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Hydroformylation is a widely used and well understood process
catalyzed by a variety of transition metals.! The process in-
corporates an inexpensive source of carbon (i.e., carbon monoxide)
and produces the aldehyde functionality, which is one of the most
versatile and reactive functional groups in organic chemistry.> A
variety of alkenes will undergo hydroformylation; however, car-
bon-oxygen double bonds (e.g., aldehyde) produce a formate ester
and not the desired a-hydroxyaldehyde.” Murai and co-workers*
in 1979 reported that treatment of aliphatic aldehydes (3-fold
excess) with diethylmethylsilane and carbon monoxide (50 kg/
cm?) in the presence of Co,(CO)s/PPh; (100 °C, benzene) af-
forded a-silyloxyaldehydes in moderate yield.* More recently,
Ojima and co-workers® and Matsuda and co-workers® independ-
ently reported the transition-metal-catalyzed “silylformylation”
of alkynes.’

As part of our ongoing research effort to develop new chiral
ligands and new reactions catalyzed by rhodium(I),® we have
discovered that [(COD)RICI], is a very effective catalyst for the
silylformylation of aldehydes, The rhodium(I)-catalyzed silyl-
formylation of aldehydes appears very general, affords high yields
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of the a-silyloxyaldehydes, and does not require the use of excess
aldehyde.

Initially our studies focused on the use of diphenylsilane, which
is commonly used in rhodium(I)-catalyzed hydrosilylations.®
Although at early stages in the reaction we could detect a new
aldehyde group, at the completion of the reaction no a-silyloxy-
aldehyde could be isolated. We soon realized that an intramo-
lecular hydrosilylation occurs after silylformylation, thus con-
surgling the a-silyloxyaldehyde and producing the protected diol
l.l

Utilization of the monohydric dimethylphenylsilane is found
to work superbly in the rhodium(I)-catalyzed silylformylation of
aldehydes (Scheme I, Table I). Since there is no evidence for
the production of “diol” products, the relative rate of reaction for
the starting aldehyde substrate must be much greater than that
of the newly formed a-silyloxyaldehyde. A simple bulb-to-bulb
distillation affords analytically pure a-silyloxyaldehydes.!! Ketone
substrates (e.g., acetophenone) yield silylenol ethers as the sole
product. This result suggests that 8-hydrogen elimination is much
faster than migratory insertion of carbon monoxide.'?

It can be seen from Table I that the reaction is quite general
and works well for heterocyclic as weli as aliphatic systems. The
very mild reaction conditions permit discrimination of the starting
aldehyde from the newly formed and more sterically demanding
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(11) Full experimental details and spectroscopic and analytical data for
the a-silyloxyaldehydes are deposited in the supplemental material.
C,H:CH(OSiMe,Ph)CHO (3a) (74%, bp 130-140 °C at 0. mmHg): 'H
NMR (CDCl;) 6 9.52 (s, 1 H, CHO), 7.55-7.28 (m, 10 H, Ar H), 4.99 (s,
1 H, -CHCHO), 0.43, 0.37, 0.33 (ss, 6 H, SiCH,); ''C NMR (CDCl,) §
198.4 (CHO), 139.4 (Ar C), 136.3 (Ar C), 135.9 (Ar C), 133.3 (Ar CH},
132.8 (Ar CH), 132.7 (Ar CH), 130.0 (Ar CH), 129.7 (Ar CH). 129.0 (Ar
CH), 128.5 (Ar CH), 128.3 (Ar CH), 128.2 (Ar CH), 128.1 (Ar CH), 128.0
(Ar CH), 127.8 (Ar CH), 127.5 (Ar CH), 126.5 (Ar CH), 126.2 (Ar CH),
79.9 (-CHCHO), 0.6, -1.4, -1.6, (SiCH,); IR (CH,Cl,) vc—¢ 1736. Anal.
Caled for C, HxO0,Si: C, 71.06: H, 6.72. Found: C, 71.12; H, 6.94. Itis
noteworthy to mention that in each silaformylation reaction studied to date
we observe at least two NMR signals for the prodiastereotopic silicon methyl
groups. We also believe rotomers about the silicon—oxygen bond exist and
have been indirectly supported by molecular mechanics analysis.

(12) Experimental data strongly suggests that the a-silyloxy moiety favors
migratory insertion [see: Gladysz, J. A.; Selover, J. C.; Strouse, C. E. J. Am.
Chem. Soc. 1978, 100, 6766]; however, its influence on the 8-hydride elim-
ination pathway has not been established.
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Table I. Summary of Results for the Rhodium-Catalyzed Silylformylation of Aldehydes”

product R yield? (%) product R yield® (%)
3a O 74 3f @ 72
8
3 ar 84 3 CH,CH,CH,- 60
3h¢ (CH,),CH- 75
80 3i 90
RaYs { -
3d 50 °
Messio—O 3 O_ 88
3e @\ 60 Fe
N
[

Me

@ A THF solution (8 mL) of the appropriate aldehyde (1.5 mmol) and Me,PhSiH (0.20 g, 1.5 mmol) was degassed (freeze~pump-thaw X3) and
then cannulated into a glass vessel containing the [(COD)RhCI], (1.8 mg, 0.5 mol %). The vessel was placed in the bomb, charged with carbon
monoxide (250 psig), and allowed to react at ~23 °C for 24 h. Yields reported were determined by NMR spectroscopy using an internal NMR
standard (1,1,1-trichloroethane). Isolated yields were slightly lower but comparable. <1000 psig of carbon monoxide pressure used.

a-silyloxyaldehyde. In the case of isobutyraldehyde we do see
small amounts of enol ether formed, and at lower carbon monoxide
pressures (250 psig) we observe hydrosilylation product.!’> The
silylformylation reaction does not appear to tolerate strong
electron-withdrawing substituents. For example, p-nitrobenz-
aldehyde shows only a 40% conversion with only some silyl-
formylation product (20% yield). We find that pyridine car-
boxaldehydes (both the 2- and 4-) are completely unreactive under
the reaction conditions.

Other monohydridic silane reducing reagents such as Et,SiH
and Ph,SiH are not effective reagents for the rhodium(I)-catalyzed
silylformylation of aldehydes at the mild temperatures employed
in this study, Triethylsilane is recovered intact, and the tri-
phenylsilane decomposes to unidentified products.

The utility of the a-silyloxyaldehydes is demonstrated by their
facile conversion to a-silyloxyimine derivatives (eq 1).'* The latter

Ph
CHO =N
. PhCH,NH
OsiMePh  ___TTRTR OSiMezPh
H benzene, 23 °C H
4

100% )
compounds are useful synthetic intermediates in the diastereo-
selective synthesis of 8-amino alcohols.!s

We find that the rhodium-catalyzed silylformylation is selective
for the aldehyde functionality in the presence of an ester (eq 2).

2 o [CODRhC),  © cHo
Ao > A OSiMezPh
H  MePhSiH H '

CO (250 psi
( psig) 0% 5 (2)
The highly functionalized aromatic compound 5 is isolated in 70%
yield, Spectral data collected from the crude reaction mixture
indicated complete chemoselectivity for the aldehyde group.
Studies are continuing in our research program to fully develop
the tremendous potential of silylformylation, apply the novel

(13) For aromatic aldehydes we find that carbon monoxide pressures of
125 psig produce slightly lower yields of the a-silyloxyaldehydes with con-
comitant formation of the hydrosilylation byproduct (~ 10%).

(14) Spectroscopic data for 4; 'H NMR (CDCl,) 6 7.66 (d, J = 5.9 Hz,
1 H, CH=N), 7.54 (d, J = 7.7 Hz, 2 H, phenyl CH), 7.43-7.15 (m, 13 H,
phenyl CH), 5.33 (d. J = 5.9 Hz, | H, PhCH(OSiMe,Ph)C=N—), 4.49 (s,
2 H, PhCH,N=), 0.38, 0.37 (ss, 6 H, SiCH;); 'C NMR (CDCl,) é 166.1
(CHN), 140.3, 138.6, 133.5, 129.7, 128.4, 128.0, 127.8, 127.7, 127.0, 126.2
(Ar C’s), 76.8 (CH(OSiMe,Ph)), 64.3 (CH,N=), -1.0, -1.3 (SiCH,); IR
(CH,ClL.) v » 1655.

(15) Claremon, D. A.; Lumma, P. K.; Phillips, B. T. J. Am. Chem. Soc.
1986, /08, 8265. Yamamoto, Y.; Komatsu, T.; Maruyama, K. J. Chem. Soc.,
Chem. Commun. 1985, 814.

methodology to selected synthetic targets, and explore the use of
new catalytic systems,
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Maitotoxin (MTX), with a molecular weight of 3422 Da, is
one of the largest natural products known,?> It exceeds palytoxin
in size and lethality (LDs, 50 ng/kg, mouse, ip). Although scarcity
of material has hampered full pharmacological evaluation, MTX
is involved in Ca?*-dependent mechanisms in a wide range of cell
types.> It has been implicated in ciguatera food poisoning,* thus
making its structural determination one of the most exciting
challenges in natural products chemistry. We previously reported
partial structures of MTX® (fragments A and C) and showed that
the molecule consists mainly of fused polycyclic ethers. In this
communication, we disclose the entire structure of MTX (1).

MTX (8.1 mg) was isolated from cultured dinoflagellates
Gambierdiscus toxicus (strain GII-1) and was treated with NalO,
then with NaBH,.> Subsequent HPLC yielded two major frac-

(1) (a) Tohoku University. (b) Suntory Institute. (c) The University of
Tokyo.

(2) Yokoyama, A.; Murata, M.; Oshima, Y.; Iwashita, T.; Yasumoto, T.
J. Biochem. 1988, [04, 184-187.
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(4) Yasumoto, T.; Bagnis, R.; Vernoux, J. P. Bull. Jpn. Soc. Sci. Fish.
1976, 42, 359-365.
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J. Am. Chem. Soc. 1992, |14, 6594-6596.
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