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Abstract: Conversion of L-glutamic acid to S-ethyl pyroglutamate allows reaction with 
a& -unsaturated aldehydes to give the N-dienyl derivative. The resulting dienyl pyroglutamates are 
new asymmetric dicnes which show excellent diastereoselectivity in the Diels-Alder reaction with 
electron deficient alkenes. 

The development of asymmetric Diels-Alder reagents is increasingly important to syn- 

thesis. There are many reports of the preparation of asymmetric alkenes which are useful 

as dienophiles.‘, 2 Oppolzer’s work with camphenyl derivative& 3 is illustrative and Houk 

has also described the characteristics of asymmetric actylate derivatives.4 There are fewer 

examples of asymmetric dienes which behave as enophiles in the Diels-Alder reaction,23 

and they are usually generated for a specific synthetic purpose. Various asymmetric cy- 

clopentadiene derivatives have been prepared by Vollhardt,5 Paquette” and Winterfeldt.7 

Corey prepared an asymmetric butadienyl octahydronapthalene derivative.8 Santelli pre- 

pared (l’-buten-3’-yl)-p-mentha-3,8-dieneg and Kozikowski prepared a chiral 2-silyloxy- 

1,3-heptadiene derivative. lo Carrie prepared an asymmetric dienyl alcohol from a dienyl 

iron complex.‘l A similar asymmetric diene was prepared by Roberts, via an enantioselec- 

tive ester hydrolysis with a lipase isolated from Mucor miehei, to give the alcohol.‘* Op- 

polzer also utilized an asymmetric dienyl amide in a synthesis of pumiliotoxin-C.13 Franck 

has described the Diels-Alder cyclization of several chiral allylic dienyl alcohols.14 In ad- 

dition, Franck described the various parameters which control diastereoface selectivity 

when the diene contains a stereogenic allylic center.j4 

The utility of dienyl amides and our interest in the chemistry of N-alkenyl lactams led 

us to examine the reactivity of lactams with o&unsaturated aldehydes. This reaction gave 

moderate to good yields of the corresponding N-dienyl lactam.15 Only Murata and Terada, 

who prepared N-(l&butadienyl)-2-pyrrolidinone in 10% yield,16 and Heck, who prepared 

N-(Cphenyl-1,3-butadienyl)-2-pyrrolidinone in 25% yield, ” had previously generated die- 

nyl lactams. These procedures were not convenient nor easily applicable to a variety of 

lactams and incorporation of substituents on the dienyl group was difficult. The N-dienyl 

amides were, in contrast, well-known. Overman had previously shown that N-dienyl amides 

were easily preparedls and showed good endo and ortho selectivity in the Diels-Alder 

reaction.‘$ Similar results were reported by Oppolzer who developed synthetic routes to 

dienyl amides*O and examined their intramolecular cyclization reactions.13s21 
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We have now shown that a new asymmetric dienyl lactam, la, can be easily prepared 

from S-ethyl pyroglutamate and an a,/?-unsaturated aldehyde. This diene reacts with elec- 

tron deficient alkenes to give excellent yields of the Diels-Alder adduct, with excellent 

diastereoselectivity. Other asymmetric dienes such as 7 can be prepared from a variety of 

a&unsaturated aldehydes. This report establishes their facile preparation and their diast- 

ereoselective, intermolecular Diels-Alder reactions with electron deficient alkenes. The 

stereogenic center is nof allylic to the diene moiety but diastereoface selection is influenced 

by approach of the dienophile away from the Cs carboethoxy group. Diastereoface selec- 

tivity is complicated, however, by the orientation of the diene moiety which may have the 

diene n-orbitals overlapped with the lactam n-orbitals (parallel) or perpendicular to the 

lactam n orbitals. Oppolzer suggested overlap of the n-orbitals was preferred.13s21b For 7 

the cisoid-diene moiety required for the cyclization can be oriented with the diene carbons 

‘syn’ or ‘anti’ to the carboethoxy group at C,. 

2 

(a) R = C02Et, R’ = H (b) R = C02Et, R’ = Me 

Silverman previously showed that L-glutamic acid was converted to S-ethyl pyrogluta- 

mate without loss of chirality. 22 Conversion of S-ethyl pyroglutamate to its N-dienyl deriva- 

tive offered a facile route to a dienyl lactam which would be a new asymmetric diene. We 

had previously shown that dienyl lactams are excellent enophiles in the Diels-Alder 

reaction15 showing endo and ortho selectivity similar to that reported by Overman and Op- 

polzer. 

Reaction of S-ethyl pyroglutamate with acrolein @-TsOH/PhCHs/reflux) afforded a 39% 

yield of la and reaction with 3-methylacrolein gave a 42% yield of 7b. In general, yields 

were reduced relative to similar reactions with Z-pyrrolidinone. Pyroglutamate is less re- 

active and volatile aldehyde co-reactants are lost during the condensation. The ready 

availability of all precursors, however, allowed synthetically useful amounts of 7 to be pre- 

pared without difficulty. 

Reactions of 7a and 7b with maleic anhydride (benzene/reflux/3 h) gave a single diast- 

ereomeric product, 2a and 2b, respectively, in 73% and 76% yield. Both are represented 

as the Cs S C, R C, S C8 S diastereomer. NMR studies revealed a cis relationship for 

C,C, as well as for C,C, Spectroscopic analysis could not distinguish the SRSS and the 

SSRR diastereomers, however, and the oily nature of the products precluded x-ray analy- 

sis. The diacid hydrolysis product of 2a was a solid, but crystallization gave a crystal whose 

morphology was incompatible with x-ray analysis. We also reacted ?a with N--phenylma- 

leimide and observed a single diastereomeric product, as an oily semi-solid. Although the 
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adducts have defied attempts to obtain x-ray confirmation of their configuration,23 formation 

of a single product clearly indicates excellent diastereoselectivity. None of the trans cy- 

cloadduct was detected by ‘H and 13C NMR or by capillary GClMS analysis. Satisfactory 

analyses were obtained for all compounds. 

The ‘H NMR coupling constants for the dienyl protons are essentially the same as ob- 

served in the dienyl amides of 0ppolzer13,21h and Overman.ia~ls If overlap of the diene n 

system with the lactam n orbitals is preferred, as suggested by Oppolzer, this may be the 

major orientation in 1. The endo transition state for approach of the dienophile is favored, 

analogous to the observations of 0ppolzer,2’b our previous workI and that of Overman and 

Houk.lga Models suggest that the ‘parallel’ diene orientation with the dienyl carbons ‘syn’ 

to C, (as shown in the drawing of 1) is less hindered when maleic anhydride is in close 

proximity. This orientation leads to a prediction of the Cs S C, R C, S C, S diasteromer as 

the major cycloadduct when the dienophile approaches from the face opposite the S-car- 

boethoxy group at C,. This is, of course, speculative in the absence of x-ray data but is a 

reasonable possibility for the configuration of 2a. 

c R”” N RZ 0 / 

50% aq. EiOH, reflux 

7 3 4 

(a) R = C02Et, R’ = H, R2 = CqEt 

(b) R = CO,Et, R’ = Me, R2 = C02Et 

(c) R = C02Et, R’ = H, R2 = $-CH3 

0 

Reaction of la with ethyl acrylate (50% aq. EtOHireflux) gave a 91% yield of cycload- 

ducts 3a and la. ‘H and 13C NMR studies indicated a 93:7 mixture of cis and trans adducts. 

This is essentially the same regioselectivity exhibited by 2pyrrolidinone derivatives.t5 The 

diastereoselectivity was excellent giving a 91.5:l.O and 6.5:O.l mixture of products, for a 

92:l mixture of the cis diastereomers. ‘H NMR showed the coupling constant to be 6.2 Hz, 

supporting the cis C&7 relationship. As with 2, 5 can be either C5 S Cc R C, S or C, S Cs 

S C7 R, but the selectivity for one diasteromer is clearly very good. The 65:l ratio of diast- 

ereomeric tram adducts also indicates excellent diastereoselectivity. This ratio is based, 

however, on negligible amounts of the minor diasteromer observed by capillary GUMS and 

is less accurate. Similar reaction with Ib gave 3b and 4b in 77% yield as an 86.7:4.9 and 

8.4:O.i diastereomeric mixture. The 928 cis-trans ratio indicated similar regioselectivity as 

observed with la but the diastereoselectivity was only 18:l for the cis adduct of 3b. Al- 

though reasonable, the selectivity for the substituted diene was significantly less that the 

unsubstituted diene. The 84:l ratio for 4b is also based on negligible amounts of the minor 

isomer observed by capillary GUMS. 
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We also examined the reactivity of la with methyl vinyl ketone, which led to 3c and 4c 

in 79% yield as a 79.6:2.4 and 17.9:O.l diastereomeric mixture of cis and trans isomers. The 

regioselectivity for the cis isomer was reduced to 82:18 but the diastereoselectivity was 

good, with the cis adduct showing a selectivity of 4O:l. The 18O:l ratio for the frans adduct 

is again less accurate. 

In conclusion, we have developed a new class of asymmetric dienyl lactams which are 

easy to prepare from the chiral precursor L-glutamic acid. The dienes show excellent re- 

activity in the Diels-Alder reaction with good to excellent diastereoselectivity. The prefer- 

ence for the cis (endo) adduct is similar to that observed with achiral dienyl lactams and 

dienyl amides. Further development of both inter- and intramolecular Diels-Alder reactions 

with these dienes or derivatives will have useful implications in alkaloid synthesis. These 

molecules are an interesting and useful addition to the growing list of asymmetric dienes 

exploited in the Diels-Alder reaction. 
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