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Abstract: Acylation of O,N-acetal 1 gives excellent yields of the C-7 substituted products 2a,b. Alkylation of 2a
under mild conditions gives high yields of the exo- 3 and endo- 4 substituted products in varying ratios, depending
on the alkylating agent. The unsaturated derivative 8 reacts in high yields under mild conditions with dienes and
1,3-dipoles to give the corresponding cycloadducts. Elaboration of these compounds by acidic deprotection to
substituted pyroglutaminols, and oxidation to the corresponding pyroglutamates, can be readily achieved.

The elaboration of homochiral amino acids, obtained from the chiral pool, is an important method for
the preparation of a wide range of chiral products. Our interest in this area is to develop simple and efficient
routes to highly functionalised pyrrolidines, with substitution at any or all positions around the ring. Such
compounds are of considerable pharmaceutical and biochemical importance because of their antibiotic,
antibacterial, antifungal and cytotoxic effects, e.g pramanicin,! preussin,2 anisomycin,>> # TAN-950° and the
kainoids,® the cytochalasans,’ the echinocandins® and manzamines.%> 10 The application of bicyclic lactam 1
to the preparation of a variety of products with C-6 and C-7 substitution, has been described.11-19 we report
herein that lactam 1 can be conveniently acylated at C-7 to give derivatives 2. Lactam 2a provides a
convenient precursor for efficient alkylation and cycloaddition reactions to give a variety of highly
functionalised intermediates, which can be conveniently elaborated to the corresponding pyrrolidinones. In
particular, the cycloaddition reactions give direct access to 6,7-difunctionalised derivatives in a highly
stereocontrolled manner. Similar activation has been recently reported?® 2! in a related bicyclic lactam in
which preferential endo- diastereoselectivity in alkylation reactions was observed.
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Scheme 1

Pyroglutaminol?2 (of e.e >95% as determined from n.m.r. spectroscopic analysis of the Mosher's
derivative??) was converted to lactam 1 according to the literature method.17 Reaction of 1 with sodium
hydride and diethylcarbonate at reflux in toluene, 2426 gave the product 2a in good yield (72%) as an
inseparable 1:1 mixture of epimers at the new chiral centre at C-7. When this reaction was repeated using
methyl benzoate, the product 2b was obtained in 83% yield, as a mixture of exo- and endo- isomers, although
the exo-isomer predominated in solution as shown by n.O.e. spectroscopic investigations. Functionalisation
of dicarbonyl 2a, by treatment with sodium hydride in THF, followed by any of a variety of electrophiles,
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including alkylating, acylating and selenating agents, gave the separable products 3 and 4 in good to excellent
yield (T able)27- 28; jsomer 3, which arose by attack of the electrophile on the exo- face of the bicyclic system,

Table: Yields of derivatives 3 and 4 prepared according to Scheme 1

COMPOUND ELECTROPHILE R YIELD (%) RATIO (3:4)
3a,da PhSeBr PhSe- 73 1.5:1.0
3b,4b Mel Me- 67 1.7:1.0
3c,dc CH»>=CHCH3Br CH»=CHCH>- 68 47:1.0
3d,4d PhCH2Br PhCH3- 75 7.5:1.0
3e,de PNO2CgH4CH2Br | pNO»CgH4CHp- 94 10.0: 1.0
3f.4f CH3COClI CH3CO- 72 10.0: 1.0

was obtained as the major product in all cases. Both the yields and the diastereofacial selectivity obtained in
this reaction were generally superior, particularly for the more sterically demanding electrophiles, to direct
alkylations of the parent lactam 1.11,13-15 The stereochemistries of these compounds were readily determined
by n.O.e. spectroscopic studies, and confirmed in the case of compound 3e by single-crystal X-ray structure
determination. The stereoselectivity in these reactions would appear to be controlled by a preference for
addition of the electrophile from the least hindered face of the lactam enolate, but the presence of a relatively
high proportion of the endo-isomer in nearly all cases suggests that the relative bulk of the C-7
ethoxycarbonyl substituent and the incoming electrophile may also be important. The favoured exo-
diastereofacial selectivity of this process is similar to that recently reported for sequential double alkylation at
C-4 of protected pyroglutamates, in which bulky electrophiles have been reported to add preferentially or
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Scheme 2

Hydrolysis and decarboxylation of 3d and 3e gave respectively the lactams 5a and 5b in yields of 67
and 41% respectively; under the same conditions, a mixture of 3b/4b (in a ratio of 1:3.5) gave Sc exclusively
in 77% yield (Scheme 2). Deprotection of 5a and Sb with trifluoroacetic acid/dichloromethane gave the
alcohols 6a and 6b, and conversion of 6a to the benzyl substituted pyroglutamate 7 was readily achieved in
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88% yield over the two steps, with no trace of the cis-substituted product. This approach therefore represents
a convenient route to diastereomerically pure C-4 substituted pyroglutaminols and pyroglutamates in good
yield from a conveniently prepared homochiral precursor.

The selenenyl derivative 3a could be readily converted to the unsaturated lactam 8 by oxidation and
elimination with hydrogen peroxide in dichloromethane. Reaction of 8 with a variety of electron-rich dienes
(2,3-dimethylbutadiene, cyclopentadiene, or Danishefsky's diene) or a dipolarophile (N-a-diphenylnitrone) in
refluxing toluene gave moderate to good yields of the expected cycloadducts 9 (72%), 10a (36%) and 10b
(18%), 11 (45%), and 12a (64%) and 12b (32%), respectively.30 These reactions proceeded with excellent
exo-facial selectivity to the least hindered face of the bicyclic lactam and, in the case of the reaction with
cyclopentadiene, with predominant endo- diene addition. The structures of 12a,b have been established by
n.O.e. and COSY analysis; structure 12a has been confirmed by single crystal X-ray analysis. The
regiochemistry of the addition of the nitrone to 8 is consistent with that reported for other highly electron
deficient alkenes,3! and similar diastereofacial selectivity has been observed in related systems.32:33
However, adduct 12b arose by endo-facial selectivity, which has not been previously observed in the reactions
of 8, and this product could be easily converted to the corresponding isomer 12a by refluxing in toluene,
indicating that 12b is the kinetic product of cycloaddition.
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Hydrolysis and decarboxylation of 9 followed by acid deprotection gave the highly functionalised

pyroglutaminol derivative 13 (R=H) in 52% overall yield(Scheme 3). However, the oxazolidine adduct 12a
did not survive this treatment, consistent with the known instability under thermal conditions of some
cycloadducts derived from nitrones. 34 Alternatively, treatment of 9 with TFA in dichloromethane gave 13
(R=COzEt) in 82% yield.
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The facile reaction of the activated lactams 2a and 8 with a variety of electrophiles and dienes
respectively demonstrates their versatility, providing convenient access to a range of substituted
pyrrolidinones. The application of this approach to the preparation of a range of homochiral products is under

active investigation.
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