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The combination of NaBH , and a catalytic amount of InCl 5 provides a one-pot method for chemo- and stereoselective decarboxylative reduction
of gem-dicarboxylic esters 1 to monoalcohols 2 in the presence of the lactam carbonyl in refluxing acetonitrile under inert atmosphere.

The reduction of carboxylic esters to monoalcohols in the
y-lactam moiety is an important multistep transformation in
synthetic organic chemist&yThis type of transformation has
traditionally been accomplished with lithium borohydrde
(LiBHy), but the reduction is often accompanied by the
cleavage of lactam ring via carbemitrogen bond fissions.

Recently, we reported a chemoselective reduction of
y-butyrolactams to tetrahydro pyrroles with NaBH; in
the presence of geminal dicarboxylic estekserein we are
eager to report on our study to explore a reagent system that
could chemoselectively as well as stereoselectively reduce
the gem-dicarboxylic esters of various 1,4-diarylpyrrolidin-

Due to the lack of a proper reducing agent, the selective 2-one-5,5-dicarboxylic esters to the corresponding 5-hy-

decarboxylative reduction ofem-dicarboxylic esters to

droxymethyl derivatives in one step, keeping the lactam

monoalcohols in a single step is a challenging problem in carbonyl intact.

synthetic organic chemistry.

A literature survey shows that dichloroindium hydfide

To the best of our knowledge, to date there is no report (Cl2InH), generated in situ from sodium borohydride and a
of single-step chemo- and stereoselective decarboxylativecatalytic amount of indium trichloride, is a very good re-

reduction ofgemdicarboxylic esters to monoalcohols in the

agent system for the dehalogenation of alkyl halitiesgi-

presence of a lactam, though this one-pot transformationcal cyclization} selective reduction ofvic-dibromides]

would be very useful for the synthesis of various bioactive
compoundg:24
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reductive cleavage of the-@ bond in 2,3-epoxy bro-
mides, and the selective reduction of carbaarbon double
bonds?

In view of the novel pattern of reactivity of NaBHInCls
reagent system, we became interested in exploring its
reactivity toward the reduction of-lactam-5,5-dicarboxylic
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esters, and herein we are gratified to report an exclusively of 1¢c with KOH—H,0, EtOH, followed by in situ stereo-
novel and efficient method for the chemo- and stereoselectiveselective decarboxylation.
reduction of gem-diesters to monoalcohols by using the Though the mechanism of the reaction is still uncertain,
NaBH;—InCl; reagent system. The ultimate utility of that but as they-lactam diestet.c andy-lactam monoested gave
system extends to unexpected applications that were notthe same reduced produ@c, we speculated that the
initially envisioned. decarboxylative reduction to alcohols proceeds via an initial
The starting materials for this study, 1,4-diarylpyrrolidin- Stereoselective radical decarboxylation mediated by HInCl
2-one-5,5-dicarboxylic estefls were synthesized following followed by _chemoselec';ive reduction 01_‘ the ester functional-
the general meth6d developed in our laboratory. Chemose- [ty A plausible mechanism for the radical decarboxylation
lective and in situ stereoselective decarboxylative reduction 'S depicted in Scheme 3.
of these dicarboxylic esters with sodium borohydride and

catalytic indium trichloride in dry acetonitrile at reflux _

temperature for 811 h, furnished exclusivelyrans-1,4- Scheme 3. Plausible Mechanism of Decarboxylation of
diaryl-5-hydroxymethyl-pyrrolidin-2-one& (Scheme 1) in gem-Dicarboxylic Ester by Hingl
NaBH, + InCl,
Scheme 1. Reduction ofy-Lactam-5,5-dicarboxylic Esters {nC'F F-InCl, Chin~
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Table 1. Synthesis of 5-Hydroxymethyt-Lactams2 from ) ] ) ) )
y-Lactam 5,5-Dicarboxylic Esters Alternatively the first carbon radical may easily break into

carbon monoxide and EtOIngl

substrate Ar Ar’  product yield (%) The pleasing outcome of the above reaction prompted us
la phenyl phenyl 2a 84 to extend this method to include other substrates. We selected
ib j‘?g?;‘} PEEHY} ;b g; the amine derivatives diethyl 1-(4-fluorophenyl)-4-phenyl-
C -I-Ugllyg pheny. C BH _ i 5 H _ _
1d AF-CoH, - fury] 2d 79 pyrrolidine-2,2-dicarboxylatd® (Scheme 4) and diethyl 2-(4
le 4-F-CgHy 2-thienyl 2e 77
1f 3,5-dichlorophenyl phenyl 2f 79
1g 3,4- difluorophenyl  phenyl 2g 82 Scheme 4. Reduction of Pyrrolidine-2,2-dicarboxylic Estér
1h 3-C1,4-F-C¢Hj 2-thienyl 2h 80 by NaBH,—InCl3
FQ .
matching the NMR spectra of product 2c obtained indepen- N COZEt CHLOH
dently from reductive decarboxylation of 1c (Table 1) and CO2EL NaBH,-InCly Q)’ :
the NaBH—InCls-mediated reduction dfans-monoester 3 CH:CN ©
(Scheme 2). Compoun8lwas synthesized from the corre- 4 5

fluorophenylamino)malonate(Scheme 5) to study the effect

Scheme 2. Reduction ofy-Lactam Monoestes to Alcohol 2¢ of the amide (lactam) carbonyl on the outcome of the reac-

F F tion. While the reaction was successful, it was much slower
COE Q than those reported in Table it took nearly 15 h for the
b 2Et_NaBHy-InCly_ bCHon conversion of4 to provide5 in 62% yield andb to afford 7
0 o

O CHyCN in 38% vyield.
3 2c ©
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s that a substrate “N” is essential for insitu dealkylative-

Scheme 5. Reduction of Diethyl Arylaminomalonaté by decarboxylat_ion. .
NaBH;—InCl; In conclusion, we have developed a novel and simple

F F method for the chemo- and stereoselective decarboxylative
\O\ M\Q\ reduction ofgem-diesters to monoalcohols in the presence
NH-CH(CO,Et), CHsCN NH-CH,CH,OH of lactam carbonyls in one step with good yields. Certainly,
6 ’ this demonstrates the potential of the NaB#hCl; reagent
system as a stereoselective decarboxylative agent under
refluxing acetonitrile. To the best of our knowledge, this
constitutes the first efficient method of such selective
reduction ofgemdiesters by NaBktInCl;, which is not
achievable by any other conventional reducing agents.
Furthermore, the reagent system used is safe and easy to
handle. The operational simplicity and selectivity of this one-
pot process probably opens up new opportunities for the use

_ of this transformation in synthetic industrial procesess by
reducing the number of steps in multistep synthetic proce-

To further test the generality of this reduction, and assess
the effect of NH on the reaction, we investigated the reduc-
tion of diethyl 2-benzylmalonat8'? as a substrate wherein
there is no N-atonw to the dicarboxylic esters. Under the
same reaction condition as before, the compo8nuhder-
went reduction (Scheme 6) in much more slower rate, and

Scheme 6. Reduction of Diethyl 2-Benzylmalonagby dures, and definitely it broadens the preview of further
NaBH,—InCl research in this area. Studies on the mechanistic aspects of
©v NaBH,-InCl; @\/COH the reaction, in particular structural requirements of the
- CHCOED,  cpyon o > —oH substrates, are underway.
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