JIAIC[S

COMMUNICATIONS

Published on Web 02/21/2003

(2)-o-Haloacrylates: An Exceptionally Stereoselective Preparation via
Cr(ll)-Mediated Olefination of Aldehydes with Trihaloacetates

D. K. Barma,' Abhijit Kundu,” Hongming Zhang,* Charles Mioskowski,*$ and J. R. Falck* '

Department of Biochemistry, Urersity of Texas Southwestern Medical Center, Dallas, Texas 75390-9038,
Department of Chemistry, Southern Methodist dénity, Dallas, Texas 75275, and
Universite Louis Pasteur de Strasbourg, Faculle Pharmacie, Laboratoire de Syn#feeBio-Organique 74,
route du Rhin 67 401 llikirch, France

Received December 27, 2002 ; E-mail: j.falck@utsouthwestern.edu

o-Halo-o,8-unsaturated esters, also knowncasaloacrylates, Table 1. Synthesis of (2)-a-Haloacrylates 3
are broadly useful intermediates. Applications range from the enyy aldehyde acrylate yield (%)
preparation of-amino acids, heteroc_ycles_, polymers, an_d aziridines 4R = PhCHCH, 5X = CLR = Me 9
to natural products and pharmaceutical¥ith the advent in recent 6X=F,R =Et 98
years of efficient transition metal catalyzed cross-couplirgs, 2  7R=PhCH(CH) 8X =CI,R =Me 99
haloacrylates have also been widely exploited for the stereospecific 3 ¢ gr= 9™ 10X =Cl,R =Me 99
synthe5|§ of trisubstituted oleflﬁsHowgver, procedures for the 4  11R=Ph 12X = CL R = Me 100
preparation ofa-haloacrylates, inter alia, dehydrohalogenafion, 5  13R=cinnamyl 14X =Cl R = Me 99
rearrangementsalkoxycarbonylatiort,deoxygenation of glycidic 6 15R=4-CFCeHa 16X = Cl, R = Me 98
ester$ thermal eliminations, and Wittig/Horner-Emmons/ 7 17R=4-MeOGH, 18X =CI, R = Me 98
Peterson-type condensatichften suffer from poor stereo- %g))é = Erﬁ'_:E'\t"e gg
selectivities, unsatisfactory ylel.ds,. cqstly reagents, gnd/or Iengthy 21R=3-(MeO)-4-Bn-GHs 22X = ClLR = Me 99
procedures. As part of our continuing investigations into the utility 9 23R =3-BrCgH, 24X =Cl, R = Me 99
of organochromium reagents in synthesisg report herein the 10  25R = piperonyl 26X =Cl, R =Me 99
preparation of Z)-o-fluoro-, (2)-o-chloro-, and Z)-o-bromo- 27X =Br,R =Me 98
11 28R =4-MeNCgH4 29X =Cl,R =Me 98

acrylates3 in excellent yield® with unprecedented stereocontrol
(>99%) via room-temperature olefination of aldehydes with com-
mercial trihaloacetatemediated by stoichiometric Cr(ll) salts or aRequired 8 equiv of CrGl
by catalytic Cr(ll) with a regeneration systéhfeq 1). While the
intermediate Reformatsky-type addi#@ can be isolated in good  catalytic, with a variety of functional groups was demonstrated by
yield, the overall transformation follows a dramatically different the smooth condensations of benzyldXy (entry 8), bromide23
course than magnesium- and zinc-induced additions and does nofentry 9), methylenediox25 (entry 10), dimethylanilin8 (entry
require strong Lewis acids. 11), and indole30 (entry 12) to give Z)-a-haloacrylate2, 24,

The results from th&-olefination of a panel of typical aldehydes ~ 26,'%17 27,1718 29, and31, respectively.
are summarized in Table 1. For simple, aliphatic aldehgdw

30R = 3-indolyl 31X =Cl,R =Me 912

branched aldehyd@, stirring with 4 equiv of commercial Crgl ocr(liny COR
. . Cr(ll COLR'| Cr(ll 2
and methyl trichloroacetate at room temperature for 0.5 h RCHO + x;ccopR < R)§< 2R Ol R/Y (1)
generated methylj-o-chloroacrylate$ (entry 1) and (entry 2), ; X ) X 3X
respectively, in excellent yields. None of thHg){somers could be <GB F (>99% 2)
=0l Br,

detected by NMR analysis of the crude reaction mixtures, indicating
>99% stereochemical purity. Notably, catalytic Cr(Il), coupled to
a Mn/TMSCI regeneration systeth,gave comparable results.
Condensation of chiral glyceraldehy@iékewise proceeded without
incident and gave rise to este@'® (entry 3) exclusively in nearly
quantitative yield.

Aryl and conjugated aldehydes, represented by benzaldehgie (
and cinnamal_d ehydd®), behaved analogously and evolved methyl While the details have yet to be elucidated, we favor a reaction
(2)-a-chlorocinnamate 12 (entry 4) andZ E-diene14 (entry 5), o cpanism involving the oxidative addition of Cr(Il) into aCI
respectively, as the sole products. Neither electron-withdrawing bond via two consecutive single electron transféemd subsequent

(entry 6) nor electron-donating (entry 7) substituents significantly addition to the aldehyde carbonyl. Subsequent E2-elimination of

irlffluer}ftlzed the rer?clgon ra:g ohr 3geellds asil:sustrgted in :]he cgnversion the resultant Reformatsky-type add@{(eq 1) affordsa-halo-
of p-trifluoromethylbenzaldehydelp) to 16 and p-methoxybenz- acrylate3. Of the possible antiperiplanar conformations, conformer

4 . . :
aldehh):dgbﬂ) to 18 The Iztter relgctlonbwas equallly fzi‘céleTEsmg A (Scheme 1) is favored because it minimizes the steric interactions
methyl tribromoacetate and supplief)--bromo analoguds. The between the ester and R group. Selective metalation of the chloride

compatibility of the reaction conditions, both stoichiometric and furthest from the chromate ester ensures the obseZveigreo-

Access to Z)-o-fluoroacrylates, in contrast, proved initially
elusive. Methyl trifluoroacetate was refractory under all conditions
and could be recovered unchanged. However, commercial methyl
dibromofluoroacetate readily condensed with aliphatic and aromatic
aldehydes under the standard conditions to gi¥gof-fluoro-
acrylates, for exampleg®h and 20,7 respectively.

chemistry.
T University of Texas Southwestern Medical Center. . . . . . .
* Southern Methodist University. Consistent with thls propo;al, the co.rrespondlng dlha}lphydrlns
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Scheme 1
+€—Cr(ll)
x'/ X
R H .\_R H
X CO,Me _ MeO,C X
Cl,CrO ) X =0l Br Cl,CrO
A B
Table 2. Synthesis of Dihalohydrin 2
OH
Il !
RCHO + XzCCOLR' ey, R)X CO-R
1 X X2
entry aldehyde dihalohydrin yield (%)
1 11 32 X=Cl,R =Me 82
2 11 33 X =Br,R =Me 65
3 4 34 X =Cl,R =Me 84
4 13 35 X =CIl,R =Me 78
5 9 36 X =CI,R =Me (de 1:1.4) 75
6 4 37 X=F,R=Et 76

limiting chromium and low temperature (Table2j Adduct 3720
was prepared using commercial ethyl bromodifluoroacetate, whereas
the others were derived from the corresponding trichloro- or
tribromoacetates. Exposure @2—36 to the original reaction
conditions gave rise, as expected, to orf)-¢-haloacrylates in
yields comparable to those in Table 1.

In conclusion, we have validated a highly stereoselective
synthesis ofZ)-a-haloacrylate8 via CrCh-mediated olefinations
of aldehydes with commercial trihaloacetates and also described
the isolation of the dihalohydrin intermediaelnitial experiments
indicate this methodology has a wide scope. In contrast with most
organochromium reagents, ketones are suitable substrates for the
combination of trihaloacetate and CpClin some instances,
remarkably high stereoselectivities are observed as in the case of
acetophenonedg), which furnished the tetrasubstituted olesi#ts
in a 75:1 Z/E ratio®® (eq 2), but modest yield. In yet another

(e]
CO,Me
©)\Me Cl;CCOsMe ©)\( 2 ,
CrCl, cl @
38 60% 39 (Z/E 7531)
MeCl,CCO,Me wCOzMe ©
CrCl, Me
99% 40 (>99%E)

variation, the efficient transformation of aldehyde to (E)-
methacrylatet(?! using methyl 2,2-dichloroproprionate is unrivaled
by conventional reagents for its stereoselectivity and yield (&g 3).
We anticipate Cr-mediated olefinations will find broad applicability
and plan to publish additional findings soon.
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