
770 SATO VOL. 26 

[CONTRIBUTION FROM THE RESEARCH LABORATORY OF RESOURCES UTILIZATION, TOKYO INSTITUTE OF TECHNOLOQY] 

Studies on 1-Alkenyl Isocyanates and Their Derivatives' 

MASAO SATO 

Received March 1.6, 1960 

Various 1-alkenyl isocyanates were prepared by the reactions between the corresponding acid chlorides and sodium azide. 
Infrared spectra of these isocyanates and the derivatives which were obtained from the reactions of these isocyanates with 
alcohols and amines were determined. The isomerization reactions of alkyl N-1-alkenyl carbamates and N-l-alkeny1-N'- 
alkylureas were discussed as the following types: 

R2 
I 

RICH=C-NHCONHRs 

In this laboratory, the preparation2-6J of vari- 
ous 1-alkenyl isocyanates, the rea~t ions~*~J~* of 
these isocyanates with some nucleophilic reagents- 
e.g., amines, alcohols, and mercaptans-and the 
copolymerization2~a of vinyl isocyanate and isopro- 
penyl isocyanate with other vinyl compounds have 
been studied. 1-Alkenyl isocyanates, N-1-alkenyl 
carbamates, and N-1-alkenylureas are very inter- 
esting materials in organic chemistry, especially 
in polymer chemistry, because these compounds 
seem to give high molecular weight substances by 
polymerization and copolymerization, and the 
polymers obtained are able to bring about further 
polymer reactions. But the preparation and prop- 
erties of these compounds have not been investi- 
gated systematically in spite of many  paper^.^-^ 
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Various 1-alkenyl isocyanates were prepared by 
following procedures: 

Rz 

RICH=LCOOH 4 
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R~CH=&--CON~ + R~CH=&-NCO 

The physical properties and yields are collected in 
Table I from previous communications. As pre- 
viously reported, the reactions of 1-alkenyl iso- 
cyanates with nucleophilic reagents are more 
complicated with saturated alkyl and aromatic 
isocyanates. Furthermore, the properties of N-l- 
alkenyl carbamates and N-1-alkenylureas are dif- 
ferent from the usual carbamates and ureas-e.g., 
the addition of nucleophilic reagents to a double 
bond, the behavior during hydrolysis to the cor- 
responding aldehyde or ketone and carbamate or 
urea, and the ease of the reaction with other 
reagents. When the melting points of some N-l- 
alkenyl-N'-alkyl(or aryl) ureas were determined, it 
was found that the values varied with the speed of 
heating. In N-1-substituted vinyl carbamates, it 
was also found that the refractive indices varied 
with preparation conditions-e.g., molar ratio of 
materials, the speed of distillation, the degree of 
vacuum, etc. On the other hand it is well known 
that the isomerization of a1j3-alkenylamines to 
aldoimines or ketimines has been much de- 
scribed.21-24 From these two facts, the C=C double 
bond seems to isomerize to the C=N double bond 
as follows: 
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(Type B) 
RICH= -NHCOORa R I C H ~ = N C O O R S  il' 

(Type A) 
R2 

RICH=L-NHC0-NH% 
(Type A) (Type B) 

In order to explain the relationship between the 
infrared spectra of the saturated compounds and 
+double bond containing compounds, and the 
presence of the isomerization expected above, the 
infrared spectra of N-1-alkenyl carbamates and 
N-1-alkenylureas were very extensively measured. 

N-1-Nonsubstituted vinyl carbamates did not 
isomerize, but N-1-substituted vinyl carbamates 
isomerized to the C=N double bond containing 
compounds and by means of distillation or heating, 
they changed into a mixture of both types. N-l- 
Nonsubstituted vinylureas were presumed to bo- 
merize to a mixture of the CSC and C==N double 
bond containing compounds, and N-1-substituted 
vinylureas were found to isomerize very easily into 
ketimine type compounds; after heating at  40-50" 
or standing for a long time, they were present in 
a nearly pure state of type B. 

EXPERIMENTAL 

The infrared epectra were obtained with Perkin Elmer 
Model 21 and 112 spectrophotometers. A calcium fluoride, 
sodium chloride, and lithium fluoride prism were employed 
in the appropriate spectral region. Samples were obtained as 
follows: I-Alkenyl isocyanates were prepared from the r e w  
t.ion of the corresponding acid chlorides with sodium azide 
and redistilled before use (see Table I). The C=C absorp- 
tion band in the 1600-1700 cm.-1 region was studied in a 3% 
isocyanate-carbon tetrachloride solution (cell-thicknese 0.1 
mm.) with a calcium fluoride prism, while the NCO absorp- 
tion band in the 2200-2300 cm.-l region was measured in a 
0.3-0.5% isocyanate-carbon tetrachloride solution (cell- 
thickness 0.1 mm.) with a lithium fluoride prism. N-f- 
Alkenyl carbamates were prepared from the reaction' of the 
corresponding 1-alkenyl isocyanates with n-butyl alcohol 
and distilled under reduced pressure, except N-&phenyl- 
vinyl carbamate, the N-vinyl carbamate-n-butylamine ad- 
dition compound. The infrared spectra of these compounds 
were measured in solution or aa a liquid. The solutions were 
prepared as a 10% (5% in some cases) solution in carbon 
tetrachloride and carbon disulfide, and the spectra were 
measured with a 0.1-mm. cell and a sodium chloride prism. 
In measuring in the liquid state, the spectra were obtained 
with a 0.01-mm. cell and a sodium chloride prism. N-Carbo- 
ethoxydiethylketimine and N-carbaethozynethylphenylketimine 
were prepared by the reaction" of the corresponding ketone 
diethylala with ethyl carbamate and these spectra were ob- 
tained in the liquid state with a 0.01-mm. cell and a sodium 
chloride prism. In butyl N-isopropenyl carbamate and butyl 
N-1-ethylvinyl carbamate, the changes of the spectrum after 
varied treatmenbe-g., distillation, heating at !BOo, and 
heating with n-butyl alcohol at 100°-were measured in a 
10% carbon tetrachloride solution with a calcium fluoride 
prism. N-l-Alkenyl-Nhr-butylweaa and N-1-dkenyl-N'di-n- 
butylureas were prepared from the reaction of a little ex- 
of the corresponding 1-alkenyl isocyanates with +butyl- 
amine and di-n-butylamine in absolute ether (or petroleum 
ether). When the product was obtained crystalline, it waa 
dissolved in a suitable solvent at room temperature and rw 



772 SAT0 VOL. 26 

TABLE I1 
INFRARED SPECTRA OF VARIOUS LALKENYL ISOCYANATES 

I t a  
I 

R,CH=&NCO 
Ri Ra C = C  NCO 
H H 1629 cm.-1 2250 cm.-I (and 2301 cm.-l) 
CHs H 1660 2265 
Cd37 H 1665 2262 
CaHs H 1648 2258 
H CHa 1651 2262 
H C2Hs 1643 2264 
H n-C4Ho 1645 2266 
H n-Ce"a 1645 2266 
H C4Hll 1639 2275 (and 2254 cm.-1) 
H (CH2)rNCO 1647 2263 
H (CHzh-NCO lG45 2266 

crystallized by cooling in a Dry Ice-acetone mixture. When 
the product was a liquid, a viscous material or a liquid-solid 
mixture, the spectrum was measured after the solvent and 
the excess reactant had been completely driven out under 
reduced pressure (2-3 mm.) at 50". AU of the spectra of the 
carbamates and ureas were measured as rapidly aa possible 
after the compounds had been prepared. Nitrogen analysis 
of all the compounds showed good agreement. 

RESULTS AND DISCUSSION 

1-Alkenyl isoqyanates. Various 1-alkenyl iso- 
cyanates prepared are shown in Table I. 

The C=C and NCO stretching absorption bands 
of various 1-alkenyl isocyanates are given in Table 
11. 

The positions of the C - C  and C=N bands in 
these isocyanates do not vary greatly with those in 
usual alkeneszs and isocyanates,*6*n but the C=C 
band increases greatly in intensity. For a-methyl- 
enepolymethylene diisocyanates in which one NCO 
group is conjugated to the C=C double bond and 
another is not, only one band could be observed in 
the corresponding region. 

I-Alkenyl carbamates. All of butyl N-1-alkenyl 
carbamates examined have a NH stretching ab- 
sorption band which shows that these compounds 
consist of a pure compound of type A, or a mixture 
of type A and type B. Butyl N-ethyl carbamate has 
an amide band I at 1720 cm.-' due to the CO of the 
carbamate group and an amide band I1 at 1498 
em.-' which arises from the NH deformation of the 
carbamate group. Both bands are in the same 
position described in the literature*~J* and are very 
intense. In N-1-alkenyl carbamates another band 
should arise from the C = C or C = N bond among 
an amide band I and 11. N-1-Nonsubstituted alkenyl 
carbamates-e.g., butyl N-vinyl carbamate, N- 
propenyl carbamate, and butyl N-p-propylpropyl- 
vinyl carbamate-have a band at 1648 cm.-', 1683 

(25) L. J. Bellamy, The Infra red Spectra of Complex 
Ikfolecllles, Methuen & Co., London, 1958. 

(26) H. Hoyer, Ber., 89, 2677 (1956). 
(27) W. H. T. Dauison, J .  C h a .  Soc., 3712 (1953). 
(28) F. Pristera. AnaI. Chem., 25, 849 (1953). 

em.-', and 1679 cm.-', respectively; this band 
arises from the C=C double bond, because the 
melting points, the refractive indices, the position 
of this band and the intensity of the NH stretching 
band did not vary before and after distillation. 
In butyl N-propenyl carbamate, the Lambert- 
Beer's law was applicable to the NH stretching 
band up to 0.05M. The intensities before and after 
distillation were the same, the molar absorption 
coefficient was 124 mole-' 1. crn.-', and its melting 
point and refractive index were constant. With 
N,N'-azobisisobutyronitrile as an initiator, butyl 
N-vinyl carbamate gave a glassy hard polymer. 
Therefore, it is evident that these N-1-alkenyl 
carbamates are difficult to isomerize into the aldi- 
mine type B, and polymerize or decompose during 
heating. 

N-1 -Substituted 1-alkenyl carbamates-e.g., 
butyl N-isopropenyl carbamate, butyl N-l-ethyl- 
vinyl carbamate, butyl N-1-butylvinyl carbamate, 
and butyl N-1-cyclohexylvinyl carbamate-had 
two bands between the two amide bands I and 11, 
i .e.,  at 1654 em.-' and 1681 em.,' 1652 em.-' and 
1685 crn.-l, 1653 em.-' and 1674 em.,-' 1648 cm.-' 
and 1673 em.,-' respectively. But it is not possible 
to assign one of the two bands to the C=C stretch- 
ing band and the other to the C=N stretching 
band, because the C=C and C=N stretching bands 
are generally found in the same region. Therefore, 
in N-1-ethylvinyl carbamate the changes of the two 
bands during varied treatment were investigated 
and the results obtained are shown in Fig. 1. 
Curve I was obtained ior the sample in which 
solvent and excess reagents were driven off at room 
temperature in vacuo from a reaction mixture in 
which both reagents were mixed at - 70 to - 60"and 
the temperature allowed to rise to room tempera- 
ture. It had only a band at  1652 em.-' Curve I1 of 
the sample after distillation at 72'/0.4 mm. gave a 
band at 1682 cm." in addition to the former. In 
the spectrum (curve 111) of the material which was 
distilled after heating in a glass tube at 200' (eight 
hours) with an inhibitor, the intensity of the band 
at 1652 cm.-' decreased to show a shoulder, and 
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the band at  1681 cm.-l to the stretching vibration 
of the C=C bond and it can be deduced that this 
band would arise from the C-N bond. In the two 
carbamates mentioned above, the intensity of the 
C=C stret,ching band decreased qualitatively in 
proportion to the increase of the C=N stretching 
band. In  butyl N-isopropenyl carbamate the Lam- 
bert-Beer's law waa also applicable to the NII 
stretching band and the molar absorption coeffi- 
cient was 116 mole-' l.cm.-l The intensity of 
that band did not vary before and after distilla- 
tion in vacuo, but the refractive index varied to some 
extent. It is evident from this fact that the degree of 
the isomerization reaction is small during distilla- 
tion. N-Isopropenyl carbamate obtained from the 
reaction of excess n-butyl alcohol had a slightly 
greater molar absorption coefficient than that of the 
product obtained in excess isocyanate, and this fact 
is valuable for preparation of the pure compound. 
On the other hand, after heating at 100' with n- 
butyl alcohol for ten hours the intensity was re- 
markably decreased and the content of type A 
calculated from the intensity of the NH stretching 
band was ca. 54%. This fact may be explained as 
follows : When N-l-alkenyl carbamates are heated 
with alcohols, addition reactions occur and the 
products obtained from N-l-nonsubstituted vinyl 
carbamates are quite stable to distillation in vacuo 
without decomposition, but those obtained from 
N-l-substituted.viny1 carbamates decompose to a 
mixture of type A and B owing to the unstability. 
For example, the following reactions occur: 

6R' 

heated at 20O0, with increasing intensity a t  1682 
cm.-1 These facts show that the former band 
arises from the C=C bond of type A, but the latter 
band should not be able to arise from the C=N 
bond, because the C=C bond in N-l-alkenyl car- 
bamates which do not have a substituent at the 
a-position but do at  the &position also give rise to 
an absorption band in the same region-e.g., butyl 
N-propenyl carbamate at 1683 cm.-' and butyl 
N-&propylvinyl carbamate at  1679 cm. There 
fore, it is possible to think that type A isomerizes 
as follows: 

CHI CHI 
c2H5- IO~HCOo~,H.  +-+ CHICH=L~HCOOC,Ho 

In butyl N-isopropenil carbamate similar results 
were obtained. In this case it is impossible to assign 

In N-l-substituted vinyl carbamates, it is concluded 
that during distillation in vacuo or heating at  100- 
2Oo0, the isomerization reaction takes place to some 
extent and during heating with alcohols this reac 
tion takes place extensively, and therefore, type A 
of N-l-substituted vinyl carbamates is more un- 
stable than that of N-l-nonsubstituted vinyl car- 
bamates. 

The addition reactions of nucleophilic reagents 
with N-l-alkepyl carbamates proceed to a different 
extent with various reagents-e.g., alcohols, mer- 
captans and phenols. The addition of alcoho!s to 
N-l-alkenyl carbamates is much slower than the 
reaction of the corresponding l-alkenyl isocyanates 
with alcohols; the rate of the reactions of isocya- 
nates with alcohols was determined by third-order 
kinetics proposed by this author' and the term con- 
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cerned in the addition reactions w a ~  not contained 
in up to 6040% conversion. The addition reactions 
of mercaptans are greater than those of alcohols- 
e.g., thiophenol added exothermically to butyl N- 
vinyl carbamate to produce the saturated com- 
pound. The addition reactions of mercaptans or 
phenols with N-1-alkenyl thiocarbamates or phenyl 
N-1-alkenyl carbamates proceed more rapidly than 
the reactions of the corresponding 1-alkenyl isocy- 
anates with mercaptans or phenols. When 1-alkenyl 
isocyanate was used in excess to another reagent, 
the saturated compounds were obtained.' All of the 
compounds obtained from the addition reactions 
mentioned above had amide bands I and 11, and 
C=C and C-N stretching bands had disappeared. 
The product which was obtained from the reaction 
of butyl N-vinyl carbamate with n-butylamine had 
amide bands I, 11, and no C==C band. This fact 
shows that no aminolysis of the carbamate group 
takes place and that the addition of the amine to 
the C=C double bond occurs. 

It was reported by J. HochI3 that the compounds 
of type B were obtained from the reactions of ethyl 
carbamate with the corresponding ketone diethylals. 
The infrared spectra of N-carboethoxydiethylket- 
imine and N-carboethoxyphenylmethylketimine 
were measured and are shown in Table 111. The 
NH stretching band can be found for both com- 
pounds. Therefore, it is evident both compounds 
are a mixture of type A and B. 

N-1-A1kenyLN'-butylureas and N-1-alkenyLN I- 
dibutylureas. Though a number of the  paper^^^^^-^* 
concerned with the spectra of urea derivatives have 
been presented, it is not possible to interpret fully 
the intricacies of the results and there are different 
opinions for the assignment of amide band IL26J0 
However, all urea derivatives have the amide band 
I arising from the CO group and those which possess 
a t  least one hydrogen atom at the nitrogen atom of 
the urea linkage have the amide band I1 arising 
from the NH deformation. Boivin and his co-worker 
have measured the infrared spectra of the types of 
CH,NHCONHR, and concluded that these com- 
pounds had an amide band I in 1620-1660 cm.-' 
and an amide band I1 in 1580-1630 cm.,-' re- 
spectively. The spectra of N-ethyl-N'-butylurea 
and N-phenylethyl-N'-butylurea were measured. 
The former had an amide band I at 1615 cm. -1 and 
an amide band I1 at 1580 cm.-' and the latter had 
the bands at  1620 cm.-' and 1582 cm.-', respec- 
tively. Then the infrared spectra of the types of 

R1CH=C-NHCONHC4Ho were also measured. 

(29) J. L. Boivin and P. A. Boivin, Can. J .  Chem., 32, 

(30) H. J. Becher, Ber., 89, 1593 (1956). 
(31) H. J. Becher and F. Griffel, Ber., 91, 2025 (1958). 
(32) A. Yamaguchi, J .  C h a .  SOC. Japan, Pure Chem. 

Sect. (Nippon Kugaku Zasshi), 78, 1467 (1957). 
(33) HI A. Staab, Ann., 609, 75; 83 (1057). 
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All the compounds examined had an amide band I1 
in 1555-1583 cm.-' a t  the same region aa the two 
compounds above, but a ditrerent band appeared 
near an amide band I. N-Vinyl-N'-butylurea had 
two strong bands at  1638 cm.-' and 1666 cm.-', and 
N-propenyl-N'-butylurea had a strong band at 
1643 cm.-' and a medium band at 1697 cm.-' N-l- 
Ethylvinyl-N'-butylurea had a strong band at  
1640 cm.-' with a shoulder at 1670 cm.-', and 
when it was heated at  100" (three hours) in a tube 
the shoulder shifted to 1680 cm.-' and its intensity 
increased more remarkably than the band at 1640 
cm. -1 It seems reasonable to assign the strong band 
at 1638-1643 cm.-' to an amide band I, as the 
amide band I is strong and the position has no re- 
markable difference with N,N'&ubstituted 
u r e a s . ~ ~ ~ ~ a a  But it is impossible to assign the other 
band as a C=C or C=N stretching band, because 
both bands arise in same region. If the urea deriva- 

R2 
I 

tives are changed to the type of RlCH=C- 
NHCON(C4Hp)2, NH stretching and deformation 
bands should disappear in type B or the intensities 
of both bands should vary more noticeably than in 

Rs 
I 

R1CH=C-NHCONHC4H9, because the latter has 
two NH groups and one nitrogen atom of them 
would not be concerned in the isomerization reac- 
tion. Therefore, the spectra of the compounds in 
this type and those after heating were measured as 
shown in Table IV. 

In some of these spectra a strong band conceived 
to be an amide band I1 shifted remarkably towards 
low frequency and in some cases this band was not 
found. The other band conceived to be an amide 
band I appeared in all cases a t  the same posit'ion as 
N,N'disubstituted alkylureas and N-l-alkenyl- 
"-butylureas. In addition to these two bands all 
the spectra had a new band. N-Vinyl-N'dibutylurea 
had a broad complicated strong band near 1500 
cm.-' and a strong band at  1625 cm.-' with a 
shoulder a t  1663 cm. N-Propenyl-N'dibutylurea 
had a strong triplet band near 1500 cm.-', a strong 
band at 1628 cm.-' and a medium band at  1680 
cm. -l N-Phenylvinyl-N'dibutylurea also had a 
strong doublet band near 1500 cm.-' and two 
strong bands at  1632 cm.-' and 1670 cm.-' More 
interesting facts were obtained in N-isopropenyl- 
N'dibutylurea and N-l-butylvinyl-N'dibutylurea 
*'.e., in the former an evident difference arose be- 
tween two spectra (see Fig. 2). One was obtained 
for a sample produced by miving two reagents 
(isopropenyl isocyanate and dibutylamine) a t  ice 
cooled temperature followed by distillation of ex- 
cess isocyanate and solvent in vacua, and the other 
was obtained for a sample produced by heating the 
former at 100' in a tube. The spectrum of the 
former had a NH stretching band at  3360 cm.-l 
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Fig. 2. Change of infrared spectrum of N-isopropenyl- 

. . . . . ., before heating 
N'-di-n-butylurea 

, after heating at  100' (1 hr.) 

and a complicated band near 1500 cm.,-l and in 
the latter these two bands disappeared. In N-1- 
butylvinyl-N'-dibutylurea these two bands also 
disappeared 'in the spectrum of the material ob- 
tained by mixing two reagents a t  ice cooled tem- 
perature and then distilling excess isocyanate and 
solvent at 50' in vacuo. From these results it is 
evident that the band near 1500 cm.-l is due to the 
NH deformation (amide band 11) and subsequently 
N-1-alkenylureas which possess a substitutuent a t  
a-position of alkenyl group isomerize easily into 

type B. The other strong band in type RICH=C- 

NHCONHRs and RlCH=C-NHCON(CSI& was 
in the same region as the amide band I of disub- 
stituted urea derivatives examined by other 
authors. 29* 30* 3a Therefore, this band was assigned 
to the amide band I arising from the CO group. 
The band near this band was assigned to the C = N  
stretching band, because the position was in the 
same as the C = N  stretching band in N-1-alkenyl 
carbamates, the intensity increased when the sam- 
ple was heated, and the spectra of N-isopropenyl- 
N'-dibutglurea and N-1 -butylvinyl-N'-dibutylurea 
without NH stretching and deformation bands also 
have this band. 

From the results described above, N-1-alkenyl 
ureas without a substituent at the a-position of the 
alkenyl group are mostly obtained in type A, in com- 
pany with a small amount of type €3, because when 
these compounds were heated a t  loOo, the intensity 
of the NH stretching band did not vary conspicu- 
ously and it is possible to polymerize them to high 
molecular weight compounds. On the other hand, 
N-1-alkenylureas with an alkyl (or dialkyl) group at 
the a-position of the alkenyl group isomerize into a 
ketimine form and it is impossible to obtain these 
compounds in pure state of type A. However, N- 
isopropenyl-N'-ethyleneureaa4 had a NH stretching 

R2 
I 

R2 
I 

band in the normal region and an amide balid .I1 
near 1500 cm.-l after standing for a long time. 
Therefore, it seems that this compound is more 
stable than N-isopropenyl-N'-alkylurea and then 
the stability of N-1-(1-substituted) alkenylureas, 
will vary with a substituent. If the Ra group of 

RI CH=C-NHCONHRa is changed, the stability 
of these compounds may increase and these com- 
pounds will be able to become important a8 mono- 
mers in polymer chemistry. 

In order to explain the mechanism of the reac- 
tions of N-1-alkenylureas with amines, the oil- 
crystalline mixture which was obtained from the 
reaction between N-vinyl-N'-butylurea and n- 
butylamine was measured and it was found that the 
CH out-of-plane deformation at  977 cm. -l dis- 
appeared. Accordingly, it seems that the addition 
reaction of n-butylamine to the C = C  double bond 
of alkenyl group takes place at  first in the same way 
in which N-1-alkenyl carbamates react with nucleo- 
philic reagents, and then the addition products ob- 
tained react further to produce the final products 
in acctord with the mechanism proposed by this 
author, et al.6 

R2 
I 

CONCLUSION 

Various 1 -alkenyl isocyanates were prepared, 
and the NCO and C = C  absorption bands in these 
compounds were measured. A number of the in- 
frared spectra of 1-alkenyl carbamates and 
1-alkenylureas were also measured, and the NH, 
CO, C=C,  and C-N stretching bands and NH 
deformation band in these compounds and in the 
addition products obtained from the formers and 
nucleophilic reagents were determined. In these 
compounds the isomerization reactions between the 
C=C and C-N containing types were discussed 
and the following results were obtained: N-l- 
Alkenyl carbamates without a substituent at the 
a-position of the alkenyl group are in the C = C  
form and the compounds of this form are obtainable 
in pure state. N-1-Alkenyl carbamates with a sub- 
stituent a t  cr-position of the alkenyl group isom- 
erize quite easily to the C-N form, but these 
compounds are also obtainable in relatively pure 
state of the C 4  form under suitable conditions 
and can also be used as monomers. N-l-Alkenyl- 
ureas without a substituent a t  a-position of the 
alkenyl group are present in a mixture of the C=C 
and C=N forms, but as the C=C form is abundant 
in N-vinyl-N'-alkylureas these compounds can be 
used as monomers. N-1-Alkenylureas with a *  sub- 
stituent a t  a-position of the alkenyl group are un- 
stable and isomerize to the C='N form, and there- 
fore it is impossible to use these compounds as 
monomers in polymer chemistry so long as the 

(34) K. Orita, M. Srtto, and Y. Iw&kura, J. Char,. Soc 
Japan, Ind. Chem. Sect. (KOQYO Kagaku Zasshi), in press. 
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stability of these compounds do not increase by 
changing the Ra group. 
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Although the rate of reaction of phenyl isocyanate with an alcohol is directly proportional to the triethylamine concentra- 
tion in di-n-butyl ether solution, this proportionality does not hold in toluene. The relative catalytic activities of twenty- 
three tertiary amines were determined. These activities varied from 0.075 to 23.9. The steric requirements of the tertiary 
amine exert an overwhelming influence on its catalytic activity. 

The reaction of isocyanates with alcohols is 
catalyzed by tertiary amines. The possible mecha- 
nism of base catalysis include activation of the 
isocyanate through the formation of a base-isocya- 
nate complex28~b and the activation of the alcohol 
through a base-alcohol complex. The base-iso- 
cyanate complex may be formed by a direct attack 
of the isocyanate by the base, 

RaN + R’NCO + R’-N=CLO- (1) 
I 

NRa + 
and its formation by a base-alcohol complex reaction 
has also been suggested.2b 
RaN- - - -HOR” + R’NCO + 

R’-N=C-O- + R”OH (2) 
I 

NRx + 
EXPERIMENTAL 

The preparation of toluene, phenyl isocyanake, and 1- 
butanol and the kinetic method hss been described pre- 

The tertiary aminea, except those described below, were 
obtained from the commercial sources indicated in Table I. 
The amines were purified by conventional methods and 
were used immediately. 

The procedure of Clarke, Gillespie, and Weesohaus’ was 
used to prepare the following tertiary amines: N,N,N’,N‘- 
tetramethyl-1,3-propanediaminel N,N-dimethyl-N’,N’ - di - 

(1) D. S. Tarbell, R. C. Mallat, end J. W. Wilson, J .  Am. 
Chem. Sa., 64,2229 (1942). 

(2) (a) J. W. Baker and J. B. Holdsworth,, J. Chem. Soc., 
713 (1947). (b) J. W. Baker and J. Gaunt, J. chsm. Soc., 
9i19491. 

~iou~ly.4 

- \----,- 

(3) J. F. Smith and E. C. Friedrich, J .  Am. Chem. Soc., 

(4) J. Burkus and C. F. Eckert, J. Am. Chem. Soe., 80, 

(5) H. T. Clarke, H. B. Gillespie, and S. 2. Wee~ohaius, 

81,101 (1959). 

5948 (1958). 

J. Am. Chem. Soc., 55,4571 (1933). 

TABLE I 
TERTIARY AMINE CATALYTIC ACTIVITIES IN THE RBIAOTION 
OF PHENYL ISOCYANATE WITH  BUTANOL IN TOLUENE 

Catalytic activity of N-methylmorpholine is taken aa 1.00. 
The amines were compared at  equal amine equivalents which 
waa about 0.0300N. The isocyanate and alcohol concentra- 

tions were about 0.100M. 

AT 39.69’. 

Catalytic 
Catalyst Activity pK. 

N-Methylmorpholineu 1.00 7.41b 
N-Ethylmorpholiie‘ 0.68 7.70b 

Dimorpholinomethane 0.075 7.4c 
N-( 3-Dimethylaminopropy1)morpholine 2.16 
Triethylamined 3.32 10.65e 
N-Methylpiperidiieu 6.00 1O.0ge 
N,NlN‘,N’-Tetramethyl-l,3-propan~ 

diamine 4.15 9.8- 
N,N-Dimethyl-N ’,N ‘-diethyl-l13-pro- 

panediamine 3.10 
N,N, N’,N’,N”-Pentamethyldiethylene- 

diamine 3.47 9.4’ 
N,N,N’,N’-Tetraethylethan~~mine 0.085 10.6’ 
Bis.(2-diethylarninoethyl)adipat.e~ 1.00 8.6‘ 
Bk( 2-dimethylaminoethyl)adipate# 1.92 8.W 
N, N-DimethylcyclohexylamineOh 6.00 10.lc 
N, N-Diethylcyclohexylamine* 0.70 1O.V 

N-Methyl-Ndodecylcyclohexylamine# 1 .90 
N-Methyl-N-( 2-ethylhexy1)cyclohexyl- 

amine‘ 0.16 9.6c 
N-Methyldicyclohexylamine~ 0.16 
1,4-Diarabicyclo( 2.2.2)octane 23.9 5.4’ 
1 ,2-Dimethylimidazolei 13.9 
Quinined 11.3 7.W 
Pyridined 0.25 5.2gk 

a From Union Carbide Chemicals Co. H. K. Hall, J .  
Phys. C h . ,  60, 63 (1956). CDetermined in fbis work. 

From the Distillation Products, Ind. e H. K. Hall, J .  Am. 
Chem. Soc., 79,5441 (1957). I R. Rometsch, A. Marxer, and 
K. Miescher, Helv. Chim. Acto, 34, 1611 (1951). 0 From the 
Naugatuck Chemical Co. From the du Pont Co.; From 
the Houdry Process Corp. f pKb, A. Farkas and K. G. Flynn, 
J. Am. Chem. Soc., 82, 642 (1960). ’ H. H. Jaffe and G. 0. 
Doak, J. Am. Chem. Soc., 77,4441 (1955). 

Ethyl morpholiioacetate 0.21 5.Y 

N-Methyl-N-octylcyclohexylamineg 2.00 9.8‘ 


