July 1998 SYNLETT 731

A New Approach to 5-Substituted Prolines and 2-Pyrrolecarboxylates

David W. Knight®” Adele L. Redferfiand Jeremy GilmoPe

& Chemistry Department, Cardiff University, P. O. Box 912, Cardiff, CF1 3TB, UK

b Eli Lilly and Co. Ltd., Lilly Research Centre, Erl Wood Manor, Windlesham, Surrey, GU20 6PH, UK
Fax : UK (0)1222 874210; e-mail :- knightdw@cf.ac.uk

Received 1 May 1998

Abstract: lodocyclisations of the allylic glycinatéslead either to the methyl glycinate5 (Scheme 2§. We chose to exemplify the method

trans or cis-2,5-disubstituted proline derivativ@sor 9, depending on  using a phenyl, a 2-furyl and an alkyl substituent. The initial prodiucts

the reaction conditions; subsequent treatment of these with DBU iwere isolated in 55-75% yields, following separation of the small

DMF gives the 2-pyrrolecarboxylaté® and13in excellent yields by a amounts of regioisomers formed by formg|2Sdisplacement of the

double elimination of hydrogen iodide and toluenesulfinic acid. carbonate function. Acid hydrolysis of the imine adosylation then
gave the required (E)-alkenyl glycinatés

Electrophile-induced cyclisations of unsaturated alcohols and amine COEt

derivatives have been widely used for the synthesis of both five- and R\/\/O o

six-membered saturated heterocycles, typically by 5- o#xdb- Z

processed. In a continuation of our studies of the less common, 4 Pd° \/j\

electrophile-induced, Bndotrig cyclisations we have reported that, Ph - , COMe —> \/j\
when applied to (E)-homoallylic tosylamidésthese reactions provide S - TsHN™  "COMe
a useful, stereodivergent route to eittians or cis-2,5-disubstituted-3- P N7 "COMe

iodopyrrolidines 2 and3 respectively], depending upon the conditions 5 6 7
employed (Scheme #)Thus, under basic conditions, the H&ns

isomers2 are obtained, typically in a ratio &fl5:1, with the minor a)R = Z}\ b)R=Phic)R=Pr

isomer having the corresponding ZjS-stereochemistr§. In contrast,

when the cyclisations are carried out in the absence of base, the latfF1€me 2

isomers3 are the sole products. It would appear thatridwesisomers2

are the initial kinetic products which, under the acidic conditions [ii]
resulting from hydrogen iodide release during the cyclisation, revert tc? ratifyingly, exposure of these alkenyl glycinatgsto iodine in
acetonitrile containing potassium carbonate led to thetrars4-

the more thermodynamically stable isom&r&vidence for this is that
. y .y . ~.iodoproliness® in the reasonable to good isolated yields shown (Scheme
the transisomers 2, after isolation, can be smoothly and rapidly

converted into the correspondings-isomers3 by exposure to iodine

; 1, 1
and hydrogen iodide in acetonitrie. in the IH and13C NMR spectra of the crude products but these were

removed during chromatographic purification.

|
|
Y \/j\ Fn_(j\ I2, K2CO3, MeCN a) 45%
TsHN NN g2 = PR b) 72%
Ts

CO.Me  © 82%

R1, R? = alkyl, aryi R
2 1 3 7 8
Reagents: i) 3 equiv. lo, 3 equiv. KoCQO3, MeCN, 0°C, 0.5h; ii) 3 equiv. lo, A — Ph _p
MeCN, 0°C, < 0.5h TsHN” ~CO Me JR [o_)\' b) R =Phic) R =Pr
Scheme 1
a) 40%
. - o . '2, MoCN 41 b) 75%
In this initial work, we only exemplified the cyclisations using relatively CO,Me  ©) 70%
unfunctionalized substratels wherein the substituents were eitmer 0

alkyl or phenyl groups. In order to expand the synthetic potential of this
methodology, it was therefore necessary to investigate whether oth&cheme 3
potentially more reactive, functional groups were compatible with the
cyclisation conditions. The danger in this is that incorporation of such
functionality will inevitably introduce heteroatoms or unsaturation Similarly, under "acidic" conditions (see above), the corresponding 2,5-
which could compete with the@ndoprocess by more favoured 5- or 6- Cis diastereoisomer€® were formed in good yield and as single
exotrig pathways. In this respect, a methoxycarbonyl group seemed igomers, presumablyia the trans isomers8. The relatively poor yield
likely candidate as this has been found not to participate readily in suatbtained for the 5-furyl derivativ@a was largely due to degradation of
cyclisations in generdland, if successfully incorporated, would result the furan ring by attack of the hydrogen iodide formed during the
in the formation of a range of substituted prolines, as well as providingyclisation. This methodology therefore provides a flexible approach to
additional opportunities for subsequent homologation. Herein, we repothe 5-substituted proline derivativBsand9 and should be amenable to
the successful outcome of our initial work in this area, which has alsthe elaboration of chiral, non-racemic products, particularly because the
resulted in the realization of a new pyrrole synthesis. starting alkenyl glycinateg should be available as single enantiomers
from alkylations of one of the many asymmetric glycine enolate

The starting alkenyl glycineswere prepared by palladium(0)-catalysed equivalents which are currently availafle.

coupling of the allylic carbonate$ and the benzophenone imine of

3), as single diastereoisomers; traces of other stereoisomers were visible
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We have also found that these initial products can serve as usefReferences

precursors to 5-substituted-2-pyrrolecarboxylates (Scheme 4). Thu&)
when any of the foregoing isomers are exposed to 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU) in DMF at 90°C, a double
elimination ensues in less than one hour to give excellent isolated yields
of the pyrrolecarboxylatek).’ The method can also be used to obtain 3-
substituted homologues. Thus, the 3-methylalkenyl glycinkte
obtained from (E)-1-phenylbut-1-en-3-ol as a mixture of diastereo-
isomers by the method shown in Scheme 2, was cyclized under acidi@)
conditions [b, MeCN (Scheme 3)] to give the iodoprolinkEs again as

a mixture of stereoisomers. Upon exposure to DBU in hot DMF, these
were smoothly converted into a single pyrrolecarboxyl®@ in 70%
isolated yield. Not unreasonably, it appears that, under these conditions,
the elimination processes are insensitive to the relative
stereochemistries of the iodine and the adjacent protons.

DBU, DMF J a) 82% from 9a;
R ——— R | b} 81% from 9b; @)
90°C, 1h N ¢) 78% from 9c¢;

COxMe COMe

s H d) 76% from 8¢

8or9 10 (4)
Ph l
Z % (5)
— Ph — Ph |
TsHN”" “COMe S coMe N~ “coMe
1 12 13 (70%)
Scheme 4

Thus, this method constitutes an alternative strategy for the elaboratiéﬁ)
of substituted pyrrolecarboxylates, a topic of considerable recent
interest/ Overall, the present approach is reminiscent of and7)
complementary to the Kenner pyrrole synth&sis, that the starting
materials are a glycinate and a three-carbon unit (allylic alcohol and
enone respectively) and the pyrrole is established by a double
elimination, of toluenesulfinic acid and either hydrogen iodide or water
respectively.
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