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thiol esters and bis(iodozincio)alkaneT
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Treatment of thiol ester with bis(iodozincio)alkane in the
presence of palladium catalyst followed by silylation affords
Z-silyl enol ether chemo-, regio- and stereoselectively.

While silyl enol ethers have been important reagents especially for
cross-aldol reactions,! the selective preparation of those com-
pounds are still challenging. For example, their regioselective
preparations from 2-hexanone can be performed easily by
adapting thermodynamic or kinetic control.?> On the contrary, it
is not so easy to realize the regioselective preparation from an
internal ketone, such as 3-hexanone. An alternative route to get the
corresponding product may provide a solution in one case,’ but a
more general method, which would also lead to further selectivities
such as chemo- and stereoselectivities possible, is desirable. We had
reported a series of synthetic applications of a gem-dizinc reagent.
As the gem-dizinc reagent can achieve zincioalkylation by a single
cross-coupling reaction, it gives a route to prepare an organozinc
reagent through homologation of an electrophile.* We had also
shown that the palladium-catalyzed cross-coupling reactions of
bis(iodozincio)methane with several thiol esters affords the zinc
enolate selectively which corresponds to the terminal enolate of
methyl ketone.>® In this communication, we report on the chemo-,
regio- and stereoselective preparation of silyl enol ethers based on
the cross-coupling reaction of gem-dizincioalkane and various thiol
esters (Scheme 1).

As shown in Table 1, thiol ester 1 was treated with gem-
dizincioalkanes 27 in the presence of palladium catalyst and the
mixture were quenched with various silylation reagents. The
palladium catalyst was prepared from Pd,dbas and tris(2-furyl)-
phosphine in THF. The molar ratio of phosphine to palladium
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Scheme 1 Selective preparation of silyl enol ether based on cross-
coupling of gem-dizinc reagent with thiol ester.
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was tuned to 2 : 1.1 Silyl triflate gave the best yield among the used
silylation reagents. The reactions of 1,1-bis(iodozincio)ethane (2b)’
caused some interest in the E/Z-selectivities of the formed enolate
3. Use of tert-butyldimethylsilyl chloride, cyanide and triflate gave
the Z-enolate more diastereoselectively (runs 2, 7, 9 and 11).

As shown in Table 2, various thiol esters were examined for the
preparation of silyl enol ethers as starting materials. Thiol esters
carrying terminal alkyne (run 2), ester (runs 5, 9), or aryl bromide
(runs 8, 10), were transformed into the corresponding silyl enol
ethers in good yields. When 1,1-bis(iodozincio)ethane was used,
the produced silyl enol ethers had Z-configuration exclusively.®

The preparation of a silyl enol ether which carries a keto group
in the same molecule is one of the most difficult applications of this
method. As shown in Scheme 2, several thiol esters carrying keto
groups were treated with bis(iodozincio)methane and the palla-
dium catalyst in the presence of chlorotrimethylsilane. The thiol
esters’ were converted into the corresponding silyl enol ethers.

The reaction pathway can be explained as shown in Scheme 3.
The palladium-catalyzed cross-coupling reaction of thiol ester and
gem-dizinc will afford an o-zincioketone regio- and chemoselec-
tively. The isomerization of the o-zincioketone to zinc enolate may
give the sterically less hindered Z-enolate stereoselectively, which
will be trapped with silylation reagent.

Table 1 Use of various silylation reagents®

1) RCH(Znl), (2, 1.5 eq)

1) Pd,dbag (1.0 mol%) OSiR'3
/\)j\ P(2-Furyl)3 (4.2 mol%)
Ph SAr —THFE, 0°C, 15 min Bh g R
(Ar: pNO,CeHy)  2) R4SIX (1.5 eq)
THF, 25 °C 3
1a
Run  RCH(Zal), R'5SiX Yield” (%) Z:E
1 CH,(Znl), Me;SiCl 96 —
2 CH;CH(Znl),  MesSiCl 93 79 : 21
3 CH,(Znl), Me;SiCN 922 —
4 CH,(Znl), Me;SiOTf >99 —
5 CH,(Znl), PhMe,SiCl 34 70 : 30
6 CH,(Znl), -BuMe,SiCl 32 —
7 CH;CH(Znl),  -BuMe,SiCl 34 96 : 4
8 CH,(Znl), -BuMe,SiCN 922 —
9 CH;CH(Znl),  #-BuMe,SiCN 60 93:7
10 CH,(Znl), -BuMe,SiOTf 89 —
11 CH;CH(Znl),  #-BuMe,SiOTf 72 93:7

“ Thiol ester (2.0 mmol), dizinc (0.5 M in THF, 3.0 mmol), R’;SiX
(3.0 mmol), Pd,dbas (0.02 mmol) and phosphine (0.84 mmol) were
used. © Yields were determined by "H NMR using bromoform as an
internal standard. The product was also isolated by bulb-to-bulb
distillation in runs 1-4, and by short silica gel column
chromatography in runs 5-11.
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Table 2 Preparation of silyl enol ethers from various thiol esters”

1) R'CH(Znl), (2, 1.5 eq)

j\ Pdydbag (1.0 mol%) ~ R'3Si0

P@-Furyl)s (4.2 mol%) R
R™ “SAr THF, 15 min, 0 °kC X

1 "
2) R"'3SiX (1.5
(A pNOCeHir) RS 3

Run R R'CH(Znl), R’;SiX Product”*
1 H,C=CH(CH,)s— CH,(Znl), Me;SiCl 94 (3c)
2 HC=C(CH,);~ CHy(ZnI), Me;SiCl 94 (3d)
3 Ph— CH,(Znl), Me;,SiCl 70 (3e)
4 PhCH,SCH,— CH(ZnI), Me;SiCl 79 (3f)
5 EtO,C(CH,)s— CH,(Znl), Me;SiCl 96 (3g)
6 PhO(CH,),( CHa(Znl), Me;SiCl 79 (3h)
7 Br(CH2)77 CHz(ZnI)z M€3SIC1 88 (3i)
8 p-BI‘CGH“(CHz)z* CHz(ZHI)Z Me3SIC1 76 (3j)
9 EtO,C(CH,)s CH,CH(Znl), 1-BuMe,SiOTf 67 (3k, 93 : 7
10 p-BrC4H4(CH,)»— CH;CH(Znl), -BuMe,SiOTf 65 (31, 93 : 7%
11 CH;CH,CH,- CH;CH(Znl), -BuMe,SiOTf 58 (3m, 95 : 5%
12 H,C=CH(CH,)s— CH,CH(Znl), 1-BuMe,SiOTf 66 (3n, 90 : 10%

“ Thiol ester (2.0 mmol), dizinc (0.5 M in THF, 3.0 mmol), R"3SiX (3.0 mmol), Pd,dba; (0.02 mmol), and phosphine (0.84 mmol) were used.
b Yields (%) were determined by '"H NMR using bromoform as an internal standard. The product was also isolated by bulb-to-bulb distillation

in runs 1-8 and by short silica gel column chromatography in runs 9-12.

min for runs 1-8; 6 h for runs 9-12. ¢ Z : E Ratio of the product.

" The reaction period after an addition of R"3SiX was as follows: 15
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Scheme 2 Preparation of silyl enol ether carrying keto group.
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Scheme 3 Plausible pathway of the reaction.

The method mentioned above is quite an easy and efficient
procedure to produce silyl enol ethers regio-, chemo- and
stereoselectively. The synthetic utility of silyl enol ethers has
already been emphasized.' The cross-coupling reaction by a gem-
dizinc reagent is a convenient method to introduce C-metal

bonding highly selectively. Such an introduction is not easily
performed by conventional halogen-metal exchange or deproto-
nation reactions.

Notes and references

i Gem-dizinc reagents 2 were prepared as a THF solution following the
procedure of ref. 7. The thiol esters were obtained from a mixed anhydride
and a thiol following the reported procedure.’

Preparation of 3: Tri(2-furyl)phosphine (0.082 mmol) in THF (1.0 mL)
was added at 25 °C to a solution of Pd,dbas (0.02 mmol) in THF (1.0 mL)
and the mixture was stirred for 15 min. 1,1-Bis(iodozincio)ethane in THF
(2b, 0.40 M, 3.0 mmol) and p-nitrobenzene thiol ester of carboxylic acid (1,
2.0 mmol, 0.18 g) in THF (1.0 ml) were added subsequently at 0 °C. The
resulting mixture was stirred for 15 min at the same temperature. Silylation
reagent (3.0 mmol) was added to the reaction mixture. The resulting
mixture was stirred for 6 h at 25 °C. Et;N (1.0 mL) was added to the
mixture. A saturated aqueous solution of sodium bicarbonate (5.0 mL) was
added to the reaction mixture and the mixture extracted with diethyl ether.
The combined organic layers were washed with sat. aq. NaHCO; and
brine, and dried over anhydrous sodium sulfate. After rapid column
chromatography on silica gel with hexane—ethyl acetate as the eluent, 3 was
obtained.

Preparation of 5: To a solution of Pd,dbas (0.02 mmol) in THF (1.0 mL),
tri(2-furyl)phosphine (0.082 mmol) in THF (1.0 mL) was added at 25 °C.
The mixture was stirred for 10 min. To this solution, chlorotrimethylsilane
(3.0 mmol, 0.4 mL) and p-nitrobenzene thiol ester of keto acid (2.0 mmol)
in THF (2.0 mL) were added subsequently at 0 °C and a solution of
bis(iodozincio)methane in THF (2a, 040 M, 3.0 mmol) was added
dropwise at 0 °C. The resulting mixture was stirred for 5 min at the same
temperature and then stirred for an additional 15 min at 25 °C. Et;N
(1.0 mL) was added to the mixture. A saturated aqueous solution of
sodium bicarbonate (5.0 mL) was added to the reaction mixture and the
mixture extracted with diethyl ether. The combined organic layers were
washed with brine, and dried over anhydrous sodium sulfate. The product
was isolated by bulb-to-bulb distillation.

1 (a) C. H. Heathcock, in Comprehensive Organic Synthesis, ed. B. M.
Trost, Pergamon, Oxford, 1991, vol. 2, ch. 15; (b) T. Mukaiyama and
J. Matsuo, in Modern Aldol Reactions, ed. R. Mahrwald, Wiley-VCH,
Weinheim, 2004, vol. 1, ch. 3; (¢) A. D. Petrov and S. Sadykh-Zade,
J. Dokl. Akad. Nauk. SSSR, 1958, 121, 119; (d) J. K. Rasmussen,
Synthesis, 1977, 91; (e) P. Brownbridge, Synthesis, 1983, 1;
P. Brownbridge, Synthesis, 1983, 85.

4762 | Chem. Commun., 2007, 4761-4763

This journal is © The Royal Society of Chemistry 2007



2 (@) H. O. House, L. J. Czuba, M. Gall and H. D. Olmstead,
J. Org. Chem., 1969, 34, 2324; (b) J. d’Angelo, Tetrahedron, 1976, 32,
2979; (¢) E. J. Corey and A. W. Gross, Tetrahedron Lett., 1984,
25, 495.

3 (@) V. K. Aggarwal, C. G. Sheldon, G. J. Macdonald and W. P. Martin,
J. Am. Chem. Soc., 2002, 124, 10300; (b) M. Gaudemar and
M. Bellassoued, Tetrahedron Lett., 1989, 30, 2779; (¢) H. J. Reich,
R. C. Holtan and C. Bolm, J. Am. Chem. Soc., 1990, 112, 5609.

4 (a) H. Yoshino, N. Toda, M. Kobata, K. Ukai, K. Oshima,
K. Utimoto and S. Matsubara, Chem.—Eur. J., 2005, 11, 721; (b)
P. Knochel and J.-F. Normant, Tetrahedron Lett., 1986, 27, 4427, (c)
K. Nomura, K. Oshima and S. Matsubata, Angew. Chem., Int. Ed., 2005,

‘l wish the

others were as
easy to use!

‘ReSourCe is
the best online
submission system
of any publisher!

RSCPublishing

08030626

44, 5860; (d) Z. Tkeda, K. Oshima and S. Matsubara, Org. Lett., 2005, 7,
4859.

5 Z.Ikeda, T. Hirayama and S. Matsubara, Angew. Chem., Int. Ed., 2006,
45, 8200.

6 H. Tokuyama, S. Yokoshima, T. Yamashita and T. Fukuyama,
Tetrahedron Lett., 1998, 39, 3189.

7 S. Matsubara, T. Mizuno, T. Otake, M. Kobata, K. Utimoto and
K. Takai, Synlett, 1998, 1369.

8 (@) R. E. Ireland, R. H. Mueller and A. K. Willard, J. Am. Chem. Soc.,
1976, 98, 2868; (b) G. Cahiez, B. Figadere and P. Cléry, Tetrahedron Lett.,
1994, 35, 6295.

9 B. Neises and W. Steglich, Angew. Chem., Int. Ed. Engl., 1978, 17, 522.

Comments received from just a few of the thousands

of satisfied RSC authors and referees who have used
ReSourCe - the online portal helping you through every
step of the publication process.

authors benefit from a user-friendly electronic submission
process, manuscript tracking facilities, online proof collection,
free pdf reprints, and can review all aspects of their publishing
history

referees can download articles, submit reports, monitor the
outcome of reviewed manuscripts, and check and update their
personal profile

NEW!! We have added a number of enhancements to
ReSourCe, to improve your publishing experience even
further.

New features include;

® the facility for authors to save manuscript submissions at
key stages in the process (handy for those juggling a hectic
research schedule)

® checklists and support notes (with useful hints, tips and
reminders)

® and a fresh new look (so that you can more easily see what
you have done and need to do next)

Go online today and find out more.

WWwWWw.rsc.org/resource

This journal is © The Royal Society of Chemistry 2007

Chem. Commun., 2007, 4761-4763 | 4763



