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hydrogen attached to carbon. Thus the work of Howard and 
Ingold5 and Walling6 suggests that the relative rate of H 
atom abstraction by tert-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)7 is al
lowed to stand for 2 days with di-/erf-butylperoxyoxalate 
(DBPO)8 (2.0 mmol) in O2 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 

H O - O ' 

+ DBPO 

0OH OH 

P(Ph), 

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 pure9 as a mixture of threo and 
erythreo isomers, is isolated from the reduction reaction by 
silica gel chromatography in 30% overall yield.10 

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

OH 

0—0 
S 

that the methyl group is clearly coupled to the proton a to 
the hydroxyl group suggesting 4 as the structure. Further 
confirmation of the structure assignment is provided by oxi
dation of the peroxy alcohol 4 with TV-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 O2 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 
CY-Cr^0" 

HOO 

•00 

OO 
+ OH 

O—0-

O, + 

ROOH + 

O—OH 

TV 
O 

ROO-

nonradical products 
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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. 

Application of Carbon-13 Magnetic Resonance to 
Isoprenoid Biosynthesis. I. Ovalicin 

Sir: 

The sesquiterpene ovalicin1 (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 Ovalicina 

C-3 
C-Il 
C-IO 
C-2 
C-I 
C-6\ 
C-Ij 
C-16 

206.2 %b,c 
135.0 s 
117.8 d 

85.9 d 
78.2 s 

(60.2 s 
\60.0 s 
58.9 q 

C-8 
C-14 
C-4 
C-5 
C-9 
C-13 
C-12 
C-15 

56.5 d 
51.0 t 
36.4 t 
30.0t 
26.8 t 
25.4 q 
17.7 q 
14.1 q 

a Recorded on Varian XL-100; spectral width 6000 Hz, acquisi
tion time 0.6666 sec, pulse delay 6.00 sec, pulse width 35 ,usee, 
1392 transients, 0.85 M solution in CDCl3, 12-mm sample tube. 
6TMS = 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,2 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 biosynthesis4 

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. 

OCH., 
OCO(CH=CH)4CO2H 

2 

O CO2CHOCH3 

CH3 CH3 

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 13C 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.5 [2-13C]Acetyl 
chloride6 was converted to ethyl acetate by reaction with 
absolute ethanol in the presence of triethylamine. This ethyl 
acetate was then metalated with lithium diisopropylamide7 

in tetrahydrofuran and the resulting lithium enolate was 
treated with acetoacetaldehyde dimethyl acetal to yield 3. 
Conversion of 3 to [4-l3C]mevalonolactone (4) was accom
plished by successive reduction with lithium aluminum hy
dride, acetylation, and performic acid oxidation5 (48% yield 
based on acetyl chloride). 

Four 500-ml DeLong flasks containing 100 ml of nutrient 

broth1 were inoculated with P. ovalis and shaken at 30° for 
7 days. Sodium [4-13C]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-I, C-3, and C-10 of oval
icin. The magnitude of the peak enhancements, correspond
ing to ca. 3-4% 13C enrichment at each of the respective 
carbons, allowed unambiguous assignment of the sites of la
beling.8 

The results of the 13C 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.9 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 numbering913) 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 /3-bergamotene (6)4-10-11 to 
the tetraene 7 which in turn undergoes appropriate oxida
tions to yield, ultimately, ovalicin. 
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contributions of Japan's polymer scientists. Each volume consists 
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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 1 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. 
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