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hydrogen attached to carbon. Thus the work of Howard and
Ingold® and Walling® suggests that the relative rate of H
atom abstraction by rert-butoxy radicals from ROOH com-
pared to abstraction of an allyic H is approximately 50:1.
The method reported here involves the formation of the req-
uisite unsaturated peroxy radical by H atom transfer to
tert-butoxy radicals from the corresponding hydroperoxide.
When the unsaturated hydroperoxide 2 (5.2 mmol)” is al-
lowed to stand for 2 days with di-terr-butylperoxyoxalate
(DBPO)? (2.0 mmol) in O, saturated benzene (500 ml) at
23° (four half-lives), a mixture of compounds is obtained
which includes the two cyclic peroxides 3.and 4. Although it

ﬂ+ DBPO —

HO—O
2
OOH OH

P(Phy,
———l
.0
o/O 0
3 4

is possible to isolate these compounds directly by chroma-
tography on silica gel it has been found more convenient to
first reduce the hydroperoxide species in situ using triphen-
ylphosphine (3.9 mmol). In this manner, the peroxy alcohol
4, obtained analytically pure® as a mixture of threo and
erythreo isomers, is isolated from the reduction reaction by
silica gel chromatography in 30% overall yield.!?

Although the NMR does not distinguish between the
structure 4 and the corresponding seven-membered ring cy-
clization product 5, double irradiation experiments show

L
0—0
5

that the methyl group is clearly coupled to the proton « to
the hydroxyl group suggesting 4 as the structure. Further
confirmation of the structure assignment is provided by oxi-
dation of the peroxy alcoho! 4 with N-chlorosuccinimide,
dimethyl sulfide!! to a peroxy ketone which shows only a
singlet in the a carbonyl region (2.28) of the NMR.

A mechanism consistent with our observations is present-
ed in Scheme II.

According to this scheme, tert-butoxy radicals generated
from DBPO homolysis abstract the hydroperoxy hydrogen
yielding the peroxy radical. Cyclization and O; trapping
leads ultimately to the peroxy hydroperoxide 3.

Treatment of hydroperoxide 6 with DBPO in benzene
followed by triphenylphosphine reduction leads to the five-
membered peroxy alcohol 7 in =25% overall yield. Peroxy

HOO
6 7

radicals thus appear to be subject to the same influences
which cause carbon and alkoxy radicals to cyclize to five-
rather than six-membered rings.12

The method reported here appears to be generally appli-
cable to a systematic study of unsaturated peroxy radical
cyclizations, In particular, model systems for radical cycli-
zation leading to prostaglandin type products are currently
under investigation in our laboratories.

Scheme 11
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HOO 00
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2RO0: —> nonradical products
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Application of Carbon-13 Magnetic Resonance to
Isoprenoid Biosynthesis. I. Ovalicin

Sir:
The sesquiterpene ovalicin! (1) isolated from culture fil-

trates of the fungus Pseudorotium ovalis STOLK, shows
antibiotic as well as immunosuppressive and antitumor ac-
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Table I.  !3C NMR Spectrum of Ovalicin®
C-3 206.2 sb.c C-8 56.5d
C-11 135.0s C-14 510t
C-10 117.84 C-4 364t
C-2 85.9d C-5 300t
C-1 78.2s C-9 26.8t
C-6 {60.2 s C-13 254 ¢
C-7 60.0 s C-12 17.7 g
C-16 58.9¢ C-15 14.1q

@Recorded on Varian XL-100; spectral width 6000 Hz, acquisi-
tion time 0.6666 sec, pulse delay 6.00 sec, pulse width 35 usec,
1392 transients, 0.85 M solution in CDCl,, 1 2-mm sample tube.
bTMS = 0.00 ppm. ¢Multiplicity in off-resonance decoupled spec-
trum: s = singlet, d = doublet, t = triplet, q = quartet.

tivity. The structure and stereochemistry of this substance
was determined by a Sandoz group using a combination of
chemical and X-ray crystallographic techniques. These
workers also recognized the identity of ovalicin with the let-
tuce seed germination stimulant graphinone,? a metabolite
of a Graphium sp. fungus. Ovalicin is closely related
structurally to fumagillin (2)3 an antibiotic metabolite of
Aspergillus fumigatus with antiparasitic and carcinolytic
properties. A preliminary study of fumagillin biosynthesis?
showed that the terminal isopropylidene residue of fumagil-
lin derived from labeling experiments with 2-14C-mevalon-
ate carried one-third of the incorporated radioactivity.

0
P
0
OCH,
OCO(CH=CH),CO,H
1 2
H}ﬂ
? (!)COZCHQCH‘;
CH, CH,

3

Ovalicin (1) and its relative fumagillin (2) possess a rare
sesquiterpene carbon skeleton and may be formally consid-
ered as o-menthane derivatives. The biosynthetic problem
presented by these substances involves the rigorous distinc-
tion among a number of plausible explanations which may
be advanced a priori to account for their biological forma-
tion or biogenesis. Specifically one must account for the
generation of the o-menthane skeleton of 1 from an inter-
mediate such as cation 5. We have applied the techniques of
carbon-13 magnetic resonance to the solution of this prob-
lem and report our results below.

The natural abundance '3C NMR spectrum of ovalicin
was recorded, and peak assignments were made with the aid
of off-resonance and single-frequency decoupling. The re-
sults are presented in Table I.

A sample of [4-13C]mevalonolactone (4) was prepared by
a modification of Cornforth’s procedure.’ [2-!3C]Acetyl
chloride® was converted to ethyl acetate by reaction with
absolute ethanol in the presence of triethylamine. This ethyl
acetate was then metalated with lithium diisopropylamide’
in tetrahydrofuran and the resulting lithium enolate was
treated with acetoacetaldehyde dimethyl acetal to yield 3.
Conversion of 3 to [4-!3C]mevalonolactone (4) was accom-
plished by successive reduction with lithium aluminum hy-
dride, acetylation, and performic acid oxidation’ (48% yield
based on acetyl chloride).

Four 500-ml DeLong flasks containing 100 ml of nutrient
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broth! were inoculated with P. ovalis and shaken at 30° for
7 days. Sodium [4-!3C]mevalonate (0.028 mol, 90% en-
riched) was added and incubation was continued for an ad-
ditional 7 days. The culture filtrates were then extracted
with methylene chloride and the extracts purified by PLC
on silica gel to yield 9 mg of ovalicin. The proton decoupled
13C NMR spectrum (12,041 transients) of 13C enriched 1
showed an approximate three- to fourfold peak enhance-
ment for the signals assigned to C-1, C-3, and C-10 of oval-
icin. The magnitude of the peak enhancements, correspond-
ing to ca. 3-4% '3C enrichment at each of the respective
carbons, allowed unambiguous assignment of the sites of la-
beling.®

The results of the '3C NMR study demonstrate the inter-
mediacy of mevalonate in the biosynthesis of ovalicin. The
observed labeling pattern supports a biosynthetic scheme in
which an initially generated bisabolene-like structure (5),
formed by cyclization of farnesyl pyrophosphate, may un-
dergo one of two possible rearrangements (Scheme I): path-
way a in which there is a 1,3-migration of the eight-carbon
side chain; or pathway b, a 1,3-migration of the ring meth-
yl. Recently, Tanabe has also examined the biosynthesis of
ovalicin by an alternative approach which utilized [1,2-
13C)acetate.? His results, first reported while this work was
in progress, indicated, inter alia, that carbons 14 and 6 (car-
bons 13 and 1 using Tanabe’s numbering®®) must originate
from the same molecule of acetate. This is clearly inconsist-
ent with pathway b. The combined results, therefore,
strongly support pathway a and suggest that the cation 5
rearranges via intermediacy of B-bergamotene (6)410.11 to
the tetraene 7 which in turn undergoes appropriate oxida-
tions to yield, ultimately, ovalicin.

Acknowledgments. We wish to thank Mr. William E.
Hull for recording the 13C NMR spectra. We are also in-
debted to Dr. Pietro Bollinger of Sandoz, A. G., Basel,
Switzerland for a generous gift of ovalicin and strains of P.
ovalis. This work was supported in part by a Cottrell Grant
from the Research Corporation to D.E.C.

References and Notes

(1) H. P. Sigg and H. P. Weber, Helv. Chim. Acta, 51, 1395 (1968); P. Bol-
linger, H. P. Sigg, and H. P. Weber, ibid., 56, 819 (1973); S. Lazary and
H. Staehelin, "Immunosuppressive Effect of a New Antibiotic: Ovalicin”,
Symposium "The Immune Response and ts Suppression”, Schweizer
Geselischaft fuer Allergie und Immunologie, Davos 3/25-28/68; S. La-
zary and H. Staehelin, Antibiot. Chemother. (Washington, D.C.), 18, 177
(1969).

Communications to the Editor


file:///60.0

1284

(2) T. Sassa, H. Kaise, and K. Munakata, Agric. Biol. Chem., 34, 649
(1970).

(3) (a) D. S. Tarbell, A. M. Carman, D. D. Chapman, S. E. Cremer, A. D.
Cross, K. R. Huffman, M. Kunstmann, N. J. McCorkindale, J. G. McNally,
Jr., A. Rosowsky, F. H. L.'Varino, and R. L. West, J. Am. Chem. Soc.,
83, 3096 (1961); J. H. Killough, G. B. Magill, and R. C. Smith, Science,
115, 71 (1952); J. A. DiPaolo, D. S. Tarbell, and G. E. Moore, Antibiot.
Annu., 541 (1958-1959); (b) E. J. Corey and B. Snider, J. Am. Chem.
Soc., 94, 2549 (1972).

(4) A.J. Birch and S. F. Hussain, J. Chem. Soc. C, 1473 (1969).

(5) J. W. Cornforth and R. H. Cornforth, Biochem. Soc. Symp., No. 28, 5
(1969).

(6) Merck and Co, Inc, 90% '3C enriched.

(7) M. W. Rathke, J. Am. Chem. Soc., 92, 3222 (1970); M. W. Rathke and
A. Lindert, ibid., 93, 2318 (1971).

(8) Cf. J. B. Grutzner, Lioydia, 35, 375, 392 (1972).

(9) (a) Reported at the Yale University Symposium on Carbon Magnetic
Resonance, New Haven, Conn., Oct 11, 1974. We thank Dr. Tanabe for

communicating his results to D.E.C. at the 9th IJUPAC Natural Products
Symposium in Ottawa, July 1974. (b) M. Tanabe and K. T. Suzuki, Tetra-
hedron Lett., 4417 (1974).

(10) W. Parker, J. S. Roberts, and R. Ramage, Q. Rev., Chem. Soc., 21, 331
(1967).

(11) E. J. Corey, D. E. Cane, and L. Libit, J. Am. Chem. Soc., 93, 7016
(1971).

David E. Cane*

Department of Chemistry, Brown University
Providence, Rhode Island 02912

Ronald H. Levin

Department of Chemistry, Harvard University
Cambridge, Massachusetts 02138

Received November 12, 1974

Book Reviews

Progress in Polymer Science, Japan. Volumes 1 to 5. Wiley/
Halsted, New York, N.Y. (also published in Japan by Kodansha
Ltd., Tokyo). Volume 1: Edited by M. IMOTO and S. ONOGI.
1972. xii + 520 pp. $25.00. Volume 2: Edited by M. IMOTO and S.
ONOG!. 1972. ix + 379 pp. $18.50. Volume 3: Edited by S. OKA-
MURA and M. TAKAYANAGI. 1972. xii + 388 pp. $18.50. Vol-
ume 4: Edited by K. IMAHORI and Y. IWAKURA. 1972, x + 278
pp. $14.00. Volume 5: Edited by K. IMAHORI and S. MURA-
HASHI. 1973.ix + 308 pp. $17.50.

Much of Japanese polymer research, especially that prior to
1970, has been available only in Japanese. These well-prepared
volumes provide excellent English translations of review articles on
selected and diverse topics emphasizing the outstanding research
contributions of Japan’s polymer scientists. Each volume consists
of five to seven reviews about equally divided in subject matter be-
tween polymer synthesis and the structure and properties of poly-
mers. Each review, written by the expert investigators, summarizes
the work of both Japanese and other scientists. There are extensive
figures, tables, and literature references. Each volume has a gener-
al index. To their credit, the editors and publishers have managed
to minimize the me gap between submission of copy and publica-
tion. For example, Volume 5, published in 1973, consists of articles
submitted in 1972 and containing references to the literature
which appeared in that year.

The series is a valuable reference work not only as a convenient
source of the Japanese contributions but also as a collection of up-
to-date reviews in polymer science.

Volume I: Structure and Reactivity of Vinyl Monomers in Radi-
cal Polymerization (T. Otsu); Effects of Metal Salts on Radical
Polymerization (S. Tazuke); Cyclopolymerization of Divinyl and
Dialdehyde Monomers (C. Aso, et al.); Conformational Statistics
of Polymeric Chains (K. Nagai); Viscoelastic Properties of Con-
centrated Polymer Solutions (K. Osaki and Y. Einaga); Applica-
tion of Polymer Rheology to Rubber Technology (K. Ninomiya, et
al.); Secondary Structures of Synthetic Polypeptides and Proteins
(K. Imahori).

Volume 2: Radical Alternating Copolymerizations (S. Iwatsuki
and Y. Yamashita); Some Polymerization Reactions Related to
Liquid Sulfur Dioxide (M. Matsuda); Radical Polymerization of
Internal Olefnins (S. Nozakura and Y. Inaki); Radical Polymer-
ization and Copolymerization of Vinyl Chloride and Chloroprene
with Modified Ziegler Catalysts (N. Yamazaki); Electron Micro-
scopic Studies on Dislocations in Polyethylene Single Crystals (M.
Niinomi and M. Takayanagi); Rheo-Optical Studies of High Poly-
mers by the Infrared Dichroism Method (S. Onogi and T. Asada);
Piezoelectric Dispersion in Polymers (E. Fukada).

Volume 3: Reactivity of a,8-Unsaturated Carbonyl Compounds
toward Nucleophilic Reagents (T. Tsuruta); Coordination Poly-
merization by Organo-Transition Metal Complexes (A. Yamamo-
to and S. Ikeda); Cationic Polymerization of Trioxane in Solution
(S. Okamura, et al.); Anionic Alternating Copolymerization (H.

Yuki); Relaxation Processes in Crystalline and Non-Crystalline
Phases in Polymers (Y. Wada and R. Hayakawa); Preparation,
Characterization and Viscoelastic Properties of Branched Poly-
mers (M. Nagasawa and T. Fujimoto); Polypeptides Related to
Collagen and Its Triple Helical Structure (Y. Kobayashi and T.
Isemura).

Volume 4: New Synthetic Routes to High Temperature Poly-
mers by Cyclopolycondensation Reactions (N. Yoda, et al.);
Reactions and Polymer Syntheses of Pseudoxazolones (Y. Iwaku-
ra, et al.); Syntheses and Reactions of Functional Polymers (M.
Okawara, et al.); Domain Formation Mechanisms of Block and
Graft Copolymers from Solutions (H. Kawai, et al.); Metalloen-
zyme Models (M. Hatano and T. Nozawa).

Volume 5: Alternating Copolymers of Diolefins and Olefinic
Compounds (J. Furukawa); Studies on Poly-a-Amino Acids (J.
Noguchi); Four-Center Type Photopolymerization in the Crystal-
line State (M. Hasegawa, et al.); Viscoelastic Properties of Dilute
Polymer Solutions (M. Kaneko); Transport Processes in Charged
Membranes (Y. Kobatake and N. Kamo).

Daniel T. Longone, University of Michigan

An Introduction to Spectroscopic Methods for the Determination of
Organic Compounds. Volume 2. Edited by F. SCHEINMANN (Uni-
versity of Salford, England). Pergamon Press, New York, N.Y.
1974. 354 pp. $8.50 (soft cover); $14.25 (hard cover).

This volume, which is the second of a two-part series on spectro-
scopic methods of structure determination (first volume not re-
viewed), is a generally well-written, practical discussion of spectro-
scopic techniques. Volume 2 covers mass spectrometry, uv, esr, and
recent developments in nmr (lanthanides, nOe and a brief discus-
sion of 13C nmr). Volume | is concerned with general discussions
of nmr and ir.

The book adopts rather a pragmatic approach to spectroscopic
techniques, offering what the editor calls “‘adequate theory” which
is indeed abbreviated. The examples and problems are interesting
and informative and deal well with the actual mechanics of deter-
mining structures for spectroscopic data. There are a few annoying
misprints and the American reader may find the use of joules in-
stead of kcal somewhat troublesome. On the positive side, there are
two full chapters near the end of the volume which deal specifically
with integration of techniques in structure determination. A short
final chapter, “Documentation of Molecular Spectra,” adds inter-
esting perspective on the collection, storage, retrieval, and avail-
ability of data.

In general, this volume offers a problem-solving approach to
spectral methods; it covers major topics adequately, although the
details of theory and instrumental operation are not all one might
desire. The number and diversity of problems, examples, and refer-
ences make this appear to be a useful text in a field where the vari-
ety of approaches precludes the selection of one “best” volume.

George W. Gokel, Pennsylvania State University
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