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27.1¢,125.5d,141.15,35.4£,26.7¢,34.5d,135.25,122.5¢,167.2 5,
158 q,66.2t,61.4 ¢, 19.6 g; OMe: 51.1 g; OAc: 20.3 ¢, 170.3 s (a
few triplets may be interchangeable).
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Abstract—A new diterpene, sphaeropyrane has been isolated from the marine red alga Sphaerococcus coronopifolius. Its
structure has been assigned mainly on the basis of 'H and '3C NMR experiments.

INTRODUCTION

The cosmopolitan bright-red alga Sphaerococcus corono-
pifolius, generally growing on rocks in shallow places, has
been the subject of numerous studies for secondary
metabolites [1-13]. Until now 18 new diterpenes based on
six new rearranged polycyclic skeletons have been iso-
lated and their biogenesis has been hypothesized
[9, 10, 11]. This paper reports on the isolation of sphaero-
pyrane (1), a compound which belongs to a new class of
diterpenes with a non-rearranged carbon skeleton.
Stereostructure 1 (relative stereochemistry) has been
based on spectral data including extensive spin

decoupling experiments and 2D '*C—"H shift correlated
NMR spectroscopy via 1J, 2J and *J.

RESULTS AND DISCUSSION

A chloroform extract of the freeze-dried S. corono-
pifolius, after repeated chromatographies over silica gel,
provided crude 1 which was purified by reversed-phase
HPLC to yield 1 (0.003% dry weight), C,,H;,0 (HRMS),
mp 136-138°.

Sphaeropyrane was recognized to possess a -C-O-C-

group by IR (v, 1025, 1070 and 1120 cm™') and J)y



622

13C NMR spectroscopy, which showed signals at §72.94
and 84.01 due to two non-protonated carbon atoms as
deduced from DEPT (Distortless Enhancement by Polar-
ization Transfer). Further NMR signals showed the
presence of three methyls (‘3 CNMR DEPT: 630.18,
34.63,19.98; '"H NMR: 3H singlets, at 61.31,1.52 and 0.91)
and a vinyl group (‘*CNMR DEPT: §145.76 (CH) and
110.79 (CH,); 'H NMR: double-doublets at §5.67, 5.33
and 4.96) all of them linked to non-protonated carbon
atoms.

An accurate analysis of the 500 MHz 'H NMR spec-
trum, assisted by decoupling and decoupling-difference
experiments,  defined  the  constellations  C-
15-16-17-18-19-20, C-6-7-8 and C-2-3-4 (Table 1).

These attributions were confirmed by H-!3C corre-
lation via !J, which allowed the assignments of all the
protonated carbon atoms (Table 1). Evidence that fur-
nished a basis for a logical way in which to combine the
above part structures was provided by heteronuclear
!H-13C 2D NMR spectroscopy correlation via 2J and 3J.
This experiment led to the unambiguous positioning of
the carbon atoms C-1 (which correlates with H-10 and H,-
14), C-5 (which correlates with H-12), C-9 (which correla-
tes with H-11) and C-18 (which correlates with H-19 and
H-20).

The relative stereochemical features of 1 were resolved
by the NOED measurements depicted Fig. 1. Irradiation
of the H,-7 signal at $0.46 resulted in the enhancement of
both H,-14 (§5.33) and H,,-3 (60.98) resonances. This
experiment was fortuitous in that it successfully related
the relative stereochemistries of five carbon atoms (C-1,
C-4, C-6, C-8 and C-9) belonging to the three rings of 1.
The enhancement of the signal at 60.98 can only occur if
the pyrane and cyclopentane rings are cis-fused and if H,-
7 is trans to H-4 and H,-11. Moreover, the enhancement
of the signal at §5.33 not only confirms the above
stereochemical features but also requires that the cyclo-
propane ring and the vinyl group at C-12 are both on the
same face of the molecule as shown in Fig. 1.

Finally the relative stereochemistry at C-5 was deduced
from the nOe enhancement of H-4 observed on irradia-
tion of the H;-12 frequency which established their cis-
relationship.

Sphaeropyrane possesses an unprecedent tricyclic skel-
eton and represents the first diterpenoid with a bio-
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Formula 1.

genetically regular ring system isolated from S. coronopi-
Solius. Tts biogenests could be logically formulated from
geranylgeraniol via the intermediacy of geranyllinalol by
loss of a H™ followed by intramolecular cyclization as
shown in Scheme 1.

EXPERIMENTAL

General. Optical rotation: CHCI; (c0.8). !'HNMR:
500.13 MHz (CDCl, soln, TMS as internal standard). }*C NMR
spectra, NOED and 2D NMR: 250.13 and 62.96 MHz for *H and
13C respectively using a 'H-!3C dual probe. One bond and long
range 'H-'C shift correlated 2D NMR spectra were carried out
with a Bruker microprogram adjusting fixed delays to give
maximum polarization for J_y = 135 and 7.25 Hz respectively.
Two DEPT experiments at 250 and 62.96 MHz were performed
using polarization transfer pulses at 90° and 135°, respectively,
obtaining in the first case only signals for CH group and in the
other case positive signals for CH and Me and negative ones for
CH, groups.

Plant material. The alga (S. coronopifolius) was collected in the
bay of Naples during Spring 1986. A voucher specimen is
deposited at the Dipartimento di Chimica Organica e Biologica,
Naples, Italy.

Isolation of sphaeropyrane (1). Fresh material (1250 g, dry after
extraction) was freeze-dried, ground with a blender and extracted
x 4 with CHCl; at room temp. for 2 days. Combined extracts
were taken to dryness under red. pres. and the oily residue (5.7 g)
was chromatographed on a silica gel. (570 g) column using eluent
of increasing polarity form hexane to Et,O. Selected fractions
eluted with hexane-Et,0(7:3), taken to dryness, afforded 320 mg
of an oily product which was rechromatographed on a silica gel
column (30 g) using as eluent hexane-CHCI, (8:2), thus obtaining
53 mg of crude 1, which was purified by reversed phase HPLC
using a RP-18 (1 x 25 cm, Merck) column (eluent CH;CN) to
give pure 1, 37 mg, mp 136-138°; [a], —43.9°; high-resolution
EIMS, observed m/z 288.2454, C,,H,,0 requires 288.2453.
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Scheme 1.
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Table 1. NMR spectral data for sphaeropyrane (1)

'H 13C-'H long-range
Position (Multiplicity)* 3¢t correlations
1 72.94 C1-H10, C1-Hb14
2 1.70 (H,,,ddd, J 54— 20 = 13) 3491
JZEq— 3eq = 5)
JZeq—3nx = 2)
1.25 (H,,,ddd, J ;. — 30 =13)
3 1.23 (H,,, ddd, J 30y 30. = 13) 21.52
‘]3eq—4 = 5)
0.98 (H,,.ddd, J ;.4 = 13)
4 1.44 (H,dd,) 55.20
5 4532 C5-H12
6 1.49 (H,m) 2991
7 0.46 (2H, complex signal) 7.68
8 1.24 (H,m) 31.56
9 84.01 C9-H11
10 1.31 (3H,s) 30.18
ir 1.52 (3H, s) 34.62
12 091 (3H,s) 19.98
13 567 (H,dd, J 5 14.=15) 145.76
J13-1a0=10)
14a 533(H,dd, Jy4_145=2) 110.79
14b 4.96 (H,dd)
15 1.40 (2H, m) 46.03
16 194 (2H,m) 2343
17 509 (1H,brt, Jy7-16=1.5) 124.88
18 131.19 C18-H19, C18-H20
19 1.67 (3H, brs) 25.66
20 1.60 (3H, br s) 17.57

*Coupling constants J are in Hz.

+Assignments based on !3C-'H shift correlated 2D NMR spectroscopy via 1J
couplings, which showed the interrelation of all protonated carbons with the
pertinent proton(s). The non-protonated carbon atoms were assigned on the bases
of long-range '3C-'H shift correlated 2D NMR spectroscopy. The number of
proton(s) attached to carbons was determined by DEPT experiments.
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