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Lee A. Flippin* and Mark A. Dombroski 

Department of Chemistry, Northeastern University, Boston, Massachusetts 02115 

Abstract: Lithium enolates derived from the title esters show high diastereoface selectivity 

in their reactions with chiral aldehydes. The resulting 2,2-dithioaldols are desulfurized in 

good yield with Ni28-H2 (EtOH, 20°C). With this mild desulfurization protocol, complete re- 

tention of stereochemical integrity was observed for all isolated aldols. 

Recent reports from Heathcock's laboratory,I and our laboratory,2 have demonstrated that 

the diastereoface selectivity in aldol condensations of lithium enolates with chiral aldehydes 

may be .signi~icantZy enhanced by increasing the substitution at C-2 of the enolate reactant 

(Figure 1). 
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These results are in sharp contrast to the rather mediocre diastereoface selectivity usually 

observed in the reactions of C-2 unsubstituted,3 or monosubstituted, 4 lithium enolates with 

chiral aldehydes. Thus, for example, the reactions of enolates 6 a-f with +2_phenylpropanal, 

&, uniformly afford 3-4:l mixtures of racemic syn and rmti aldols, respectively (Equation 3). 
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While C-2 unsubstituted enolsilanes have shown promise as alternative acetate and methyl ketone 

equivalents in Lewis acid mediated reactions with chiral aldehydes,3 the scope of this method- 

ology appears to be limited in comparison to aldol condensations with metal enolates. 

In view of the exceptional selectivity shown by enolates 2 and 4 (vide supra), we felt 

that 2,2-dithio substituted enolates miqht be uniquely suited for exploitation as diastereoface- 

selective acetate equivalents in aldol syntheses. 5 This expectation has been realized, in some 

cases with outstanding success. Selected results from our study of aldol condensations with 

lithium enolates 9a and - 9b, prepared6 from ethyl 1,3-dithiolane-2-carboxylate and ethyl I,3- - 
dithiane-2-carboxylate, respectively, are summarized in Table 1. 

TABLE I. 

A IS\ 2)H+ 
+ (CH21n 

,OLi 
/ 

R CHO 
‘S 

la-c SW,n=2 

9h, n=3 

Entry’ Aldehyde Enolate Reaction Time 

1 la,R= Ph 9a 2 min 
2 Ib,R= C-C6H,, 9a 2 min 

3 lb 9b 3hrs 

4 Ic,R= C&45 9a 2min 

5 IC 9b 3hrs 

R 

OH 

IOa_e Ila_e 

. . . 
Ratio’i’IOa-e:ila-e Total Yield” 
--- 

,99 89% 

7 78% 

II 6 I % 

2 75 % 

3.5 77% 

iReaction conditions: Each reactant 0.5M in THF (-78’C). Reactions were quenched (-78OC) 
after the indicated time by addition of 2eq glacial AcOH. An extractive work-up (Et201 afforded 
crude products of highpurity. /iCrude product. gchromatographed product (hex-EtOAc;siiica). 
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Notably, enolate 9a reacted with +2-phenylpropanal to afford a single racemic diastereomer, - 
l&, in good isolated yield (Table 1, Entry 1). With less biased aldehydes (Table 1, Entries 

2 and 4) the observed diastereoselection with enolate 9a was not as complete (syn:anti = 7:l - 

and 2:1, respectively, with 22-(cyclohexyl)propanal and +2-methylbutanal); these substrate - 

aldehydes thus provided a means to critically evaluate the relative merits of enolates 9a and - 

9b _' For example, the reactions of dithiane enolate 9b with aldehydes required 3h at -78°C - 

for completion (as compared to 2 min for dithiolane enolate 9a) however, the quality of the - 

diastereoselection was higher with this enolate (compare Entries 2 and 3 or Entries 4 and 5). 

A lithium enolate derived from ethyl-2,2-(bis)ethylthio acetate could not be induced to react 

to an appreciable extent with +2-methylbutanal at -78°C. 

We have found Ni2B-H2 to be a highly effective reagent7 for desulfurization of the 2,2- 

dithio aldols, 10 and 11 (Table 2). - - 

TABLE 2. 

IOa_e Ila-e u 13a_e 

Entry Diastereomer Mixture Reaction Condition& " Ratio/' 12a-e'l3a-e Total Yield (12a-e+l3a-e)” 

I lOa+Ila, 299:i A &99:1 94% 
R=Ph,n=2 

2 IOb+llb, 7~1 6 7:1 9 4 % 
R=c-C6HlI , n=2 

3 IOd +Ild, 2~1 
R’c&, n= 2 

B 2:i 88 % 

4 IOe+I le, 3.5: I B 3.5:1 61 % 
R= C2H5, n=3 

‘Method A: To a CXsoluticn of substrate, 0.3Min95%EtOH,was added 20eq anhydrous NiC12 and IOeq 
NaBH4. The reaction mixture was stirred under I atm H2 tor 15h (20°C),filtered throughfritted gtassj crude 
desulfurized products were isolated by extractjve work-up (Et20), Method B: Sameas above, except triple 
quantities of NiC12 and NaBHq ; t = 20 - 30h. “Crude product. “‘Analytically pure (295 % by hplc and NMR) 

Dithiolane aldol 10a was smoothly desulfurized with a moderate excess of Ni2B-H2 to give aldol - 
12a in 94% yield, with complete retention of stereochemical integrity (Table 2, Entry 1). It 

is interesting to note that desulfurization of aliphatic 2,2-dithio aldols is consistently 

more difficult than the analogous procedure with aryl ring-containing substrates. 8 Although 
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we do not have a firm rationale for this observation, it seems plausible that a n-d bonding 

interaction may serve to bind aromatic substrates more tightly to the Ni2B surface than is 

possible for aliphatic substrates. We are continuing our examination of this question with 

the intent of developing cheap, efficient methodology for a qeneral desulfurization process, 

however, we point out for the interim that the use of large excesses of Ni2B-H2 (Table 2, 

Entries 2, 3, and 4) affords desulfurized aliphatic aldols in excellent yield with no apparent 

detriment to the stereochemical integrity of the products. 

Further experiments directed toward the development of diastereoselective, and enantio- 

selective, 2,2_dithioenolates for use in aldol syntheses are in progress. 
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For example, when a 7:l mixture of lob and Xl&, respectively, was treated with lOeq of - 

NaBH4 and 20eq of NiC12 (Condition A, Table 2) desulfurization was Only %40% complete 

after 2 days. Qualitatively similar results were obtained with a 10~ + 11~ mixture and 

with a 1Od + lld mixture. 
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