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Abstract: A mild olefination procedure, utilizing LIC1 and an amine, has been developed for use 

with base-sensitive aldehydes and phosphonates. 

Lithium cations affect the course of the Wittig reaction and its modified version, the Hor- 

ner-Wadsworth-Emmons (HWE) reaction, in many important ways.' For instance, as contrasted with 

other metal cations, Li+ most likely forms a tight complex with the carbanion derived from phos- 

phonate 4 as shown in ti, thereby enhancing the acidity of L.2 The pKa values of & in diglyme 

(Li+) and in dimethylsulfoxide (K+), relative to 9-phenylfluorene," were reported to be 12.2 and 

19.2 respectively.3 These results immediately suggested the possibility that in the presente of a 

lithium Salt, & and related phosphonates could be easily deprotonated with an amine, e.g., DBU 

(pKa 11.6)4 or diisopropylethylamine (DIPEA, pKa ~10.5)~ to generate reactive species under 

simple, mild conditions. In fact, the standard procedure described below has been used for 

some time in our laboratories in order to achieve successful olefinations by HWE-reactions that 

involve either a base-sensitive substrate or reagent. Conventional methods, for instance, NaH 

in THF or K2CO3 in toluene,5 may cause complications in such cases. 

Standard Procedure. To a stirred suspension of LIC1 (12 mmol, recrystallised from MeOH and - 

dried at 140"/0.5 torr overnight) in dry acetonitrile (120 ml) under nitrogen at room tempera- 

ture, was added phosphonate & (12 mmol), DBU or DIPEA (10 mmol) and finally an aldehyde (10 

mmol). Almost al1 of the Salt soon dissolves and the reaction is normally complete in 1 h with 

DBU and in 24 h with DIPEA. The progress of the condensation can be followed by tic or by gas 

chromatography with an appropriate standard added to the reaction mixture. The usual workup pro- 

vides an excellent yield of the expected a,B-unsaturated esters in 85-100X yield, E/Z ratio 

>50:1, with typical saturated aliphatic aldehydes (e.g. isobutyraldehyde, DBU in 5 min, 99%; 

DIPEA, 7 h, 97%) and 75-95% yield, E/Z ratio >20:1, with unsaturated aldehydes (e.g. crotonal- 

-_- 
j-Assumed to be 18.5 in both solvents. 
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AcO -CH0 

Aco + AcoJ + ,Hiy2 
0 0 0 

!.! n l-2 

Table 1. Horner-Wadsworth-Emmons reactions with base-sensitive compounds -- 

Entry Aldehyde Phosphonate Reaction Conditions Product and Yield (X) -- - 

~icl, DIPEA, CH~CN, 24 h, r.t. 

Licl, DIPEA, CH3CN, 17 h, r.t. 

LICI, DIPEA, CH~CN, 24 h, r.t. 

NaH (1.3 equiv), DME, 0"r.t. 

t-BuOK (1.3 equiv), DME, 0°+500C 

LiCl, DBU, CH3CN. 2 h, r.t. 

NaH (1.1 equiv), tol, 9 h, r.t. 

K2C03 (6 equiv), 18-crown-6 

(12 equiv), toluene, 2.5 h,r.t. 

3 (85%) + recovered $ (10%) 

; (90%) 

,Q (63-702) 

$J_ (0%) 

8 (34%) 

a (70%) + recovered 2 (23%) 

&4 (0%) + &( (6%) + a (54%) 

a (44%) + ,lJ (50%) 

MeCN-d3. Thus, we reason that the reaction medium used in the present procedure contains at least 

two LiCl'DBU'k complexes, one of which may be interconverting to & with a rate comparable to the 

NMR time scale. The lithium enolate & has been assumed to be the reactive species for olefina- 

tion. While the structural formulation of these complexes, as noted above, obviously requires 

further elaborate work, the spectral data evidently shows that the lithium Salt plays a unique 

role in this modified Horner-Wadsworth-Emmons reaction. '* 

Table 2. 'H-decoupled 31P NMR (109.4 MHz) spectra of 1 in various conditions -- 

Systema k k+ DBU k + LiClC k+ Lic1 + DBU &d 

ô3lPb 20.8 20.8 21.9 29.5 and broad signa1 40.7 

at -34 

aSolvent, MeCN-d3; concentration of each reagent, ca 0.2M; temperature, ambient. 

busing 85% H3P04 as externa1 standard. 'LIC1 did not completely dissolve. 

dSee text. 
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