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Abstract

A practical approach for the conversion of aldehydes to vinyl dichlorides has been developed. These are three-
step, one-pot reactions involving the formation of trichlorocarbinol by treatment of aldehydes with trichloroacetic
acid and sodium trichloroacetate followed by in situ protection and elimination reactions to form the desired vinyl
dichlorides in 85 to 95% yields. © 2000 Dupont Pharmaceuticals Company. Published by Elsevier Science Ltd.
All rights reserved.

In connection with the project of development of efficient and economical synthesis of Efavirenz
(Sustiva™, DMP 266), a marketed anti-HIV medicine developed by our compamyhave studied
new methodologies for the synthesis of cyclopropylacetylef@PA). We anticipated that one carbon
homologation from aldehyde for the synthesisla$ one of the most efficient approaches, for example,
via vinyl halide? 1,1-dihalo- or 1,1,1-trichlorocarbinol-derived intermedigtéswWe have also been
interested in the synthesis bétarting from cyclopropylcarboxaldehyde via its corresponding one carbon
extended vinyl dihalide intermediate, which can be prepared by Wittig-type ( such as Corey—Fuchs)
reactions>® However, the requirements of phosphorous reagents to promote Wittig-type reactions for
the conversion of aldehydes to vinyl dihalides limit their industrial attractiveness and efficiency of their
applications due to the problems of toxicity and volume of the waste streams generated. In this report,
we wish to present an alternative approach for the conversion of aldehydes to vinyl dichlorides. This
methodology involves a one-pot, three-step reaction sequence: (1) addition of trichloromethyl anion
generated in situ from trichloroacetic acid to aldehy®és form trichloroalcohols3; (2) transformation
of 3to trichloroacetatd; and (3) elimination of chloride and acetateliby the treatment of with acetic
acid and zinc powder in the same pot to generate the desired vinyl dichipadeshown in Scheme 1.
Trichlorocarbinols in this sequence were prepared according to the procedure developed by the Corey
group! In the presence of aldehydes, trichloromethyl anion was generated by decarboxylation at room
temperature when trichloroacetic acid was mixed with sodium trichloroacetate in DMF, which in turn
added to aldehydeato form the desired trichloromethyl carbin@s The release of carbon dioxide of
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Scheme 1. General methods for vinyl dichloride and 1l-alkyne preparation. Reagents: {€0C®GIla, 1.5 equiv./DMF,
25-35°C; (b) AgO, 0-25°C; (c) HOAc/Zn, 25-60°C; (d) 3.0 equiv. MeLi/THFL0°C; then HO*

this reaction was observed during the first 5 to 10 min after the addition of sodium trichloroacetate in one
portion; however, it took 1.5 to 2.0 h for the completion of the decarboxylation. In a large-scale reaction,
the release of carbon dioxide could be controlled by the portionwise addition of sodium trichloroacetate.
After the addition was completed, the reaction mixture was stirred at room temperature for an additional
3—4 h. The trichlorocarbinol8 could be efficiently transformed into their corresponding acetéties

situ by the addition of acetic anhydride after the reaction mixtures were cooled to 5°C; and then stirred at
room temperature for 1 h. The acetadasere converted to their corresponding vinyl dichlories the

same reactor through the treatment of the reaction mixture with acetic acid and zinc powder at 25-60°C
for 1 h followed by regular workup and distillation in 85 to 95% yields. Our results are summarized
in Table 1. The trichlorocarbinol3 could also be converted to their corresponding vinyl dichlorisles
directly by the treatment of the acetic acid and zinc powder; however, in somewhat lower y8@f%).

Table 1
Summary of the yields of vinyl dichloridesand acetyleneé

Entry R-CHO 5a-i 6a-i
% Yield® % Yield®
a cyclopropyl 92 89
b cyclohexyl 88 91°
c iso-butyl 93 90
d n-octyl 95P 93°
e t-butyl 92 90
f isopropyl 89 82
g phenyl 86 92
h 2-phenylethyl 85° 90°
i styrene 85" dec.

(a) Yield of pure compound after distillation unless otherwise stated.
(b) Yield of pure compound after flash column chromatography (Si0,, Hex./EtOAc (9:1)).
(©) Crude yield.
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To meet our project needs, as anticipated, the vinyl dichlorides were easily transformed into their
corresponding terminal alkynes through elimination reactions with strong bases, such as methyllithium
or sodamide/DMSO, as summarized in Table 1. We have applied this procedure to the synthesis of our
target, cyclopropylacetylend,(entry a in Table 1), on a 100 g scale in approximately 81% yield.

In summary, we have identified an efficient and economical conversion of aldehydes into vinyl

dihalides. Itis of great practical significance that this conversion does not involve phosphorous-containing
reagents. Subsequent conversion of the vinyl dichlorides to terminal alkynes was further accomplished
smoothly and in high yield$.

Acknowledgements

We are grateful to the Chemical Process Analytical Group for their support of this work.

References

1.

o wWN

~

(a) Pierce, M. E.; Parsons, R. L.; Radesca, L. A.; Lo, Y. S.; Silverman, S.; Moore, J. R.; Islam, Q.; Choudhury, A.; Fortunak,
J. M.; Nguyen, D.; Luo, C.; Morgan, S. J.; Davis, W. P.; Confalone, P. N.; Chen, C.; Tillyer, R. D.; Frey, L.; Tan, L.; Xu, F,;
Zhao, D.; Thompson, A. S.; Corley, E. G.; Grabowski, E. J. J.; Reamer, R.; Reided, Prd. Chem1998 63,8536. (b)

Corley, E. G.; Thompson, A. S.; Huntington, Krg. Synth1999 77, 231. (c) Schoberth, W.; Hanack, I8ynthesid972

703. (d) Liang, S.; Price, T. W.; Nolen, D. B.; Attride, D. C. US Patent 5,502257, 108ém. Abstr1996 125 10231. (e)
Torihara, M.; Minagawa, Y. Japan Patent Application H08-233884, 1996.

. Fortunak, J. M.; Wang, Z.; Yin, J. Patent, WO 9906341, 1999.

.Wang, Z.; Yin, J.; Campagna, S.; Pesti, J. A.; Fortunak, JJ.Mdrg. Chem1999 64,6918.

.Wang, Z.; Campagna, S.; Xu, G.; Yang, K.; Pierce, M. E.; Fortunak, J. M.; Confalone JPOxgy. Chem200Q 65, 1889.
. Corey, E. J.; Fuchs, P. Metrahedron Lett1972 3769.

. (a) Bandzouzi, A.; Lakhrissi, M.; Chapleur, ¥. Chem. Soc., Perkin Trans1992 1471. (b) Chapleur, Yd. Chem. Soc.,

Chem. Commurl984 449.

. Corey, E. J.; Link, J. O.; Shao, Yetrahedron Lett1992 3435.
. Preparation of 1,1-dichloro-3-cyclopropylethedeis a typical example of this procedure. To a stirred solution of

trichloroacetic acid (105 g, 0.642 mol) and cyclopropylcarboxaldehyde (30 g, 0.428 mol) in DMF (300 mL) at 25°C
was added sodium trichloroacetate (119 g, 0.642 mol) in portions. The internal temperature was kept below 35°C by
addition control. After addition was completed, the mixture was stirred at room temperature for 4 h with continuous
evolution of CQ. The solution was cooled to 5°C and acetic anhydride (80.77 mL, 0.856 mol) was carefully added.
Strong CQ evolution was observed. The mixture was allowed to warm to room temperature and stirred for an additional
hour. The reaction mixture was diluted with acetic acid (400 mL) and cooled to 0°C. To the solution, the zinc powder
(55.9 g, 0.856 mol) was added in one portion. The solution was stirred for 1 h at 60°C and then was cooled to room
temperature. To the solution, water was added and then extracted with hexanes. The combined organic phases were
washed with water and saturated aqueous solution of sodium chloride. The organic phase was dried oyefilkég&D

and concentrated by rotary evaporation. The crude 1,1-dichloro-2-cyclopropylethylene was obtained in a relative good
purity. Both flash chromatography (hexane:EtOAc, 9:1) and distillation (bp=47-5°C/2 torr) methods for the purification

of this compound had been applied. Purification by distillation yielded 44.07 g (88%) of the desired comfhound,
Preparation of cyclopropylacetyleddCPA) is a typical example for this procedure: To a stirred solution of 1,1-dichloro-
2-cyclopropylethylene (29.10 mmol) in dried THF (40 mL) aB80°C was added MeLi (1.4 M in ether, 32 mmol, 1.2

equiv.) dropwise via an additional funnel. After the addition was completed, the solution was allowed to slowly warm to
0°C over a 1 h period. The reaction was quenched with saturated aqueous solution of ammonium chloride and diluted
with heptane. The aqueous phase was extracted with heptane. The combined organic phases were washed with brine and
dried over anhydrous MgSOAfter filtration a 95% solution yield of CPA in THF:heptane (1:6) was obtained. Fractional
distillation at atmosphere pressure (b.p. 54-56°C) afforded neatiCPAX1 g (89%).



