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(10) 8a (R = H): bp 115-118 °C at 0.06 mmHg: IR (neat) 3005, 1875, 1638,
1618, 1250, 1110, 845 cm™"; NMR (CCls) 5 0,10 (9 H, s), 0.14 (9 H, s), 0.23
(9H,s), 461(1H,d, J=6.0Hz), 6.24 (1H,d, J=6.0Hz), 7.0-7.4 (5 H,
m); MT at m/e 374.

{11) On treatment with metallic sodium and chlorotrimethylsilane, the diphenyl
dithioacetal of 5-methyl-2-furoylsilane (i) was converted into 6b’ (R = CHy)
via unsaturated ketone ii.2 In this case, one phenylthio group was considered
to behave as a leaving group from the enoclate of type 3 (X = SCgHs).

SPh
Me-@-’-sm%——» _<0=\\\\\ — &b’
SPh SiMe,

i i
(12) Both of the olefinic bonds were confirmed to have the Z configuration. The
internally coordinated metalocycle iii appears to be a probable interme-
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(13) See, for example, H. O. House, D. S. Crumrine, A. Y. Teranishi, and H. D.
Olmstead, J. Am. Chem. Soc., 95, 3310 (1973): G. Stork, G. A. Kraus, and
G. A. Garcla, J. Org. Chem., 39, 3459 (1974).

(14) All of the reactions were carried out at —40 °C. After usual workup,
acetylenic and allenic ketones were usually obtained as mixtures. The
former were converted easily Into the latter on treatment with silica gel.

(15) (a) D. A. Evans, G. C. Andrews, and B. Buckwalter, J. Am. Chem. Soc., 96,
5560 (1974); W. C. Stlll and T. L. Macdonald, ibid., 96, 5561 (1974); (c) W.
C. Still and T. L. Macdonald, J. Org. Chem., 41, 3620 (1978).
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Penems. 1. Penem Formation via a Novel
Oxidative Addition Process Mediated by Copper(I)
Sir:

The total synthesis of naturally occurring 8-lactam antibi-
otics, and in particular derivatives and nuclear analogues
thereof, has received considerable attention in recent years as
a means to produce potentially more effective antibacterial
agents by rational design. Traditionally the synthetic meth-
odology for the construction of bicyclic 8-lactams possessing

.an o,B-unsaturated carboxylate moiety in the ring fused to the
azetidinone has centered on the use of the Wittig reaction or
its modifications, at some stage of development. The versatility
of this approach has been exemplified by the elegant syntheses
of cephems,! oxadethiacephems,? carbadethiacephems,?®3 and
most recently penems# and carbadethiapenems.” In this report
we present a new annulation procedure which provides a facile
entry into the synthesis of 2-thioalkyl-substituted penems 1.

In considering synthetic approaches to 1 we were intrigued
by the possibility that a metal-assisted oxidative addition re-
action of a halodithioketene acetal azetidinone derivative 2 (M
= metal, X = halogen) might be feasible (eq 1). Although

63 ; S\_-SR
I I 2R D [
N — Eq.l
o 0P xPNcoR
M
2

4 ’

COR
there is no apparent, directly applicable literature precedent
for such a process, it has been documented that similar anionic
nitrogen species undergo related coupling and annulation re-
actions in the presence of cuprous halides.® In addition to these
copper(I)-promoted transformations, it has also been shown
that a-bromoacrylates undergo facile, stereospecific self-
coup,ling in the presence of bis(1,5-cyclooctadiene)nickel-

(0).

We were further attracted to this proposal since the requisite
fully functionalized secolactam 2 (M = H) was found to be

1
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readily available via halogenation of lactam derivative 3, ob-
tained from a displacement reaction of 4-acetoxyazetidin-2-one
(4)® and the appropriate 1,1-dithiomalonate diester 5° as
outlined in eq 2. The following account describes our experi-
mental findings by which this strategy was successfully real-
ized.

SR

s SR OAc S
2 = I pe— | N| . |
ﬁ O H COZR’
3 4 5

’
COZR
Eq 2

Treatment of stoichiometric amounts of 4 and p-nitrobenzyl
methyl 1,1-dithiomalonate (8)12 (R = Me; R’ = CH,CsH4-
p-NO;, = PNB) with methanolic sodium methoxide (25 °C,
67 h) afforded the expected secolactam 313 in 74% yield as a
1:1 mixture of Z and E isomers. Exposure of the mixture 3 to
N-bromosuccinimide (1.1 equiv) in the presence of HMPA (1
equiv) in THF (25 °C, 0.5 h) provided a 78% yield of the de-
sired bromodithioketene acetal derivative 213 (M = H) as a
mixture of isomers (Z/E = 2.4).14 Reaction of the Z bromide
2 with lithium diisopropylamide (1.0 equiv) in the presence of
Cul-PBu3!? (1.0 equiv) in THF at —78 °C (1 h) followed by
warming to =25 °C (5 h) gave penem 1 (R = Me; R’ = PNB,
mp 165-166.5 °C) in 43% yield.!® The spectral properties
exhibited by penem 1 were in accord with those reported by
Woodward and co-workers# which appear to be characteris-
tically definitive for this nucleus: IR (CHCIl;) 1795, 1689
em™!; Apmax (dioxane) 268 nm (e 16 931), 317 (11 053). The
NMR spectrum was unexceptional: § (CDCl;) 2.47 (s, SMe),
3.2(dd, J = 2.5,16 Hz, H-63), 3.8 (dd, J = 5, 16 Hz, H-6c),
5.17 (dd, J = 2.5, 5.0 Hz, H-5), 5.27 (s, CO2CH,Ar), 7.47 (d,
J =9 Hz, ArH), 8.2 (d,J = 9 Hz, ArH).

The fact that the annulation reaction was indeed mediated
by cuprous ion was readily ascertained, for in its absence the
identical process yielded no detectable lactam products. The
stereospecificity of the reaction was demonstrated at an early
stage of development in which a mixture of bromides 28 (E/Z
= 1.6) treated successively with LDA (1.0 equiv) and Cul (1.1
equiv) in THF at =78 °C followed by warming to =5 °C over
2 h resulted in the isolation of 1 (4%) and 8% of a material
whose structure was designated as 6 on the basis of mechanistic
considerations and the following spectroscopic data: IR
(CHCl3) 1724, 1695, 1637 cm™!; NMR (CDCl;) 6 2.6 (s,
SMe), 5.3 (s, CO>CH»Ar), 5.61 (d, J = 14 Hz, C=
CHCO,PNB), 7.5 (d, / = 9 Hz, ArH), 8.2 (d, / = 9 Hz,
ArH), 8.33 (d, J = 14 Hz, NCH==C); m/e 432,430 (M?*). In
an identical reaction of only the Z bromide 2, the same yield
of penem 1 was obtained and 6 was not detected.

A mechanism by which 6 may be formed, for which there
is some precedent,!? is given in Scheme 1.

Having demonstrated the viability of this approach for the
construction of a simple 2-thioalkylpenem, we sought to
elaborate the method for the synthesis of penems possessing
an appropriately N-protected 2-cysteaminyl substituent, a
moiety common to the highly potent, naturally occurring an-
tibiotic thienamycin and related substances.2® Similarly then,
a mixture of secolactams 7a!3 was obtained from the reaction

Scheme 1
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CO,PNB
7a R’=H, R=PNB
7bR’=H, R=CH,CCly 9a R=PNB
8qg R’=Br,R=PNB 9b R=CH,CCly
7

gb R’=Br,R=CH,CCl,

of 4 and p-nitrobenzyl-N-p-nitrobenzyloxycarbonylcys-
teaminyl-1,1-dithiomalonate!? with sodium methoxide in
methanol (25 °C, 24 h, 84%). Bromination of 7a with NBS
(1.1 equiv) (1 equivof HMPA, THF, 25 °C, 0.3 h, 44%) af-
forded only the desired Z isomer 8a.!* Cyclization as before
(1.1 equiv of LDA, 3.3 equiv. of CuBr-SMe,, THF, =78 t0 0
°C, 3.0 h) gave penem 9a in 55% yield: mp 151-153 °C; IR
(CHCl3) 1795, 1720 (br), 1690 (sh) cm~!; NMR (CDCl;) 6
3.1 (m, SCH,), 3.27 (dd, J = 2, 16 Hz, H-68), 3.56 (m,
NCHa,), 3.84 (dd, J = 5, 16 Hz, H-6cx), 5.19 (dd, J = 2, 5 Hz,
H-5), 5.23 (s, CO,CH1Ar), 5.28 (br m, NH), 5.32 (s, CO»-
CH>Ar), 7.57 (m, ArH), 8.28 (m, ArH); Apax (dioxane) 268
nm (e 24 752), 318 (10 080).

The analogous sequence could also be conducted with the
cysteamine nitrogen protected with the trichloroethyloxy-
carbonyl group. Thus 7b was obtained analogously in 70% yield
and brominated (1.1 equiv of NBS, 6 equiv of HMPA, THF,
—78t0—20°C, 1 h) to8b'3in 70% yield (Z/E = 9). Cycliza-
tion of 8b to 9b!3 was best accomplished (52%) employing
Cul-PBuj3 (1 equiv) at =78 to =20 °C over a period of 5 h.

In conclusion, it has been demonstrated that a highly
strained bicyclic 8-lactam nucleus can be readily constructed
in the presence of diverse functional groups utilizing a mild,
facile, stereospecific oxidative addition reaction mediated by
Cu(l) as the key transformation, The further application of
this methodology for the synthesis of novel antibiotics will be
reported in due course.
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Derivatives of Heteropolyanions. 2.
Metal-Metal-Bonded Derivatives

Sir:

We recently reported the preparation of several series of
organic derivatives of the Keggin-structure (Figure 1) het-
eropolyanions W2SiO40%~, M015Si0404~, and W1,PO443.!
Extension of this work has led to the Tirst heteropolyanions
which ‘contain metal-metal bonds, including CpFe(CO),-
SnW) P03~ (Cp = 7-CsHs), (OC)3Co(SnW1;Si039),11-,
m-C3HsPd(SnW1,Si039),'1~, and a high molecular weight
completely inorganic polymer, [(OC)3CoGe, W11Si040° ],
Alternatively, these anions and the others reported here can
be viewed as transition-metal complexes which contain het-
eropolyanion ligands.

These anions are prepared by reacting the “unsaturated”
Keggin fragments W1,Si0368~, M011Si0398~, or W1;PO3¢7~,
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