o-Methoxy vinyl tungsten species. generated by the
deprotonation reaction of Fischer-type carbene complexes or by
the Michael addition of lithium enolates to «.3-unsaturated
carbene complexes, were found 1o give o-methoxy-o.B-
unsaturated esters in good yields by iodine-oxidation in the
presence of silver triflate.

Recently. Fischer-type carbene complexes have attracted
much interest as useful reagents for organic synt hesis.! One of
the most extensively studied is the use of Fischer-type carbene
complexes as ester-equivalents.2 For example., a-proton of the
carbene carbon is highly acidic and the deprotonated anionic
species react with various electrophiles to give a-substituted
carbene complexes, which can be further oxidized to the
corresponding esters in good yields.?3

In previous papers.4 we have reported that vinyl tungsten
species B were produced via 1.2-migration of
pentacarbonyltungsten moiety when propargyl tungsten species
A, generated by the addition of alkynyllithiums to Fischer-type
carbene complexes, were reacted with electrophiles such as
aldehydes. These vinyl tungsten species B were further oxidized
with iodine to give methoxycarbonylated products in good yields
(Eq. 1). In this communication, we would like to report that the
anions, which were generated by the deprotonation reaction of
Fischer-type carbene complexes or by the Michael addition of
lithium enolates to o.f-unsaturated carbene complexes. could be
employed for carbon-carbon bond formation as vinylmetallic
species on iodine-oxidation.©
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We first examined iodine-oxidation of the anion produced by
the deprotonation reaction of a Fischer-type carbene complex.
Pentacarbonyl(1-methoxypentylidene)tungsten(0) 1 was treated
with lithium diisopropylamide at -78 °C and the produced anionic
species was treated with iodine in the presence of triethylamine
followed by addition of methanol under argon atmosphere.
Reductive work-up with aqueous sodium thiosulfate gave desired
o-methoxy-or.B-unsaturated ester 27 in 21% yicld (Table 1).
Examination of the reaction conditions revealed that the order of
the addition of the reagents was crucial for the optimal yield of 2
and that 2 was obtained in 70% yield by adding methanol before
the treatment with iodine. It is noteworthy that methanol does
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Table 1. lodine-oxidation of the vinyl tungsten
species produced by the deprotonation
reaction of 1

procedure yield/ %
I) lz, Et:;N Il) MeOH 21
I)MCOH li) ll‘ EI3N 70

not protonate the anionic species.

Next, we examined iodine-oxidation of the same kind of
vinyl tungsten species produced by the Michael addition of
lithium enolates to o.,B-unsaturated carbene complexes 8 After
the lithium enolate derived from propiophenone was added to
pentacarbonyl(1-methoxyisopentenylidene)tungsten(0) 3, the
produced anionic species was oxidized by the same procedure as
described above. However, the desired a-methoxy-o,3-
unsaturated ester 49 was obtained in low yield and iodide 59
was obtained as a major product. Further examination of the
reaction conditions revealed that when silver triflate was added
before the treatment with iodine we could obtain the desired
unsaturated ester 4 in 79% yield as shown in Eq. 2.
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Finally, we examined the generality of this reaction.  As
shown in Table 2, various lithium enolates and Fischer-type
carbene complexes could be employed for this reaction and o-
methoxy-o,B-unsaturated esters were obtained in good yields.
In particular. enolates derived from esters or an amide could also
be employed and the corresponding dicarboxyl compounds were
obtained in good yields.
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Table 2. lodine-oxidation of the vinyl tungsten species
produced by the Michael addition of lithium enolates to
o.f-unsaturated carbene complexes”

R! R? R R* yield/ %
Me Me Ph Me 79"
Me Me -(CH,)4- 75"
Me Me OMe Ph 62°
Me Me OMe n-Bu 65"
Me Me NEt,  (CH,),Ph 43"
Me H -(CH,)y- 88¢
Ph H Ph Me 79¢
Ph H -(CH,)y- 59¢

"Molar ratio; carbene complex : enolate : AgOTf : iodine = | :
1.3 : 1.7 : 1.6. Methanol and diisopropylethylamine were used
in large excess. product was obtained as a single isomer.

Geometry of the double bond was not determined. “The product
was obtained as a mixture of three major isomers in a ratio of
10: 6: 3. 9The product was obtained as a mixture of three major
isomers in a ratio of 16: 9: 7. “T'wo major isomers were obtained
in 41% and 18% yield, respectively. Both products contained a
trace amount of other isomers.

A typical procedure is described for the addition of lithium
enolate of cyclohexanone to pentacarbonyl(l-methoxy-2-
butenylidene)tungsten(0), followed by the iodine-oxidation: To a
THF solution (1 ml) of LDA, prepared from diisopropylamine
(29 mg, 0.29 mmol) and butyllithium (1.54 M hexane solution,
0.19 ml, 0.29 mmol), was added a THF solution (1.5 ml) of
cyclohexanone (30 mg, 0.31 mmol) at -78 °C. To the mixture
was added a THF solution (1.5 ml) of pentacarbonyl(1-methoxy-
2-butenylidenc)tungsten(0) (95 mg, 0.23 mmol) and the mixture
was further stirred for 20 min at -78 °C. Then methanol (3 ml), a
THF solution (2 ml) of AgOTf (101 mg, 0.39 mmol), a THF
solution (2 ml) of iodine (95 mg, 0.37 mmol), and a THF
solution (0.5 ml) of diisopropylethylamine (359 mg, 2.8 mmol)
was successively added to the mixture. After the mixture was
stirred for 5 min at -78 °C, the reaction was quenched with
saturaled Na2S203 solution and the organic materials were
extracted with ethyl acetate three times. The combined extracts
were dried over Na2S04 and then evaporated to give a residue,

which was purified by silica-gel TLC (Hexane : ethyl acetate = 2
: 1) to give an isomeric mixture of products (49 mg, 88% yield).

In summary, the anionic tungsten species, generated by the
deprotonation reaction of Fischer-type carbene complexes or by
the Michael addition of lithium enolates to o,B-unsaturated
carbene complexes could be used as vinyl tungsten species and
gave o-methoxy-o,B-unsaturated esters in good yields by
iodine-oxidation.

This work is supported by the Grant-in-Aid for Scientific
Research on Priority Areas "Innovative Synthetic Reactions”
from the Ministry of Education, Science, Sports, and Culture of
Japan.

References and Notes
For reviews, see: K. H. Dotz. Angew. Chem., Int. Ed. Engl., 23 587
(1984); F.J. Brown, Prog. Inorg. Chem., 27, 1 (1980); W. D. Wulff,
in "Comprehensive Organic Synthesis,” ed by B. M. Trost and L. A.
Paquette, Pergamon, New York (1991). Vol. 5, Chap. 9.2; W. D.
Wulff, in "Comprehensive Organometallic Chemistry 11" ed by E. W.
Abel, F. G. A. Stone, and G. Wilkinson, Pergamon, New York (1995),
Vol. 12, Chap. 5.3.

2 For examples, see: W, D. Wulff and D. C. Yang, /. Am. Chem. Soc.,
105, 6726 (1983): K. L. Faron and W. D. Wulff, J. Am. Chem. Soc.,
110, 8727 (1988).

3 For examples, see: W. D. Wulff and S. R. Gilbertson, J. Am. Chem.
Soc., 107, 503 (1985); C. P. Casey and W. R. Brunsvold, /
Organomet. Chem., 102, 175 (1975): B. A. Anderson, W. D. Wulff,
and A. Rahm, J. Am. Chem. Soc., 115, 4602 (1993),

4 N. Iwasawa, T. Ochiai, and K. Maeyama, J. Org. Chem., 63, 3164
(1998); N. Iwasawa, T. Ochiai, and K. Maeyama, Organometallics, 16,
5137 (1997). See also: N. Iwasawa, K. Maeyama, and M. Saitou, J.
Am. Chem. Soc., 119, 1486 (1997).

5 It has been reported that treatment of 6-membered Fischer-type carbene
complexes with tributyltin triflate in the presence of triethylamine gave
a-stannyl dihydropyrans; F. E. McDonald and J. L. Bowman,
Tetrahedron Lent., 37, 4675 (1996). See also; I, . McDonald, C. C.
Schultz, and A, K. Chauerjee, Organometallics, 14, 3628 (1995); J. L.
Bowmann and F. E. McDonald. J. Org. Chem., 63, 3680 (1998).

6 For other examples of oxidative alkoxycarbonylation, see: H. G. Shu,
L. H. Shiu, S. H. Wang, S. L. Wang, G. H. Lee, S. M. Peng, and R.
S. Liu, J. Am. Chem. Soc., 118, 530 (1996); S. J. Shieh,T. C. Tang,
J. S. Lee, G. H. Lee, S. M. Peng, and R. S. Liu, J. Org. Chem., 61,
3245 (1996): H. L. Stokes, L.. M. Ni, J. A. Belot, and M. E. Welker, J.
Organomet. Chem., 487, 95 (1995); T. S. Abram, R, Baker, C. M.
Exon, and V. B. Rao, J. Chem. Soc., Perkin Trans. |, 1982, 285; S.
Jiangand and E. Turos, Organometallics, 12, 4280 (1993).

7 2 was obtained as a single isomer. The geometry of the double bond of
2 was determined to be E by the measurement of the differential NOE
of the reduced allylic alcohol.

3% NOE 403ppm

i O:Me DIBAL 195ppm 1y
N T )\f\[o
2 OMe room temperature
ppm 4% NOE

8 E. Nakamura, K. Tanaka, T. Fujimura, S. Aoki, and P. G. Williard, J.
Am. Chem. Soc., 115, 9015 (1993); Y. Shi and W, D. Wulff, J. Org.
Chem., 59, 5122 (1994); C. P. Casey and W. R. Brunsvold, /norg.
Chem., 16, 391 (1977).

9 4 and 5 were obtained as single isomers, respectively. The geometries
of these compounds were not determined.



