
Tetrahedron Letters, Vo1.27, No.7, ww 795-798, 1986 0040-4039/86 $3.00 + .OO 
Printed in Great Britain 01986 Pergamon Press Ltd. 

(CHL~RO~~ETHYL~LITHIUM IN AN EFFICIENT CONVERSION OF 

CARBONYL COMPOUNDS TO CHLOROHYDRINS OR OXIRANES 

Kizhakethil Mathew Sadhu and Donald S. Matteson* 

Department of Chemistry, Washington State University 
Pullman, Washington 99164-4630 U.S.A. 

Summary: (Chloromethyl)lithium has been generated and captured in nearly quantitative 
yields by addition of n-butyllithium or methyllithium to mixtures of chloroiodomethane 
with aldehydes or ketones in THF at -78 'C. Immediate acidification yields 
chlorohydrins, delayed workup yields epoxides. 

The extreme thermal instability of (chloromethyl)lithium,' C1CH2Li, has severely 

limited its synthetic utility. Villieras and coworkers have reported a preparation of 

C1CH2Li and also BrCH2Li at -115 'C which on subsequent addition of aldehydes or ketones 

yielded 60-80X of chlorohydrins (2) or epoxides (3J.2 Cainelli and coworkers had earlier 

reported the in situ generation and capture of -- BrCH Li 
2 

from dibromomethane and lithium 

dispersion, yields 35-52X (with one exceptional steroid, 95%). 
3 

We have recently reported the efficient generation and capture of C1CH2Li by addition 

of E-butyllithium to mixtures of chloroiodomethane with boronic esters in tetrahydrofuran 

at -78 oC.4 Aldehydes and ketones appear to be slightly more reactive than boronic esters 

toward alkyllithium reagents, 
5 
and we therefore decided to test our new system with these 

substrates. As shown in Table I, very high yields of chlorohydrins (2) or oxiranes (2) 

can generally be obtained, the product depending on whether the lithium alkoxide 

intermediate (1> is protonated immediately or allowed time at 25 'C to undergo ring 

closure. Our yields of oxiranes generally exceed those achieved with the best previous 

reagent for this purpose, dimethylsulfonium methylide.6 Usually the crude products are 

very clean by gc analysis. As indicated in Table I, there may be a few percent of 

unconverted aldehyde or ketone, and methyllithium attacked benzaldehyde directly to a 

small extent. 
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Table I. Conversion of Aldehydes and Ketones to Chlorohydrins and Oxiranes 

with ClCH2Li Generated in situ from ICH2Cl and Alkyllithium 

Run RCOR' R"Li Product X Yield Remainder, % 

PhCHO 

PhCHO 

PhCHO 

MeLi/LiBr PhCHOHCH2C1 

.O. 
MeLi PhCH-CH2 

,o. 
BuLi PhCH-CH2 

95.5 gc 

(82 gc) 

88 is01 

CH3(CH2)6CH0 MeLi/LiBr CH3(CH2)6CH-CH2 97 isol RCOR', 0.3 

PhCOCH3 

CH2CH2, 

Ci2 
c=o 
, 

CH2CH2 

MeLi/LiBr 

BuLi 

SO. 
Ph-C-H2 

I 
CH3 

.CH2CH2. ,o. 

?!2 .C-H2 
CH2CH2 

99 is01 

91 gc 

PhCH=CHCHO BuLi PhCH=CHCHOHCH2C1 97 isol 

PhCH2CH0 BuLi PhCH2CHOHCH2C1 65 isol 

PhCHOHCH3, 4.2 

PhCHOHCH3, 18 

RCOR', 8.5 

RCOR', 3.6 

Unidentified 

Notes by run number: 1. Decane internal standard for gc anal. Product isolated (no 

yield data), 
1 
H NMR checked. 2. No gc standard; reagent clearly not optimum. 3. 

Yields marked "isol" always refer to products which appeared pure by 90 MHz 
1 
H NMR anal. 

This oxirane was distilled. 4. Purified by flash chromatography and dist. 5. Used 

16.5 mm01 MeLi, 16.5 mm01 ClCH21, 15.0 mm01 acetophenone. Purified by chromatography (3% 

ether/pentane) and bulb to bulb dist., 100 'C (12 torr); 90 MHz 'H NMR (CDC13): 6 1.69 

(s, 3, (X3), 2.77 + 2.92 (AB, J = 5.5 Hz, 2, OCfi2), 7.32 (m, 5, Cg5). In another run, 

BuLi led to BuI, inconvenient to remove. 6. Decane internal standard. 7. Purified by 

chromatography. In another run, overnight at 20 'C yielded mixture of chlorohydrin and 

oxirane. 8. Yield after chromatography and bulb to bulb dist., 110 'C (1.3 torr). 
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In a typical experimental procedure, a solution of 15 mm01 (2.35 mL) of redistilled 

octanal and 16.5 mm01 (1.20 mL) of iodochloromethane in 40 mL of rigorously anhydrous 

tetrahydrofuran was cooled to -78 'C under argon and 15.75 mm01 of 1.5 M 

methyllithium/lithium bromide in diethyl ether (Aldrich Chemical Company) was added 

dropwise over a period of 2 to 5 min. The mixture was allowed to warm to 20 'C and kept 

overnight, then treated with saturated ammonium chloride and extracted with ether. 

Analysis by gc indicated 98.5% oxirane and 0.3% unconverted octanal, with the remainder 

several unidentified minor contaminants. The ether solution was concentrated under 

vacuum and the residue was flash chromatographed on silica with 6% ether/pentane. 

Concentration followed by bulb to bulb distillation at 120 'C (35 torr) yielded 2.07 g 

(97%) of g-heptyloxirane. The 13C NMR showed the characteristic oxirane RGH-0 at 6 52.2 

(lit.2 52.3) and cH2-0 at 46.9 (lit.2 47.1). 

To prepare a chlorohydrin, the typical procedure was followed with cinnamaldehyde in 

place of octanal and butyllithium in place of methyllithium. The Dry Ice/acetone bath 

was removed and after 0.5 h the mixture was treated with saturated ammonium chloride. 

The iodobutane impurity was removed by flash chromatography on silica with 20% 

etherlhexane. Concentration under vacuum yielded 1-chloro-4-phenyl-3-buten-2-01, 97%; 

200 MHz 'H NMR (CDC13): 6 2.55 (broad s, 1, Oli), 3.60 t 3.65 (m, 2, diastereotopic 

Ci2Cl), 4.52 (m, 1, CEOH), 6.19 (dd, 1, C=C$HOH), 6.71 (d, 1, PhC&C), 7.33 (m, Cg5); 

22.6 MHz 13C NMR: 6 72.2 (CHOH), 49.6 (cH2C1); m/e 182.0440 (calcd 182.0495). When a 

similar reaction mixture was kept overnight before workup, a mixture of this chlorohydrin 

with the previously reported epoxide2 was obtained. 
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