ORGANIC
LETTERS

Highly Diastereoselective o 02
Reformatsky-Type Reaction Promoted 301-303

by Tin lodide Ate Complex

Ikuya Shibata, Toshihiro Suwa, Hideaki Sakakibara, and Akio Baba*

Department of Molecular Chemistry & Frontier Research Center, Graduate School of
Engineering, Osaka University, 2-1 Yamadaoka, Suita, Osaka 565-0871, Japan

shibata@ap.chem.eng.osaka-u.ac.jp

Received November 26, 2001
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An ate type of tin complex, LiT[n-Bu,Snls]-/HMPA, works as a novel type of reagent to accomplish the highly diastereoselective Reformatsky-
type reaction by the halogen—metal exchange method.

The Reformatsky reaction is a convenient and useful protocol we found that the tin ate complex t[n-Bu,Snk]/HMPA

for carbon—carbon bond formation usirghalocarbonyl accomplishes the highest classsyh-diastereoselectivity in
compound$.However, the yield and diastereoselectivity of the Reformatsky-type reaction via halogenetal exchange
the S-hydroxycarbonyl compounds produced are unsatisfac- method ina-haloketones.

tory. To overcome these problems, many types of modified Initially, we performed the reaction af-iodopropiophe-
procedures have been developed so far. Oxidative additionnone (1a) with benzaldehyde (2a) for investigating an
using low-valent metal reagefts a representative method effective promotor (Table 1). The equimolar combination
in which diastereoselective reactions have been accomplishef di-n-butyltin diiodide 6-Bu,Snk) and lithium iodide (Lil)

in some case¥:¢However, in most of them, using low- afforded the desire@-hydroxy ketone8ain 67% yield (entry
valent metals causes undesirable side reactions involving3). Of particular interest is the higdyn-selectivity. The sole
dehydration and reduction of unsaturation. As an alternative use of eithem-Bu,Snk or Lil afforded no product at all
facile and general route, the halogenetal exchange method (entries 1 and 2). The addition of excess amounts of Lil did
of o-haloketones with ordinal-valent metal reagents can not change the yield and selectivity (entry 4). Further addition
generate various metal enolateRecently, hypervalent Mn  of an equimolar amount of HMPA to the-Bu,Snkb—Lil
complexes have been focused on as novel reagents for the
Reformatsky-type reactiofowever, hose halogemetal 8 ENSBr 1,80 ST, £ () hokie ¥, Oshe
exchange methods have not attained high diastereoselectiviashimoto, S.; Kitagawa, Y.; Yamamoto, H.; Nozaki, Bull. Chem. Soc.

ity.34 During our investigation of organotin ate complexes, Jpn.1980,53, 3301. BAICI-BusSnLi: (c) Matsubara, S.; Tsuboniwa,
N.; Morizawa, Y.; Oshima K.; Nozaki, HBull. Chem. Soc. Jpri984,57,
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Trost, B. M., Fleming, |., Eds.; Pergamon Press: Oxford, 1991; Vol. 2, Sandhu, J. SJ. Chem. SocChem. Commur1991, 154. BSnSnR: (f)
Chapter 1.8, pp 277299. (b) Rathke, M. W. IrDrganic Reactions; John Kosugi, M.; Koshiba, M.; Sano H.; Migita, Bull. Chem. Soc. Jpri985,
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Table 1. Reformatsky-Type Reactions ofHalo
Acetophenone with PhCHO

Me Me
Ph%x + PhCHO Ph Ph
(o} O OH
1a 2a 3a(syn)
entry X reagent (mmol) yield (%)° syn:anti®
1 I BuxSnl; (2) tr
2 1 LilQ© tr
3 1 BugSnly(2), Lil (2) 67 94:6
4 1 BugSnl;(2), Lil (4) 66 94:6
5 1  BuSnly(2), Lil (2), HMPA (2) 89 955
6 Cl BuySnlz(2), Lil 2), HMPA(2) 89 86:14

a1 (2 mmol),2a (1 mmol), THF (1 mL), 6°C, 12 h.P Yields and ratios
were determined byH NMR based orfa.

system gave the highest yield asgh-selectivity examined
(entry 5)¢ Instead ofo-iodoketones, it is possible to use more
easily availablex-chloroketones (entry 6) because of easy
conversion ofa-chloroketones tax-iodoketones with the
iodotin reagent. Thus the treatmentreBuw,SnhL—Lil with
a-chloro propiophenone under the identical conditions in

Table 2. syn-Selective Reformatsky-Type Reaction

. R Bus Snly-Lil-HMPA 3 s
Y\X +RCHO
o O OH
1 2 3 (syn)
entry Rt Rz X R3 product yield (%) syn:anti®

1 Ph Me | Ph 3a 89 95:5

2 Ph Me | p-MeCgHa 3b 70 93:7

3 Ph Me I p-CICgHa 3c 86 91:9

4 Ph Me I p-O2NCsH4 3d 89 91:9

5 Ph Me I n-CsHj; 3e 53 86:14

6 Ph Me I  PhCH,CH; 3f 65 84:16

7 Ph Me I i-Pr 39 77 91:9

8 Ph Me | tBu 3h 9 -

9 Ph Me I PhCH=CH 3i 65 84:16
10 Ph Me I MeCH=CH 3j 45 83:17
11 Ph H Cl Ph 3k 93
12 Me Me CI Ph 3l 50 90:10
13 Et H Cl Ph 3m 56
14 H n-Bu Cl Ph 3n 37 80:10

aBu,Snk (2 mmol), Lil (2 mmol), HMPA (2 mmol),1 (2 mmol),2 (1
mmol), THF (1 mL).P Yields and ratios were determined Hy NMR based

Table 1 underwent halogen exchange to the corresponding

iodoketone quantitatively. Th&ynselectivity of3-hydroxy-
ketone3a s of the highest level in comparison with that of
conventional reagents for the Reformatsky-type reaction so
far23

We confirmed the formation of an ate complex between
n-Bu,Snk and Lil. When equimolar Lil was added teBu,-
Snk in THF solvent,’°Sn NMR indicated an upfield shift
from —58.0 to—141.4 ppm. The value of coupling constant
1J(*19Sn—3C) also increased from 373.2 to 542.9 Hz. These
changes indicate the formation of TBP-type compleXhi
Bu,Snk]~ (1),>7 as shown in Scheme 1. The presence of
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equimolar HMPA in the equimolar mixtures ofBu,Snk
and Lil afforded a slight change of chemical shift158.0
ppm) and coupling constantJ(*1°Sn—3C) = 548.0 Hz). It
is considered that HMPA interacts with lithium cation to form
a complex such ds. In this case, the formation of alternative
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complex BuSnbL—HMPA by ligand exchange could not be
considered, because we confirmed that the obtained values
were not consistent with the ones of BmL—HMPA
complex (0{°Sn) = —204.6,3(11°Sn—13C) = 496.1 Hz).

In the Reformatsky-type reaction, the compléxgave a
superior result in the case of the compleable 1, entries

3 and 5). Hence the basicity &f would be higher than that

of I, acting as an effective reagent.

Table 2 shows the results using compléx Besides
benzaldehyde?a, other aromatic aldehydesreacted ef-
fectively to give 3b—d in good yields with highsyn-
selectivities beyond 91% (entries—38). In the case of
aliphatic aldehydes, primary and secondary ones reacted well
to give 3e—g (entries 5—7). Tertiary substituted aliphatic
aldehyde, however, scarcely produced the de§irdakecause
of its steric hidrance (entry 8). The reaction usiog-
unsaturated aldehydes gave only 1,2-add@ctand 3j in
moderate yields with highyn-selectivities (entries 9 and 10).
Primarya-chloroketone reacted well to give a high yield of

(6) General Experimental Procedure.To a THF (1 mL) solution of
n-BwSnk (0.95 g, 2 mmol) and Lil (0.266 g, 2 mmol) was added HMPA
(0.360 g 2 mmol) at 8C (bath temp), and the solution was stirred for 5
min. To the solution was addediodopropiophenonelé) (0.520 g, 2 mmol)
and benzaldehyde (2a) (0.106 g, 1 mmol). The solution was stirred@t 6
(bath temp) for 12 h. MeOH (3 mL) was added to quench the reaction, and
volatiles were removed under reduced pressure. The residue was subjected
to column chromatography, eluting with hexan€&OAc (1:1) to give a
syn-rich mixture of S-hydroxy ketones3a. Further purification was
performed by TLC, eluting with hexaraliethyl ether (1:1). The stereo-
chemistry of 3a was assigned by'H NMR in comparison with the
stereochemically defined authentic samples.

(7) For example, see: (a) Davis, A. Grganotin Chemistnyl/CH: New
York, 1997; pp 18. (b) Harrison, P. @hemistry of TinBlackie; London,
1989; p 71. (c) Holecek, J.; Nadvornik, M.; Handlir, K.; Lycka, &.
Organomet. Cheni983 241, 177. (d) Nadvornik, M.; Holecek, J.; Hangh
K.; Lycka, A. J. Organomet. Chenl984,275, 43.
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3k (entry 11). The regiospecificity of the reaction was

recovered. This limitation could be solved by the use of

obtained by the reaction of halogenated 2-butanone deriva-MgBr,-OEf, instead of Lil, and desiref-hydroxy estei5a
tives such as 3-chloro-2-butanone and 1-chloro-2-butanonewas obtained in 80% yield (Scheme 3). Moreover, the use
(entries 12 and 13). Each isomer afforded the corresponding

B-hydroxy ketone3l, 3m without any isomerization of the
enolate. Although the yield was not goadgchloroaldehyde
gave an acceptabynselectivity of-hydroxy aldehyd&n
(entry 14).

As to the reaction path, the tin ate complex reacts with

a-iodoketone to form highly coordinated tin enolat#)(
accompanying iodine (Scheme®)Unfortunately, when the

Scheme 2
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mixture of 1a and complex! was monitored byH NMR

at room temperature, no peaks other thamvere detected’
We consider that the small amount of enolaté§ {n the
equilibrium is immediately trapped by an aldehyde to form
a f-stannyloxyketone. The higkyn-selectivity could be
explained by the noncyclic antiperiplaner transition State

Scheme 3
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Ate complex Solvent Yield/ %
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[MgBr[*[Bu,Snl,Br]”  EtOAc 100

Et
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EtOAc, 60 °C, 12 h O OH g

64% syn:anti=63:37

of EtOAc as a solvent afforded a quantitative yield. In the
reaction of secondary iodoestdb, although highsyn-
selectivity could not be attained (63% selectivity), the
reaction proceeded in moderate yield (64%). In this case,
we also confirmed the ate tin compl&kby the fact that
11%5n NMR indicated an upfield shift from58.0 to—114.6
ppm when equimolar MgBrOEt was added tm-Bu,Snk,

because the hypervalent tin center cannot coordinate to theln ethyl acetate-l Namely, the ate complex MgBjn-Bu,-

oxygen of an aldehyde any more.
When iodomethyl ethylesteta was treated with benzal-

SnBrk]~ also works in the Reformatsky reactions.
In conclusion, we developed ate-type tin complexes to

dehyde2a, no reaction occurred and starting substrates wereperfom Reformatsky-type reaction with higinselectivities.

(8) For the generation of tin enolate (Ill), we tentatively consider that
the reaction ofl with tin complex (1) affords a lithium enolate initially,
which reacts with BgSnb,.

R2 Rt

R1\rﬁ\l -— K‘A.Ri BupSnly + Iy
o U Li
l-:*[SnlzBuzl' (HMPA)
(HMPA)
R1\/\AR2 + I
O-1snlpBusLi*
(HM;’A)

(1

Although the possibility of the contribution of the lithium enolates to react

with aldehydes cannot be excluded, we consider that the tin enolates reac

It is not necessary to isolate the tin complex, which was
generated in situ by simply mixing easily availableBu,-
Snk with Lil or MgBr,-OEt. The further investigation of
mechanistic studies is now in progress.
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