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The reaction of methyl isocyanoacetate with aldehydes and secondary amines was carried out to synthesize 
methyl a-[  (aminomethylene)amino]acrylates; the E isomer was the predominant product. The reaction is postu- 
lated to proceed by a Michael type addition of the amine to the methyl a-isocyanoacrylate, followed by a synchro- 
nous elimination-insertion of the amine into the isocyano group. 

Recently a number of synthetic studies using a-isocy- 
anoacetic acid compound, which is one of the a-amino acid 
analogues, have figured prominently and many useful syn- 
thetic methods of biologically active compounds have been 
developed.2 In particular, the reactions of the isocyanoacetate 
with aldehydes have been frequently investigated. Schollkopf 
e t  al. reported that the reaction in the presence of sodium 
hydride3 and sodium cyanide4 afforded a-N-formylamino- 
acrylates and oxazoline carboxylates, respectively, as main 
products. Saegusa et, al. described the formation of the oxa- 
zoline compound by the reaction in the presence of copper 
c a t a l y ~ t . ~  We also stated that a-isocyano-P-hydroxybutyrates 
and a-isocyanoacrylates6 and pyrrole dicarb~xylates~ were 
obtained in the reaction using organic bases such as triethyl- 
amine and 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU). Thus 
these results show that various interesting products obtained 
in the reaction of a-iisocyanoacetate with aldehydes depend 
upon the variety of the reaction conditions. 

In the course of our studies on the syntheses of a-amino 
acids and heterocyclic compounds using isocyano compounds, 
we have found that the reaction of methyl isocyanoacetate (2) 
with aldehydes (1) in the presence of secondary amines such 
as pyrrolidine and piperidine gives directly methyl a-[(ami- 
nomethy1ene)aminoIacrylates (3) in good yields. 

When an equimolar mixture of p -chlorobenzaldehyde, 
methyl isocyanoacetate (2), and pyrrolidine was stirred in 
methanol a t  room temperature, a product sensitive to the 
Dragendorff reagent was isolated as the hydrochloride having 
mp 163-164 "C dec. The IR spectrum (Nujol) showed an ester 
C=O band a t  1730 cm-l, a C=N band a t  1690 cm-l, and a 
C=C band at  163j  cm-l, and the lH NMR spectrum 
(DMSO-&) indicated the presence of two methyl ester groups 
(6 3.77 and 3.86), which suggests a mixture of 2 and E isomers, 
an iminomethylene proton (6 8.47 and 8.70), aromatic group, 
and pyrrolidinyl group. These data and the elemental analyses 
suggest this compound is methyl a- [ (pyrrolidinylmeth- 
ylene)amino] - p  -chlorocinnamate (3a). 

Using the same method, various methyl a-[(aminometh- 
y1ene)aminoacrylate derivatives (3b-e) were prepared as a 
mixture of 2 and E' isomers, except 3e, as summarized in 
Table I. 

With regard to the formation of an amidine compound, 
Saegusa et al. reported8 that a reaction of aliphatic isocyanide 
with amine took place using a catalyst such as group 1B and 
2 metal compounds. On the other hand, we found that methyl 
isocyanoacetate was easily converted into the isocyanoacet- 
amidesg by the reaction with amines. Moreover, we reported 
that a reaction of the isocyanoacetate with aldehydes in the 
presence of tertiary amines afforded the oxazoline carboxylate 
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and a-isocyanoacrylate.6 In contrast to these results, the re- 
action of the isocyanoacetate with aldehydes and secondary 
amines proceeded smoothly to yield the amidines (3) without 
the metallic catalysts; furthermore, only small amounts of the 
amide compounds were formed. 

Generally, it has been suggested that the compound 3 seems 
to be formed by the simple a addition of the amine to the 
isocyano group of methyl 0-isocyanoacrylate (5),s which would 
be a reactive species obtained by the Knoevenagel type reac- 
tion of 1 with 2.7 In order to confirm the mechanism and the 
stereochemistry of the resulting compound (3), the reaction 
of 5 with the secondary amines was investigated. 

The methyl a-formylaminoacrylates (4a-e) were synthe- 
sized to give a mixture of E and 2 isomers according to a 
similar method as described by Schollkopf et aL3 as shown in 
Scheme 11. This mixture was easily separated by either re- 
crystallization or silica gel chromatography. The geometric 
structure of the resulting compound (4) was readily deter- 
mined by a comparison of the methyl proton signal of the ester 
group and the formyl proton signal in the 'H NMR spectra. 
The chemical shift of the methyl proton of the E configuration 
appeared at  higher field than that of the 2 configuration be- 
cause of the anisotropic effect of the adjacent benzene ring,3 
while the chemical shift of the formyl group of the 2 config- 
uration was observed at  higher field. In the case of 4e having 
thiophene ring, the assignment of a geometric structure could 
not be made from the lH  NMR spectrum. These results are 
summarized in Table 11. 

The resulting (2)- or (E)-cu-formylaminoacrylate com- 
pounds (4)  were readily converted to methyl a-isocyanoac- 
rylates ( 5 )  using phosphoryl chloride in the presence of tri- 
ethylaminelO in high yields as shown in Table 111. 

To  clarify the reaction mechanism of the formation of the 
amidines, (2)- or (E)-methyl a-isocyano-p-chlorocinnamate 
(5a) was allowed to react with pyrrolidine in a typical reaction. 
Surprisingly, both lH  NMR signals of the products (3a) de- 
rived from (2)-  and (E)-5a showed a similar pattern. More- 
over, these spectra were nearly in accord with that of 3a ob- 
tained by the one-step reaction. The ratio of E and 2 isomers 
was determined as 5:l  from the lH  NMR spectrum. 

In a similar way, the reactions using other isocyano com- 
pounds (5b-e) were carried out to obtain the corresponding 
amidine compounds (3b-e) in good yields as shown in Table 
I. 

In this reaction, the E form amidine (31, which is the ther- 
modynamically stable isomer, was predominantly obtained, 
although the reaction resulting in the formation of the 2 and 
E isomers of 3 would proceed through the same reaction 
pathway. From these results, it appears that  the direct N ad- 
dition of the isocyano group of the methyl a-isocyanoacrylate 
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Table I. Formation of Methyl a-[ (Aminomethylene)amino]acrylate (3) Hydrochlorides" 

method by Scheme I method by Scheme I1 
isomer isomer 

H s ~  yield, mp, "C ratiob yield, mp, "C ratiob 
compd R Y O  dec El2 Y O  dec EIZ 

62 (from (Z)-5a) 162-164 511 
48 (from (E)-5a) 163-164 5/l 
70 (from (Z)-5b) 151-152 20/1 
58 (from (E)-5b) 153-154 9/1 

3a 4-chlorophenyl 
H S ~  

47 163-164 511 

3b 3,4-methylenedioxyphe- 
H Y ~  

42 151-153 20/1 
nYl 

3c p-tolyl H N ~  36 162-164 4/1 74 (from (2)-5c) 159-162 10/1 

3d 44dimethylamino)phe- H S ~  45 175-177 10/1 52 (from (Z)-5d) 174-176 only E 

3e 2-thienyl 53 170-172 single isomerC 58 (from 5e) 170-172 single 
nY1 

isomer? 

a 3a-c and 3e were monohydrochloride and 3d was dihydrochloride. Isomer ratio based on 'H NMR analyses; the differences of 
the ratio are due to the fractionation during the recrystallization. c The geometric structure could not be apparently determined in 
the 'H NMR spectrum. 

Table 11. Formation of Methyl a-(Formy1amino)acrylates (4) 

compd R 
yield, 'H NMR (CDC13) 6 

registry no. % mp, OC CHO COOMe 

4a (Z)-4-chlorophenyl 68001-79-6 58 109-110 8.26 3.86 
(E)-4-chlorophenyl 68001 -80-9 2ga (syrup) 8.31 3.66 

4b (Z)-3,4-methylenedioxyphenyl 68001 -81 -0 48 136-138 8.20 3.84 
(E )-3,4-methylenedioxyphenyl 68001-82- 1 25" (syrup) 8.25 3.70 

4c (2) - p  -tolyl 6800 1-83 - 2 44 116-1 17 8.27 3.86 
4d ( Z )  -44  dimethy1amino)phenyl 68001-84-3 42 122-124 8.18 3.82 
4e 2-thienyl 68001 -85-4 396 135-1 3 7 8.32 3.73 

" Contaminated by a small amount of the Z isomer. A single isomer. Satisfactory analytical data (&0.4% for C,H,N) were submitted 
for review. 

Table 111. Formation of Methyl a-Isocyanoacrylates (5) 

'H NMR, 6 
yield, IR urnax (Nujol), cm-I (CDCls) 

compd R registry no. % mp, "C NC COOMe COOMe 

5a (Z)-4-chlorophenyl 68001-86-5 95 88-89 2120 1730 3.90 
(E)-4-chlorophenyl 68185-82-0 89 59-61 2120 1735 3.82 

5b (2)-3,4-methylenedioxyphenyl 68001-87-6 90 119-1 21 2120 1730 3.89 
(E)-3,4-methylenedioxyphenyl 68001-88-7 92" 79-84 2120 1730 3.85 

5c (Z1-p -tolyl 68001-89-8 82 79-80 2100 1715 3.90 
5d (2)-4-(dimethylamino)phenyl 68001-90-1 95 106-108 2120 1715 3.88 
5e 2-thienyl 62879-42-9 95 77-78 2120 1720 3.91 

Contaminated by a small amount of the Z isomer. Satisfactory analytical data (&0.4% for C,H,N) were submitted for review. 

( 5 )  to amine does not occur. Instead, i t  is likely that nucleo- 
philic addition of the secondary amine to  the double bond of 
the a-isocyanoacrylate ( 5 )  occurs resulting in the formation 
of @-amino isocyanide (7),  which is a Michael-type adduct. 
The formation of 7 is also supported by the synthesis of im- 
idazoline compound reported by Schollkopf e t  a1.l1 and by our 
pyrrole ~ y n t h e s i s . ~  Finally, the addition of the amino group 
to the isocyano group may proceed synchronously with the 
cleavage of the C-N bond to  form the a-[(aminomethylene)- 
aminolacrylate (3) by an intramolecular rearrangement as 
shown in Scheme 111. 

Scheme 111 
A , '  

1 ' 2 -  k" KCH - FHC00Ve 
- 5  - 7. I AH uc  -i 

, , Me - 3 --- 
7 
J 

Experimental  Sectioni2 
Typical Procedure for Preparation of Amidines (3a). One- 

Step Reaction. To a mixture of pyrrolidine (1.42 g, 0.02 mol) and 
methanol (10 mL) was added a mixture ofp-chlorobenzaldehyde (2.81 
g, 0.02 mol) and methyl isocyanoacetate (2. 1.08 g, 0.02 mol) in 
methanol (10 mL) at 30-35 "C for a period of 15 min with stirring. 
After stirring was continued for 3 h at room temperature, the reaction 
mixture was evaporated in vacuo and the resulting residue was ex- 
tracted with ethyl acetate. After the extract was washed with water, 
10% hydrochloric acid (30 mL) was added to the extract and the 
mixture was vigorously stirred. Subsequently, the separated acidic 
layer was neutralized with sodium bicarbonate and the oily products 
which appeared were extracted with ethyl acetate. The organic extract 
was washed with water, dried over sodium sulfate, and then evapo- 
rated in vacuo to obtain the crude oily product (3a). The product was 
treated with 20% hydrochloric acid in dioxane 15 mL). Recrystalli- 
zation of the crude salt from a mixture of methanol and ether gave 
methyl ol-[(pyrrolidinylmethylene)amino]-p-chlorocinnamate (a 
mixture of (2)- and (E)-3a; the ratio is ca. 15) hydrochloride as col- 
orless leaflets: yield 3.1 g (47%); IR (Nujol) 1730 (COOMe), 1690 
(N=C), and 1635 cm-1 (C=C); 'H NMR (MegSO-ds) 6 11.85 (br, 1, 
HCl), 8.70 and 8.47 (broads, 1, N=CH), 7.20-7.60 (m, 5, CH=C and 
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aromatic H) ,  3.86 and 3.77 (s, s, 3, OCHs), 3.50-4.00 (m, 4, CH2 X 21, 
1.80-2.20 (m, 4, CH2 X 2). 

Anal. Calcd for C15H1&12N20:!: C, 54.72; H,  5.51: N, 8.51; C1,21.54. 
Found: C, 54.49; H,  5.77; N, 8.22; Cl, 21.78. 

In the same manner, other amidine (3b-e) hydrochlorides were 
obtained as a mixture of 2 and E having the ratio shown in Table I. 
IR and NMR spectra and elemental analyses are shown as follows: 

Methyl a-[(Pyrrolidinylmethylene)amino]-p-methylcinna- 
mate (3b) Hydrochloride: IR (Nujol) 1738 (COOMe), 1695 (N=C), 
1640 cm-' (C=C); 'H NMR (MeaSO-ds) 6 11.70 (br, 1, HCI), 8.70 and 
8.47 (broads, 1, N=CH), 7.26 (s, 1, CH=C), 7.40-8.10 and 7.21 (m, 
s, 4, aromatic H).  3.40--4.00 (m, 4, CH:! X 2 ) ,  3.80 and 3.70 (s, s, 3, 
OCH3), 2.40 and 2.30 (ii, s ,  3, CHs), 1.70-2.20 (m, 4, CH2 X 2). 

Anal. Calcd for C16H21ClN:!O:!: C, 62.23; H,  6.85; N, 9.07; C1, 11.48. 
Found: C, 62.25; H,  6.74; N, 9.15; C1, 11.71. 

Methyl  a-[(Pyr:rolidinylmethylene)amino]-3,4-methyl- 
enedioxycinnamate  (3c) Hydrochloride: IR (Nujol) 1737 
(COOMe), 1700 (N=C), 1640 cm-' (C=C); 'H NMR (MezSO-ds) 6 
11.50 (br, 1, H U ) ,  8 6 3  and 8.51 (broad s, 1, N=CH), 7.20 (s, 1, 
CH=C), 6.90 (s, 3, aromatic H),  6.08 (s, 2,OCH2-0), 3.71 and 3.80 (s, 
s, 3, OCHB), 3.10-4.10 (m, 4, CH2 X 21, 1.60-2.30 (m, 4, CH2 X 2). 

Anal. Calcd for C16H~&lN:!04: C, 56.72; H,  5.65; N, 8.27; C1, 10.47. 
Found: C, 56.48; H,  5.T43; N, 8.28; C1, 10.50. 

Methyl a-[ (Piperidinomethy1ene)aminol-p-dimethylamino- 
cinnamate (3d) Dihydrochloride: IR (Nujol) 1730 (COOMe), 1690 
(N=C), 1638 cm-' (C==C); lH  NMR (MezSO-ds) 6 11.80 and 9.00 
(broads, 2, HC1 X 2J, 8.0-8.70 (m, 1, N=CH), 6.80-7.80 (m, 5, CH=C 
and aromatic H ) ,  3.70 and 3.78 (s, s, 3, OCH3), 3.50-4.10 (m, 4, CH:! 
X 2),  3.02 and 3.08 (s, s. 6, NCH3 X 21, 1.60-1.90 (m, 6, CH2 X 3). 

Anal. Calcd for C18H2$1:!N30:!: C, 55.67; H, 7.01; N, 10.82; C1,18.26. 
Found: C, 55.52; H,  6.916; N, 10.81; C1, 18.13. 

Methyl a-[(Pyrrolidinylmethylene)amino]-~-2-thienylac- 
rylate (3e) Hydrochloride: IR (Nujol) 1710 (COOMe), 1680 (N=C), 
1617 cm-' (C=C); 'H NMR (MezSO-ds) 6 11.50 (broads, 1, HCI), 8.69 
(broad s, 1, N=CH),  7.40-7.90 (m, 2,  CH=C and thiophene S H ) ,  
7.40-7.60 (m, 1, thiophene 3 H),  7.00-7.20 (m, 1, thiophene 4 H),  3.82 
(s, 3, OCHB), 3.20-4.00 (m, 4, CH:! X 21, 1.70-2.20 (m, 4, CH2 X 2). 

Anal. Calcd for C13H1jClN:!O:!S: C, 51.91; H, 5.70; N, 9.31; C1,11.79; 
S, 10.66. Found: C, 51.88; H,  5.79; N, 9.18; C1, 11.91; S, 10.57. 

Typical Procedure for Preparation of the  Amidine Compound 
(3a) f rom Isocyanides (5a). After a mixture of (2)-methyl u-isocy- 
ano-p-chlorocinnamate ((Z)-5a, 662 mg, 3 mmol) and pyrrolidine (497 
mg, 7 mmol) in methanol (15 mL) was stirred for 5 h a t  room tem- 
perature, the same treatment as described in the one-step reaction 
was carried out to afford 3a. 

In a similar way, other amidine (3b-e) hydrochlorides were pre- 
pared in good yields as shown in Table I. The IR and 'H NMR spectra 
were in accord with those of 3 hydrochlorides obtained by the one-step 
reaction. 

Acknowledgment. We wish to express our thanks to Dr. 
Ichiro Chibata, Director and Dr. Muneji Miyoshi, Vice Di- 
rector of this Research Laboratory for their encouragement 
in this study. 

Registry No.-2, 39687-95-1; (2) -3a ,  68001-91-2; (E) -3a ,  

68024-33-9; ( E ) -  3c, 68024-32-8; ( E ) -  3d, 68001-95-6; 3e, 68001-96-7; 
pyrrolidine, 123-75-1; p-chlorobenzaldehyde, 104-88-1; 3,4-meth- 
ylenedioxybenzaldehyde, 120-57-0; p-methylbenzaldehyde, 104-87-0; 
4-dimethylaminobenzaldehyde, 100-10-7; 2-thiophenecarboxal- 
dehyde, 98-03-3; piperidine, 110-89-4. 

68001-92-3; (2) -3b ,  68001-93-4; (E) -3b ,  68001-94-5; ( Z ) - ~ C ,  

References and Notes 
(1) Synthesis of Amino Acids and Related Compounds. 18. Part 17: Y. Ozaki, 

K .  Matsumoto, and M. Miyoshi, Agric. Bioi. Chem., 42, 1565 (1978). 
(2) D. HODDe. Anoew. Chem.. lnt. Ed. E n d .  13. 789 (1974): U. SchdllkoDf. ibid.. 

16, 339 (1977); K. Matsumoto, J-Agric. Chern. Soc. Jpn., 51, R109 
(1977). 
U. SchollkoDf, F. Gerhart, R. Schroder, and D. Home. Justus Liebios Ann. . .  
Chem., 766, 116 (1972). 
D. Hoppe and U. Schollkopf, Justus Liebigs Ann. Chem., 763, 1 (1972). 
T. Saegusa, Y. Ito, H. Kinoshita, and S. Tomida, J. Org. Chern., 36, 3316 
119711 I . _ .  .,. 
K. Matsumoto, Y. Ozaki, M. Suzuki, and M. Miyoshi, Agric. Bioi. Chem., 
40, 2045 (1976). 
M. Suzuki, M. Miyoshi, and K. Matsumoto, J. Org. Chern., 39, 1980 (1974); 
K. Matsumoto, M.  Suzuki, Y .  Ozaki, and M. Miyoshi, Agric. Bioi. Chem., 
40. 2271 (1976). 
T. Saegusa, Y. (to, S Kobayashi, K Hirota, and H Yoshioka, Bull Chem. 
SOC. Jon 42. 3310 11969) 
K. Maisumoto, M. Suzuki; N. Yoneda, and M. Miyoshi, Synthesis, 249 
(1977). 
U. Schollkopf, R. Harms, and D. Hoppe, Justus Liebigs Ann. Chern., 61 1 
(1973). 
R. Meyer, U. Schollkopf, and P. Bohme, Justus Liebigs Ann. Chern., 1183 
( 197 7). 
All the melting points were uncorrected and measured by the use of a 
Yamato melting point apparatus. Column chromatography was carried out 
on silica gel (Kieselgel, 0.063-0.200 mm, E. Merck). The IR spectra were 
recorded on a Shimadzu iR-27G infrared spectrophotometer. The 'H NMR 
spectra were obtained using a Hitachi Perkin-Elmer R-20A high-resolution 
NMR spectrometer with tetramethylsilane as internal standard. 

One-Proton Catalysis in the Intermolecular Imidazole-Catalyzed Hydrolysis 
of Esters and Amides' 

Jacob F. Patterson,2a William P. Huskey,2b K. S. Venkatasubban, and John L. Hogg* 

Depar tmen t  of Chemistry ,  Texas  A&M Universi ty ,  College S ta t ion ,  Texas  77843 

Received Ju ly  25, 1978 

The linear proton inventories observed for the imidazole-catalyzed hydrolysis of both 1-acetylimidazole and 
ethyl trifluorothiolacetate are interpreted in terms of transition-state structures. The observed solvent iscitope ef- 
fects arise from a single transition-state proton (i.e., one-proton catalysis). 

Intermolecular general base catalysis is known to occur 
in a variety of hydrolytic reactions.3 A number of bases such 
as imidazole, acetate, or even water can function as general 
base catalysts in such reactions. I t  has been presumed that a 
typical transition state for such a reaction could be repre- 
sented as in eq 1. 

R 

( 1 )  
\ B: - _ _  H - --e -<.-.;or 

H 14 
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Evidence for such transition states comes mainly from 
Brqinsted plots. For example, the logarithms of the second- 
order rate constants for the hydrolysis of ethyl dichloroacetate 
catalyzed by oxygen bases bear a linear relationship to the pK, 
of the bases. The Brqinsted p value is 0.47.4 Interestingly, the 
rate constant for the "water" reaction also falls on the 
Brqinsted line suggesting that water also functions as a general 
base in this reaction. In fact, considerable evidence has ac- 
cumulated which indicates that  the neutra1,water-catalyzed 
hydrolysis of esters, amides, and carbonates involves transi- 
tion states such as those shown in eq 2. Most of the support 
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