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parallel-perpendicular conformation of allyl vinyl ketone complex
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The highly unusual structures of the calicheamicins, of which
calicheamicin +v,,! is the most prominent member,! coupled with
their phenomenal biological activity have spurred a flurry of
investigations. Whereas most of the synthetic efforts in this area
have focused on biological mimics? and the bicyclic enediyne
skeleton,’ reports relating to the oligosaccharide fragment have
been few.* In this communication we describe the first synthetic
study that provides solutions to the stereoselective construction
of the crucial bonds a—e (see structure 1) present in the cali-
cheamicin ~,,! oligosaccharide, and which delivers the ABC
skeleton 1 in optically active form.

On close inspection of the oligosaccharide fragment of cali-
cheamicin #,,!, one identifies the following challenging synthetic
features (shown in target 1): (a) the unusual alkoxylamine bond
B, linking carbohydrate units A and B via bonds « and v; (b) the
B-stereochemistry of the glycoside bond 4, which, taken in com-
bination with the 2-deoxy nature of saccharide B, offers a unique
challenge to synthetic construction; (c) the sulfur bridge, linking
carbohydrate unit B with a heavily substituted aromatic system
via bonds & and ¢; and (d) the a-stereochemistry of the N- and
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S-bearing stereogenic centers of saccharide units A and B, re-
spectively. Our studies provide clean and rather novel solutions
to all the above challenges.

The synthetic design was based on the retrosynthetic discon-
nections indicated in structure 1, which led to thiocarbonyldi-
imidazole (Im,C=S) as the sulfur source, N-hydroxyphthalimide
(HO-NPhth) as the origin of the alkoxyamino group, and pre-
cursors to rings A, B, and C as potential starting points. Scheme
I outlines the synthetic strategy as designed from the above
analysis, and which, in addition to solving the above-mentioned
problems, avoids a potentially difficult deoxygenation step to
generate the methylene group of the B ring. Thus intermediate
I (Scheme I) was designed with an ester group at position 2 to
assure the desired stereochemical outcome of the glycosidation
reaction (I — II, B-stereochemistry) as well as a means to ste-
reoselectively deliver the sulfur atom at position 4 via a sigmatropic
rearrangement (II — III — IV). Intermediate IV was then
expected to serve as a precursor to V.

Scheme II outlines the sequence leading to target 1. Thus,
following selective deprotection (DIBAL, 72%) of the diester 2,°
epoxidation of 3% with m-chloroperoxybenzoic acid (MCPBA)
followed by regio- and stereoselective epoxide opening by m-
chlorobenzoic acid afforded diol 4 in 55% yield. Selective silylation
(-Si'‘BuMe,, 67%) of the 3-hydroxyl group of 4 followed by ex-
posure to Swern conditions resulted in the formation of enone 6
via an oxidation—elimination sequence (88%). 1,2-Reduction of
enone 6 using Zn(BH,),~NH,Cl in ether’ proceeded smoothly
from the 8-face and was followed by the expected, in situ, ester
migration,? to afford the desired a-lactol 7 in good yield (ca. 8:1
a:8 ratio by '"H NMR). Rapid workup followed by immediate
addition of HO-NPhth, Ph,P, and diisopropyl azodicarboxylate®
resulted in the formation of the 8-glycoside 9, presumably via
intermediate 8 (53% overall yield). While the mechanism of this
glycosidation is not fully understood, an Sy2 process may be
occurring since the a:3 ratio of the resulting glycoside 9 is de-
pendent upon the ratio of starting lactol anomers.!® Liberation
(NH,NH,) of the amino group led to hydroxylamine derivative
10, which was condensed with ketone A’ under acidic conditions,
to afford compound 11'! (92% overall yield from 9). Silylation
(-Si'‘BuMe,, 99%) of 11 gave 12, which on exposure to DIBAL
led to the hydroxy compound 13 (91%). Reaction of 13 with

(5) For the synthesis of this compound, see the supplementary material.

(6) All new compounds exhibited satisfactory spectral and analytical
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Scheme I. Synthetic Design for the Construction of the Central Ring
of the Calicheamicin v,,' Oligosaccharide Fragment
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Scheme II. Synthesis of Compound 1°
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“Reagents and conditions: (a) 1.0 equiv of DIBAL, CH,Cl,, ~78
°C, 2.5 h, 72%, plus 15% recovered 2; (b) 2.5 equiv of 55% MCPBA,
MgSO,, CH,Cl,, 0 °C, 0.5 h, 55%; (c) 1.5 equiv of ‘BuMe,SiCl, 2.0
equiv of imidazole, CH,Cl,, 25 °C, 30 h, 67%; (d) 1.5 equiv of (CO-
Cl1),. 2.0 equiv of DMSO, § equiv of Et;N, CH,Cl,, -78 to 25 °C,
88%; (e) 1.2 equiv of Zn(BH,),, 0.5 equiv of NH,C], ether, 0 °C, 20
min; (f) 1.1 equiv of HO-NPhth, 1.2 equiv of diisopropyl azodi-
carboxylate, 1.2 equiv of PhyP, THF, 25 °C, 0.5 h, 53% overall from 6;
(g) 1.0 equiv of NyHy, MeOH, 25 °C, 10 min; (h) 1.2 equiv of A, 0.1
cquiv of PPTS, PhH, 25 °C, 3 h, 92% overall from 9; (i) 1.5 equiv of
‘BuMe,SiOTH, 2.5 equiv of 2,6-lutidine, =25 to 0 °C, 0.5 h, 99%: (j)
2.5 equiv of DIBAL, CH,Cl,, -78 °C, 1 h, 91%; (k) 1.0 equiv of thio-
carbonyldiimidazole, CH,CN, 25 °C, 20 h; (1) PhCH,, 110 °C, | h,
85% overall from 13; (m) 6.0 equiv of DIBAL, CH,Cl,, ~78 °C, 2 h;
(n) 2.0 equiv of 2,4,6-trimethylbenzoyl chloride, 10 equiv of Et;N, 0.35
equiv of DMAP, CH,Cl,, 25 °C, 8 h, 91% overall from 15; (o) 1.0
cquiv of TBAF, THF-H,0-HOAc (100:25:1), 0 °C, 20 min; (p) 2.5
cquiv of K-Selectride, DME, ~78 °C, 1.5 h, 74% overall from 17; (q)
1.2 equiv of TBAF, THF, 0-25 °C, 45 min, 100%; (r) 6 equiv of
BH;-NHj, 6 equiv of PPTS, 25 °C, 4 h, 85%.

thiocarbonyldiimidazole for 20 h at 25 °C gave a mixture of the
thioimidazolide 14 and 15, the latter resulting from a stereospecific

[3,3]-sigmatropic rearrangement'? of 14, Refluxing the mixture
for 1 h in toluene completed the rearrangement in 85% overall
yield from 13. Generation of the free thiol group in 15 using
DIBAL resulted in the formation of 16, which was immediately
reacted with 2,4,6-trimethylbenzoyl chloride under basic condi-
tions, to afford the desired thioester 17. Selective desilylation was
achieved with a stoichiometric amount of nBuy,NF leading to
ketone 18 in good yield. As expected, stereoselective reduction
of the carbonyl group of ring B with a bulky reagent (K-Selectride)
led to compound 19 (74% overall yield from 17). Desilylation
of 19 led to dihydroxy compound 20 in quantitative yield. Finally,
stereoselective reduction of the oxime in 20 was secured with
BH;NH;-pyridinium p-toluenesulfonate (PPTS), furnishing the
targeted ABC system 1 in 85% yield.'> The stereochemistry of
the stereogenic centers generated in this sequence (C-4, C-1/, C-3’
and C-4’) was evident from NMR data (see supplementary ma-
terial).

The described chemistry provides stereocontrolled solutions to
the crucial bond constructions of the calicheamicin v,,! oligo-
saccharide fragment and makes available the interesting sub-
fragment 1 for DNA binding studies and other investigations in
this area. Furthermore, the reported sequence is expected to
facilitate the synthesis of the complete oligosaccharide fragment
of these antibiotics.
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reoselective process is not well understood at present.

Tellurapyrylium Dyes as Catalysts for the Conversion of
Singlet Oxygen and Water to Hydrogen Peroxide

Michael R. Detty*

Corporate Research Laboratories, Eastman Kodak Company
Rochester, New York 14650-2115

Scott L. Gibson

Department of Biochemistry, University of Rochester and
University of Rochester Cancer Center
Rochester, New York 14642

Received February 12, 1990

The development of methods for light-to-chemical energy
conversion is important for application to solar-energy storage
schemes. While the major emphasis in such research has been
water splitting for the production of hydrogen,'™® the photopro-
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