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action may proceed via the first coupling reaction with 4
to give the intermediate 6 which may undergo an oxidative
addition'® with a Ni(0) species to afford 7.2 A B-elimi-

Ar CH,SiMe H TMS
N 2V Aralg TaH
g \Sww [Ni] H

6 7

nation process may then occur to yield the corresponding
vinylsilane. The requirement of cis coplanarity of Ni-C-
C-H atoms for 8-elimination and the steric effect of the
silyl group determine the stereochemistry of product.'®

In summary, we have depicted a convenient synthesis
of vinylsilanes from dithioacetals. Thus, our method
provides a short passage for the stereoselective transfor-
mation of aldehyde to vinylsilane via dithioacetal which
is readily accessible.
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Electrophilic Amination as a Route to Deoxyamino
Sugars: Synthesis of the Key Intermediate for
18-Methylcarbapenem

Summary: The application of electrophilic amination of
keto sugars as a route to deoxyamino sugars by the reaction
of sugar enolates with dibenzyl azodicarboxylate has been
explored. Although the success of the reaction is de-
pendent on several factors, such as the location of the
carbonyl group and the substitution pattern on the pyra-
nosidulose ring, the process is synthetically promising.
This has been demonstrated by preparation of the pro-
tected Melillo Lactone analogue 18, a key intermediate for
18-methylcarbapenem.

Sir: In most procedures for the preparation of deoxyamino
sugars, the nitrogen is introduced as a nucleophile which
displaces a leaving group! or reacts with an electrophilic
site?? in a pyranoside partner. Electrophilic amination*?

(1) (a) Ahmed, F. M. E. S.; David, S.; Vatgle, J.-M. Carbohydr. Res.
1986, 155, 19. (b) Wolfrom, M. L.; Otani, S. Carbohydr. Res. 1986, 153,
150. (c) Rosenthal, A.; Catsoulacos, P. Can. J. Chem. 1969, 47, 2747 and
references therein. (d) Richardson, A. C. Carbohydr. Res. 1967, 4, 422.
(e) Ali, Y.; Richardson, A. C. Carbohydr. Res. 1967, 5, 441.
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has been unexplored, in spite of the availability of a wide
variety of ketonic sugars which conceivably could be
suitable nucleophilic partners. In this manuscript, we
report some of our work on electrophilic amination of
sugars in the context of a formal total synthesis of 13-
methylcarbapenem (1a).%7

HO R HO

H H NH H H
; P NMe, H,N
NS Mey NH HA !
o o/ R Z
COH 0
1 z

a, R=H Thienamycin a, R=H (Melillo lactone)!3
b, R=CHz  1-B-methylcarbapenem b, R=CHj

Our interest in this project grew out of an unexpected
observation in connection with our continuing interest in
the mechanistic details of photochemically induced ad-
dition of methanol to a-enones.21% In all the substrates
we have examined the photoaddition and normal conjugate
additions proceeded with the same stereoselectivity.?
However, with enone 2,'! photoaddition gave primarily the
equatorial adduct 3a (Scheme I), while normal conjugate
addition displayed the opposite stereoselectivity. This was
confirmed by degradation of adduct 4 to the aldehyde 5
and epimerization to give 6. The latter was then converted
into the photoadduct, 3a, by standard operations (Scheme
I).

(2) (a) Horton, D.; Weckerle, W. Carbohydr. Res. 1975, 44, 227. (b)
Pelyvas, I.; Sztaricskai, F.; Bogndr, R. Carbohydr. Res. 1979, 76, 257. (c)
Pelyvas, 1.; Hasegawa, A.; Whistler, R. L. Carbohydr. Res. 1986, 146, 193.

(3) Pauls, H. W,; Fraser-Reid, B. Carbohydr. Res. 1986, 150, 111.

(4) (a) Trimble, L. A.; Vederas, J. C. J. Am. Chem. Soc. 1986, 108,
6397. (b) Evans, D. A; Britton, T. C.; Dorow, R. L.; Dellaria, J. F. J. Am.
Chem. Soc. 1986, 108, 6395. (c) Gennari, C.; Colombo, L.; Bertolini, G.
J. Am. Chem. Soc. 1986, 108, 6394.

(5) See, for example: Reed, J. N.; Snieckus, V. Tetrahedron Lett.
1983, 24, 3795. Leffler, J. E.; Tsuno, Y. J. Org. Chem. 1963, 28, 902.
Colvin, E. W,; Kirby, G. W.; Wilson, A. C. Tetrahedron Lett. 1982, 23,
3835. Baldwin, J. E.; Adlington, R. M.; Jones, R. H.; Schofield, C. J.;
Zarocostas, C.; Greengrass, C. W. J. Chem. Soc. Chem. Comm. 1985, 194,

(6) Shih, D. H.; Baker, F.; Cama, L.; Christensen, B. G. Heterocycles
1984, 21, 29.

(7) Hatanaka, M. Tetrahedron Lett. 1987, 28, 83.

(8) Fraser-Reid, B.; Holder, N. L.; Hicks, D. R.; Walker, D. L. Can. J.
Chem. 1977, 55, 3978. Fraser-Reid, B.; Anderson, R. C.; Hicks, D. R.;
Walker, D. L. Can. J. Chem. 1977, 55, 3986.

(9) Fraser-Reid, B.; Underwood, R.; Osterhout, M.; Grossman, J. A.;
Liotta, D. J. Org. Chem. 1986, 51, 2152.

(10) Benko, Z.; Fraser-Reid, B.; Mariano, P. 8.; Beckwith, A. L. J. J.
Org. Chem., in press.

(11) Enone 2 was prepared via a Ferrier reaction of 2-acetoxytri-
acetylglucal with tert-butyl aleohol, followed by base hydrolysis of the
product. [Ferrier, R. J.; Prasad, N. J. Chem. Soc., C 1969, 570.] We are
greatly indebted to Professor Ferrier for a generous gift of the precursor
to 2.
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Although we are currently unable to offer a rationali-
zation for these differences in stereoselection to give 3 and
4, it was evident that the former was an attractive synthon
for the synthetic carbapenem antibiotics.™? The specific
advantages for 18-methylcarbapenem®’ can be appreciated
by comparing the “Melillo lactone™'® analogue 7b with 3.
Thus, the hydroxymethyl and carbonyl groups of 3 are
excellent implements for the carboxylic acid and C1 methyl
groups of 7h, respectively. The execution of an electro-
philic amination would complete the retrosynthetic re-
quirements for obtaining 7b from 3a, and a timely report
by Trimble and Vederas ¢ suggested a solution.

OTBS

OTBS
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o
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However, treatment of ketone 3b with LDA or lithium
hexamethyldisilazide, followed by dibenzyl azodi-
carboxylate (DBAD),6 led to the alcohol 8 (eq 1), instead
of the aminated compound 9a (Scheme II). A similar
aberrant reduction of a pyranosid-2-ulose by LDA (eq 2)

(12) (a) Ikota, N.; Yoshiono, O.; Koga, K. Chem. Pharm. Bull. 1982,
30, 1929. (b) Hanessian, S.; Desilets, D.; Rancourt, G.; Fortin, R. Can.
J. Chem. 1982, 60, 2292, (c) Durette, P. L. Carbohydr. Res. 1982, 100,

c27.

(13) Mellilo, D. G.; Shinkai, L.; Liu, T.; Ryan, K.; Sletzinger, M. Tet-
rahedron lett. 1980, 21, 2783. Melillo, D. G.; Liu, T.; Ryan, K.; Sletzinger,
M.; Shinkai, I. Tetrahedron Lett. 1981, 22, 913,

has been reported recently by Bonnert and Jenkins.!* In
contrast to these results, it was interesting to note that with
the 4-ulose 10, similar reaction conditions led to high yields
of the amination product 11 (eq 3). With the epimeric
methyl derivative 12, amination did occur; but under the
reaction conditions, the adduct 13 underwent ready elim-
ination so that the degradation product 14 (eq 4) was
formed in substantial amounts.

It transpires that deprotonation of 3b could be achieved
without incident by use of :-BuOK in THF, and subse-
quent addition of DBAD then led to the desired amination
product 9a in virtually quantitative yield. The most ef-
ficient procedure for obtaining the corresponding methy-
lene derivative 9b proved to be the addition of
TMSCH,MgCl'® followed by reaction with thionyl chloride
in pyridine. Hydrogenation in the presence of Raney
nickel then gave the equatorial C2-CHj; derivative (plus
15% of the C2 epimer) and simultaneously cleaved the
hydrazine. Protection of the amine in situ led to com-
pound 15 (Scheme IT). The product was then ready for
oxidation of one of the protected hydroxymethyl residues
and deoxygenation of the other. These transformations
were effected by standard procedures to obtain 16 and
thence 17. Hydrolysis of the glycoside and oxidation then
afforded the protected Melillo lactone!® analogue 18, which
is an established intermediate for a 18-methylcarbapenem.”

Acknowledgment. We are grateful to the National
Institutes of Health for support of this work (GM 32569).
We are also indebted to Drs. Shinkai and Christensen of
Merck, Sharp, and Dohme (Rahway, NJ) for helpful dis-
cussions.

(14) Bonnert, R. V.; Jenkins, P. R. J. Chem. Soc., Chem. Comm. 1987,

6.

(15) Hudrlik, P. F.; Peterson, D. J. Am. Chem. Soc. 1975, 97, 1464.
Carey, F. A.; Frank, W. C. J. Org. Chem. 1982, 47, 3548.

(16) We are grateful to Professor Vederas for disclosing details of his
procedure prior to publication.

Uko E. Udodong, Bert Fraser-Reid*
Department of Chemistry

Paul M. Gross Chemical Laboratory
Duke University

Durham, North Carolina 27706
Received December 15, 1987

Samarium Diiodide Promoted Intramolecular
Pinacolic Coupling Reactions!

Summary: Samarium diiodide promotes intramolecular
reductive coupling of functionalized keto aldehyde sub-
strates, generating stereodefined 2,3-dihydroxycyclo-
pentanecarboxylate derivatives.

Sir: Samarium diiodide (Sml,) is an exceedingly useful
reagent for promoting intramolecular reductive coupling
reactions. Investigations of such reactions have led to
development of several useful and convenient strategies
for construction of highly functionalized carbocycles and
heterocycles. For example, intramolecular Barbier reac-
tions,? intramolecular Reformatsky reactions,* intramo-

(1) Lanthanides in Organic Synthesis. 9.

(2) Alfred P. Sloan Foundation Fellow, 1987-1989.
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Molander, G. A.; Etter, J. B.; Zinke, P. W. J. Am. Chem. Soc. 1987, 1089,
453. (c) Molander, G. A.; Etter, J. B. Synth. Commun. 1987, 17, 901.
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