Elsevier Science Ltd
Printed in Great Britain
Q040-4039/95 $9.5040.00

\ 5 forahedron Letters, Yoio 36, No, 47, pp. 8669-8672, 1995
J Pergamon

O0HY 40309301 TRN-T

A New Asymmetric Approach Towards 2-Pyrrolidinones and Pyrrolidines:
Simple Versus Double Stereodifferentiation

. Do A% o S a . . b
Grovamni Poli,™ Simone Cioti.” Flisa Maccagni.® and Nicola Sardone.

a1 Centro CAR per 1o >tudio der Compostt Eterociclic: Dipartimento di Chimica Organica dell'Universita di Firenze,
Via G Cappont v -50121 Freenze Taly

by Dipartimentoe di Chinuea Generale dell Cniversita” o Pavia, Via Taramelll 12, 1-27100. Pavia, ltaly

Abstract The condensation of a chiral 2-silyloxypyrrole derivatinve with achiral and chiral formyl
cation equivalents has been swudied for the hrst time The methodology allows to build-up
pyvroglutamumc aldehvdes and prolinal systems with a stercocontrol from good to excellent. Whereas
the chiral auxiliary residing on the pyrroie system shows an intrinsic good level of diastereoface
discrimination at C-5. the combined use of a 2-methoxy-3-tosvl-oxazohdine as a chiral formylating
agent allows a total stereocontrol of the condensation A rauonale for the observed stereochenucal
outcome 1s prasented

2-Pyrrohidinone and pyrrohidine denvatives are compounds of utmost brological and pharmacological mterest
Thus. tor example. severai molecules belonging to the former class are potent neuroactive compounds owing to their
interaction with pvioglutammate receptors.' whereas many hvdroxylated pyrrolidines are quite popular for their
glvcosidase nhibitory actimaties * Although most of the svitheses of such compounds have been accomplished starting
from the naturally occarning pyroglutammic acid  approaches featuring more versatile de novo stereoselective
constructions of the five miembered rimg' have been so far less studied and new asvmmetric routes are certamly highly
destrabie

In this context. the use ot -methyl-2-tnmetindsiviosy-pyrrole 1o builld-up -3 substututed pvrrolidinone
denvatives. was first reported 1 1984 by Ricar and comorkers  More recently. Casiraghi’s group” has smartly exploited
{-reri-butoxvearbonyl-Z-dimethyl-rerr-butvisilyloxy-pynioic (TBSOP) which reacted with glyceraldehvde acetomide and
other related aldehvdes with excellent diastereoselection Given these interesting precedents. we were intngued by the
possinlity ot developing a chiral sifvioy nucleophile and studving it 1in double stereoselection

In the present commuucation we swhish to disciose our recent efforts in the development of a new a-methyl-
benzylamme-derived 2-sihvioxvpvrrole as o chiral 1% -dmudro-pyrrol- 2-one- -anon equivalent and its formylation at C-5

with achiral and chiral € -+ electrophuics (Scheme 1)
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Scheme 1

Accordingly Paal- knotr tvpe condensation between 1K)-( -+ u-methvl-benzyvlamine and 2.5-dimethoxyvtetrahydro-
furane i AcOH gave the known pyrroie 1 which was subnutted 1o 30° hydrogen peroxide oxidation” in pyndine, to give

the corresponding A - and \'-pyvrrolin-2-ones 2 and 2° as an 88 12 mixture * Although the oxidation reaction gave good
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vields of the desired 2-pvrrolinones. senous reproductbility problems were often encountered when performing the
reaction on multigram scale This led us to search for a better route to 2/2" After some trials we eventually found that
condensation of (R)-(* )-a-methyl-benzylamine with 2 5-dimethoxy-2,5-dihydrofurane in AcOH, according to a
modification of a procedure by Royer ™ gave directly 2/2° in a good and reproducible yield (Scheme 2).
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Scheme 2
Reagents 1 AcOH. reflux. 87%. n 30% H.O, pyridine. 70:C . 7d. $3% (70% considering recovered starting material) ; iii AcOH,
reflux, 60%

Treatment of 2:2° with ~-BuMe,SiCl and -Pr,EtN in CH,Cl, gave the highly moisture sensitive 2-silyloxy
denvative 3" which was next tested in Lewis acid mediated condensations Addition of BF;-OFt; to a mixture of 3 and
tnmethyl orthoformate. at -78°C. gave the desired adducts 4 and 4’ as an 88 12 mixture of unseparable diastereomers.
When triethy] orthoformate was used instead of the trimethy denvative the pair 5/5° was analogously obtained with
identical selectivity (Scheme 3) "'

QU S /5'\ l } . @OR D (OR

N o o™ %) N
N L orR L or
P""'m_ Me , “Me P e Ph*" Me

4/4' (R =Me) (D.r. 88:12)
5/5' (R=Et) (D.r 88:12)
Scheme 3

Reagents 1 - BuMe StCL -PrEIN. CHACL 84% . 11 HCIOR )« (R = Me or Ety, BFyOEt; (2.0 mol.equiv.}, CH,Cl, -78°C (R= Me,
06%. R=Et 62%0) '

The behaviour of (R)-3 and of its enantiomer (8)-6' was next tested in double stereoselection using the
norephedrine derived 2-methoxy-3-tosyl oxazolidine 7' as a formylium equivalent. In the event, the BF;-OEt, promoted
condensation between 4 and 6 gave nise only to hyvdrolysed matenal On the other hand, we were pleased to find that the
corresponding condensation with the antipode 3 gave the adduct 8 as the only new product. X-ray analysis of this
compound unequivocally established the R absolute configuration of the two newly created stereocentres.* For
correlation purposes the adducts 8 and 4/4° were then transformed as described in Scheme 4. Standard hydrogenation of 8
gave the corresponding pyrrolidinone 9. which was submitted to BF,-OEt; mediated frans-thioacetahsation with 1,2-
ethaneditiol to give the dithiolane 11 as the only diastereoisomer
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Scheme 4
Left side. Reagents 1 3. BF:-OEt> (2 0 mol equiv ). CH,Cl, -78°C. 65%.it: H,, Pd/C, MeOH, 95% from 8; 99% from 4/4°; 1it
HSCH,CH,SH., BF:-QEt.. 70% from 9. 62% from 10/10" Right side X-ray crystal structure of 8
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Since the same hvdrogenation / thioacetahisation sequence, when applied to 4/4°, gave 11 as the major
diastereomer. 1t appears that the intrinsic induction of the silyloxy denvative (R)-3 favours addition from the C-5/Si
face. thereby generating an R configurated stereocentre (requirement 1) On the other hand. the known steric and
stereoelectronic demands associated with the oxazolimum species derived from 7' favour a transition state having the
following features a) Transient formation of an oxazolinium cation. mainly stabilised by the oxygen atom, allowing
exclusive approach of the nucleophile from the Re face (requirement 2) b) Staggered approach of the reacting partners
where the small hvdrogen atom on C-5 of the nucleophile occupies the position between the oxazolidine ring heteroatoms
and the reacting -bonds are disposed so as to allow maximal charge separation (requirement 3)."° It thus follows that
the possible competing transition states involved in the matching and mis-matching pairs, 3/7 and 6/7 respectively, may
be described as shown 1 the Figure. Worthy of note, only approach C, leading to the observed diastereoisomer, fulfils at
the same time all the above mentioned requirements On the other hand. it turns out that the transitions states associated

to the mis-matched pair are so unfavourable that the condensation does not take place

Approach NWwEI Topicity Req. | Req 2 Req.3

A Re-Re - + -
B Ni-Si - - -
C Si-Re + + +
D Re-Si - - +
E Si-Re - t +
F Re-Ni + - +
C Re-Re - ¢ -
H ) Ni-Si - - -

Figure Stereochemical models for the competing transition states of the matching (3/7) and mis-matching (6/7) pairs. Key “+”
fulfilled reqirement. - = unfulfiiled requirement

In order to test the scope of the present methodology some preliminary expenments of functional group
modification have also been performed. Thus. treatment of the pyrrolidinone 10/10” with NaBH. / 1,'* smoothly gave the
pyvrrolidine dernvative 12 On the other hand. aqueous acidic hydrolysis of the same compound afforded the corresponding

aldehvde 13 without detectable racenusation Treatment of 13 with NaBH, in THF gave the alcohol 14

H - OH
iii O‘(NB "

M s AL
L ome L ome e L o L
T Me ‘/\ Me X Me v Me
- = U\/ L
12 10/10° 13 14
Scheme S

Reagents 1+ NaBH, .. THF. reflux. 00%. 11 37% HCL. THF . 50°C_ 73%:. 11 NaBH,, THF/H,O 3/1. 70%

In summary. n the present commumcation we have developed a new chiral 1,5-dihydro-pyrrol-2-one-5-anion
equivalent which has been studied 1n formylation at C-5 with achiral (orthoformates) and chiral (2-methoxy-3-tosyl-
oxazolidines) (-1 electrophiles. This methodology enabled the construction of 5-substituted 2-pyrrolidinone and
pvrrolidine systems with good to excellent diastereocontrol We are presently focusing our work on the cleavage and the
possible modifications of the auxiliary moietv m order to achieve higher diastereoselections even with achiral

electrophiles
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