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A novel Reformatsky-type reaction was developed using RhCI(PPhs); and diethylzinc. Inter- and intramolecular Reformatsky-type reactions
were achieved efficiently under mild reaction conditions to give f-hydroxy esters.

The Reformatsky reaction is a well-recognized carbon
carbon bond-forming reaction of awhalo ester with an

carbon bond, most efforts have been focused on the activation
of zinc or the utilization of other metals, such as magnesium,

aldehyde or a ketone in the presence of zinc metal to give acadmium? nickel? indium§£ cerium? and lithium?® to facili-

B-hydroxy ester (Scheme 1).

Scheme 1 The Reformatsky Reaction
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tate the insertion. With activated zincs, such as Rieké&-Zn,
Zn—Cu couplel® Zn/Ag-graphite!! and so on, the Refor-
matsky reaction can be conducted under milder reaction
conditions. However, these reagents usually must be freshly
prepared because of their instability to air and moisture.
Although little attention has been focused on the catalytic
version of this type of reaction, there is an interesting variant
which utilized zinc and a catalytic amount of titanocene
dichloride!? This prompted us to investigate an efficient and
mild transition metal-catalyzed Reformatsky-type reaction.

A particular advantage of this reaction stems from the fact We would like to disclose herein a new Reformatsky-type
that the site of reaction is strictly determined by the halogen reaction promoted by rhodium catalysis and conducted under
moiety. This may be advantageously used for regioselectivemild reaction conditions.

enolate formation in polycarbonyl compounds which are

difficult to achieve by base-induced proton abstracfidim

extend the scope of the Reformatsky reaction, variable

We first studied the intermolecular reaction as shown in
Table 113
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s as is the case for conventional Reformatsky conditions. In

Table 1. Intermolecular Reaction the absence of either RhCI(Pfhor diethylzinc, recovery

Et,Zn R of the starting material was observed afteh at 0°C. This
R__-COEt Q RhCIPPh3); R, R suggests that Rh(l) efficiently catalyzes the reaction.
T . e CO,Et :
Br R "Ry THE. 0°C OH Encouraged by the results obtained above, we next focused
1 2 ' 3 our attention on the intramolecular reaction. As shown in
3 Table 2, the reaction developed above also effected intramo-
entry R R, R,

(isolated yield)

: HoOH P 3a (62 "

Table 2. Intermolecular Reaction

2 Me H Ph 3b (74) (syn/anti = 1/1) products
entry substrate (isolated yield; %)
3 H H  Ph(CH,), 3¢ (85) 9 cop HO COEt  HO COEt
1 H Br 7
4 Me H Ph(CH,), 3d (76) (syn/anti = 1/1) Z &
5 H Me Ph 3e (77) 4a 5a (63) 6a (5)
<|3 COzEt HO COEt  HO CO.Et
6 Me  Me Ph 3f (84) (syn/anti = 1/1) 2 MeUBr Me~'-5 Me—F
7 H Me  Ph(CH,), 3g (77) 4b 5b (59) 6b (5)
O COEt HO CO,Et  HO CO,Et
8 H - (CHy)s - 3h (79) H Br 7
3 < S
9 Me - (CH,)s - .
(CHa)s 31 (69) 4c 5c (41) 6c (33)
10 H <;>:O 3j (62) ? CO,Et HO CO,Et HO CO,Et
O W)
1 Me Q:o 3k(49) 2/1=
(1R*1'S% | (1R* 1'R*) 4d 5d (65) 6d (26)

Aromatic and aliphatic aldehydes or ketones reacted
smoothly with ethyl bromoacetate or ethyl 2-bromopropi- ecular carborrcarbon bond formation, as expected, provid-
onate in the presence of Wilkinson’s catalyst and diethylz- ing Secondary and tertiary cycloalkanols in good to excellent
inc!4 to give B-hydroxy ester$ in moderate to good yields. ~ Yields under similar reaction conditions. For the reactions
It is noteworthy thano ethyl adduct was producethdthe ~ forming five-membered rings (entries 1 and 2), high dias-
reactions were usually completed within 5 minder the ~ tereoselectivities were observed, givicig-hydroxy esteba
conditions described above. When ethyl 2-bromopropionate @S the major product. This result should be attributed to the
was used as the-halo ester, essentially no diastereoselec- Sterically and electronically more favored rigid conformation
tivity 16 was observed under the conditions employed (entries Of the transition state including zinc as depicted in Figure
2, 4, 6, and 11). With 2-cyclohexenone as a Reformatsky 1
acceptor, only 1,2-adducts were obtained (entries 10 and 11),

(13) Representative procedure for the intermolecular Reformatsky-
type reaction: To a stirred solution of RhCI(PBJz (5 mol %) in THF at
0 °C were addedx-halo esterl, carbonyl compoun@, and a ca. 1.0 M
hexane solution of BZn (2.2 molar equiv). After stirring for 5 min at 0
°C, saturated aqueous NaHg®as added. The reaction was filtered, and
the filtrate was partitioned between,Bt and brine. The organic extract
was dried (NgSQy), and the residue was purified by column chromatography
on silica gel.

(14) In entry 1, Table 1, the reaction gada in a 32% yield, and . i . P
unreacted benzaldehyde was recovered (66%) with 1.1 molar equiv of Figure 1. Transition state for zinc enolate providiegs-hydroxy
diethylzinc. estersa
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anti product ratios are 37:63 f@b and 67:33 for3f (refs 1 and 17). Academic Press: New York, 1984; Vol. 3, p 144.
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On the basis of the detailed mechanistic investigation of
the ethylzinc enolate formation from 2-bromo-4,4-dimethyl-

Scheme 2. Proposed Mechanism for the Rhodium-Catalyzed

3-pentanone and diethylzinc by Heathcdtla plausible Reformatsky-Type Reaction
mechanism was proposed as depicted in Scheme 2, where |
oxidative addition ofo-halo esterl into Rh(l) initiates the l

Rh(l)

reaction. After formation of a rhodium(lll) complex, trans- g oo gy Rh(l)  R. _CO,Et OZnEt
metalation with diethylzinc produces ethylzinc enolaend T - \R|/hx TL— R%OEt
Rh(l), by which the reaction could be catalyzed again. B 1 P e 7
Nucleophilic addition of7 to carbonyl compoun@ would g 20
then afford zinc alkoxide8, which upon hydrolysis should R R

H _h d t B R1 H20 R»] R1 R2
give -hydroxy estes. R, \f)\co o R, COE

Thus, we have developed a mild and efficient Refor- OH 3 2 OZnX 82

matsky-type reaction catalyzed by RhCI(RRland diethyl-
zinc which can be conducted under mild reaction conditions.
Extension of this methodology is now under investigation
in this laboratory.
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