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Summary: Treatment of 11 with n-Bu,BOTf/amine bases
resulted in its stereospecific conversion into the 124-
hydroxybicyclo[7.3.1] diynene-CO,(CO)¢ adduct 16.

The key reaction in our approach to the synthesis of
the potent antitumor compounds esperamicin/calicheam-
icin 1! involves the use of the Pettit—Nicholas Co,-
(CO)g—propargyl cation chemistry to convert 2 into 3
(Scheme 1).2 While we have been able to introduce all of
the functionality required for calicheamicin (C-1,2 double
bond, C-2 nitrogen, C-3 oxygen, C-13 allylic trisulfide, and
C-12 oxygen) into the cobalt-decomplexed substrate 4,
despite extensive experimentation we have not been able
to successfully introduce the C-12 hydroxyl group by
carrying out the Pettit-Nicholas reaction at the aldehyde
oxidation level.® Scheme II shows a number of unsuccesful
attempts to close the C-1, C-12 bond with a functional
group at C-12. Even treatment of 9 with Me;SiOTf/2,6-
di-tert-butyl-4-methylpyridine (Pummerer reaction) only
gave 3 (65%). Presumably, the PhS(0O) group is activated
by silylation (on oxygen) and then ionizes to the stabilized
cation 2a (PhSOSiMe; leaving group). The failure of the
derivatives 5-9 to give 10 may be attributed to the lack
of reactivity of 9a (too stabilized). In support of this the
keto aldehyde 11 was the major isolated product in all the
attempts to convert 5-9 into 10. Sulfonium and oxonium
ions should be aligned antiperiplanar to the enol r-system,
and this appears to be difficult to achieve (steric).*
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Furthermore, the product 10 may be unstable in respect
to further ionization. Consequently, it was reasoned that
a mild synclinal aldol reaction mediated by a boron enolate
derivative might allow access to derivatives of 10.5 It
should be noted that the other synthetic approaches to the
esperamicins/calicheamicins arrive at 12-hydroxy bicy-
clo[7.3.1] diynene derivatives as a mixture of epimers at
C-12.! Treatment of 12 with propargyl alcohol/Pd(PhyP),
(cat.)/Cul/n-BuNH, gave 13 (80% ),% which was oxidized
using Swern conditions to the unstable aldehyde 14
(Scheme III). Cobalt complexation gave 15 (92%)7 and
removal of the MEM protecting group using Me,BBr-
(THF /CH,C),)® gave the keto aldehyde 11 (73%). The
yield of 11 was considerably decreased if THF was not
added in this deprotection (30-35% of 11). When 11 was
treated with n-Bu,BOTf/DABCO/NEt;/CH,Cl,-THF the
aldol product 16 was isolated as a single stereoisomer [45%
after chromatography over silica gel (twice)] (Scheme IV).
The 9-H to 12a-H proton—proton coupling is 1.59 Hz,
which corresponds very closely to that observed in the
natural products 1 (1.8 Hz). Surprisingly, when 16 was
treated with I,/ THF /room temperature the aromatized
diiodide 18 was isolated in 60% yield. This should be
contrasted with 3, which gave 4 (70%) with only small
amounts of the iodide 19. In contrast, when 16 was treated
with N-methylmorpholine N-oxide/THF, t-BuOH/room
temperature, the nonaromatized diynene 17 was isolated
in 76% yield. Exposure of 17 to I,/ THF /room tempera-
ture did not give 18. A plausible explanation for the
aromatization of 16 to 18 might involve the hypoiodide 20,
which can deliver I* to the adjacent triple bond to give 21
and initiate cycloaromatization to 19. The above route to
17 was made more convergent by utilizing the modifica-
tions described by Kadow? in his adaptation of our original
sequence.? Treatment of 22 with acetylene carboxaldehyde
diethyl acetal under the usual coupling conditions gave 23
(68%) (Scheme V). Removal of the trimethylsilyl group
with aqueous lithium hydroxide and treatment of the
terminal acetylene with lithium bis(trimethylsilyl)amide
generated the lithio derivative 24, which was quenched
with 25 to give 26 which undergoes silyl migration pro-
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viding 27 (70%). Hydrolysis of 27 with trifluoroacetic
acid/chloroform gave 28 (80%) which was converted di-
rectly into 11 (90%) by treatment with dicobalt octa-
carbonyl. This route allows access to 128-hydroxy-
bicyclo[7.3.1] diynene 17 in eight steps from cis-dichloro-
ethylene and trimethylacetylene in an overall yield of 14%
(unoptimized). The synclinal aldol mediated stereospecific
synthesis of the 123-hydroxybicyclo{7.3.1] diynene system
17 should allow the examination of bridgehead enol

chemistry (C-1, C-13) in the presence of the 128-substit-
uent.
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Several routes for the synthesis of 6-N-(benzyloxy)cycloornithine (2) from glutamic acid derived starting materials
are described. Efficient methods were developed for the synthesis of glutamic acid y-semialdehyde and 4-hy-
droxynorvaline derivatives as key substrates for preparation of §-N-hydroxyornithine analogues. Thus, the best
approaches to the synthesis of 2 were: (1) reductive cyclization of an N-hydroxysuccinimide ester of the
O-benzyloxime 4 of a-amino-protected glutamic acid y-semialdehyde 5 and (2) cyclization of the N-(benzyloxy)amide

of 6-bromonorvaline (7).

Introduction

The pseudomonads represent a diversified group of
Gram-negative bacteria widely distributed in the soil. The
fluorescent pseudomonads which belong to group 1, ac-
cording to their genetic homology, release yellow-green
flourescent pigments when grown under iron-deficient
conditions. These pigments are the siderophores of the
fluorescent pseudomonads and are called pyoverdines!™
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