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Summary: The methodotogy described herein examines the enantio- and stereoselective C-3 functionatiition of 5- 

hydroxymethyl-2-(5H)-furanones via 1, eolgenocuprete addftii as weft as the invotvernsnt of temperature and TMSCI in 
the selectivity. The results impfy that reactions carried out at -78°C and those carried out at 0°C to R.T. in the presence of 

TMSCI exhibit both hi diastereosetection and enantioaektii. 

Chiral butyrofadones have shown con&Amble potential as synthetic intennediies in asymmetric synthesis. For 

example, Hanessian and co-workers have used chfral butymlactones and butenofides in the stereoco ntrofled synthesis of 

acyclic molecules bearing muttiie stereocenters.1-4 In this methodology, the crucial ste reosekhie functionatkation of 

the C-3 position in the butenofii systems was effected by the 1.baddffion of a nudecphite. 

In conjunction with several ongoing projects, we sought to develop methodology for the C-3 functionaliiation of 1 

via 1,4-addition of an organocuprate reagent (Scftama 1). Our initiil questions centered on the stereoselective 

scheme 1: 

introduction of the nucleophile at C-3 and slrppression of racemization atthe actdii C-4 proton. The starting butenolide 

(l) was synthesized from protected hydroxymethyl butymtactone P (available from L-gbtamic acid5) by sutfenytatii and 

subsequent elimination (Schama 2). The unexpected degree of racemizatiin at C-4 which was observed during the 

synthesis of 1(82.48% enantiomedc excess (e#, could be cimunwented via crystakation of 1 to enantiomedcally pure 

form (100% ee) from a chloroform/ petroteum ether mixture. The determination of the enantiomerfc purity6 of the starting 

material and that of subsequent reaction products, necessttated the use of racemic material as a standard comparison. 

The racemate of a (prepared via methods described by Hanessian)7 was converted to racemic 1 using the same 

synthetic manipulations depicted in Scheme 2. 

With butenolide (l) in hand, we turned to the main focus of our study, which was the 1 ,r(-organocuprate additions 

to 1. Organocuprate additions can be problematic in cases in which the Gilman reagents decompose at approximately the 

same temperature at which they react. *vg Reported sotutions to this pmbbm include the use of CUB&~& to form the 



cuprate. the use of higher order cqrrates. to-l*‘Lewls acid add&n to increase reaction rate or any other variants which 

allow the desired reaction to proceed at tow temperatures. 13.14 Wtih butenolii 0, an addff probfem could manifest 

itself. The considerable increase in the acidity of the proton at C-4 upon introduction of both the C-2X-3 double bond and 

the P-thiophenyl group could potentially lead to the racemization of the previously set C-4 stereocenter due to intermediate 

dienolate formation. ’ 

Scheme 2: 

The initial results of this study of the 1. rlorgenocuprate addftff (Tabta I) were in accord with this exp&ation. 

Our introductory studies used lithium dknethyl cuprate, acoording to the method of House et al.‘* ( except that 1 .O4 

Table I: 
PO 

1. Mf&CULU L.O. 
2. Ma&ULU L.O. 

3. Me&uLV L.O. 
.__________________ 

4. R’RkuCNL~ I H.O. 
5. R’RaCuCNLh I H.O. 
___________-_____-. 

s. (vhlyf)acklw L.O. 
7. (vtnyl)~uLf/ L.O. 

8. (Ph)2CuLU L.O. 
8. (Ph)2CuLU L.O. 
______________-___ 

10. “(I-Pr)Cu”/ Cat. 

-78°C I 24h Ms 
OOC 4h Me I I . ..No R&n 

28%c13%) 
0-25=C 14h Me a456 VW ____________________________________ 

-78 -0X 0.5h vlnyl 

I I I 
-78-0°C 0.6h vfnyl 
_____________________ 

-7&C lh vfnyl 
-78°C lh vfnyl 
-78°C lh Ph 

-78-0X 4h Ph 
_____________________ 

-78°C 1 3.5h 1 I-Pr 1 

8596 VW 
1~w-w 

____________. 
1aoK (SS.7%) 

tJg.8fj%Fx) 
lw% (t&I%) 

lftg%cn%) 
____________ 

lgg%(=%) 

l RI= Whknyl; R* = vinyl; L.O. = Lowu om H.O. = Higher ordq “(f-Pr)Cu” = cuprats 
formsd frwm i-PM,gCl and oat~fytfo wr bmmids dfmothyl rufffdo compfsxi8 

# all products wers fulfy characterked by both proton and carbon 13 NMR, combustion analysis. 
IR., and low r.soMon mass qzaotrosoo~y 
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equivalents of copper hromfde dimethyl sulfkfe oon@ex is used). In its reaction wfth i, liihium dimethyl ouprate required 

an elevation in temperature from -78°C to tPC for induofng teedbn (lak I, er#rfes 1 and 2). We observed also. that 

although reaction at 0°C proceeded in good czhembal ybld, we had effeoted almost total raoemfzatii of the previously set 

C-4 stereocenter (product ee of 28%). 

This racemizatbn (Softeme 3) is presumably due to the deprotonatbn-reprotonatbn at C-4 of 1 hy the resultant 

enolate Ce, formed in the 1,4-addition reaction. Trapping enolate (8) with an ebctrophile such as TMSCI should, and 

does suppress this racemizatbn (T&b I. entry 3). However, incbsbn of TMSCI retards the reaction rate (Tobfe I, entries 

2 and 3). This is contrary to lftemture precedents 13,15-17 whbh cfaim that TMSCI acoebmtes organoctgxate reactbns. 

This acceleration is not pmsumed to he due to pdor oo@exakbn of TMSCI with the carho@ oxygen of the a, & 

unsaturated system. Rather, it has heen pmposed the this ecoabration ts due to TMSCl trapping of an initiil drr* con@ex, 

therety forcing the conversbn to the R carhonyt adduct.14~15 

scheme 3: 

PO 0 

‘r-t 
PO 

Rocuu 

0 

H 
W- 

-Q 

0 
H 

RASPft P 2 SPh 

(R.‘SPh 
J 

Racemlc 

Lithium dimethyl cuprate is often considered to he a speoial ease due to lts bw reactivii. In the interest of 

obtaining mom widely applicable resufts, we deckfed to examine cqxates of greater reactMy. Also, in keeping with our 

original hypothesis that higher order cqmtes might faoilltate the 1,4-addition, liiium (cyano)(2-thbnyl)(vinyt)~upretel 8 

was chosen (Tabk I. entries 4 and 5). The results of using the higher order ouprate for reactbn wtth 1 indbated that the 

absence of TMSCI. once again allowed racembatbn (Tabb I, entry 4) and the inclusbn of TMSCI again prompted a 

marked suppressbn of racemizatbn (l&k I. entry s). However, because TMSCI has previously been shown to 

sequester the cyan0 liind from the higher order cuprate leavffg the bwer order cqrate as the reactive spaofes,t s it 
proved to he more pragmatic to perform the ouprate reactbn under condttbns previously used, erqtbying bwer order 

cuprates for more consistent results. 

The lower order cuprates choeen for thii study were formed using the copper hrorniie dimethyl sulfii complex 

used previously in the formation of lithium dimethyl cuprete. T&k I depicts the results of the reaotbn of 1 wtth a number 

of these cuprates. Our results were consistent wfth those c&abed in t& dimethyl cuprate reactions with 1. We observed 

that the inclusion of TMSCI not only m racemizatbn hut also retarded the reaction rate and often required the 

use of higher temperatures (OOC - PT.) to effect reaction (Tabh I, entrbs 7 and 9). We also ohsewed a suppression of 

racemizatbn in the absence of TMSCI if the reectbn did not neces&ate higher temperetures, hut rather could he 

performed at -78’C to effect reactbn (T&b I, entries 8 and 8). I 
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In an effort to determine the generality of thii hiihly atereoeebctiie methodokqy, other exan@ee of this 1,4- 

addition were performed, one of which involves the use d a catalylii source of copper and a Grignard ra&nt in cuprate 

formation16 (Table I, entry 10). Thii catalytic system pmvkJes the same enantioaebctffe tmnd aa shown in the previous 

examples. Additional examples not depicted in Table I include di-n-butyl and his-trimethylsilylmethyl cuprates. These 

examples were carried out as in entries 6-9, Table I and their reaction with 1 followed the previously defined (see Table I) 

trends. 

Noteworthy also is the diistem ’ My of these organocuprate reactions with 1. We observe only one 

diistereomer in each instance which we assign to be the trans&ans isomer based on wall eatablii literature 

precedents.4 Furthermore, NMR assignment of the protons Ha and Hb (Table I, && pmduced coupling constants, in all 

cases measured , greater than 11 Hz (e.g.. & JHaHpl 1.4lHz; a JHsHb=l 1.63 Hz) inditing a trans rel&onahii of 

those protons. 

As the mechanism of organccupmte reactions has been surrounded by controversy, many ideas, such as the 

single electron transfer mechanism.2o have been proposed. Though the constraints this article do not tend themselves to 

mechanistic discussion, we note that the observed mte retardation. in the presence of TMSCI, is con&tent with the 

trapping of a cuprate/ substrate complex prior to the ratedetermining step. The results of our continuing efforts to 

elucidate mechanistic aspects of thii study will appear in later publications. 

In conclusion, we have demonstrated the stereo and enantiosalective C-3 functionaliitbn of thiiutenoliie 1 via 

1.4-addiiion of organocuprate reagents. Our results indiite that: (a) although racemization can mr at elevated 

temperatures (0°C and higher), the use of bw temperatures suppresses any racemization in these systems, and (b) if 

higher temperatures are necessary (i.e., when using less reactive cuprates) the inclusion of ,TMSCI suppresses 

racemization. 
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