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temperature for 24 hr. The solvent was decanted from the 
dried mixed catalyst, which readily catalyzed the acylation 
of toluene (in excess) with benzoyl chloride, 4.20 g., 0.03 
mole, giving p-methylbenzophenone in 60% yield. 

Hydrolysis of 1,1,1-trichloroethane. A mixture of 21 g. of 
ferric chloride (0.13 mole) containing 3 g. (0.028 mole) of 
water and 72 g. (0.54 mole) of l,l,l-trichloroethane was 
warmed gently until hydrogen chloride began to evolve. 
As reaction progressed, 3.0 g. of water was added over a 
period of 4 hr. while maintaining a temperature of 30" by 
water bath. When gas evolution had ceased, the reaction 
mixture consisted of an organic layer and a heavier layer 
containing the catalyst as a black oil. The organic layer lyas 
combined with several milliliters of product distilled under 
reduced pressure from the catalyst oil, and then fraction- 
ated, giving 6.3 g. of acetic acid (70% yield based on water 
added), 5.5 g. of vinylidene chloride, and 22 g. of methyl- 

chloroform. The inorganic residue was triturated with water 
which turned a deep violet color, leaving out of solution a 
tarry oil which eventually partially crystallized. The mix- 
ture was extracted with ether, decolorized and dried. 
Evaporation of the ether left a crystalline deposit which 
when recrystallized from hexane yielded 4.9 g. of white 
needlelike crystals, m.p. 85-6. 

Anal. Calcd. for CeH6C102: C, 49.84; H, 3.49; C1, 24.53. 
Found: C, 50.10; H, 3.63; C1, 24.36. 

Infrared analysis in carbon tetrachloride gave an ex- 
tremely intense absorption a t  1744 cm.-I In methanol solu- 
tion, maximum absorption occurred a t  300 my, log E = 
3.38. Qualitative organic analytical tests for carbonyl and 
active chlorine TT-ere negative; bromine would not add; 
hydrolysis by acid solution was negative. 
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Several 0-alkyl- or aryl-?i',N-ethyleneurethanes were prepared, and the reactions of these urethanes with some aromatic 
amines were investigated. O-Alkyl-?i,LV-ethyleneurethanes gave only O-alkyl-X-(B-substituted ethy1)urethanes as the reac- 
tion products with amines. In  the case of O-pheny1-A\7,4V-ethyleneurethane, however, 1-substituted imidazolidinones-2 were 
obtained in addition to O-pheii~~l-N-(~-substituted ethy1)urethanes. This unexpected result was also observed in the reaction 
of other 0-aryl-N,N-ethyleneurethanes with amines. 

In  our previous paper,2 me reported the reaction 
of N-thiocarbamyl- and carbamyl derivatives of 
ethylenimine with several nucleophilic reagents. 
The results obtained there are summarized as fol- 
lows : (1) N-phenyl- or cyclohexyl-N',N'-ethylene- 
thiourea is isomerized to thiazoline derivatives by 
heating in a high boiling solvent such as decaliii 
or more smoothly in acids such as hydrochloric3 
or acetic. ( 2 )  The derivatives react with thiophenol 
giving N-phenyl- or cyclohexyl-N'-(p-phenylthio- 
ethy1)thiourea in good yields, and (3) in all cases, 
they show a strong tendency to polymerize by ring 
opening. In  the case of N-phenyl-N',N'-ethylene- 
urea, however, (1) the tendency to polymerize is 
not marked, and (2) isomerization to the oxazoline 
derivative is only observed in the reaction with 
picric acid, but (3) it reacts with thiopheiiol, 
hydrochloric acid, benzoic acid, and p-nitrobenzoic 
acid to give N-phenyl-A"- (p-subst it ut ed ethyl) - 
urea. Summarizing these results. it may be said 
that the substituent groups on the nitrogen of 

(1) Presented a t  the annual meetings of the Chemical 
Society of Japan, -4pril 1957 and April 1958, and at the 
symposium of Organic Synthetic Chemistry of Japan, 
November 1958. 

(2) Y. Iwakura and A. Xabeya, in  part in the paper, J. 
Chem. SOC. Japan, Pure Chem. Sect, 77, 773 (1956), and in 
part presented at the symposium of Organic Synthetic 
Chemistry of Japan, Xovember 1958. 

(3) Reported by S. Gabriel and B. Stelzner, Ber., 28, 
2929 (1895). 

ethyleiiimiiie exert a strong influence upon the 
ring openiiig reaction of ethylenimine compounds. 

We have extended the study t o  N - alkoxy- 
carbonyl- or aryloxycarbonylethylenimine. The 
preparation of 0-ethyl-N,N-ethyleneurethane (Ia) 
was described by B e ~ t i a n . ~  In the same manner, 
we prepared several 0-alkyl- and aryl-N,N- 
ethyleneurethaiies from chloroformic acid esters 
and ethylenimine. 

I 
R = alkyl or aryl 

O-Alkyl-S,,Y-ethyleiieurethanes of lower molecu- 
lar weight. in general, can be isolated by distilla- 
tion and stored in a sealed tube for years without 
any appreciable change. But, the 0-phenyl deriva- 
tive (Id) seemed t o  be very unstable, especially 
on heating, and our attempts to isolate it by distil- 
lation under high vacuum mere unsuccessful. 
Moreover, Id  could not be crystallized by strong 
cooling in a Dry Ice-acetone bath. Accordingly, 
the purification of Id  vas only performed by ex- 
tracting impurities with petroleum ether. O-p- 
substituted phenyl derivatives (Ie-Ih) were re- 

(4 j  H. Bestian, Ann., 566, 210 (1950). 
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TABLE I 
0-ALKYL- OR ARYL-N,N-ETHYLENEURETBANES ( I )  

R-0-G-N /vH, 
! 'CH, 

Analyses 
Calcd. Found 

R B.P.," Mm. M.P.," Formula C H N C H N 

Ia Ethyl 67-68' 27 CsHsNOz 
Ib  %-Butyl 49-51 5 2 C7HisTU'Oz 58.72 9 15 58.81 9.31 
IC Cyclohexyl 80-82 2 5  C8HibXOz 63 88 8 94 63 68 8 .99  
Id  Phenyl CgHgTS-02 66.24 5 .56  65 80 5.77 
I e  p-Tolyl 46-48 CioHiiNOz 7 91 8.00 
If p-Ethoxyphenyl 47-49 C11H13Pu'O3 6.76  6 .97  

I h  p-Chlorophenyl 50-51.5 CsH8ClNOz 7.10 7.32  
Ig p-Nitrophenyl 125 CsHsNdOz 51.92 3 .87  13.46 51.52 4 .06  13.66 

a Lit.,4 b.p. 60-63'/21 mm. 

TABLE I1 
REACTTON PRODUCTS OBTAINED BY THE REACTION O F  O-ALKYL-N,N-ETHYLENEURETHAKES WITH ARCIMATIC AMINES 

R-O-C-NH-CH2CHz-NH-Ar 

I1 
ti 

R Ar 
N Analyses 

M.Y.," Yield, yo Formula Calcd. Found 

IIC Cyclohexyl Phenyl' 74-75 30 CisHzzNzOz 10.68 10. 82b 
IIa' Ethyl p-Ethoxyphenyl 80-81.5 40 CiaHzoNzOs 11.10 11.10' 
IIb '  %-Butyl p-Ethoxyphenyl 68-69.5 30 C16H24EZ03 9 . 9 9  10.14 
IIc' Cyclohexyl p-Ethoxyphenyl 82.5-83.5 55c CnHz~Nz03 9.14  9 .36  

a When the reaction was carried out a t  75O, a small amount of higher melting compound (IVc), m.p. 127-128', was ob- 
tained in addition to  IIc. Anal. Calcd. for C24H3~N304: C, 66.74; H, 8.64; N, 9.79. Found: C, 67.02; H, 8.58; N,  9.82. From 
the analytical data, IVc is considered to  be N,N-bis(P-cyclohexyloxycarbonylamino)ethylsniline. Phenyl isocyanate 
adducts were made as a proof of existence of amino group. From 1Ic: R = cyclohexyl and Ar = phenyl, m.p. 142-143'. 

R-O~C-NH--CH&HZ-N( Ar)CONHCcH5 

Anal. Calcd. for CZzHz?NBOg: N, 11.02. Found: 10.90. From IIa': R = ethyl and Ar = p-ethoxyphenyl, m.p. 129-130'. A n d .  
Calcd. for CzoHzahTaO4: N, 11.31. Found: 11.72. By reaction a t  75" the yield was 36y0 after 24hr. 

crystallized from ether or alcohol (in the case of 
Ig) * 

It was said that amines did not add to ethylen- 
imine in an anhydrous state and without a c a t a l y ~ t , ~  
while thiopheno16 and phenol7 did, giving /3-sub- 
stituted ethylamines. In  our previous study,2 
no addition reactions of amines to the ethylen- 
imine ring of ethylenethiourea or urea were ob- 
served. 

0-Cyclohexyl-N,N-ethyleneurethane (IC) gave, 
after standing two months with aniline at  room 
temperature, O-cyclohexyl-N-(/3-anilinoethyl)ure- 
thane (IIc) in 30% yield, while the other two 0- 
alkyl urethanes (Ia and Ib) failed to give such a 
product under the same conditions even after one 
year. p-Phenetidine reacted with all of the three 
0-alkyl derivatives (Ia-IC) giving 0-alkyl-N- 

(5)  G. I. Bra2 and V. A. Skorodumov, Compt. rend. acad. 
sci. U.R.S.S. 55, 315 (1947); Chem. Abstr., 41, 6527 (1947). 

(6) G. Meguerian and L. B. Clapp, J .  Am. Chem. SOC., 
73,2121 (1951). 

(7) L. B. Clapp, J .  Am. Chem. Soc., 73,2584(1951). 

(p-p-p henetidinoethy1)urethanes (Ira '-IIc ') after 
standing one week a t  room temperature. 

CHz 

d( + Ar-NH2 ---f 

R-o-;- \cHz 

I 
R-O-C-NH-CH2CH2NH-Ar 

I1 
0 

I1 
where R = alkyl and Ar = aryl 

In the case of 0-phenyl-N,N-ethyleneurethane 
(Id), the reaction proceeded rather differently. 
A few hours after Id was mixed with aniline at room 
temperature, white crystals began to separate, and 
soon the whole contents grew to a white mass. 
The melting point of the crude product ranged 
from 90" to 160' showing that i t  was a mixture. 
Recrystallization from alcohol gave l-phenyl- 
imidazolidinone-2 (ILI), m.p. 163-164" (lit.,3 
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TABLE I11 
RESULTS OBTAINED BY THE REACTION OF O-.4RYL-hT,~-ETHYLE~EURETHAh.ES WITH AROMATIC AMIXES 

0 

E 

I1 
h ~ ~ - b ~ ~  

I11 

I Ar ' 
React. N Analyses, % 

A 1' Temp.," Product M.P.,' Yield, % Formula Calcd. Found 

Id  Phenyl Phenyl 

p-E thoxyphenyi 

p-Ethoxyphenyl Ie p-Tolyl 

If 
Ih  

p-Ethoxyphenyl p-Ethoxyphenyl 
p-Chlorophenyl p-Ethoxyphenyl 

p-Nitrophenyll Phenyl 

p-Tolyl 

p-Ethoxyphenyl 

0 

0 

0 

35 

c- 
10 

0 

0 

35 

75 
0 

35 

0 

35 

0 
35 

(IId)a 

I111 
(IId'  

1111' 
IIe' 

[He'  

1 We' 
7 

We' 

IIh '  

jI11' 

1::: 
i 

IIh' 

111' 

IIg 

IIg'' 
IIg" 

111' 
IIg' 
111' 

163- 164 
89-91 

210-21 1 
120-122 

141-142 

120- 1 40e 
118-120 

107- I09 

108-110 

193-194 
115-117 

17 

15 
80 
56 

16 
10 
19 
6 

30 

20 
20 

30 
73 
40 
7 

>O 
20 
6 

17 
18 
39 

17.27 17.17 
9.33 9.390 

13.58 13.42 
8.91 9.27 

U 

8.55  8.43d 

8.37  8.70 

13.95 13. !f5b 

13.33 13.65b 

15.90 15.91 
12.17 12.56 

a I1 or I11 refers to aniline, 11' or 111' to p-phenetidine, and 11'' or 111" refers to p-toluidine. Phenyl isocyanate adducts 

were prepared. Ar -O-C-XH-CHZCH~-N(AJ)CNHC~H&. 
I /  / I  
i) 

N Analyses, yo 
Ar ' Ar M.P., O Formula Calcd. Found 

Phenyl p-E thoxyphenyl 101-102 CZ4HUN304 10.02 9 98 
p-Tolyl p-Ethoxyphen yl 106-108 Czs"27N304 9.60 9.81 
p-Ni trophenyl Phenyl 122-124 CzzHzoN40s 13.33 13.52 
p-Nitropheny 1 p-Tolyl 110 ca. C Z ~ H Z ~ N ~ O ~  12.90 12.86 

of triethylaminehydrochloride, 111' was produced in 24% yield along with He' and We'. From this 
fact i t  may be said that a small amount of triethylaminehydrocNoride which might be contained in Id  as an impurity has a 
catalytic action on the formation of type I11 compounds. Accordingly, further study on the reaction of Id was abandoned. 
d IVe is considered to be N,N-bis(p-p-methylphenoxycarbonylamino)ethyl-p-phenetidine, 

In the presence of 

1 

It will be discussed in the Experimental. The separation was unsuccessful. f Toluene was used as a solvent. 
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m.p. 160-161"), which was identified with an 
authentic sample preparcd from N-pheny1-N'- 
(p-chloroethy1)urea and alcoholic potassium hy- 
droxide. We failed, after some efforts, to  isolate 
another compound, presumably 0-phenyl-N-@- 
anilinoethy1)urethane (IId). By the reaction of Id  
with p-phenetidine a t  0") l-p-ethoxyphenylimid- 
azolidinone-2 (III'), m.p. 210-211' (lit.,8 m.p. 
21 1-212"), and 0-phenyl-N-(p-p-phenetidinoethy1)- 
urethane (IId')) m.p. 89-91', were obtained in 
15% and 17% yield respectively. 

Ar'O2CN€ICH2CH2NHAr I1 

where Ar' = aryl 

To confirm these unexpected results encountered 
in the case of Id, we tried the same reaction using 
crystalline 0-arylurethanes such as Ie-Ih, a t  var- 
ious temperatures. The results are summarized in 
Table 111. 

These results support the general observation 
that the higher the reaction temperature and the 
greater the basicity of amine, the more type 111 
compounds are formed (from the results of Ig, 
>O% for aniline, 17T0 for p-toluidine, and 39% 
for p-phenetidine at 35"), and that the greater the 
electron-attracting power of the substituent on the 
phenyl group of the urethanes the more type I11 
compounds produced. It is a matter of interest 
by what mechanism type I11 compounds are 
formed under the experimental conditions. First, 
it may be considered that type I1 compounds once 
formed will be converted to I11 by the condensa- 
tion reaction initiated by the intramolecular attack 
of nitrogen on the carbonyl carbon. 

To confirm this hypothetical mechanism, we 
investigated the conversion of I1 to 111. First, we 
heated the former in pyridine for one hour and 
compared the percentages of conversion with the 
yields of I11 by the reaction of ethyleneurethanes 
and amines in dioxane a t  55". The results are sum- 
marized in Table IV. 

It is noted from Table IV that the order of con- 
version percentages from I1 to I11 is the same as the 
order of yields of I11 by the reaction of ethylene- 
urethanes and amines (NOz > C1 > CHZ, with re- 
spect to p-phenetidine). 

We next investigated the conversion of I1 to 
I11 under nearly the same experimental conditions 

( 8 )  A. F. McKay, W. R. R. Park, and S. J. Viron, J. 
Am. Chem. SOC., 72,3660 (1950). 

TABLE IV 
COMPARISON OF THE PERCENTAGES OF CONVERSION FROM 
I1 TO I11 WITH THE YIELDS OF TYPE 111 COMPOUNDS FROM 

ETHYLENEVHWTHANES AND AMINES 
~~ ~ 

Conversion from 
TI t o  IIId 

Yield of I11 
from I and Amine" 

Yield of 
I Amino III(II ) ,  ?lo I1 Convcrsion, 70 
IC Aniline 0(34)b IIc 0 
IC p-Phenetidine O(26) TIC' 0 
Ie p-Fhenetidine 18(17) 1Ie' 0 

Ig Aniline' 10 I k  74 
Ig p-Phenetidine' 43 IIg' 83 

I h  pPhenetidine 31(32) I lh '  32 

A 0.005-mole sample of I and 0.005 mole of amine in 10 
ml. of dioxane (in the case of IC, dioxane was not added) were 
allowed to stand a t  55" for 48 hr. A small amount of IVe, 
m.p. 127-128", was obtained. An appreciable amount of 
Ig was polymerized. I1 was heated in pyridine at reflux 
temperature for 1 hr. 

TABLE V 
CONVERSION O F  TYPE 11 COMPOUS1)S TO TYPE 111 COM- 

POUNDS 

0 e 
in amine 

ArNHCH2CH2NHC02Ar' ___f A r - 4  \PH 

&H,-~H, 
I1 111 

Rcact. Con- 
Temp., ver- 

Ar' Ar Amine ' sion 

Phenyl p-Ethoxyphenyl p-Phenetidine 35 0 
p-Tolyl p-Ethoxyphenyl p-Phenetidine 35 0 
p-Tolyl p-Ethoxyphcnyl p-Phenetidine 75 0 

phenyl p-Ethoxyphenyl p-Phenetidine 35 0 
p-Chloro- 

p-Chloro- 

p-Nitro- 

p-Nitro- 

phenyl p-Ethoxyphenyl p-Phenetidine 75 76 

phenyl Phenyl Aniline" 35 >o 
phenyl p-Ethoxyphenyl p-Phenetidine" 35 83 

" Toluene was used as a solvent. 

(of Table 111). The results are summarized in 
Table V. 

These results suggest that in some cases, type 
I11 compounds might be formed via type I1 (from 
Ig and aniline and from Ig and p-phenetidine a t  
35", and from Ih  and p-phenetidine a t  75"). 
But this fact does not entirely support the previous 
mechanism. (At 75", Ie and p-phenetidine gave 
111' in 19% yield, but IIe' did not give 111' a t  
75" in the presence of excess p-phenetidine. At 
O", Ih  and p-phenetidine gave 111' in 20% yield, 
but IIh' did not give 111' a t  a temperature lower 
than 35" in the presence of excess p-phenetidine.) 

The second hypothetical mechanism in which 
N-aryl-N',N'-ethyleneurea is taken as an inter- 
mediate of the reaction, must be discarded, be- 
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d 
I11 

cause ~~'-pheiiyl-N',N'-eth~leneurea and p-pheneti- 
dine gave S-phcnyl-h"-p-ethoxyphenylurea at 
' 3  'j 0 
1 ?  . 

EXPERIMESTAL 

All boiling points and melting points are uncorrected. 
hlicroanalyses were done by h h .  A. Kontlo of Tokyo Insti- 
tute of Technology. Infrarcd absorption spoctra \rere detcr- 
mined by Miss Y. Kada of Tokyo Institutc of Technology, 
using a Pcrkin-Elmer Spectrometer Notiel 112. 

Chloroformic acid esters. Chloroforniic :ic:id estcrs were 
prepared by the usual methodg from phosgene a i d  slcoliols 
or phenols. (Commercially available (:thy1 chloroformate was 
distilled; b.p. 92-93'.) The follo\r.ing wt(trs, IiOCOC1, were 
prepared: R = n-Bu ty l ,  h.p. 50°/:32 nun., yield: SOc/; 
(lit.,lo b.p. 137.8'/733.5 mm.; lit.,11 h.p. 11%", j k l d :  35%; 
lit.,l* b.p. 40-47'/16 mm., 138'/756 mni.): li = Cyrlohcxyl, 
b.p. 46-47"/2-3 mm., yield: 825; (1it.,l3 b.p. 78-83O/12 
mm.; lit.,14 b.p. 38-44"/2 mm., yi(s1d: T37{l ) ;  It = phenyl, 
b.p. 80°/22 mm., yield: 70x1  (Iit.,lK h.p. 95'/%0 mm.): 
R = p-tolyl, b.p. 55-56"/4 mm., yield: sScji, (lit.,16 b.p. 
108"/30 mm., yield: 78-8076); It = p-c+hosyphenyl, b.p. 
!)9"/5 mm., yield: 657, ;  It = p-Nitrophcnyl, m.p. 80- 
SI', yield: 80% (lit.,17 m.p. 81-82":: 11 = pChloropheny1, 
h.p. 79---80°/5 mni., y idd:  82%. (li t . ,9n l).p. 114"/20 mm.). 

A n  example o j  the prepuration oj  .~-alh.oxycorbonylethyl- 
enitnine. O-(:ycZohes!/l-.~,S-ethyletieiirt.thnne (IC). To a solu- 
tion of 10.7 g. (0.250 mole) of (:thylcnimine and 24.4 g. 
(0.241 molr) of triethylaminc in 100 ml. of ethcr, it solntiori 
of 37.7 g.  (0.232 mole) of cyclohexyl c,hloroformate in 20 nil. 
of ethor was added dropwisc under cooling in an ire-salt 
bath and with vigorous stirring. After the addition was coin- 
pletc!, stirring was continuctl for 1 hr., thrn triethyluminct 

(9) (a) R. E. Oesper, W. Ihlcpr ,  arid W. A. Cook, J .  - 1 t u .  
Chem. Sor., 47, 2009 (1925); (1)) 1.'. Strain, \Y. E. 13issingcLr, 
W. It. Dial, 11. Itudoff, I3. J. I)cit i t t ,  H C. Stcvrns, anti 
J. H. Langstori, -1. Am.  Chem. Soc., 72, 1254 (1050). 

I( 10) F. 1). Chattaway and E. Sacrens, J .  ( 'hem.  Soc., 
1920,708. 

( 1 1 )  C. 6. HItmilton and C. SI\, J .  .lm. Cherii Soc., 47, 
437 (1925). 

(12) A. K. Kost, Cchenye Znpiski, Moskou~ Gosudnrst. 
I'niz?. i m .  AT. V .  Lomosoza, So. 131, 39-97 (1950); Chem. 
Ahstr., 47,9907 (1953). 

(13) 31. E. Fourneau, 51. Montaigne, and J. Yuyal, Andes 
sac. espaii. fis. yqu im. ,  18, 323 (1920); Chem. A h t r . ,  16, 240 

(14) J. H. Saunders, It. J. Slorombe, and E E. Hardy, J. 

(15) E. Rarral and A. Morel, Compl. rend., 128, 1579 

(16) 12. Copisarnw, J .  ('hem. Soc., 253 (1929). 
(17) Bezlstezn, 6, I, 120. 

(1922). 

Am. Chem. SOC., 73, 3797 (1951). 

(1899). 

hydrochloi idc was I cmovrd by filtration. .4f trr  the csthw \\-ab 

cv:tporatrd, the residiial liquid wits distillcd iiiidri wwuiini. 

The yield of Ia \vas 7456, of I b  78Cjo. Ib  and Ie \\ err dmost 
iirichanged after storage in a sealed tube for 2 5 yews a t  room 
t c~rnpcratiire. 

Bxamples of the prepnratzon of iV-aryloxycai bonyl~thylen- 
ztrizne. (a) O-l'hen~~-1V,A~-ethyletneuretha?ie (Id). A 23 5-g 
sample (0.150 mole) of phenyl chloroformate, 6.6 g. (0.153 
mole) of cthllenimine and 15.5 g. (0.153 mole) of tricthyl- 
:imine were mixed by the above mrthod keeping the trmpcra- 
trirc M o w  -5'. After removing triethj I:irnirie 113 drochloridr 
bv filtration arid ether by distilltition uritic.r reduced prcp- 
wre,  thc residual liquid submitted to distillation at  
0 06 mm When the tcniperatim~ of the hiith rwched 60", 
the liqiiitl hecame very 011s I:vm t)y ytrorig cooling in 
a I h y  Ice-acetone bat1 failed to crystallize. Thus the 
isolation of Id 15 :is unsuccessful. Washing the abovc, liquid 
t n  ire 1% ith petroleum ether, followed by distillation of the 
low boiling substanccs iirider redriced prrssiirc I r t t  13.5 g 
of viscous liquid, \\ hich 0 1 1  standing at room tc~mprratiirc, 
bolidificd to a polymer-likc mass. 

( h )  O-p- ' I 'o l y l - .V ,S -c fh i / (~~~~1~re thar~e  (Ie). An 8.5-g. sample 
(0.050 Inok) of p-tolyl chloroformatc 2 2 g. (0.051 molr) of 
ethylcnimirie, arid 5 2 g. (0.051 mole) of trieth~laminc were 
hrought to reaction in the prewding ~vay .  After rcnioval of 
the triethylamine hydrochloritir, the ethereal solution WRS 

immrrsctl ;n a 1 )ry Icc.-act~tonr bitth. Whitr crystals pre- 
ripitlttcd. Thus 6 4 p. ( 7 2 ' 3 )  of Tc, melting at 45-47', wtts 
obtained. Aftw M a.hing nith rold M atcr arid rcc.rystnllieatioii 
from ether, i t  melted at 46-48'. Infrared absorption spectr:i 
showed a strong absorption band at 1748 cm.-1 (C=O) 

If (yield 6970) and Ih (vidd ?Or+) ac re  prepared in the 
wme m:tnner. 

( e )  O-p-.ZTzfrophen~l-A-,.~'-ethyl~neureil~ane (In) \Then a 
solution of p-nitrophcnyl chloroformate was added to a solu- 
tion of ethyleniminc and triethyltim~ne, in the same m d i o d  
mentioned in the preparation of Ic, p,p'-dinitrophenyl car- 
bonate was obtaintd instead of ethylcnenrrthaiie, (m p 
138-140°,'8 after rccryst:illi~:Ltion from chloroform and 
petroleum (ither) 

Anal. Calcd. for C13HaS,0~: S,  9.21. Found: S, 9.37. As 
the same substance was obtained by the reaction of p-nitro- 
phenyl chloroformatc ni th  triethylamine, the preceding 
mcAChod of mking was conqidrrcd to be inadequate to the 
prrparation of cth~lenc~urctharic~. (At the beginning of the 
reaction, p-nitrophmyl chloroformate was surrounded by a 
lnrgc amonnt of amine). Therefore, :I solution of amines waq 
s l o ~ ~ l y  added to a solution of chloroformatc. 

To a solntiori of 15.0 g. (0.0% mole) of p-nitropheriyl 
chloroformate in 200 ml. of ethrr x a s  added a solution of 3 3 
g. ( 0  075 mole) of eth~lenimine mid 7.6 g. (0.075 mole) 
of triethvlaminr in 50 ml of c.thcr, keeping the temperature 
st about -10" The  prrcipitatc was filtered and extracted 
with 200 ml of aecLtonc. 13v cwoling the acetone solution in :L 
Dry Ice-acctonr hath, colorless crystals wrre obtained. 
Additional yield was obtained hy treating the above residue 
with ice water. The combined product after being nmhed 
several times with icc w t c r  and dried, weighed 10 g. (tis%), 
and melted at ahout 125' I ~ r ( ~ r ~ ~ t a l l i ~ a t i o n  from alcohol did 
not raise the melting point Irifrared absorption spectra of 
Ig  showed :I strong rarl)on\ 1 absorption hand a 

ExamplPa of rmctzon of ethi/lrneurethnne 11 

amines ( a )  Rendion of O-eth2/1-.1',A'-ethiilrneztrc.thane (Ia) 
u~zth p-pherwtzdme A 1 2-g. semple (0 01 mole) of Ia and 1 4 
g. (0 01 mole) of p-phenetidine were allowed to stand at 
room temperature Aftrr :t nrek, crystals began separating. 
By ndding petroleiim ether (t) p. 40"-6s50), the rrude product 
was obtained After rerr~rtallimtion from ether and pe- 
troleum ethw (h  p 40°-65") l 0 g (407&) of ITa' \vas ob- 
tained. 

The yield was 72'/, (28 g,). 

111)' arid IIc' were obtained in the pimilar WLY. 

(18) J. If. A4. Hoeflake, Rec. trm. chim., 36, 24 (1910). 



By refluxing IIa '  wit,h phenyl isocyanate in benzene for 
2 hr. the adduct was obtained. 

(b )  Reaction of O-p-tolyl-2V,N-ethyleneurethane (Ie) with 
pphenetidine at 0". A 1.77-g. sample (0.010 mole) of Ie and 
1.37 g. (0.010 mole) of p-phenet,idine were mixed together 
a t  0", and stored in a refrigerator for a week. By recrys- 
tallization of the product from et<her and alcohol, 2.5 g. 
(80%) of IIe', melt,ing at 120-122', wm obtained. Infrared 
absorption spect,ra of IIe' showed a strong carbonyl absorp- 
tion band a t  1701 cm.-l, and NII band a t  3349 cm,-l. 

At 56". A 1.77-g. sample of Te and 1.37 g. of p-phenetidine 
were mixed a t  35' and stored in a thermostat kept a t  35". 
After 4 days, the crude product was recrystallized from 
alcohol. Fine needles, meking at about 140" (IVe'), were 
obtained, weighing 0.8 g. From the alcoholic filtrate, 1.8 g. 
(56%) of TIC', melting a t  about 120', was obtained. 

IVe' was recrystallized from alcohol and melted a t  141- 
142". Infrared absorption spectra of IVe' showed a strong 
absorption band a t  1695 cm.-l, (C=O), and of h" a t  3311 
cm. -l. 

.4nal. Calcd. for CBH&~O~: C, 68.41; W, 6.79. Found: 
C, 67.71; H, 6.70. Molecular weight determined by Akiya's 
method19 was nearly 490. (Calcd.: 491.) 

13y the reaction of 220 mg. of Ie and 400 mg. of IIe' in 
toluene a t  35", 450 mg. of IVe' --as obtained. We' reacten 
with diethylamine to give presumably N,N-bis(p-diethyl- 
ureido)ethyl-p-phenetidine, m.p. 124-125'. 

Anal. Calcd. for C ~ ~ H ~ ~ X \ J S O R :  C, 62.68; H, 9.33; N, 16.61. 
Found: C, 62.50; H, 9.39; N, 17.06. 

At 76". A 1.77-g. sample of IC and 1.37 g. of p-phenetidine 
were mixed a t  75", and st,ored in a thermostat kept a t  75". 
After an hour, crystals began separating. Aft,er 24 hr., the 
sticky crude product (presumably polymerization of Ie 
took place in part) w a s  recrystallized from alcohol. Glitter- 
ing flakes, melting a t  210' (HI'), were obtained first. After 
filtration of 111', t,he alcoholic solution was concentrated 
gradually, and an additional crop of 111' was filtered, and the 
filtrate was again concentrated. As soon as fine needle crys- 
tals began separating, the solution was cooled gradually. 
IVe' was thus obtained. After removing IVe' and evapo- 
rating the alcohol, the residue was recrystallized from ether. 
Thuii IIe '  was oht,ained. 

111' weighed 0.4 g. (1970) and melted a t  210'. IVe' 
weighed 0.3 g. (6%) and melted a t  140". IIe' weighed 0.3 
g. (10%) and melted a t  120". 

(c) Reaction of 0-p-nitroph.m?ll-N,N-ethyleneurethane (Ig) 
with p-toluidine, at 0". To a solution of 0.54 g. (0.005 mole) 

(19) R. Akiya, .I. Phnrrn. Soc. Japan, 57, 967 (1937). 

of p-toluidine in 2 ml. of toluene, 1.04 g. (0.005 mole) of 
finely powdered Ig was added a t  0". Ig remained undissolved 
in part. The mixture was then stored in a refrigerator. After 
a month, ether was added to the sticky contents, when 0.2 
g. of Ig was recovered unchanged. Evaporation of the solvent 
gave a yellow polymer-like residuc from which 0.3 g. (20%) 
of IIg", melting a t  108-109" with brown coloration, was 
extracted with ether. 

At 86". To a solution of 1.07 g. (0.010 mole) of ptolui- 
dine in 1 ml. of toluene, 2.08 g. (0.010 mole) of Ig was added 
a t  35". Ig  gradually dissolved. After the mixture had stood 
a t  35" for 4 days, the contents were recrystallized from 
alcohol. 111", 0.3 g. ( I  7%) melting a t  193" was obtained as 
flakes, and then from the filtrate, about 0.2 g. (6%) of 
IIg", melting a t  108" with brown coloration, was obtained. 

An example of the reaction of ethyleneurethane with amine in  
dioxane at 56". Reaction of 0-p-nitrophenyl-N,N-ethyleneure- 
thane (Ig) with p-phenetidine. A 1.04-g. sample (0.005 mole) 
of Ig and 0.69 g. (0.005 mole) of p-phenetidine in 10 ml. of 
dioxane were allowed to stand at 55" for 48 hr. Fine flakes, 
melting a t  210" (111'), were filtered, and the filtrate was 
concentrated undcr reduced pressure. An addit.iona1 crop 
of 111' was filtered and the filtrate was again concentrated 
to dryness. The residue was a polymer-like substance from 
which pure compound was not obtained by extraction with 
ether. The yield of 111' was 440 mg. (43%). 

A n  example of conver.sion of a t y p e  I1 compound to a type I11 
in refluxing pyridine. 0-pChloropheny1-N-(8-p-phenetidino- 
eth?/l)-urethane (IIh'). A 100-mg. sample of IIh '  was re- 
fluxed in 1 ml. of pyridine for 1 hr. After the pyridine was 
removed by distilIat,ion under reduced pressure, the residue 
was recrystallized from alcohol. -4 20-mg. sample (32%) of 
111', melting a t  210°, was obtained first. From the filtrate, 
50 mg. (50'34) of TIh' was recovered. 

Cuni~ersiun of ITh' in p-pknetidine. A 100-mg. sample of 
IIh' was allowed to stand in p-phenetidine, a t  35" for 3 
days, at. 55" for 2 days, and at  65" for B day. In all cases, 
JTh' was rerovered unehanffed. But a t  70". after a day, a 
small quant,ity of IIT' was obtlined with 70 mp;. of IIh ' .  

A 340-mg. sample of IIh '  was allowed to stand in p- 
phenetidine a t  75" for 24 hr. By addition of ether and 
alcohol, 160 ma. (76%) of 111', melting a t  210", was ob- 
tained. Attempta to recover IIh '  were unsuccessful. 
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Acrylamide and pyridiniiim chloride react, to give N-(2-carbamylethyl)pyridinium chloride, 11, whose structure was 
proved by hydrogenation of it t,o the piperidinium analog which was synthesized independently. The reaction was extended 
to several other heterocyclic base salts and m,p-unsaturated amides. 

Some time ago it, was disclosed in a patent' heterocyclics bases react to  form N-amidomethyl 
that aliphatic amides, formaldehydr (or N -  inium salts (I). More recently, Weaver and co- 
hydroxymcthylamides) and salts of the tert,iary workers2 investigated this reaction in more detail 

(1)  A. W. Baldwin and E. E. Walker, U. S. Patent (2) d. W. Weaver, H. .4. Schuyten, J. G. Frick, Jr., and 
2,146,392 (Fcbruary 7, 1939). J .  D. Reid, J. Org. Chem., 16, 1111 (1951). 


