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dative enzyme. The disubstituted guanidine alkaloid,
pterogynine (N,,N,-diisopentenylguanidine),'’ may prove
to be a biosynthetic intermediate.
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Synthetic 8-Vinylbenzo[d Jnaphtho[1,2-b ]Jpyran-6-one C-Glycoside
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Summary: Synthesis of 8-ethenyl-1-hydroxy-4-(8-D-ribo-
furanosyl)benzo[d]naphtho{1,2-b]pyran-6-one, a C-
glycoside analogue of ravidomycin and gilvocarcin V, has
been achieved by a sequence of reactions involving Lewis
acid catalyzed coupling of the aglycon and carbohydrate
followed by introduction of the vinyl group and unmasking
of the carbohydrate and phenolic hydroxyls.

Sir: We have reported palladium-mediated’? and Lewis
acid catalyzed® aglycon—carbohydrate coupling reactions
for syntheses of benzo[d]naphtho[1,2-b]pyran-6-one C-
glycosides related to the C-glycoside antitumor antibiotics,*
ravidomycin,® the gilvocarcins® (toromycin?), and the
chrysomycins® (virenomycin,? the albacarcins!?). We now
report the synthesis of a C-glycoside (1) that possesses an
underivatized C-1 phenolic hydroxyl and a vinylic sub-
stituent at C-8,!! the functional groups considered critical
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for the photolytic nicking of DNA 1212

OH OCH,

Ho

CHj; 1
ravidomycin, R = #&Z\
OH

AcO NMe,

HO H
HsC o
gilvocarcin V, R = HG,
OH

defucogilvocarcin, R = H

In in vitro studies,!21%-1% gilyocarcin V, its naturally
occurring'® aglycon defucogilvocarcin, and the synthetic
aglycon analogue 8-ethenyl-1-hydroxybenzo[d]naphtho-
[1,2-b]pyran-6-one!!® (2e) have been shown to intercalate
into DNA and to cause single-strand breaks (nicks) when
irradiated. The ability of synthetic aglycon analogue 2 to
nick DNA!= establishes the 1-hydroxy and 8-vinyl (ethe-
nyl) substituents as sufficient for bioactivity; however,
neither 2 nor defucogilvocarcin is nearly as effective as the
C-glycoside gilvocarcin V!2 or ravidomycin.l” The evidence
that the carbohydrate moieties of these C-glycoside anti-
biotics play significant (but perhaps not structurally spe-
cific) roles in their antibiotic actions®!!#12-15 provides a
rationale for synthesis of C-glycoside analogues!® such as
1.
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Scheme I
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1-Hydroxy-4-(8-D-ribofuranosyl)-8-vinylbenzo[d]-
naphtho[1,2-b]pyran-6-one (1) was prepared as shown in
Scheme I. Achievement of this synthesis required that
a number of tactical problems be solved. Lewis acid
catalyzed coupling of the tetracyclic aglycon system with
1,2,3,5-tetra-O-acetyl-3-D-ribofuranose!® (3) was first
achieved® by using the O-methyl aglycon 2a. However, no
conditions were found that would permit removal of the
O-methyl group of the resulting C-glycoside without ef-
fecting partial anomerization of the glycosidic linkage.
Efforts to effect coupling of the carbohydrate with the free
phenolic compound 2b or its acetyl derivative 2¢ were
unsuccessful. Similarly, attempts to use aglycon deriva-
tives with an 8-vinyl substituent in Lewis acid catalyzed
glycosidic coupling reactions failed.

Stannic chloride catalyzed coupling of 8-ethyl-1-[(tri-
isopropylsilyl)oxy]benzo[d]naphtho[1,2-b]pyran-6-one®
(2d) with carbohydrate 3 yielded a 1:1 mixture of C-
glycoside 4a?! and its a-anomer?® in 80% combined yield.
Following anomer separation by silica gel chromatography,

(19) Brown, G. B; Davoll, J. A.; Lowy, B. A. Biochem. Prepr. 1955 4,
70.

(20) Prepared by demethylation of 2a%!!s (BBr;, 97%) followed by
silylation (chlorotriisopropylsilane, imidazole, 92%).

(21) All new compounds have been characterized by 'H and !°C nu-
clear magnetic resonance and elemental analysis and/or high-resolution
mass spectrometry.

removal of the triisopropylsilyl protective group (CsF) and
acetylation (acetic anhydride/pyridine) yielded tetra-
acetate 4b?! (95%). This change in phenolic protective
group was necessary because attempted benzylic bromi-
nation of 4a with N-bromosuccinimide yielded a complex
mixture that included products with apparent substitution
within the triisopropylsilyl group.

Benzylic bromination!!2 of tetraacetate 4b (NBS, benzoyl
peroxide) was effected, producing 5% (62%). It is note-
worthy that no bromination occurred at C-1 of the car-
bohydrate moiety, which is also benzylic. Dehydrobro-
mination of 5 for introduction of the 8-vinyl substituent
of 62! was achieved (78%) by using tetrakis(triphenyl-
phosphine)palladium(0).2 The synthesis of 12! was com-
pleted by removal of the four protecting acetyl groups
using sodium carbonate in methanol in 83% yield.

This synthesis foreshadows the preparation of a number
of C-glycoside analogues of the antibiotics of this class for
detailed biological evaluation of the structural parameters
associated with antitumor and antiviral activities.
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Highly Stereoselective Radical Cyclization: Copper- or Ruthenium-Catalyzed Preparation of
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Summary: Efficient 1,2-asymmetric induction was
achieved in the copper-catalyzed cyclization of N-allyl-
trichloroacetamides derived from 3-amino-1-butene or
3-amino-1-heptene, in which the stereochemical course was

dependent on nitrogen protecting groups.

Sir: Although free-radical cyclization has become an at-
tractive synthetic method for five-membered ring skele-
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