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1,3-Diimines 1 react with glycine ethyl ester hydrochloride 2 as well as ethyl chloroacetate 9 in pyridine, giving 
rise to 1H-pyrrole-2-carboxylates 8 in both cases. The formation of heterocycles 8 can be explained in terms 
of an electrocyclic closure of the azapentadiene anion intermediate 6. 

The formation of aromatic and heteroaromatic com- 
pounds by electrocyclic ring closure with elimination is of 
high interest in organic synthesis.' This type of process 
is applied to form not only six-membered rings but also 
five-membered heterocycles.2 In this last case, the elec- 
trocyclic reaction of the pentadienyl anion == cyclo- 
pentadienyl anion type is relatively unimportant. How- 
ever, the presence of a heteroatom in the 2- or 4-position 
of the pentadiene favors the electrocyclic closure since the 
negative charge is supported by a heteroatom (N, 0). 

C J  i-/ --Q 
Azabutadiene derivatives 1 are easily obtained by re- 

action of Schiff bases with saturated nitriles in the presence 
of AlCl,, and are useful precursors for the synthesis of 
six-membered heterocyclic rings. Usually the cyclization 
steps consist of a double condensation reaction4 or an 
addition followed by the electrocyclic ring closure of the 
resulting intermediate" 

The azabutadienes 1 appeared to be potential precursors 
for the synthesis of fivemembered heterocycles. With this 
in mind we have investigated the reaction of 1 with glycine 
ethyl ester hydrochloride and with ethyl chloroacetate. We 
report in this paper a new and unequivocal synthesis of 
lH-pyrrole-2-carboxylates involving an azabutadiene anion 
(X = N). 

Results and Discussion 
Azabutadiene derivatives 1 react with glycine ester hy- 

drochloride 2 at 80 "C in pyridine as solvent, giving, in high 
yields products whose structures from their elemental 
analyses and spectroscopic data are consistent with 7 or 
8. 

The heterocyclization can be explained in terms of an 
exchange reaction between the amino group of the glycine 
and the imino group present in one of the tautomer forms 

(1) J. C. Jutz, Top. Curr. Chem., 73, 127 (1978). 
(2) R. Huisgen, Angew. Chem., Znt. Ed.  Engl., 19, 947 (1980). 
(3) H. Hoberg und J. Barluenga, Synthesis, 142 (1970). 
(4) J. Barluenga, V. Rubio, M. Tomb, and V. Gotor, J. Chem. SOC., 

Chem. Commun., 675 (1979); J. Barluenga, F. Lbpez-Ortiz, and V. Gotor, 
ibid., 891 (1979). 

(5) J. Barluenga, V. Rubio, and V. Gotor, J. Org. Chem., 45, 2592 
(1980). 

Table I. Pyrroles 8 from Diimines 1 and Glycine 
Ethyl Ester Hydrochloride 2 

8 R* R3 R4 % yield mp, "C 
a C6H5 CH3 C6H5 88 

C6H5 CH, C3H7 80 
d CSH, CH, c-C6H,, 85 

H C6H5 81 
g C6H5 

C6H5 CH, p-CH,C,H, 90 

e C6HS CH, p-ClC,H, 85 

H p-CH,C,H, 87 
h p-ClC,H, CH3 C,H5 83 
i p-ClC6H, CH, p-CH,C,H, 85 

C6H3 

135-137 
138-140 
111-113 
118-120 
178-180 
137-139 
168-170 
17  2-1 74 
17  3-175 

of the azabutadiene.6 Deprotonation of intermediates 3 
and/or 4 leads to azapentadienyl anions 5 and/or 6, which 
can undergo an electrocyclic closure, giving lH-pyrrole- 
2-carboxylates (see Scheme I). 

In a previous paper on the reaction of 1 with heterocu- 
mulenes5 we showed (by isolating the intermediate re- 
sulting from the addition of the imine NH to the hetero- 
cumulene) that the unsubtituted imine group is the main 
reactive center in the azabutadiene. Taking this into ac- 
count, one can propose, that the reaction of 1 with 2 takes 
place through path b leading to pyrroles 8 (Scheme II). In 
addition, the same products are obtained from the reaction 
of 1 with either ethyl chloroacetate (9) or glycine ethyl ester 
hydrochloride (2). 

Additional evidence to confirm this reaction mechanism 
lies in the isolation of the intermediate 4. In this way 
diimine 1 (R' = c-C6H11, R2 = C6H5, R3 = CH,, R4 = p- 
CH3C6H4) reacts with 2 a t  room temperature to afford 4b 
(see Experimental Section). Moreover, ammonium chlo- 
ride is identified. When 4b is dissolved in pyridine and 
heated at  80 OC, the heterocycle 8b is formed and isolated 
in quantitative yield. 

Whereas the synthesis of alkylpyrroles has been widely 
developed,' this cannot be said of aryl pyrroles. By use 
of classical synthetic methods such as modified K n o d  and 
Hantzschg procedures in order to prepare asymmetric 

(6) Exchange reactions between imines and amines are known. See, 

(7) D. Barton in "Comprehensive Organic Chemistry", Vol. 4, P. G. 

(8) G. G. Kleinspehn, J. Am. Chem. Soc., 77, 1546 (1955). 
(9) M. W. Roomi and S. F. Mac Donald, Can. J. Chem., 48, 1689 

for example, R. W. Layer, Chem. Reu., 63,489 (1963). 

Sammes, Ed., Pergamon Press, New York, 1979, p 296. 

(1970). 
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Table 11. Swctral Data for ComDounds 8 

8 R, R3 R4 IR, cm-' 'H NMR, s 
CH, C6H5 

CH, p-CH,C,H4 

CH, n-C,H, 

CH, c-C6H11 

CH, p-ClC6H4 

H C6H5 

H p-CH3C6H4 

CH3 C6H5 

CH, p-CH,C6H4 

Scheme I 

8' 1 

3330,1675 

3320,1670 

3320,1660 

3330,1675 

3320,1680 

3325,1670 

3320,1675 

3315,1680 

3320,1680 

0.9 (t, CH,), 1.9 (s, CH,), 3.9 (9, CH,), 7.1-7.5 305 
(m, 10  H, arom), 9.7 (br, NH) 

0.9 (t, CH,), 1.9 (s, CH,), 2.2 (s, CH,), 3.9 (q, 
CH,), 7.1-7.5 (m, 9 H, arom); 9.5 (br, NH) 

0.9 (t, CH,), 1.0 (t,  CH,), 1.4-1.8 (m, CH,), 1.8 

(m, 5 H, arom), 9.0 (br, NH) 
1.1(t,CH3),1.1-2.1(m,10H),1.9(s,CH,), 311 
2.5-2.8(m,CH),4.2(q,CHZ),7.3-7.5(m, 
5 H, arom), 9.2 (br, NH) 

1.1 (t, CH,), 2.1 (6, CH,), 4.1 (9, CH,), 7.3- 
7.5 (m, 9 H, arom), 9.3 (br, NH) 

1.2 (t, CH,), 4.2 (q, CH,), 6.6 (d, CH,J= 3 
Hz), 7.1-7.7 (m, 10  H, arom), 9.5 (br, NH) 

1.2 (t, CH,), 2.3 (s, CH,), 4.2 (q, CH,), 6.5 (d, 
CH,J= 3 Hz), 7.1-7.7 (m, 9 H, arom), 9.6 

(s, CH,), 2.5 (t, CH,), 4.0 (9, CH,), 7.2-7.4 

(br; NH) 

(m. 9 H. arom). 9.4 (br. NH) 
1.1 (t, CH,), 2.0 (s, CH,), 4.2 (9, CH,), 7.0-7.5 

1.1 (t, CH,), 2.0(s, CH,); 2.4 (s, CH,), 4.1 (q, 
CH,), 7.1-7.5 (m, 8 H, arom), 9.2 (br, NH) 

+ l:tNHRj + NH2CH2C02Et.HCI 

2 
1' 1 

via b -NH4CI I 
R3$NCH2COzEt :$NHR' 

R4 NH, 'NCH ,CO,E t 

3 4 

5 

1 
6 

I 
R3 R2 NHR' 

I* - R ' N H ~  

R4 C02Ei 
I 
H 

8 

arylpyrroles, mixtures of regioisomers are normally ob- 
tained in yields usually less than 60% .lo Further, these 

Scheme I1 

1 + CICH2C02Et +.E::: -HC, 

syntheses are more useful for obtaining 3-carbonylpyrroles 
but less so for pyrrole-2-carboxylates. 

The above-described method allows us to obtain in a 
regioselective manner 3,5-diarylpyrrole-2-carboxylates, 
whose difficult availability has already been reported,ll as 
well as 3-arylpyrrole-2-carboxylates, which are one of the 
most important intermediates for the synthesis of pyr- 
rolnitrin.12 The high yields obtained in all instances (see 
Table I) and the availability of the starting materials make 
this synthesis one of the most convenient methods for the 
preparation of 1H-pyrrole-2-carboxylates. 

Experimental Section 
General Methods. Melting points are uncorrected. The Nh4R 

spectra were determined in deuterated chloroform by using a 
Varian FT-80 spectrometer (80 MHz) with internal tetramethyl 
silane as the reference. Infrared spectra were recorded in Nujol 
suspensions on a Pye Unicam SP-1000 spectrophotometer. 
Microanalyses were performed on a Perkin-Elmer Model 240. 

Materials. 1,3-Diimines l3 and glycine ethyl ester hydro- 
chlorideI3 were obtained according to the literature procedures. 
All of the other reagents were commercially available (99%) and 
used as received. 

1H-Pyrrole-2-carboxylates 8. General Procedures. Ethyl 
3-(p-Chlorophenyl)-4-methyl-5-phenyl-2-pyrrolecarboxylate 
(8h). Glycine ethyl eater hydrochloride (1.4 g, 10 "01) was added 
to a solution of l-(p-chlorophenyl)-3-imino-2-methyl-N,3-di- 
phenylprop-1-enamine ( l h  3.46 g, 10 "01) in pyridine (60 mL) 
at mom temperature, and the mixture was warmed to 80 "C. After 
being stirred 4 h, the solution was poured into ice-cooled 6 N 
H#Ol (150 mL). The resulting mixture was extracted with ether, 
and the organic layer was dried over anhydrous sodium sulfate, 
filtered, and evaporated. The residue was purified by recrys- 
tallization from hot hexane to afford 2.81 g (83%) of 8h 'SC NMR 

(10) J. M. Patterson, Synthesis, 281 (1976); R. A. Jones and G. P. 
Bean, T h e  Chemistry of Pyrroles", Academic, New York, 1977, Chapter 
2. 
(11) A. Padwa, R. Gruber, and D. Pashayan, J.  Org. Chem., 33,454 

(1968). 
(12) S. Umio, K. Kariyone, K. Tanaka, and T. Kishimoto, Chem. 

Pharm. Bull., 17, 576, (1969). 
(13) "Organic Syntheses", Collect. Vol. 11, Wiley, New York, 1943, p 

310. 
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(CDCl,, intemal Me4Si) 6 161.3 (s), 133.5,133.3,132.7,132.2,131.8, 
131.4,128.7,127.7, 127.5, 118.5 (s), 117.6 (s),60.2 (t), 14.0 (q), 10.8 
(q). Anal. Calcd for CmH18N02C1: C, 70.68; H, 5.34; N, 4.12. 
Found C, 70.82; H, 5.19; N, 4.28. 
Ethyl 5-(p -Chlorophenyl)-4-methyl-3-phenyl-2-pyrrole- 

carboxylate (8e). A mixture of 3-(p-chlorophenyl)-3-imino-2- 
methyl-N,1-diphenylprop-1-enamine (le; 3.46 g, 10 mmol) and 
ethyl chloroacetate (1.22 g, 10 mmol) in pyridine was heated at 
100 "C for 6 h and then slowly poured into ice-cooled 6 N H#04 
(150 mL). The resulting mixture was extracted with ether, and 
the organic layer was dried over sodium sulfate, filtered, and 
evaporated. The residue was purified by recrystallization from 
hot hexane to afford & 2.50 g (74%); 13C NMR (CDCl,, internal 
Me,Si)S 161.7 (s), 134.7, 133.3, 132.6, 131.8, 129.8, 129.4, 128.7, 
127.3, 127.1, 124.6, 118.7 (s), 117.8 (s), 60.1 (t), 13.9 (q), 10.8 (9). 
Anal. Calcd for C&l$J02CI: C, 70.68; H, 5.34; N, 4.12. Found 
C, 70.95, H, 5.07; N, 4.37. 

Spectral data for the products 8 are given in Table 11. 
N-Cyclohexyl-3-[ [ (ethoxycarbonyl)methyl]imino]-2- 

methyl-l-phenyl-3-(p-to$l)~~~l~n~e (4b, R' = c-CGHl1). 
A mixture of N-cyclohexyl-3-imino-2-methyl-l-phenyl-3-(p- 
toly1)prop-1-enamine (lb, R' = c-C6Hl1; 3.32 g, 10 mmol) and 
glycine ethyl ester hydrochloride (1.4 g, 10 mmol) in pyridine (60 

mL) was stirred at room temperature for 24 h. The solution was 
then acidified with 4 N H#04 (150 mL) and extracted with ether. 
The dry organic layer was evaporated and the residue recrys- 
tallized from hexane to afford 3.14 g (75%) of 4b (R' = C-C6H11): 
mp 103-105 "C; IR (Nujol) v,, 1745,1195 cm-'; 'H NMR (CDCl,, 
internal Me&) 6 0.9-1.9 (16 H, m, CH2CH3, =CCH3, (CH&), 
2.2 (3 H,s, CH3), 2.5-2.9 (1 H, m, NCH), 3.8 (2 H, s, NCH2CO), 
4.0-4.4 (2 H, q, OCH2CH3), 6.9-7.6 (9 H, m, aromatic); 13C NMR 
(CDC13, intemal Me@) 6 13.2 (q), 16.7 (q), 20.0 (q), 23.6 (t), 24.7 
(t), 33.7 (t), 51.1 (d), 54.0 (t), 59.2 (t), 96.6 (s), 126.6, 127.0, 127.2, 
127.6,128.0,134.5 (s), 136.4 (s), 137.3 (s), 170.5 (9); masa spectrum, 
m/e 418 (M+). Anal. Calcd for C2,H,N20< C, 77.48; H, 8.19, 
N, 6.69. Found: C, 77.72, H, 7.92, N, 6.78. 
Conversion of 4b to 8b. A solution of 4b (3 g, 7.1 mmol) in 

pyridine (50 mL) was heated at 80 "C for 4 h. The solution was 
poured into 150 mL of ice-cooled 4 N H2S04, extracted with ether, 
dried over sodium sulfate, and concentrated. The residue was 
recrystallized from hexane to give 2.0 g (89%) of 8b. 

Registry No. lb, 71115-26-9; le, 71115-32-7; Ih, 72923-06-9; 2, 

55-5; 8d, 80765-56-6; 8e, 80765-57-7; Sf, 53778-26-0; 8g, 80765-58-8; 
8h, 80765-59-9; 8i, 80765-60-2; 9, 105-39-5. 

623-33-6; 4b, 80765-52-2; 88,80765-53-3; 8b, 80765-54-4; 8C, 80765- 
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Two major metabolites of retinoic acid, 4-hydroxy- and 4-oxoretinoic acid, have been prepared by employing 
a polyene sulfonium salt and ethyl P-formylcrotonate. 

Retinoic acid is a major metabolite of retinol, and like 
retinol it has several important functions in the body. I t  
plays a key role in the maintenance and differentiation of 
epithelial tissue' and is essential for fetal development and 
growth promotion in generala2 

In animal tests, some striking effects have been dem- 
onstrated by retinoic acid and its derivatives in the in- 
hibition and regression of precancerous3 and cancerous 
 condition^.^ These exciting results coupled with the im- 
pressive effects demonstrated by 13-cis-retinoic acid in the 
treatment of cystic acne6 have created a renewed interest 
in the area of retinoic acid and its metabolites. 

The early literature6 contains numerous reports of polar 
metabolites isolated from retinol which were inadequately 
characterized, possibly because of lack of material or 
suitable instrumentation. Some of the first well-charac- 
terized metabolites arising from retinoic acid were de- 
scribed by Rietz et al.,7 who showed that  the molecule 

~~~~ ~ ~ 
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Fed. Am. SOC. Erp. Biol. 1976,35, 1332. 

(2) Moore, T. "The Vitamins"; Academic Press: New York and Lon- 
don, 1967. 
(3) Bollag, W. Eur. J. Cancer 1972,8, 689. 
(4) Trown, P. W.; Buck, M. L.; Hansen, R. Cancer Treat. Rep. 1976, 

60, 1647. 
(5) Peck, G. L.; O h n ,  T. G.; Yoder, F. W.; S t r a w ,  J. S.; Downing, D. 

T.: Pandya, M.: Butkus, D.: Amaud-Battandier, J. N .  Engl. J. Med. 1979, 

chart I 

6 7 

9 

k k  
10 11 

underwent extensive oxidation to yield compounds such 
as 1-3. Hanni et  aL6 continued in the footsteps of Rietz 

I 1  Z = C H 3 ,  Y = H ,  X = O  

3: Z = COOH, Y = H ,  X = 0 
4: Z = CH3, Y = OH, X = H,H 
5: Z = C H 3 , Y = H ,  X =  H,OH 

and was able to isolate several new retinoic acid metabo- 

2' Z = CHZOH, Y = H ,  X = 0 

300,329: 

K. U., Eds.; Schattauer: Stuttgart, 1969. 
(6) Morton, R. A. In "Vitamins A, E, and K", von Kress, H. F., Blum, 

(7) Rietz, P. R.; Wiss, 0.; Weber, F. Vitam. Horm. (NY)  1974,32, 237. 
(8) H b n i ,  R.; Bigler, F.; Meister, W.; Englert, G. Helu. Chim. Acta 

1976, 59, 221. Hiinni, R.; Bigler, F. Ibid. 1977, 60, 811. 
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