Notes

on Chromosorb with temperature programming from 80 to 250 °C).
The yields of 1, 2a, and 3a, determined by GLC with respect to the
internal standard, were 8, 16, and 5%, respectively. In a separate ex-
periment, the product mixture was separated briefly by column
chromatography (silica gel with low boiling petroleum ether as eluant).
Each component was purified by GLC. Olefin 1 was characterized by
comparison against authentic specimen.® Olefin 3a melted at
119.5-121 °C (lit. 116-117 °C,2 125-125.5 °C3) and gave the same
NMR as that reported.2GLC purified 2a gave the following spectral
and analytical data: IR (liquid film) 3090, 3020, 1630 (broad and
weak), 1035 cm~1; NMR (CDCl3) 6 0.4-0.7 (m, 8),1.07 (d, 12,J =7
Hz), 1.1-1.5 (m, 2), 3.05 (heptet, 2, J = 7 Hz). Anal. Caled for C14Hog:
C, 87.4; H,12.6. Found: C, 87.5; H, 12.3.

Similar treatment of dicyclopropyl ketone (2.09 g, 19 mmol) and
3-pentanone (1.64 g, 19 mmol) with the titanium(0) reagent gave 1.30
g of an olefinic fraction, bp 40-82 °C at 4 mmHg. GLC analysis of the
fraction showed the existence of three major components (74% of the
total peak area) and many minor components. The three components
were characterized as 1 (3%), 2b (21%), and 3b (7%). GLC purified 2b
gave the following data: IR (liquid film) 3080, 3020, 1635, 1010 cm™%;
NMR (CCly) 8 0.3-0.8 (m, 8), 0.95 (t, 6,J = 7.5 Hz), 1.0-1.4 (m, 2), 2.23
(quartet, 4, J = 7.5 Hz). Anal. Caled for CioHygo: C, 87.7; H, 12.3.
Found: C, 87.7; H, 12.2.

In both coupling reactions, the ratio of 1:2:3 given in the text is an
average of two to four runs.

1,2-Dicyclopropylstilbene. To 26.6 g (140 mmol) of titanium
tetrachloride in 300 mL of dry dioxane 10.2 g (70 mmol) of cyclopropyl
phenyl ketone was added. Under a nitrogen atmosphere, 18.3 g (280
mg atom) of zinc powder was then added in one portion and the re-
sulting mixture was refluxed for 8 h.11 After cooling down the mixture,
400 mL of water was added and organic material was extracted with
three portions of benzene. The combined benzene solution was washed
with saturated sodium chloride solution and dried over anhydrous
magnesium sulfate. Evaporation of the solvent gave a solid residue
which was recrystallized from ether to give 2.09 g (23%) of crystalline
product 4a, mp 147.5-148.5 °C. The mother liquid of the recrystalli-
zation was concentrated and the residue was placed on top of a silica
gel column (50 g), and elutions were carried out with hexane. From
relatively later fractions, the second product 4b, mp 78-79 °C (from
ethanol), 1.85 g (20%), was obtained. Olefins 4a and 4b were charac-
terized as isomeric 1,2-dicyclopropylstilbene from the following data.
Olefin 4a: NMR (CDCls) 6 0.0-0.6 (m, 8), 1.2-1.6 (m, 2), 7.0-7.5 (m,
10); mass m/e 260 (M*); UV 4« (hexane) 242 nm (e 6400). Anal. Caled
for CooHap: C, 92.3; H, 7.7. Found: C, 92.2; H, 7.8. Olefin 4b: NMR
(CCly) 6 0.1-0.4 (m, 4), 0.5-0.8 (m, 4), 2.0-2.3 (m, 2), 6.6-7.0 (m, 10);
mass m/e 260 (M+); UV nax (hexane) 254 nm (e 8400). Anal. Calced for
CooHgo: C, 92.3; H, 7.7. Found: C, 92.5; H, 7.9. Olefin 4a, which may
be the same substance as that described by Bennett and Bunce (mp
139.8-140.2 °C),18 is assigned as a trans isomer. Heating of either 4a
or 4b in 1,2-dichloroethane!? at 100 °C for 44 h resulted in the for-
mation of a mixture with the same composition (4a/4b = 75:25).
Regarding the UV data, it is reported that the trans isomer of 1,2-
dialkylstilbenes exhibits the maximum at wavelengths shorter than
that for the cis isomer.18

NMR Examination of 2a and 1. Forty-six milligrams of 2a was
placed in an NMR tube and ca. 0.8 mL of Freon 12 was condensed in
the tube. The tube was sealed and NMR measurements were per-
formed at several temperatures (down to —160 °C). The methyl signal
coalesced at —105 °C as described in the text. The signals due to the
methine protons coalesced at =95 °C and they appeared at 6 2.44 and
3.57 at —140 °C or below. Thus, AG.* at 178 K is calculated to be 8.5
kcal/mol.!3 The signals due to the cyclopropyl groups also changed
their shapes and split at least into four signals at ca. 5 0.3, 0.6, 0.9, and
1.7 at =140 °C or below.

On the other hand, NMR signals of 1 remained practically un-
changed down to —160 °C. Slight line broadenings observed may be
due to the viscosity increase.
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The selinane skeleton is one of the most common in
sesquiterpenoids of terrestrial origin. Its presence in marine
organisms has also been noted in a gorgonian,! a sponge,” and
a brown alga.? Very recently the prolific Laurencia genus has
been found to produce (—)-selin-7-ene derivatives.* We report
here the isolation of (+)-selin-4,7(11)-diene (1) from the green
variety of the Hawaiian marine alga Laurencia nidifica. To
our knowledge this material has not been previously recorded
as naturally occurring.

(+)-Selin-4,7(11)-diene (1) was isolated as an unstable

colorless oil in 0.08% yield from the dry alga. High resolution
mass spectroscopy established its molecular formula as
C15Ha4. Its infrared spectrum showed only carbon-hydrogen
absorptions. 13C NMR indicated the presence of four qua-
ternary olefinic carbons (119.8, 123.7, 131.7, 135.2) and a fifth
quaternary center at 34.8. lTH NMR confirmed the absence of
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olefinic protons and revealed one quaternary (1.11) and three
vinyl methyl groups [1.71 (3 H) and 1.64 (6 H)].

The skeletal structure of 1 was determined by its isomer-
ization to (+)-6-selinene (2) on treatment with p-toluene-
sulfonic acid. The optical® and spectral properties of 2 were
identical to those reported in the literature.>6

Since 1 possesses a selinane carbon skeleton its two double
bonds must be placed at the 4,5 and the 7,11 positions as both
olefinic links are quaternary. The configuration at C-10 is
fixed by the formation of dextrarotatory 5-selinene on isom-
erization. Double resonance experiments at 270 MHz per-
mitted the assignment of the chemical shifts and J values for
several protons in 1. H-88 absorbs at § 2.32 and appears as a
broad doublet coupled by 15 Hz to H-6a. The latter occurs as
a doublet of doublets at 6 3.16, coupled to H-68 by 15 Hz and
to H-8« by 2 Hz. A near coplanar W arrangement is present
between H-6a and H-8« in conformer 3, accounting for the
long-range coupling. The location of H-6« in the deshielding
region of both double bonds” explains its rather large down-
field shift. H-8« appears at 6 2.44 as a broad doublet (Jg, ¢,
= 2 Hz, Jg, 83 = 13 Hz, Jgu9 = 5 Hz) and H-83 at 2.05 as a
broad triplet (Jgs3, = J8504 = 13 Hz).

Experimental Section

IR spectra were zaken on a Perkin-Elmer 700 spectrophotometer
as neat liquids. 'TH NMR were recorded on a Perkin-Elmer R-24B
spectrometer at 60 MHz and a Bruker 270 HX spectrometer at 270
MHz in CgDg. 13C NMR spectra were obtained with a JOEL PFT-100
spectrometer in CDCls. Low-resolution mass spectra were recorded
on a Finnigan 1015 D GC-mass spectrometer and high-resolution
mass spectra on a CEC-21-110B spectrometer. Ultraviolet spectra
were determined with a Perkin-Elmer 202 spectrophotometer in 95%
EtOH. Optical rotations were measured in CHCl; on a Zeiss type VDr
Na polarimeter. Brinkman silica gel HF-254 + 366, Type 60 (500 um,
activated 0.5 h at 100 °C), was used for TLC. All solvents were reagent
grade.

Isolation of (+)-Selin-4,7(11)-diene. {1). Approximately 160 mg
of the 3:1 hexane-benzene eluant of the crude algal extract® was dis-
solved in ether and spotted on TLC plates. The plates were developed
three times in hexane, drying between developments, and the spots
were extracted with ether to give 89 mg of 1 as a colorless oil (0.08%,
dry weight of alga): Ry 0.84; [«]?p +34° (c 0.90); UV Apax 218 nm (e
4800); IR rmax 2960, 2920, 2860, 1450, 1370, 1230, 1120, 875 cm~ L 1H
NMR (270 MHz) 6 1.1-1.6 {m), 1.11 (3 H, 8), 1.64 (6 H, 5), 1.71 (3 H,
s),1.87 (brm),2.05 (1 H,brt,J =13 Hz),2.32 (1H, brd,J = 15 Hz),
244 (1Hbrd,J =2,5,13Hz), 3.46 (1 H,dd, J = 2, 15 Hz); 13C NMR
6 19.1, 19.4, 20.1 (2), 24.5, 26.1, 29.9, 32.9, 34.8,° 39.7, 42.2, 119.8,°
123.7,9131.7,% 135.2;° mass spectrum m/e 204 (68), 189 (76), 161 (60),
147 (28),133(72), 119 (60), 105 (88), 91 (84), 81 (40), 79 (40), 77 (40),
67 (36), 55 (56), 41 {100). High-resolution mass spectrum Calcd for
015H24Z 204.1878. Found: 204.1891.

Isomerization of (+)-Selin-4,7(11)-diene (1). (+)-5-Selinene
(2). A solution of 5C mg of 1 and a crystal of p-toluenesulfonic acid
monohydrate in 5 mL of benzene was heated at reflux for 1 h. The
benzene was removed and the residue was purified by TLC (hexane)
to give 39 mg (78%) of (+)-5-selinene as a colorless oil: Ry 0.65; [2]2*p
+196° (¢ 4.6); UV Anax 248 (¢ 14 300); TR vmax 2960, 2920, 2870, 1620,
1480, 1370, 1210, 870 em™1; '"H NMR (270 MHz) 6 0.94 (3 H, s), 1.05
(3H,d,J =7Hz),1.06 (3H,d,J =17),1.24-1.57 (m), 1.69 (3 H, s5),
1.95-2.31 (m), 6.12 (1 H, 5); 13C NMR1°§ 18.7 (2), 21.4, 21.9, 23.3 (2),
32.8, 35.6, 37.7, 38.1, 117.0; mass spectrum m/e 204 (57), 189 (70), 161
(100), 147 (18), 133 /43), 119 (41), 105 (63), 91 (59), 81 (39), 67 (23),
55 (33), 43 (53), 41 {53). High-resolution mass spectrum Caled for
CysHog: 204.1878. Found: 204.1885.
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Notes

The 13C-NMR spectra were recorded at the facility at the
University of Connecticut Health Center, Grant RR0639
(Principal Investigator J. Glasel). The 270-MHz 'H-NMR
spectra were obtained at the Yale facility, Grant 1-P07-
PR00798 (Principal Investigator M. Saunders).
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Previously we reported the isolation of two new cembrene
derivatives, nephthenol and epoxynephthenol acetate, from
a soft coral, Nephthea species.? Since then, nephthenol has
been identified as a component in another soft coral® and also
synthesized.* In this paper we report the isolation of two
cembrene hydrocarbons, 1 and 2, from the Nephthea sp. that

| 2

yielded nepthenol. Many oxygenated diterpenoids having a
cembrane skeleton have been obtained from marine organ-
isms, but the only report to date of a cembrene hydrocarbon
from marine sources is the recent paper by Herin and Tursch,?
wherein the isolation of cembrene-A from another soft coral
is described. Cembrene-A (1) has been isolated previously
from several terrestrial sources.t The hydrocarbon 2 was ini-
tially reported as a component of the oleoresin of Pinus ko-
raiensis,’ but later work? revealed that it was an artifact; 2
has also been obtained in trace amounts from strong base-
catalyzed isomerization of cembrene-A.6b

The hydrocarbon 1 has earlier been assigned various names:
neocembrene,’e cembrene-A,5¢ and neocembrene-A.6b Al-
though neocembrene has chronological precedence in the
literature, we have chosen to use the name cembrene-A. This
name allows for convenient construction of trivial names for
still other double-bond isomers of cembrene in a manner
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