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for conformational study,13 and the glycal 4 could be converted 
to a number of sialyl Le* derivatives on the basis of chemistry 
developed by Danishefsky and others.14 

In summary, the recombinant al,3FucT, like a(l,3/l,4)FucT,3f 

accepts a number of galactosides and sialosides as substrates and 
is useful for the synthesis of sialyl Lex and related compounds. 
Coupled with in situ regeneration of UDP-GaI, CMP-NeuAc, and 
GDP-Fuc,15 it is now possible to carry out large-scale enzymatic 
syntheses of sialyl Le* and analogs. Work is in progress to in
vestigate the synergistic inhibition of FucT with GDP and aza 
sugars. 
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Diynene antitumor antibiotics like calicheamicin1 or esperam-
icin2 are radical generators that induce the cleavage of DNA 1 
via hydrogen atom abstraction.3 An important intermediate in 
this DNA strand scission is the deoxyribosyl radical 2 with the 
radical center at the 4'-position. This deoxyribosyl radical either 
reacts with oxygen3 or decomposes directly.4 Under anaerobic 
conditions ketoaldehydes 3a,b are formed as the major products. 
To attain a deeper insight into the mechanism of this radical 
induced DNA strand cleavage under anaerobic conditions we 
selectively generated radicals 5a,b by addition of benzenethiyl 
radicals to the dinucleotide derivatives 4a,b.s Dinucleotide 4a 
is cleaved quantitatively into fragments 6a and 7a.6 Hydrolysis 
of 6a exclusively yields ketoaldehyde 3c.7 It is therefore rea
sonable to assume that the anaerobic cleavage of DNA via de
oxyribosyl radical 2 could initially lead to an enol ether of structure 
6 which hydrolyzes to ketoaldehyde 3. The rate of solvolysis 
depends upon the base. Thus radical addition to thymidine dimer 
4b in methanol/water (10:1) at 30 0C gives within 20 min directly 
the ketoaldehyde 3c (45%) and the thymidine derivative 7b (85%). 
Presumably, intermediate 6b is hydrolyzed so rapidly that it is 
not built up during the reaction. 

Kinetic experiments revealed that the fragmentation rate of 
5a is larger than 108 s"1 (30 0C). Using an excess of benzenethiol 
the mononucleotide derivative 8 yielded mainly fragment 6a and 
a small amount of the addition product 10. Under pseudo-
first-order conditions a rate ratio fc^/^io = 6.4 was measured.8 

Thus, the rate coefficient of the fragmentation 9 —• 6a is larger 
than that of the hydrogen abstraction 9 —• 10. This is a re
markable result as benzenethiol is one of the most effective hy
drogen donors, reacting with alkyl radicals with rate coefficients 
of about 108M"1 s"1 (25 0C).9 

The analogous benzoate 11 yielded only addition product 13, 
the fragmentation product 6a was not observed. This means that 
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only in radicals like 9, where phosphate is a good ionic leaving 
group, the C,0 bond cleavage can compete with the hydrogen 
abstraction from benzenethiol. In radical 12, with benzoate as 
a less effective ionic leaving group, cleavage of the C1O bond was 
not observed. This is in accord with the suggestion by Schulte-
Frohlinde410 that a phosphate group /3 to a radical center is cleaved 
off via a heterolytic C,O bond dissociation. Radicals 5a and 9 
should then lead to radical cation 14 that yields enol ether 6a via 
a single electron transfer11 from benzenethiol.12 
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Because alkaloids represent a significant subset of all biolog
ically-active compounds,2 the development of general new methods 
for their construction remains an important goal of organic syn-
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Scheme I 

thesis. We have recently described an approach to the generation 
of unsaturated ethers based upon transition metal alkylidene-
catalyzed ring-closing olefin metathesis.3"5 In this communication, 
we report the surprisingly successful application of this cyclization 
process to the synthesis of a variety of nitrogen heterocycles. 

The catalytic ring-closing olefin metathesis strategy is illustrated 
in Scheme I for the synthesis of unsaturated nitrogen heterocycles 
from acyclic diene-amines. To the best of our knowledge, there 
is no precedent for this transformation, perhaps due in part to the 
fact that the metathesis of olefinic amines has been problematic; 
the few systems that are known to metathesize this class of 
compounds are characterized by low yields (<60%), low turnovers 
(<5), and limited scope.6 Attempts to metathesize olefinic amides 
have been even less successful.7 In contrast, we have found that 
Mo(CHCMe2Ph)(NAr)(OCMe(CF3);,);, (Ar = 2,6-(/-Pr)2C6H3, 
I)8,9 efficiently catalyzes the cyclization of a range of dienes to 
afford the desired nitrogen heterocycles. 

R = CMe(CF3J2 

The generality of the catalytic ring-closing metathesis reaction 
is illustrated in Table I.101' Pyrrolines in which the olefin is either 
di- or trisubstituted form readily upon treatment of diallylamines 
with 4 mol % 1 at 20 0C (entries 1 and 2). Tetrahydropyridines 
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Wiley-Interscience: New York, 1988. (c) Belen'kii, L. I. In Advances in 
Heterocyclic Chemistry; Katritzky, A. R., Ed.; Academic: New York, 1988; 
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