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ABSTRACT
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2,2,2-Trichloroethyl carboxylates undergo highly efficient dechlorinative Surzur—Tanner rearrangement with 2 equiv of a 1:1 molar mixture of
CuCl and bpy in boiling DCE to give 1-chloroethenyl carboxylates in which copper appears to play an important role, probably by coordinating
the initial radical or as a Lewis acid catalyst.

The intramolecular 1,2-suprafacial migration of the acyloxy Synthesiprotocol has been presentétt.is also useful for
group in S-acyloxyalkyl radicals, known as the Surzur  stereoselective preparation @fribonucleosides, ring con-
Tanner rearrangement, has fascinated experimental as weltraction—ring expansion of lactonésand some steroidal
as theoretical chemists because of its mechanistic intriguetransformation8.However, this is a reductive rearrangement
and synthetic potentidlThe most popular way of generating and the valuable halogen functionality used for initiating the
the initial S-acyloxyalkyl radical is by the reaction of a reaction is lost, thus limiting the scope for further transfor-
f-acyloxyalkyl halide with BgSnH/AIBN (Scheme 1). The  mations. Moreover, the rearrangement is rather slow in many
cases as compared to typical radical reactions such as

s hydrogen abstraction. Therefore, direct reduction of the

Scheme 1. Surzur—Tanner Rearrangement/dfcyloxyalkyl pB-acyloxyalkyl halide competes with or even predominates

Halides over the reductive rearrangement even under dilute condi-
RCOO BusnH RCOO OCOR tions. Recently, in accordance with theoretical prediction,
7—\ — 7— —_— /4 a dramatic increase in the rate of this rearrangement has been
x ABN reported for Lewis acid-catalyzed rearrangement of a few

pB-acyloxyalkyl halides capable of chelating the catalyst

) through the ester carbonyl oxygen and a proximal hydroxy
rearranged radical abstracts a hydrogen atom frogSBid

to complete the rearrangement. The reaction proceeds in the (2) Giese, B.; Groninger, K. $rganic Syntheses; Wiley: New York,

direction of the more stab|@-acyloxyalkyl radical and does 195()33); gollggt. \T/ol_lvllll, p 5(833- Chataiialoalu. CretrahedronL098. 54
. LT .. imisis, T.; lalongo, G.; Chatgilialoglu, O.etrahedron: ,54,
not occur in the absence of a significant driving force. It 573

has been exploited for a very convenient and practical (4) (a) Crich, D.; Beckwith, A. L. J.; Filtzen, G. F.; Longmore, R. W.

. _ : : Am. Chem. S0d 996,118, 7422. (b) Crich, D.; Huang, X.; Beckwith, A.
synthesis of 2-deoxypyranoses, for which @rganic L. 3.3, Org. Chem1999,64, 1762.

(5) (a) Julia, S.; Lorne, RTetrahedron1986,42, 5011. (b) Kocovsky,
(1) For a review on this and related reactions, see: Beckwith, A. L. J.; P.; Stary, |.; Turecek, FTetrahedron Lett1986,27, 1513.
Crich, D.; Duggan, P. J.; Yao, @hem. Rev1997,97, 3273. (6) Zipse, H.J. Am. Chem. S0d.997,119, 1087.
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Scheme 2. Dechlorinative Surzur—Tanner Rearrangement of
2,2,2-Trichloroethyl Carboxylates

CuCl/bpy(1:1, 2equiv.)
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e: R= PhCH=CH, R'= Ph; . R= Ph, R=Ph
g: R= Me, R'= Ph

group’ However, small proportions of the products of direct
reduction still persisted.

Transition metal complexes are known to abstract a
halogen atom homolytically from polyhalo and other active

Table 1. CuCl/bpy-Promoted Dechlorinative Rearrangement of
2,2,2-Trichloroethyl Carboxylates (1) to
1-Acyloxy-1-chloroethenes (2)

time yield
entry esterd 1 solvent (h) product 2 (%)
1 la DCE 3 2a 92
benzene 3 1a, 2a 39, 45P
THF 6 la:2a 10:90¢
2 1b DCE 2 2b 93
3 1c DCE 3 2c 90
4 1d DCE 2 2d 98
5 le DCE 4 2e 84
6 1f DCE 25 2f 97
7 1g DCE 25 29 91

aConcentration= 0.125 M." Yields calculated fromtH NMR spectra
of the mixture.cMolar ratio, calculated fromtH NMR spectra of the
mixture.

sphere to realize the above expectations. The reaction
proceeded smoothly to give 1-chloroalkenyl carboxyl&es

in high yields without any significant side products (Table
1), apparently by migration of the acyloxy group followed
by elimination of a chlorine atom, and required 2 equiv of
the CuCl/bpy reagent for completion. The structures of the
products were established by their spectral analysis and
hydrolysis. Though the expected formation5oby transfer

of a chlorine atom to the rearranged radidarom CuC}

halogen compounds to produce radicals by a redox reaction/ppy was not observed, it was not disappointing in view of

The metal halide in the higher oxidation state thus formed

the fact that a new carbertarbon double bond functionality

is a good halogen transfer agent and controls the reactivitywas created in the product, providing greater latitude for

of the radical by transferring the halogen atom strategically

further manipulation. The observed elimination of a chlorine

during the subsequent radical reactions. These radicals havgtom after the rearrangement suggested that the elimination
been exploited in what are known as halogen atom transferin the rearranged radical is faster than chlorine atom

radical (HATR) addition/cyclizatiofr*® and living polym-
erizatiort! reactions, which are at the focus of great current
interest. Our experience in HATR cyclizatiémhed us to use,
for the first time, a suitable transition metal complex to
generate the initial radical in the Surzufanner rearrange-
ment under nonreducing conditions. This strategy was
expected not only to obviate the problem of direct reduction
and loss of halogen functionality but also to allow the
reaction to be carried out at higher concentrations. Lewis
acid catalysi by the metal complex was also envisioned.
Thus, 2,2,2-trichloroethyl carboxylatégScheme 2) were
treated with a mixture of CuCl and bpy (1:1 molar ratio) in
DCE (1,2-dichloroethane) at reflux under a nitrogen atmo-

(7) Lacote, E.; Renaud, RAngew. Chem., Int. EA.998,37, 2259.

(8) Byers, J. InRadicals in Organic Synthesis; Renaud, P., Sibi, M. P.,
Eds.; Wiley-VCH: Weinheim, Germany, 2001; Vol. 1, Chapter 1.5.

(9) For reviews, see: (a) Jasperse, C. P.; Curran, D. P.; Fevig, T. L.
Chem. Re»1991,91, 1237. (b) Igbal, J.; Bhatia, B.; Nayyar, N. &hem.
Rev.1994,94, 519. (c) Giese, B.; Kopping, B.; Gobel, T.; Dickhaut, J.;
Thoma, G.; Kulicke, K. J.; Trach, FOrg. React.1996,48, 301.

(10) For some recent references, see: (a) Clark, A. J.; Campo, F. D,;

Deeth, R. J; Filik, R. P.; Gatard, S.; Hunt, N. A.; Lastecoueres, D.; Thomas,
G. H.; Verlhac, J.-B.; Wongtap, Hl. Chem. Soc., Perkin Trans.2D00,
671. (b) Bryans, J. S.; Chessum, N. E. A.; Parsons, A. F.; Ghelfi, F.
Tetrahedron Lett2001,42, 2901. (c) Nagashima, H.; Isono, Y.; Iwamatsu,
S.-i. J. Org. Chem2001,66, 315.

(11) Matyjaszewski, K.; Xia, JChem. Re2»2001,101, 2921.

(12) Ram, R. N.; Charles, Chem. Commurl999, 2267.
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abstraction from CuGlbpy probably due, among other
factors, to the relief in steric strain. It is possible tbds a
true stable intermediate that is converted iroby a
subsequent radical reaction. The reaction proceeds faster than
many reporteds-acyloxyalkyl radical rearrangements as
revealed by a much shorter reaction time (2—4 h, Table 1)
that compares well with that reported for some of the
synthetically useful faster category of reactionss(h)?°
Interestingly, an apparently more stable radiGIR = H)
rearranges to a less stable radiegIR = H). Probably, the
availability of an inherent mechanism for stabilization of the
rearranged radical by elimination of a chlorine atom or
the lower reactivity of the transferred chlorine atom in
intermediate5 toword further abstraction drives the equi-
librium in the forward direction and forces it to occur in a
direction opposite to what has generally been observed so
far. Phenyl migration, which has been reported to compete
with this rearrangement, was not observed in the case of
substratede—g. Crossover experiments on a mixtureLdf
andlegave only2d and2ewithout any detectable crossover
products. The reaction dfa was not inhibited by 4ert-
butylcatechol in accordance with other Cu(l)-catalyzed

(13) Beckwith, A. L. J.; Thomas, C. Bl. Chem. Soc., Perkin Trans. 2
1973, 861.
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Table 2. Reaction of 2,2,2-Trichloroethyl Esteisl and 1ain

the Presence of B8nH in Boiling Benzene le) ?OR R\(Ox
Cu(lin
BusSnH time yield O>_R ,Q(,'CUCIZ/bpy o] ‘ )
entry ester (equiv) (h) productt (%) cl 1 Cl . _-Cl
>—<- ---CuClL/bpy .~/ < <
1 1d 2.5 4 6 95 R" cl #77 R cl R cl
2 1d 1.5¢ 6 7 81 9 10 11
3 la 1.5¢ 6 8 74
4 la 1.59(+2equivof CuCl/bpy) 5 1la:2a:8 3:79:18¢ Figure 1.

aProductt = n-CllH23COZCHch2C|, 7= n-Cllechg(_:ch:_Hclz, and
8 = PhCH=CHCQCH,CHCL. " BusSnH (0.25 M solution) in benzene  reactivity of the initial radical generated by the reaction of

containing 0.01 equiv of AIBN was added to a 0.1 M solutionldfin .
benzene over 1.5 K.BuzSnH (0.075 M solution) in benzene containing 1with CUCpry toward rearrangement compared to hydro—

0.01 equiv of AIBN was added to a 0.04 M solutionlaf(or 1d) in benzene gen abstraction from B&nH may be due to initial formation

over 4 h.9 A mixture containing 0.15 M BgBnH, 0.1 M1a, and 2 equiv _ ; i ; ; ;
of Cu(l)/bpy in benzene without AIBN was usetiMolar ratio, calculated ofa copper coordinated rad|cal(F|gure l) or Lewis acid

from 1H NMR spectra of the mixture. catalysis by the copper{for copper(ll) complex involving
transition structured0 and 11, respectively. The higher

reactivity of the copper-complexed radicdltoward rear-

HATR reactions?* The reaction oflb with dibenzoyl rangement might be due to the enhanced electrophilicity of
peroxide or AIBN did not give the rearranged prodabt the copper-complexed radical facilitating agr® mecha-
2,2-Dichloroethyl benzoate was found to be inert under our nism® or due to stabilization of the three-center three-electron
experimental conditions. transition structurelO0 as a result of withdrawal of the
For comparison, the rearrangement was attempted undemnpaired electron from the three-membered ring, making it
the conventional conditions using E8nH/AIBN. However, assume aromatic-like charactéilhe lower reactivity toward

only reductive dechlorination was observed without any hydrogen abstraction is understandable on the basis of the
indication of rearrangement even under reaction conditions lower odd electron density at the carbon atom in the copper-
that are known to favor the rearrangement (dilute solution, complexed radicad. It is possible that Lewis acid catalysis
slow addition of BySnH, Table 2, entries 2 and 3). In works on the copper-complexed radical also.
contrast, the CuCl/bpy-promoted reaction b in the In conclusion, a transition metal complex has been used
presence of a considerably higher concentration gSBH, for the first time to generatg@-acyloxyalkyl radicals in
which is expected to favor direct reduction and reductive Surzur-Tanner rearrangement under nonreducing conditions.
trapping of the radical intermediates, gave predominantly the The present Cu(l)-promoted reaction has some interesting
rearranged produ@a (Table 2, entry 4), indicating that the  features and adds a new dimension to this fascinating reaction
radical intermediates in the CuCl/bpy-promoted reaction and in which copper appears to play an important role.
Bugan/AI_ES!\!—promoted reaction have different reactivities Acknowledgment. We thank CSIR, New Delhi, for SRF
and selectivities, and thus are not exactly the same. to N.K.M
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