reflux for 0.5 h. After removal of ethanol 
under reduced pressure, distillation gave 3.7 g (68%) of 
ethyl (cc-ethoxybenzyl)methylcarbamate ( l l ) ,  b.p. 118" 
(0.060 Torr). An analytical sample was obtained by g.1.c.; 
n.m.r. 6 (CDCI,): 1.31, 1.32 (double t, J = 7 Hz, 6H, 
0CH2CH3), 2.57 (s, 3H, NCH,), 3.66 (q, J = 7 Hz, 2H, 
C,H,CH(OCH,CH,), 4.27 (q, J = 7 HZ, 2H, COOCHZ- 
CH,), 6.51 (s, IH, C,H,CH), and 7.2-7.7 p.p.m. (m, 5H. 
aromatic-H); i.r. (neat): v,,, 1710 and ~ ~ - 0 - c  1160, 
1100, 1030 cm-'. 

Anal. Calcd. for C13H19N03: C, 65.80; H, 8.07; N, 
5.90. FoundC,65.91;H,7.99; N, 5.78. 

Reactions of the Carbarnoyl Chlorides 8 wit11 
IMetl~ylamine and with Aniline 

(i) Metl?y/amine 
An excess of methylamine was passed through a cooled 

(0") stirred solution of either 8a or b (0.02 11101) in 150 n11 
of dry ether over a period of 1 h. The solids produced 
were separated by filtration. From the reaction with 8a, 
1-methyl-3-phenylurea (140, R' = CH,) was obtained in 
89% yield by slurrying the solids in water to dissolve 
methylanline hydrochloride, collecting the remaining 
solids by filtration, and recrystallizing them from water, 
m.p. 151.0-151.5". From 8b, 1,3-dimethylurea (140, 
R' = CH,) was obtained by slurrying the solids in ethanol, 
filtering to remove insoluble ammonium chloride, con- 
centrating the ethanol solution, and crystallizing the 
residue from ether. Additional 14b was obtained by 
concentration of the ether filtrate from the reaction 
mixture to give a total yield of 70%, m.p. 104-106'. 
N-Benzylidenemethylamine was obtained in 59% yield 
from the reaction with 80, and in 867: yield from 8b by 
distillation (b.p. 84-, 42 Torr) of the residue from the 
respective concentrated ether filtrates. 

(ii) Aniline 
To a stirred solution of either 8a or b (0.02 mol) in 

100 ml of benzene, heated under reflux was added a 
solution of aniline (0.11 mol) in 151: in1 of benzene. The 
reaction mixture was heated under reflux for an additional 
1.5 h, cooled, and filtered. The solid material was slurried 
in water to remove aniline hvdrochloride and the remain- 

filtered to remove ammonium chloride, and the filtrate 
concentrated under reduced pressure. The residue was 
heated in heptane, and after cooling, the crystals that 
formed were collected and recrystallized from ethanol to 
give 2.6 g (72%) of 1,l'-benzylidenebis(3-phenylurea) 
(I%), m.p. 206-207" (lit. (6), n1.p. 198-199'). An authentic 
sample was prepared as previously described (6). A 
satisfactory elemental analysis was obtained. 

Reactroi? of 8b wlth Anhydrous Amn~onia 
By a procedure similar to that described above for the 

reaction of 8a, a solution of 8b was treated with an excess 
of anhydrous ammonia. I,l'-Benzylidenebis(3-methyl- 
urea) (156) was obtained in 55% yield, m.p. after re- 
crystallization from methanol, 188-189.5" (lit. (7), n1.p. 
187-188'). An authentic sample was prepared as pre- 
viously described (7). A satisfactory elemental analysis 
was obtained. 

Synthesis of I ,I-Dirnethyl-3-la-ditnethylanlinobenzyl) - 
3-phenylurea (I6a) 

To a stirred, cooled (0') solution of 5.8 g (0.021 mol) of 
8a in 100 ml of ether was added 10 g (0.22 mol) of 
dimethylamine over a period of 30 min. The reaction 
mixture was filtered td  remove dimethylamine hydro- 
chloride, and the filtrate concentrated to give 6.2 g 
(100%) of crude 16a, n1.p. after recrystallization from 
ether, 68-70"; n.m.r. 6 (CDCI,): 2.37 (s, 6H, C,H,CH- 
N(CH3)Z); 2.61 (s, 6H, CON(CH3)2), 5.65 (s, lH ,  
C,H,CH), and 6.9-7.4 p.p.ni. (m, IOH, aromatic-H); 
i.r. (Nujol): vc=, 1645 cm-'. 

Anal. Calcd. for C18Hz3N30: C, 72.77; H, 7.77; N, 
14.09. Found: C, 72.61; H, 7.76; N, 14.28. 

A solution of 16a in elher was shaken with water. 
Benzaldehyde and I,l-dimethyl-3-phenylurea (190) were 
isolated from the reaction mixture in essentially quantita- 
tive yields. 

Synthesis of l,I,3-Trilnefhy/-3- 
(a-dimethylaminobenzyl) rwea (16b) 

By a procedure similar to that described for the 
synthesis of 16a, 5 g (0.023 mol) of 86 was treated with 
10 g (0.22 mol) of dimethylamine to give 5.1 g (94.6%) 
of crude 160, n1.p. after recrystallization from ether, 45.5- 
47'; n.m.r. 6 (CDCI,): 2.27 (s, 6H, C,H,CHN(CH,)2), 
2.70 (s, 3H, N(CH,)CON(CH,)2), 2.76 (s, 6H, CON- 
(CH3)2), 5.30 (s, lH ,  C6HsCH), and 7.25-7.65 p.p.m. 
(m, 5H, aromatic-H); i.r. (Nujol): vc=, 1658 cm-'. 

Anal. Calcd. for C13H21N30: C, 66.35; H, 9.00; N, 
17.86. Found: C, 66.12; H, 8.88; N, 17.79. 

A solution of 16b in ether was shaken with water. 
Benzaldehyde and trimethylurea (17b) were isolated from 
the reaction mixture in essentially quantitative yields. 

ing insoluble material recrystallized from ethanol to give, Reacfiorz of 8a wit11 Hjdrazine 
from 80, 1,3-dipl~enylurea (14a, R '  = C6H,) in 81% To a stirred solution of 8.4 g (0.03 nlol) of 8a in 50 ml of 
yield, and from 8b, I-methyl-3-phenylurea (14b, R '  = benzene cooled in an ice bath was added, over 15 min, a 
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solution of 3.2 g (0.10 inol) of anhydrous hydrazine in 1729 cnl- ' ;  no absorptions assignable to NH. Mass 
10 ml of dimethylforn~amide. The cooled reaction mixture spectrurn parent peak (n~le): 205: calcd., 205. 
was stirred for an additional hour and then poured into Anal. Calcd. for C l l H l s N 3 0 :  C, 64.36; H,  7.37; N, 
100 ml of ice-water. The solid product was collected, 20.47. Found: C, 64.54: H, 7.46: N, 20.28. 
slurried in ethanol, and the remaining solid recrystallized 
from dimethylforniamide to give 1.45 g (35%) of 1,6- 
diphenylbiurea (20a), m.p. 255-256" (lit. (lo), m.p. 270'). 
An authentic sample was prepared from the reaction of 
phenyl isocyanate with hydrazine. A satisfactory elemen- 
tal analysis was obtained. 

The benzene filtrate from the reaction niixture, and the 
ethanol filtrate were concentrated and the residues 
recrystallized from ethanol to give a total of 4.2 g (60%) 
of benzaldehyde phenylseniicarbazone (19a), m.p. 182- 
183" (lit. (8), m.p. 180'). An authentic sample was 
prepared as previously described (8). 

Reaction of 80 witlz Hydvazine 
By a procedure similar to that described for 8a, 6.54 g 

(0.03 mol) of 8b was treated with 3.2 g (0.1 mol) of anhy- 
drous hydrazine. From the solids that formed, 0.076 g 
(3.5%) of 1,6-dimethylbiurea (20b), m.p. after recrystal- 
lization from dimethylformamide, 258-259" (lit. (1 I), 
m.p. 260') was obtained. An authentic sample was 
prepared by the reaction of methyl isocyanate with 
hydrazine. 

The filtrate of the reaction mixture was concentrated 
and the residue crystallized from ethanol to give 2.2 g 
(41.5%) of benzaldehyde methylsemicarbazone (19b), 
m.p. 167-169" (lit. (12), m.p. 166'). An authentic sample 
was prepared as previously described (12). 

Synthesis ofI,2-Din1etl1yl-3,4-riiphenyl- 
1,2,4-tviazolidirze-5-one (220) 

To a solution of 4 g (0.03 mol) of 1,2-dimethylhydrazine 
dihydrochloride (13) in I5  nil of water was added a 
solution of 6.1 g (0.11 mol) of potassium hydroxide in 
15 ml of water. Then, 120 ml of acetone was added, and 
the reaction mixture was filtered to remove potassium 
chloride. 

To 30 ml of acetone cooled in an ice bath (30-12') 
were added concurrently over 1 h the 1,2-dimethyl- 
hydrazine solution and a solution of 5.6 g (0.02 mol) of 
8n in 150 in1 of acetone. The reaction mixture was stirred 
for another 1.5 h, filtered, and concentrated. The residue 
was dissolved in benzene and the benzene solution 
washed with water, dried over magnesi~~m sulfate and 
concentrated. The solid residue was recrystallized from 
heptane to  give 3.0 g (57%) of 22a, m.p. 142.5-144'); 
n.ni.r. 6 (CDCI,): 2.67 (s, 3H, NCH,), 3.01 (s, 3H, 
NCH,), 5.29 (s, l H ,  C6H,CH), and 7.0-7.5 p.p.ni. (in, 
10H, aromatic-H), no exchange with D 2 0 ;  i.r. (Nujol): 
v,=, 1698 cm-l ;  no absorptions assignable to NH.  Mass 
spectrum parent peak (mie) 267; calcd., 267. 

Anal. Calcd. for C16HI,N30: C, 71 3 9 ;  H, 6.41 ; N, 
15.72. Found: C, 71.82; H, 6.24; N, 15.88. 

Synthesi.~ of I,2,4-T~i1~reth~~1-3-pI1er1~~1-1,2,4- 
triazolidine-5-orre (22b) 

By a procedure similar to that described above for the 
synthesis of 22a, 8b was treated with 1,'-dimethylhydra- 
zine to give 22b in 42% yield, b.p. 109' (0.02 Torr); 
n.m.r. 6 (CDCI,): 2.49 (s, 3H, NCH,), 2.57 (s, 3H, 
NCH,), 2.94 (s, 3H, NCH,), 4.43 (s, IH, C,H,CH), 
and 7.42 p.p.m. (s, 5H, aromatic-H); i.r. (neat): v , = ~  

Syrrthesis of 1,2,3,4-Tetrrrphenyl-I,2,4-triazolidi17e- 
5-one (22c) 

A solution of 4.2 g (0.015 mol) of 8a in 100 ml of 
benzene, and another so l~~ t ion  of 5.52 g (0.03 mol) of 
1,2-diphenylhydrazine (Aldrich, freshly recrystallized 
from ethanol) in 100 ml of benzene were added con- 
currently over 1 h with stirring to 30 ml of benzene. The 
reaction mixture was then heated under reflux for 2 h, 
cooled, and filtered. Evaporation of the solution and 
crystallization of the residue from heptane gave 2.8 g 
(49.5%) of 22c, n1.p. after recrystallization from heptane, 
148-148.5"; n.m.r. 6 (CDCI,): 6.16 (s, IH,  C6H,CH), and 
7.0-7.75 p.p.m. (m, 20H, aromatic-H); i.r. (Nujol): 
v c = ~  1705 cm- l ;  no absorption assignable to NH. Mass 
spectrum parent peak (m/e): 391; calcd., 391. 

Anal. Calcd. for C,,H,,N,O: C, 79.77, H, 5.41; N, 
10.73. Found: C, 79.71; H,  5.54; N, 10.76. 

Synthesis of 1,2,3-Tviphenyl-4-meth.yl- 
1,2,4-triazolidi11e-5-one (22d) 

By a procedure similar to that described above for the 
synthesis of 22c, 80 was treated with 1,2-diphenyl- 
hydrazine to give 22d (33.4% yield), m.p. after recrystal- 
lization from heptane, 115.5-116.5"; n.m.r. 6 (CDCI,): 
2.69 (s, l H ,  N-CH,), 5.55 (s, l H ,  C6HsCH), and 
7.0-7.75 p.p.m. (m, 15H, aromatic-H); i.r. (Nujol) : 
v c = ~  1718 cnl - ' ;  no absorption assignable to NH. M a ~ s  
spectrum parent peak (rqe): 329; calcd., 329. 

Anal. Calcd. for C,,H,,N,O: C, 76.57; H,  5.81; N, 
12.76. Found: C, 76.64; H,  5.98; N, 12.67. 
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