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tensively pursued and will be described in due course.
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The reaction of the chromophore subunit (1) of the natural
antitumor antibiotic neocarzinostatin with methyl thioglycolate
produces an NMR-observable intermediate, assigned as 2, which
decays with a half-life of ~2 h at =38 °C to form the putative
biradical 3.'7 While the latter rearrangement is striking, perhaps
no less so is the thiol addition step (1 — 2), which occurs readily
at =70 °C in acetic acid-tetrahydrofuran (1:9,¢,,, ~ 1.5 h, 0.2
M thiol).! Reported herein are (1) the assembly of the full core
functionality of neocarzinostatin chromophore in a synthetic system
and (2) the preparation of a nonbasic derivative of the chromo-
phore itself. Experiments with these synthetic materials provide
strong evidence that thiol activation of 1 is facilitated dramatically
through participation of the carbohydrate amino group as an
internal base.

The highly reactive epoxy dienediyne 7 is synthesized in 6 steps,
employing 4 (295% ee) as the starting material.** Attempts to

(1) Myers, A. G.; Proteau, P. J. J. Am. Chem. Soc. 1989, 111, 1146.

(2) Isolation of neocarzinostatin: (a) Ishida, N.; Miyazaki, K.; Kumagai,
K.; Rikimaru, M. J. Antibiot. 1965, /8, 68. Identification of the chromophore
subunit: (b) Napier, M. A.; Holmquist, B.; Strydom, D. J.; Goldberg, I. H.
Biochem. Biophys. Res. Commun, 1979, 89, 635. (c) Koide, Y.; Ishii, F.;
Hasuda, K.; Koyama, Y.; Edo, K.; Katamine, S.; Kitame, F.; Ishida, N. J.
Antibior. 1980, 33, 342. Chromophore structure: (d) Edo, K.; Mizugaki, M.;
Koide, Y.; Seto, H.; Furihata, K.; Otake, N.; Ishida, N. Terrahedron Letr.
1985, 26, 331. Carbohydrate stereochemistry: (e) Edo, K.; Akiyama, Y.;
Saito, K.;: Mizugaki, M.; Koide, Y.; Ishida, N. J. Antibior. 1986, 39, 1615.
Chromophore stereochemistry: (f) Myers, A. G.; Proteau, P. J.; Handel, T.
M. J. Am. Chem. Soc. 1988, 110, 7212. Reaction of 1 and methyl thio-
glycolate: (g) Hensens, O. D.; Dewey, R. S.; Liesch, J. M.; Napier, M. A;
Reamer, R. A.; Smith, J. L.; Albers-Schonberg, G.; Goldberg, 1. H. Biochem.
Biophys. Res. Commun. 1983, 113, 538. Proposed mechanism of thiol ac-
tivation of 1: (h) Myers, A. G. Tetrahedron Letr. 1987, 28, 4493, Reaction
of 1 and methyl thioglycolate product identification: ref 2fh.

(3) Compound 4 is prepared by a simple modification of a route previously
described for the synthesis of a diastereomer of 4: Myers, A. G.; Harrington,
P. M.; Kuo, E. Y. J. Am. Chem. Soc. 1991, 13, 694.

(4) For the synthesis of various neocarzinostatin chromophore model
systems and analogues, see: (a) Wender, P. A.; Harmata, M.; Jeffrey, D.;
Mukai, C.; Suffert, ). Tetrahedron Lett. 1988, 29, 909. (b) Hirama, M.;
Fujiwara, K., Shigematu, K.; Fukazawa, Y. J. Am. Chem. Soc. 1989, 111,
4120. (c) Wender, P. A.; McKinney, J. A.; Mukai, C. J. Am. Chem. Soc.
1990, 112, 5369. (d) Fujiwara, K.; Kurisaki, A.; Hirama, M. Tetrahedron
Lett. 1990, 31, 4329. (e) Magnus, P.; Pitterna, T. J. Chem. Soc., Chem.
Commun. 1991, 541. (f) Doi, T; Takahashi, T. J. Org. Chem. 1991, 56, 3465.
(g) Magnus, P.; Davies, M. J. Chem. Soc., Chem. Commun. 1991, 1522,

Figure 1. Proposed mode of thiol addition to 1 through base and acid
catalysis and a representation of a conformation favorable for amino
participation (naphthoate and carbonate groups abbreviated as diagonally
striped spheres for clarity).

Chart I

4 R=H
5 R=TMS

SCH,CO,CH, CH0;CrBu
1 : WOH

12

bring about allylic transposition, or indeed any chemical trans-
formation, in 4 or derivatives are complicated by the instability
of the strained epoxy cyclononadiyne functional group.® After
considerable experimentation, a simple transposition scheme was
developed involving brief exposure of the bis-trimethylsilyl ether
5,% prepared from 4 and trimethylsilyl chloride-triethylamine,
to trifluoroacetic acid (0.2 M in CH,Cl,, 5 equiv) at 0 °C, forming
the trifluoroacetate 6 in 49% yield."* Suprafacial transposition
in the formation of 6 is demonstrated by the conversion of 6 to
a cyclic phenylphosphonite diester* (stereochemistry at phosphorus
unknown) by sequential treatment of 6 with (1) methanol-tri-
ethylamine,’® (2) hydrogen fluoride—triethylamine,*® and (3)
dichlorophenylphosphine—pyridine. Hydrolysis of trifluoroacetate
6 with methanol and triethylamine in toluene at 0 °C furnishes
the corresponding alcohol,®® which is silylated at =78 °C with

(5) This instability arises primarily from facile free radical induced de-
composition and, in certain intermediates, by an apparent sensitivity toward
silica gel and strong acids as well. Yields are determined by use of an internal
standard and reflect more the instability of the compounds produced than the
efficiency of a given chemical transformation. (a) This intermediate was
concentrated for brief periods in the presence of a free radical inhibitor, was
purified by flash chromatography (at 0 °C in the case of 6 and 7), and
afforded satisfactory '"H NMR, IR, and high-resolution mass spectroscopic
data. (b) This intermediate was not subjected to purification or concentration.
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tert-butyldimethylsilyl triflate-lutidine.>¢ Selective deprotection
of the trimethylsilyl ether with hydrogen fluoride—triethylamine
in acetonitrile and elimination of the resultant alcohol’® with
methanesulfonic acid anhydride—pyridine then afford the epoxy
dienediyne 7°® (22% yield from 6, 4 steps). Spectroscopic data
for 7 are in complete accord with the assigned structure, including
BC NMR chemical shifts, which correlate well with corresponding
signals for 1.

Epoxy dienediyne 7 is considerably less stable in neat form than
the parent chromophore (1), decomposing within seconds upon
concentration in the absence of free radical inhibitors. The most
dramatic distinction in reactivity observed for 1 and 7, and the
most elucidating in terms of mechanism, involves their disparate
behavior toward methyl thioglycolate. Synthetic 7 is found to
be completely inert to methyl thioglycolate in perdeuterioacetic
acid-perdeuteriotetrahydrofuran (1:9, anaerobic incubation,
monitored by 'H NMR spectroscopy) to approximately 60 °C,
whereas 1 reacts readily at =70 °C in the same medium. Addition
of triethylamine (0.3 M, equimolar thiol) at 23 °C leads to for-
mation of the indene derivative 8% (¢, /2 = 15 min, HPLC isolation,
38%) as, by far, the major reaction product. Deuterium is in-
corporated at C2 and C6 (ca. 50%) in 8, in complete analogy to
experiments with 1. Both the rate and efficiency of thiol addition
to 7 suffer by comparison with the corresponding transformation
of 1to 3. It is also notable that the stereochemistry at C12 in
8 is inverted relative to the adduct 3, suggesting that the stere-
ochemistry of the epoxide is not a primary influence in directing
these remote additions.

Spectroscopic studies of the stable “dihydro” product resulting
from the addition of two hydrogen atoms to 3 reveal that the
N-methylfucosamine residue occupies a conformation in which
the methylamino group is located over the 8-face of the cyclo-
pentane ring, as predicted by the anomeric and exo-anomeric
effects.?’ Extension of this conformational analysis to 1 (Figure
1) shows that the methylamino group can reasonably function as
an internal base in addition reactions to C12, providing an ex-
planation for the observed reactivity difference of 1 and 7 toward
methyl thioglycolate. A simple strategy to further test this hy-
pothesis involves transformation of the amino group of 1 to a
nonbasic functional group; however, the alkaline conditions of most
acylation and alkylation reactions are incompatible with 1, which
decomposes rapidly at neutral pH and above.” In an uncon-
ventional solution to this problem, treatment of 1 with 1 equiv
of sodium nitrite in acetic acid solution at 10 °C affords the
nitrosamine 9, a derivative of sufficient stability for purification
and study.® Purified 9 provides spectroscopic data in full accord
with the assigned structure. Treatment of 9 with thiol, under
conditions described above, reveals that this derivative is inert as
well to methyl thioglycolate below 0 °C; further warming leads
to nonspecific decomposition.

The experiments outlined above provide strong evidence for
participation of the carbohydrate amino group of 1 as an internal
base in organic solvents. It is reasonable to propose that pro-
ton-assisted opening of the epoxide ring (e.g., with acetic acid in
the experiments described) is also important in thiol addition.
Ellestad et al. have reported similar observations concerning the
role of the aminoglycoside in the reaction of calichemicin with
thiols in acetonitrile,” while Townsend and Cramer find no evidence
for amino participation in similar experiments conducted in water
at pH 7.4.1° Further experiments with neocarzinostatin and its

(6) Corey, E. J.; Cho, H.; Riicker, C.; Hua, D. H. Tetrahedron Lett. 1981,
22, 3455,

(7) Base sensitivity of 1: Povirk, L. F.; Goldberg, 1. H. Biochemistry 1980,
19, 4773.

(8) Purification was achieved by rapid chromatography over Sephadex
LH-20, dichloromethane-methanol-acetic acid eluent (96:2:2). Nitrosation
of 1is a capricious reaction which requires careful control over reaction
conditions and rapid isolation of 9 from the medium. The stability of 9 is
greatly enhanced upon purification.

(9) (a) Ellestad, G. A.; Hamann, P, R.; Zein, N.; Morton, G. O.; Siegel,
M. M.; Pastel, M.; Borders, D. B.; McGahren, W. J. Tetrahedron Lett. 1989,
30, 3033, footnote 10. (b) Zein, N.; Poncin, M.; Nilakantan, R.; Ellestad,
G. A. Science 1989, 244, 697.

derivatives may provide analogous results; the poor water solubility
of synthetic materials prepared thus far has prevented these ex-
periments. However, given the possibility that these drugs are
activated while bound to DNA (X; for DNA-bound 1 ca. 10-¢
M), it is reasonable to question which, if either, medium is
relevant to processes occurring in vivo. The experiments described
above clearly demonstrate that the potential exists for enormous
variation in the rate of thiol addition to 1 and suggest a mechanism
by which catalysis may occur. In one view, the data may be
considered to support a proposal in which thiol addition to drug
in water is slow relative to addition to drug bound or proximal
to DNA. This speculative theory is appealing in that it suggests
a rationale for selective activation of drug in the vicinity of DNA;
once activated, the chromophore (2) is exceedingly short-lived (¢, ,
=~ 0.5sat 37 °C).! Experiments designed to test these proposa{s
are in progress.
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One of the important problems in carbohydrate chemistry is
that of devising a method of some generality to achieve the
stereocontrolled attachment of one carbohydrate to the anomeric
center of another. Considerable progress has been made on this
problem over the years, but although much fascinating chemistry
has been uncovered, a general solution has proved elusive.!

The significance of the work reported here is that it achieves,
for the first time, the formation of a glycosidic linkage predictably
and stereospecifically, even in the difficult case of a 8-mannoside
connection.

We illustrate our general approach to this problem. Carboh-
ydrate A is attached via a temporary connector Y to a properly
chosen hydroxyl of B (the “controlling” hydroxyl) as shown in
Figure 1, using the 2-8 hydroxyl of a mannose derivative as an
illustration. The intramolecularity of the process indicated in 2
— 3 — 4 now dictates whether an « or a 8 anomer will be formed.

(1) Recent reviews of glycosylation: (a) Pausen, H. Angew. Chem., Int.
Ed. Engl. 1982, 21, 155. (b) Schmidt, R. R. Angew. Chem., Int. Ed. Engl.
1986, 25, 212. (c) Vasella A. Pure Appl. Chem. 1991, 63, 507. (d) Sinay,
P. Pure Appl. Chem. 1991, 63, 519. Selected recent glycosylation references:
(e) Mootoo, D. R.; Konradson, P.; Udodong, U.; Fraser-Reid, B. J. Am. Chem.
Soc. 1988, 110, 5583, (f) Kahne, D.; Yang, D.; Lim, J. J.; Miller, R;
Paguaga, E. J. Am. Chem. Soc. 1988, 110, 8716. (g) Halcom, R. L.; Dan-
ishefsky, S. J. J. Am. Chem. Soc. 1989, 111, 6661. (h) Veeneman, G. H,;
van Leeuwen, S. H.; van Boom, J. H. Tetrahedron Lett. 1990, 31, 1331. (i)
Nicolaou, K. C.; Caulfield, T. J.; Groneberg, R. D. Pure Appl. Chem. 1991,
63, 555 and references therein.
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