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Efavirenz (Sustiva, DMP 266) is a nonnucleoside
reverse transcriptase inhibitor of the HIV-1 virus devel-
oped by our company for the treatment of AIDS. This
compound demonstrates superior antiretroviral activity
and has been approved for use as an anti-HIV agent in
the U.S. Our enantioselective synthesis of Efavirenz1

employs cyclopropylacetylene (1), which is expensive and
difficult to obtain. The existing preparations of 1 require
either 5-chloro-1-pentyne2 or cyclopropyl methyl ketone3

as starting materials. These syntheses proceed in only
moderate overall yields from limited starting materials
or under inefficient reaction conditions. We anticipated
that the most efficient synthesis of 1 would occur from
cyclopropylcarboxaldehyde via a one-carbon homologa-
tion. These expectations were based upon the knowledge
that cyclopropylcarboxaldehyde is easily and cheaply
prepared by sequential thermal rearrangements of buta-
diene monoxide on ton scale.4

The reactions of Corey-Fuchs,5 Wittig/Horner-Em-
mons,6 and Gilbert-Seyferth7 and its modifications8 are
the most frequently used methods for the conversion of
aldehydes to terminal alkynes. However, the need for
phosphorus reagents limits the appeal of these applica-
tions as a result of toxicity, exothermicity, and volumi-
nous waste streams, particularly for large scale prepa-
rations. As an extension of our new preparation of 1, we
present an alternative approach for the conversion of

aldehydes to terminal alkynes through a three-step reac-
tion sequence: addition of dihalomethyllithium to alde-
hydes 2 to form dihalo alcohols 3, transformation of 3
into dihalosulfonates 4, and finally, elimination of chlo-
ride and tosylate followed by elimination of HX to
generate the desired alkynes 5 (Scheme 1). This reaction
sequence works remarkably well for our target, cyclo-
propylacetylene. We have brought this chemistry up to
the scale of 0.2-0.4 kg of cyclopropylacetylene in 65-
70% overall yield. It is furthermore an efficient and
general synthesis for the preparation of several terminal
alkynes (Table 1).

Dihalomethyllithiums are versatile synthons that are
thermolabile to varying degrees. They can be formed at
low temperature in excellent yield employing lithium
dicyclohexylamide as a base to react with dihalo-
methane.9 We wished to develop conditions to generate
either dichloro- or dibromomethyllithiums at tempera-
tures above -50 °C and to react these species with
aldehydes to form the desired 1,1-dihalo-2-hydroxy al-
kanes 3. During the course of our study, we demonstrated
that in situ generation of dichloro- or dibromomethyl-
lithiums in the presence of aldehydes utilizing LDA as a
base offered a good solution to our needs. The treatment
of a mixture of an aldehyde and dichloromethane (2
equiv) with LDA (1.5 equiv) in THF at -78 °C afforded
the desired dichlorocarbinol in 82-90% yield and did not
require further purification for conversion to tosylate 4
(Table 1). When dibromomethane was substituted for
dichloromethane, the reaction proceeded well at -30 °C,
although a slight improvement in yield and purity of the
adduct was observed at reaction temperatures of -50 to
-78 °C.

The dichlorocarbinols resulting from the above proce-
dure were easily converted to their corresponding sul-
fonate esters in 68-93% yields by treatment with 1 equiv
of either p-toluenesulfonyl chloride or methanesulfonyl
chloride in the presence of triethylamine (Table 1). Yields
of the dibromo analogues determined over two steps from
the aldehyde were 56-64%. Of greater practicality, the
addition reaction and the sulfonation reaction can be
conducted sequentially in one vessel. Namely, the desired
sulfonates can be obtained by treatment of the reaction
mixture derived from the addition reaction at 0 °C with
1 equiv of alkyl or arylsulfonyl chloride, followed by
warming to 25 °C and aqueous workup. Further purifica-
tions of the dihalosulfonates are achieved, if necessary,
by recrystallization from ethyl acetate/heptane.

The dihalosulfonates can be converted to their corre-
sponding terminal alkynes through elimination utilizing
strong bases, for example, methyllithium or sodamide.
The eliminations were monitored by GC, which revealed
that a mixture of E/Z vinylhalides (in approximate 2/1
ratio by GC, the structures confirmed by both MS and
1H NMR spectroscopy) were formed as intermediates.
This indicated that the elimination reaction proceeded
via a stepwise mechanism. Initially, one chloride was
lithiated to form a carbenoid species, RCH(OTS)-CH-
(Li)Cl, which lost lithium tosylate to form a vinylhalide
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intermediate. The vinyl halides underwent further elimi-
nation of hydrogen halide to generate the desired acety-
lenes, which were in turn deprotonated under the strongly
basic conditions to form lithium acetylides. The desired
acetylenes were obtained after aqueous workup and were
either isolated by distillation or partially concentrated
to produce a concentrated solution. Interestingly, when
the dihalosulfonate was treated with 1.5 equiv of potas-
sium tert-butoxide, a new intermediate, the vinyldihalide
(RCHdCX2), was the only product observed. This indi-
cated that tosic acid was eliminated initially, at least
when a base that would not lead to metalation was used.
To determine if the vinyldihalide was the common
intermediate, we applied less than 1 equiv of methyl-
lithium or sodamide/DMSO as base. We did not detect
the vinyldihalide intermediate. This observation supports
the mechanism described in Scheme 1.

In summary, we have developed an efficient procedure
for the conversion of aldehydes to terminal alkynes. It is
also a practical method, as the multistep conversion
requires only two reactors. Of particular importance to
us is a commerically viable preparation of cyclopropyl-
acetylene, a key component of Sustiva.

Experimental Section

General. All NMR spectra were recorded in CDCl3. 1H and
13C NMR spectra were recorded at 300 and 75 mHz, respective-
ly.GC analysis was conducted using a J&W DB-1 column (0.32
mm × 30 m). Oils were purified by flash chromatography,10

typically by ethyl acetate/heptane on silica gel. Crude yields are
reported unless stated otherwise. Combustion analyses were
performed by Quantitative Technologies, Inc., Bound Brook, NJ.

Preparation of Dichlorocarbinols (3a-g). The following
procedure for cyclopropyl dichlorocarbinol 3a is representative.

r-(Dichloromethyl)cyclopropanemethanol (3a). To a
stirred solution of cyclopropane carboxaldehyde (30 mL, 0.39
mol) and dichloromethane (63 mL, 1.19 mol) in THF (660 mL)
at -78 °C was added dropwise LDA (2 M in THF/heptane/
ethylbenzene, 0.59 mol) over 20 min. The reaction mixture was
stirred for an additional 2 h at -78 °C and quenched with water
(150 mL). After dilution with tert-butyl methyl ether and
separation of layers, the organic phase was washed with 0.5 M
HCl, water, saturated NaHCO3, and finally with brine. The
organic phase was dried over anhydrous MgSO4, filtered, and
concentrated by rotary evaporation. The crude 3a was obtained
as an orange oil (55.20 g, 90%). No additional purification was
required for further reaction (bp 37-43 °C/2 mmHg): 1H NMR
δ 0.52 (m, 2H), 0.65 (m, 2H), 1.08-1.20 (m, 1H), 3.33 (dd, J )
4.2, 4.8 Hz, 1H), 5.80 (d, J ) 5.2 Hz, 1H); 13C NMR δ 4.05, 5.32,
12.2, 72.0, 88.0.

r-(Dichloromethyl)cyclohexanemethanol (3b): oil; yield
90%; 1H NMR δ 1.05-1.40 (m, 5H), 1.65-1.90 (m, 5H), 1.95 (m,
1H), 3.91 (dd, J ) 8.7, 8.7 Hz, 1H), 5.85 (d, J ) 7.2 Hz, 1H); 13C
NMR δ 21.8, 25.7, 25.9, 28.0, 28.2, 29.9, 39.9, 88.8.

1,1-Dichloro-4-methyl-2-pentanol (3c): oil; yield 90%; 1H
NMR δ 0.88 (d, J ) 10.2 Hz, 3H), 0.98 (d, J ) 10.0 Hz, 3H), 1.54
(m, 1H), 1.95 (m, 2H), 2.62 (m, 1H), 5.64 (d, J ) 8.3 Hz, 1H);
13C NMR δ 21.0, 21.8, 23.1, 23.7, 35.9, 80.7.

1,1-Dichloro-2-decanol (3d): oil; yield 82%; 1H NMR δ 0.88
(t, J ) 6.4, 6.6 Hz, 3H), 1.20-1.53 (m, 12H), 1.80-1.90 (m, 2H),
3.84 (m, 1H), 5.22 (d, J ) 7.2, 1H); 13C NMR δ 14.0, 21.9, 22.1,
25.5, 29.6, 29.7, 29.8, 29.9, 31.8, 89.20.

1,1-Dichloro-3,3-dimethyl-2-butanol (3e): oil; yield 87%;
1H NMR δ 1.02 (s, 9H), 2.72 (s broad, 1H), 3.65 (d, J ) 4.0 Hz,
1H), 6.03 (d, J ) 4.0 Hz, 1H); 13C NMR δ 28.2 (3C), 37.8, 87.9.

r-(Dichloromethyl)benzenemethanol (3f): oil; yield 95%;
1H NMR δ 3.20 (s broad, 1H), 4.94 (d, J ) 10.0 Hz, 1H), 5.80 (d,
) 9.9 Hz, 1H), 7.22-7.46 (m, 5H); 13C NMR δ 21.9, 84.0, 127.8,
127.9, 128.0, 128.2, 128.5, 129.6.

r-(Dichloromethyl)benzenepropanol (3g): oil; yield 89%;
1H NMR δ 2.18-2.30 (m, 2H), 2.62-2.75 (m, 2H), 4.38 (dd, J )
4.8, 4.8 Hz, 1H), 5.94 (d, J ) 5.8 Hz, 1H), 7.17-7.25 (m, 5H);
13C NMR δ 21.9, 31.8, 34.0, 80.2, 127.3, 127.9, 128.4, 128.6 128.9,
132.0.

Preparation of dichlorotosylates (4a-d, f, and g) and
dichloromesylate (4e). The following procedure for cyclopropyl
tosylate derivative 4a is representative.

r-(Dichloromethyl)cyclopropanemethanol 4-Methyl-
benzenesulfonate (4a). p-Toluenesulfonyl chloride (25.55 g,
0.134 mol) was added in one portion to a stirred solution of 3a
(20.77 g, 0.134 mol) and triethylamine (20.34 g, 0.201 mol) in
dichloromethane (250 mL) at 25 °C. (In the case of 3e, meth-
anesulfonyl chloride (0.13 mol) was used instead.) The solution
was stirred for 1.5 h and quenched with water (60 mL), and the
layers were separated. The organic layer was washed with 5 M
HCl, water, 2 M NaOH (240 mL), water, and brine. The solution
was dried over MgSO4, filtered, and concentrated to 39.38 g of
crude 4a as a solid. This was recrystallized from 4/1 hexane/
ethyl acetate to produce white crystals (33 g, 80%): mp 92-93
°C; 1H NMR δ 0.36 (m, 1H), 0.55-0.62 (m, 2H), 0.71-0.82 (m,
1H), 1.33 (m, 1H), 2.43 (s, 3H), 4.15 (dd, J ) 7.8, 7.8 Hz, 1H),
5.85 (d, J ) 6.8 Hz, 1H), 7.37 (d, J ) 10.9 Hz, 2H), 7.82 (d, J )
10.9 Hz, 2H); 13C NMR δ 4.05, 5.32, 11.2, 40.4, 72.0, 88.0, 127.8
(2C), 129.9 (2C), 134.3, 144.6; MS 310. Anal. Calcd for C12H14-
Cl2O3S: C, 46.61; H, 4.56; S, 10.37. Found: C, 46.63; H, 4.54; S,
10.32.

r-(Dichloromethyl)cyclohexanemethanol 4-Methylben-
zenesulfonate (4b): white crystals; yield 93%; mp 68-69 °C;
1H NMR δ 1.05-1.37 (m, 5H), 1.55-1.87 (m, 5H), 1.93-2.04 (m,
1H), 2.43 (s, 3H), 4.62 (dd, J1 ) 7.3, 7.3 Hz, 1H), 5.83 (d, J ) 8.9
Hz, 1H), 7.35 (d, J ) 11.0 Hz, 2H), 7.82 (d, J ) 11.0 Hz, 2H);
13C NMR δ 21.8, 25.7, 25.9, 26.0, 26.1, 28.0, 39.9, 70.0, 88.0,
127.8, 127.9, 129.8, 129.9, 134.0, 145.2. Anal. Calcd for C15H20-
Cl2O3S: C, 51.29; H, 5.74; S, 9.13. Found: C, 51.30; H, 5.75; S,
9.11.(10) Still, W. C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923.

Scheme 1. General Method for 1-Alkyne
Preparationa

a Reagents: (a) LDA/THF, -78 °C; (b) TsCl/TEA/CH2Cl2, 25 °C;
(c) 3.5 eq MeLi/THF, -10 °C; (d) H3O+.

Table 1. Reaction Temperatures and Yields of
Dihalocarbinols 3, Alkylsulfonates 4, and Acetylenes 5

yield, %

entry RCHO temp, °C 3a-g 4a-ia 5a-g

a cyclopropyl -78 90 80 94b

b cyclohexyl -78 90 93 91
c iso-butyl -78 90 79 92b

d n-octyl -78 82 74 93
e tert-butyl -78 87 68c 78b

f phenyl -78 95 84 93
g 2-phenylethyl -78 89 82 97
h cyclopropyl -30 d 64e 67b

i phenyl -30 d 56e 80b

a Yield of pure compound after recrystallization based on the
dihalocarbinols unless otherwise stated. b Product isolated as THF/
ether/hexane solution; yield determined by GC. c Mesylate was
produced instead of tosylate. d Dibromomethane used as dihalo-
methane. Dihalocarbinol intermediate was not isolated but con-
verted directly to the tosylate. e Yield of pure compound based on
aldehyde. This compound is the dibromo analogue of 4.
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1,1-Dichloro-4-methyl-2-pentanol 4-Methylbenzene-
sulfonate (4c): white crystals; yield 79%; mp 62-63 °C; 1H δ
NMR 0.74 (d, J ) 10.0 Hz, 3H), 0.91 (d, J ) 10.0 Hz, 3H), 1.45-
1.65 (m, 2H), 1.80-1.87 (m, 1H), 2.45 (s, 3H), 4.77 (dd, J1 ) 5.2,
5.0 Hz, 1H), 6.0 (d, J ) 5.8 Hz, 1H) 7.35 (d, J ) 10.1 Hz, 2H),
7.82 (d, J ) 10.1 Hz, 2H); 13C NMR δ 21.0, 21.8, 23.0, 23.7, 36.2,
71.0, 80.9, 127.8, 128.9, 129.7, 129.8, 133.2, 145.7. Anal. Calcd
for C13H18Cl2O3S: C, 48.00; H, 5.58; S, 9.85. Found: C, 48.03;
H, 5.58; S, 9.84.

1,1-Dichloro-2-decanol 4-Methylbenzenesulfonate (4d):
oil; yield 74%; 1H NMR δ 0.88 (t, J ) 9.8, 10.0 Hz, 3H), 1.19-
1.55 (m, 12H), 1.80-1.91 (m, 2H), 2.42 (s, 3H), 4.48 (m, 1H),
5.87 (d, J ) 6.4 Hz, 1H), 7.35 (d, J ) 10.8 Hz, 2H), 7.80 (d, J )
10.8 Hz, 2H); 13C NMR δ 14.0, 21.9, 22.1, 24.2, 27.2, 28.0, 29.4,
29.6, 31.92, 72.0, 81.0, 128.4, 128.5, 129.8, 129.9, 133.0, 145.3.

1,1-Dichloro-3,3-dimethyl-2-butanol 4-Methanesulfonate
(4e): white crystals; yield 68%; mp 70-71 °C; 1H δ NMR 1.17
(s, 9H), 3.32 (s, 3H), 5.07 (d, J ) 4.8 Hz, 1H), 6.10 (d, J ) 4.6
Hz, 1H); 13C NMR δ 28.2, 28.5 (3C), 39.0, 40.0, 94.0.

r-(Dichloromethyl)benzenemethanol 4-Methylbenzene-
sulfonate (4f): white crystals; yield 84%; mp 85-86 °C; 1H
NMR δ 2.37 (s, 3H), 5.63 (d, J ) 8.3 Hz, 1H), 5.84 (d, J ) 8.7
Hz, 1H), 7.14 (d, J ) 10.4 Hz, 2H), 7.22-7.30 (m, 5H), 7.63 (d,
J ) 10.4 Hz, 2H); 13C NMR δ 21.9, 71.7, 84.0, 127.7, 127.8, 127.9,
127.9, 128.0, 128.1, 128.3, 128.4, 129.7, 132.5, 133.2, 145.6. Anal.
Calcd for C15H14Cl2O3S: C, 52.18; H, 4.07; S, 9.29. Found: C,
52.15; H, 4.09; S, 9.30.

r-(Dichloromethyl)benzenepropanol 4-Methylbenzene-
sulfonate (4g): white solids; yield 82%; mp 58-59 °C; 1H NMR
δ 2.18-2.30 (m, 2H), 2.31-2.44 (m, 1H), 2.42 (s, 3H), 2.60-2.70
(m, 1H), 4.71 (dd, J1 ) 4.8, 4.6 Hz, 1H), 5.92 (d, J ) 5.2 Hz,
1H), 7.17 (d, J ) 10.0 Hz, 2H), 7.12-7.30 (m, 3H), 7.34 (d, J )
9.8 Hz, 2H), 7.82 (d, J ) 10.0 Hz, 2H); 13C NMR δ 21.9, 29.9,
30.9, 71.7, 82.0, 126.9, 128.0, 128.2, 128.3, 128.4, 128.5, 129.2,
129.8, 130.2, 133.6, 139.8, 145.5. Anal. Calcd for C17H18Cl2O3S:
C, 54.76; H, 4.86; S, 8.60. Found: C, 54.78; H, 4.84; S, 8.58.

Preparation of Dibromotosylates (4h,i). The following
procedure for the cyclopropyl tosylate derivative 4h is repre-
sentative for the preparation of the dibromotosylates and the
method for proceeding without isolation of the carbinol inter-
mediate 3 for both the dichloro and dibromo series.

r-(Dibromomethyl)cyclopropanemethanol 4-Methyl-
benzencesulfonate (4h). A solution of lithium diisopropyl-
amide (105 mmol) in THF/hexane (∼70 mL) was added to a
stirred solution of cyclopropylcarboxaldehyde (4.5 g, 68 mmol)
and dibromomethane (20.0 g, 114 mmol) in THF (30 mL) at -30
°C over 1 h. The mixture was stirred another 20 min at -20 °C,
and p-toluenesulfonyl chloride (10.0 g, 52 mmol) was charged
over 10 min. The reaction was aged 1.5 h at -15 °C and
quenched with water (60 mL). The organic phase was separated,
and the aqueous layer was re-extracted with toluene. The
combined organic phase was washed with water and dried
(MgSO4). The solution was filtered, the filtrate was concentrated,
and the product was crystallized by the addition of heptane at
50 °C followed by cooling to 25 °C. The crystals were collected
by filtration, washed with heptane, and dried under vacuum to
produce white crystals (16.3 g, 64%): mp 80-81 °C; 1H NMR δ
0.40 (m, 1H), 0.60 (m, 2H), 0.80 (m, 1H), 1.40 (m, 1H), 2.45 (s,
3H), 4.13 (dd, J ) 0.3, 0.9 Hz, 1H), 5.80 (d, J ) 0.3 Hz, 1H),
7.38 (d, J ) 0.8 Hz, 2H), 7.80 (d, J ) 0.8 Hz, 2H); 13C NMR δ
3.5, 5.9, 12.9, 21.7, 44.6, 87.6, 127.8, 129.8, 133.7, 145.2. Anal.
Calcd for C12H14Br2O3S: C, 36.21; H, 3.54; S, 8.04. Found: C,
36.49; H, 3.32; S, 8.13.

r-(Dibromomethyl)benzenemethanol 4-Methylbenzene-
sulfonate (4i): white solids; yield 56%; mp 64-66 °C; 1H NMR
δ 2.37 (s, 3H), 5.6-5.8 (m, 2H), 7.17 (d, J ) 8.1 Hz, 2H), 7.2-
7.4 (m, 5H), 7.63 (d, J ) 8.4 Hz, 2H); 13C NMR δ 21.6, 44.1,
84.8, 127.9, 127.9, 128.2, 129.51, 129.55, 133.2, 133.7, 144.9.
Anal. Calcd for C15H14Br2O3S: C, 41.50; H, 3.25; S, 7.39; Br,
36.81. Found: C, 41.47; H, 3.38; S, 7.56, Br, 36.57.

Preparation of Acetylenes (5a-g). The following procedure
for cyclopropyl acetylene 5a is representative for the conversion
of both dichloro- and dibromosulfonates using methyllithium.

Ethynylcyclopropane (5a). A solution of 1.4 M MeLi in
ether (72.8 mL, 101.9 mmol) was added dropwise to a stirred
solution of 4a (9.00 g, 29.1 mmol) in THF (290 mL) at -30 °C
(typically, -10 °C was sufficient). The solution was warmed to
0 °C over 1 h and quenched with saturated aqueous ammonium
chloride (120 mL). The mixture was diluted with hexane and
the layers were separated. (If the product was not hexane
soluble, methyl tert-butyl ether was used instead throughout this
experiment.) The aqueous phase was extracted with hexane. The
combined organic layers were washed with brine, dried over
MgSO4, and filtered. This produced 1.81 g of 5a within 720 g of
THF/ether/hexane solution (94% solution yield). Neat 5a (99.2
GC area %) could be isolated as an oil by vacuum distillation
(1.78 g, 93%): bp 53-55 °C; 1H NMR δ 1.75 (d, J ) 6.1, 1H),
1.24 (m, 1H), 0.78 (m, 2H), 0.72 (m, 2H); 13C NMR δ 87.6, 63.3,
8.0, -0.88.

The following procedure for cyclopropyl acetylene 5a is
representative for the conversion of dibromosulfonates using
sodamide. Solid 4h (30.0 g, 75.3 mmol) was added over 1 h at
15-20 °C to a solution of sodium amide (14.7 g, 376.8 mmol) in
DMSO (90 mL). After 1 h, the reaction was quenched with water
(15 mL). Methylcyclohexane was charged as a cosolvent, and
the mixture was distilled. The distillate was collected at 50-80
°C to produce a 29 wt % solution of 5a (11.0 g, 67%).

Acetylenes of higher boiling point were stripped of most of
their solvents, and the purity was either measured by GC versus
dilutions of the known standard or stated as GC area %.
Acetylenes that were distilled are listed as such. All acetylenes
are known compounds.

Ethynylcyclohexane11 (5b): oil; yield 91%; 98.0 GC area
%.

4-Methylpentyne12 (5c): oil; yield 92%; 92.2 wt %.
n-Octyne13 (5d): oil (distilled); yield 93%; 97.1 GC area %.
3,3-Dimethyl-1-butyne14 (5e): oil; yield 78%; 81.0 wt %.
Ethynylbenzene15 (5f): oil (distilled); yield 93%; 98.3 GC

area %. Ethynylbenzene (5f) derived from 4i (dibromo analog):
yield 80%; 1.5 wt % solution.

3-Butynylbenzene16 (5 g): oil; yield 97%; 98.8 GC area %.
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