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was added cyclohexanone (3. 8 mL, 3.6 g, 36.7 mmol) and aluminum
isopropanoxide (0.432 g, 2.12 mmol). The reaction was distilled slowly
for 1 h (5 mL distillate was collected which was replaced with toluene)
and then refluxed for 3 h. The cooled solution was diluted with po-
tassium-sodium tartrate solution (25 mL) and water (25 mL) and then
extracted with toluene (8 X 50 mL). After drying (NaS0Oy), the sol-
vent was evaporated under vacuum to give an oil which was chroma-
tographed (alumina, I1I, 30 g, toluene). The collected product showed
no 4.50 ppm (CHOH) abisorption in the TH NMR spectrum but did
contain cyclohexanone as an impurity.!? This product was dissolved
in toluene (3 mL) and dimethyl sulfoxide (2.7 mL) before lithium
acetylide—ethylenediamine complex (2.3 g, 2.5 mmol) was added. After
the solution was stirred at room temperature under nitrogen for 20
h, ammonium chloride (3 g) was cautiously added, followed by
dropwise addition of water (10 mL). Additional water (50 mL) was
added and the solution was extracted with methylene chloride. The
residue remaining after drying (NazSQ,) and evaporating the solvent
was chromatographed (alumina, III, 50 g, toluene-5% EtQAc/toluene):
NMR (CCly) 6 0.82 (s, 3, CH3), 1.65 (s, 3, =CCH3y), 2.44 (s, 1,=CH)),
3.56 (s, 3, OCHj3), 7.1 ppm (s, 1, =CH).

To the above product in methanol (25 mL) was added 3 N hydro-
chioric acid (15 mL) and the resulting solution was heated for 15 min
on the steam bath. Solid sodium bicarbonate was added to neutralize
the hydrochloric acid. The solution was evaporated, diluted with water
(50 mL), extracted with methylene chloride, and dried (MgSO,). The
solvent was removed under vacuum and the residue was chromato-
graphed (alumina, ITI, 50 g) to give 212 mg (46% yield) of pure steroid
6a: mp 122-124 °C; IR (CHCly) 3260 (C=CH) and 1685 cm™!
(=CC==C); NMR (CCly) 6 0.79 (s, 3, CH3), 1.95 (s, 3, =CCH3), 2.42
(s, 1,=CH), 5.80 ppm (s, 1, =CH).

Anal. Caled for CigH;602: C, 79.68; H, 9.15. Found: C, 79.75; H,
9.12.

Crews, Kho-Wiseman, and Montana

Acknowledgment. This work was supported under Con-
tract NO1-HD-4-2860 with the National Institutes of Child
Health and Human Development.

Registry No.—2b, 4192-93-2; 3b, 63976-96-5; 3¢, 63976-97-6; 3d,
63976-98-7; 3f, 63976-99-8; 4a, 63977-00-4; 4b, 63977-01-5; 5a,
63977-02-6; 5b, 63977-03-7; 5b epimeric alcohol derivative, 63977-04-8;
5b epimeric alcohol derivative 2, 63977-05-9; 5b dihydro alcohol de-
rivative, 63977-06-0; 5¢, 63977-07-1; 5d, 63977-08-2; 5e, 63977-09-3;
5e dihydro derivative, 63977-10-6; 5e dihydro ketone derivative,
63988-55-6; 5e dihydro ethynylated derivative, 639777-11-7; 6a,
63977-12-8; 6b, 63977-13-9; 6b 20 alcohol derivative, 63977-14-0.

References and Notes

(1) A.B. Turner, J. Chem. Soc. C, 2568 (1968).
(2) C. Djerassi, G. Rosenkranz, J. Romo, J. Pataki, and S. Kaufmann, J. Am.
Chem. Soc., 72, 4540 (1950).
(3) M. B. Rubin and E. C. Blossey, J. Org. Chem., 28, 1932 (1964).
(4) D. Dvornik and O. E. Edwards, Can. J. Chem., 35, 860 (1957).
(5) H. Vorbrueggen and C. Djerassi, Tetrahedron Lett., 119 (1961); J. Am.
Chem. Soc., 84, 2990 (1962).
(6) J. A. Osborn and G. Wilkinson, /norg. Synth., 10, 67 (1967).
(7) K. Ohno and J. Tsuji, Tetrahedron Lett., 3969 (1971}, J. Am. Chem. Soc.,
90, 99 (1968).
(8) G. l. Feutrill and R. N. Mirrington, Tetrahedron Lett., 1327 (1970).
(9) J. C. Sheehan, W. F. Erman, and P. A. Cruickshank, J. Am. Chem. Soc.,
79, 147 (1957).

(10) H. L. Dryden, G. M. Webber, R. B. Burtner, and J. A. Cella, J. Org. Chem.,
26, 3327 (1961).

(11) P. Wieland and G. Anner, Helv. Chim. Acta., 50, 1453 (1967).

(12) Efforts to remove the cyclohexanone by heating under vacuum resulted
in rearomatization of the dihydro intermediate. Attempted steam distillation
of the cyclohexanone from the crude reaction resulted in hydrolysis of the
3-O-methy! ether.

Halogenated Alicyclic Monoterpenes from the Red Algae Plocamium

Phillip Crews,* Ernest Kho-Wiseman, and Peter Montana

Thimann Laboratories, University of California, Santa Cruz, California 95064

Received July 19, 1977

The red algae Plocamium violaceum (Farlow) and P. cartilagineum (Dixon), collected from the vicinity of Mon-
terey Bay, Calif., yield a number of halogenated alicyclic terpenes. The structures of plocamene D (4), plocamene
D’ (5), and plocamene E (8) have been elucidated by a combination of spectroscopic and chemical experiments. Ad-
ditional structural details and chemical properties are discussed for other Plocamium alicycles including plocam-
ene B (2), violacene (3), and plocamene C (9). Their composite structures suggest several biosynthetic generaliza-
tions about these and other halogenated monoterpenes known from Plocamium.

The red alga Plocamium has been under study in our lab
because it is a source of unique monterpenes.!:2 Recent work
by ourselves and others has shown that both acyclic and cyclic
halogenated monoterpenes are elaborated by Plocamium
{order Gigartinales),>5 and as well by other red algae in-
cluding Microcladia (order Ceramiales)® and Chondrococcus
(order Cryptonemiales).”8

Our investigation of the natural products chemistry of
Plocamium was first prompted by an observation that ex-
tracts of Plocamium cartilagineum (Dixon) and Plocamium
violaceum (Farlow) collected from Four-Mile Beach (Santa
Cruz County, Calif.) showed toxicity in two bioassays. A
nonpolar chromatographic fraction from either of these Plo-
camium species was highly toxic to goldfish,? and these ex-
tracts exhibited LCsy growth inhibition against mosquito
larvae at 0.03 and 0.09 ppm dilutions, respectively.l? Subse-
quent isolation work yielded cartilagineal (1) as a major
component from P. cartilagineum! and plocamene B (2) as
a major component from P. violaceum.? In both Plocamium
species we observed another major haloterpene component,?
violacene (3),11 whose structure has been recently revised after
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x-ray study.!2 Interestingly, both plocamene B (2) and viola-
cene (3) are highly toxic to goldfish, and they display signifi-
cant growth inhibition against mosquito larvae. In order to
further explore the toxic metabolites from Plocamium, we
extended out study of P. violaceum to several other collection
sites in the Monterey Bay area. This yielded new halogenated

© 1978 American Chemical Society



Halogenated Alicyclic Monoterpenes J. Org. Chem., Vol. 43, No. 1, 1978 117
Table I. 13C NMR Data at 25.15 MHz®
3(‘ 40 56‘ 6[,‘ 7C 8C 9('
C ¢ (ppm) J (Hz) & (ppm) & (ppm) & (ppm) 6 (ppm) J (Hz) & (ppm) § (ppm) J (Hz)
1 42.0 (s) 43.4 39.3 (s) 434  (s) 142.6 67.4 (s)
2 64.1 (d) 140¢ 65.1 65.5 67.3 (d) 67.9 (d) 155¢@ 49.8 52.4 (d) 125
3 38.3 (t) 134 43.5 44.1 38.2 (t) 29.7  (t) 126 39.0 35.0 (1) 132
4 59.0 (d) 140¢ 58.2 49.4 59.9 (d) 32.7 (1) 133 65.5 65.1 (d) 142
5 71.3 () 140.9 140.7 72.1 (s) 143.1 (s) 72.2 71.2 (s)
6 48.8 (t) 125¢ 45.5 45.2 41.5 (t) 445 (1) 133 44.2 57.1 (t) 134
7 1354 (brd) 156 133.3 133.5 23.4 (t) 136.2 (d) 160 133.0 131.3 (d) 161
6 119.5 (dd) 10/193  120.8 120.6 8.0 (q) 119.1 (dd) 9/194 119.2 120.7 (dt) 7/7/194
9 274 () 129 26.3 26.1 27.0 (q) 26.0 (q) 126 112.7 28.0 (q) 128
10 38.8 (t) 163 113.6 116.1 39.5 (t) 111.4 (1) 155 30.9 31.9 (q) 129

@ Potential error in J value £5 due to overlapping multiplets. ® For carbon numbering, see Schemes I and IV. ¢ Registry no.: 3,
54279-01-5; 4, 62560-51-4; 5, 63883-43-2; 6, 63886-49-9; 7, 63866-50-2; 8, 63866-51-3; 9, 62532-55-2.

monoterpenes, and we now report these structures.

An Overview from GC/MS Data. Haloterpenes 1-3
possess distinctly different carbon skeletons and each exhibits
a diagnostic mass spectral fragmentation pattern. The prin-
cipal fragments from 1--3 can be designated as type I, I1, or III,
respectively. An acyclic octa-1,5,7-triene, such as cartilagineal
(1), displays a type I fragmentation, giving a base peak cluster
at 89/91 due to a [C,HgCl]*. Alternatively, the trialkyl-sub-
stituted ring system as in plocamene B (2) exhibits intense
type II fragmentation by a way of a [C1oH11Cl]* = 167/169 to
an aromatic nucleus [CigH;1]* = 131, Finally, the gem-
alkyl-substituted system as in violacene (3) cannot easily
aromatize, but instead displays an M* — CHj fragment and
successive M* — halogens, type III fragmentation.

GC-MS of various P. cartilagineum and P. violaceum ex-
tracts revealed unknown components with types II and III
fragmentation. Peaks displaying type III fragments were
especially noticeable from P. violaceum and P. cartilagineum
from Santa Cruz, Monterey and San Mateo counties. Four
isomeric C;gH;3X3 components could be identified in various
collections whose appearance was highly dependent upon
species and location.!? As one example, the relative amounts
of two C1pH3Cl3 isomers, plocamene D and plocamane E,
varied from 91:9, 78:28 to 25:75 from P. violaceum at Four
Mile Beach, Davenport Landing, and Pigeon Point, respec-
tively.

Results and Discussion

Two new components, plocamene D and plocamane D,
exhibiting type III mass spectral fragments were isolated.
Plocamene D (4) of molecular formula C;gH;3Cly (M* =
238/240/242) was most easily purified from the P. violaceum
extract from Four-Mile Beach. A monocyclic ring was estab-
lished by the four vinyl carbons in the 13C NMR (Table I). In
the H NMR (360 MHz, CDCl3), the 13 protons of plocamene
D appeared as separate resonances: 6 1.22 (3 H, s, CHs), 2.11
(1H,d,J =14.2 Hz, Hg,), 210 (1 H, q, J = 12.5 Hz, H3,), 2.58
(1H,dt,J =12.5,4.0 Hz, Hs.), 2.61 (1 H, d, J = 14.2 Hz, Hg,),
3.83(1H,dd,J =12.4,3.8 Hz, Hs,),4.34 (1 H, brd,J = 12.4,
3.8 Hz, Hya), 5.00 and 5.41 (1 H each, s, Hig and Hy¢'), 6.02 (1
H,d,J =13.7Hz Hg), 6.10 (1 H,d, J = 13.7 Hz, H5). The
several subfeatures recognizable from this data, a quaternary
CHsj;, a >CCH:C< unit, a -(CLyCHCH,CH(Cl)- group, a
>C=CHsy, and a -CH==CH- residue, could best be combined
in the gross structure 4. Diequatorial Cl’s at Cs and C4 were
indicated by the large JJ,_, couplings.

Plocamene D’ (5}, M+ = 282/284/286 (C1oH3ClsBr), was
isolated from F. violaceum from Asilomar Beach. The 13C
NMR shifts for 5 were similar to those of 4 (Table I), except
that one of the halogen-bearing carbons in 5 was shielded by
9 ppm relative to its counterpart in 4. Likewise, the only dif-

Scheme I

ference in the 1H NMR between 4 and 5 was that the Hy
broadened doubled doublet in 5 was deshielded relative to that
in 4. These two observations indicated that the gross structure
of 5 differed from 4 by only a Br substituent at C,.

The assignment of the gem-methyl, trans-chlorovinyl
stereochemistry at C; in 4 and 5 was approached by a corre-
lation based upon 3C NMR chemical shifts. This seemed
reasonable because methyl shifts are sensitive to configura-
tional changes, and a particularly relevant example is afforded
by the methyl shift differences of 5-6 ppm observed by
Wenkert for pairs of pimaradienes epimeric at a —-C(CoH3)CHj
position.!* To provide some background for interpreting
carbon shifts in polyfunctional six-membered rings, two vio-
lacene derivatives 6 and 7, prepared by hydrogenation and
reductive dehalogenation (Scheme I), were examined in order
to determine the sensitivity of their 13C methyl shifts to sub-
stituent changes. Comparison of the methyl shifts between
3 vs. 6 and 7 (Table I) revealed that an anticipated homoallyl
shielding effect! was negligible and that the § effect though
larger than expected was still small.’® The closeness of the
methyl carbon shifts of 7 (26.0) to that of 4 (26.3) and 5 (26.1)
indicated that the C; configuration of these latter two must
be identical to that of 3. The chemical interconversions shown
in Scheme I provided further confirmation on this point, and
vielded the absolute stereochemical assignments shown.

GC/MS data of a P. viclaceum extract from Pigeon Point
revealed that it was especially rich in a component, plocamene
E (8), with type II fragmentation. Interestingly, a second
collection of this alga (1.3 kg, wet wt) from a single rock at that
location gave a crude oil whose 'H PFT NMR showed plo-
camene E as the only haloterpene component. After purifi-
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cation by HPLC, this compound displayed a mass spectrum
parent m/e 238/240/242 (C1oH153Cl3). A single ring was indi-
cated by the four vinyl and two quaternary carbons in the 13C
NMR (Table I). The 'H NMR (360 MHz, CDCl3) exhibited
additional structural features including a single quaternary
methyl (6 1.73, s), an isolated methylene (6 2.41,brd, J = 14.8
Hz; 6 2.77 d, J = 14.7 Hz) and exo-methylene (5 4.84 and 4.90),
and a —-(C1)CHCH,CH(CH=CHCI)-: § 2.05 (q, J = 12.8 Hz,
Hs,), 2.11 (dt, J = 12.6,4.5, 4.5 Hz, Hae), 2.79 (m in Bz-dg spin
decoup at Hg converted this peak into an eight-line multiplet
with J = 14, 9.5 Hz, Hy,), 3.95 (dd, J = 11.2, 4.5 Hz, Hy,), 5.94
(dd, J = 13.4,7.9 Hz, H7), and 6.04 (d, J = 13.4 Hz, Hg). These
J values were characteristic of a six-membered ring of gross
structure 8 with diequatorial substituents at Cy and C4. The
choice of the attachment of the exo-methylene to position Cy
or Cs was confirmed as the former by an observed long-range
coupling from the exo-methylene H’s to Hz, and Heg, which
was collapsed by spin decoupling at the exo-methylene.
The problem of the C; CHj stereochemistry in 8 was re-
solved with the aid of 13C chemical shifts, and it was assigned
as equatorial. Axial and equatorial cyclohexyl quaternary
methyls exhibit different and characteristic carbon shifts.!”
For example, an axial-equatorial methyl-shift difference of
8 ppm is observed for a noninverting 1,1-dimethylcyclohexane
11, with Me(e) = 6 33 and Me(a) = 6 25. A similar large dif-
ference, Me(a) — Me(e) = 7 ppm, is observed for a cyclohexyl
methyl gem to a halogen (Cl or Br) as shown by 12-15 in
Scheme II. In order to apply this shift correlation to com-
pounds such as 2 and 8, the effects due to additional v sub-
stituents must first be estimated. The comparative data
among compound sets 12 and 16 and 14 and 17, along with
data from several other model compounds that will be dis-
cussed elsewhere, show that the shielding imparted by an
added v halogen gauche to an axial methyl or an equatorial
methyl is 6 4 or 1, respectively. Thus, a characteristic methyl
shift can be estimated for a 1-methyl-1,2-dihalocyclohexane
as 6 33-35 Me(e) and 6 23-25 Me(a). In view of this analysis,
the methyl shift of 8 (5 30.9) falls into a range that is consistent
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with an equatorial assignment. In addition, our earlier
suggestion of an equatorial type methyl in 2 (6 30.3)2 is further
substantiated by this analysis.

The final compound isolated, plocamene C (9), was a major
component of the Pigeon Point oil, but it was present in only
low concentration in the Four-Mile Beach oil. The 13C and 'H
NMR of 9 showed many similarities to 8 with differences in
the mass spectrum (M* 318, C10H14ClsBr), the 13C NMR
spectrum (two vinyl carbons), and the 1H NMR spectrum (s
Me’s 6 1.67 and 1.95) which indicated that the structure of 9
differed from 8 by only an HBr. The closeness of the CH3z 'H
6 values in 9 to those in 1,1-chloromethylcyclohexane (5 1.58)
and 1,1-bromomethylcyclohexane (6 1.80)18 indicated also that
chlorines were at both C5 and Cgin 9. The use of a relaxation
reagent Gd(fod)s!® provided evidence for the placement of the
single Br at C;. Ozonalysis of 9 yielded aldehyde 10 (Scheme
IIT) with methyls at ¢ 1.64 and 2.0 (CDCls) representing a
methyl gem to a chlorine and bromine, respectively. Addition
of Gd(fod)s caused the low-field signal to broaden consider-
ably owing to an efficient relaxation between it and the lan-
thanide reagent, whereas the high-field methyl remained
sharp. While our work on this structure was in progress, a
publication appeared on the x-ray of (1R,2S5,4S,6R)-1-
bromo-trans-2-chlorovinyl-4,5-dichloro-1,5-dimethylcyclo-
hexane (9)42 which had the same molecular formula and
similar TH NMR properties as 9. Differences in their melting
points (9 = 78.5-79 °C, and 9’ = 43.5-44.5 °C) and chemical
behavior at first suggested that 9 and 9’ might be isomers, but
further careful comparison between 9 and an authentic sample

Scheme IV. Proton T, Data
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of 9’ revealed that they were identical.2’ Before the above
comparison was completed, we explored the use of T'; data to
set the 9 C; and C; halogen substitution and stereochemistry.
Relaxation rates for both 'H and 13C are sensitive to a number
of factors including steric environment.2! Proton T';’s were
available for 2 and 322 and were measured for 9 and tabulated
in Scheme IV. Dipole relaxation is a dominant mechanism in
the data of 2 and 3 as shown by the expected T'; increase for
protons in 2 along the series CHj3 (1.3), -CHs— (Hg, = 2.5) and
C=C(H)- (9.8). Although the structurally different methyls
in 2 display different T'; values, a similar expected difference
did not carry over into the methyl T'; values of 9.

The chemical relationships established in Scheme III led
to the absolute stereochemical assignments for both plo-
camene B (2) and plocamene E (8). In our hands, 9 was inert
to loss of HBr in the presence of acid.#2 On the other hand,
basic treatment of 9 with 1,5-diazobicyclo[5.4.0Jundec-5-ene
(DBU) in refluxing dioxane yielded 8 which could then be
rearranged to the more stable 2 by acid catalysis.

The chemical and stereostructural features of the alicyclic
compounds established above provide some insight into their
possible biogenesis. Comparison among the six-membered
ring substituent stereochemistries of plocamene C (9) and
plocamene D {4) along with the relative stereochemistries
known for acyclic epimers 18« and 188, also isolated from P.
violaceum,3d suggests a hypothetical set of structures 19« and
198 as a relay to both rearranged and nonrearranged sets of
alicycles 9 and 4.26 Plocamene C (9) is quite stable to loss of
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HBr at both elevated temperatures and in neutral solution for
long periods of time. The structural similarities then between
9 vs. plocamene B (2) and plocamene E (8) suggest that the
latter two are derived from the former by some type of bio-
logical dehydrohalogenation. The contrasting process of bi-
ological halogenation seems also to be occurring in that en-
zymatic chlorobromination undoubtedly converts 4 into 3.

Experimental Section

The NMR spectra were recorded on a JEOL PS 100 PFT spec-
trometer operating on 100 MHz for 'H and 25.1 MHz for 13C. The
360-MHz 'H NMR spectra were recorded at the Stanford Magnetic
Resonance Laboratory. Optical rotations were measured on a Per-
kin-Elmer 141 polarimeter with a 1-dm cell (5 mL). GC/MS data were
recorded on a Finnigan 4000 system equipped with a g in. X 3 ft glass
column packed with 3% OV-17 on Chromasorb G and temperature
programmed 120-190 °C at 2 °C/min. Routine low-resolution mass
spectra data were recorded on a Hitachi Perkin-Elmer RMU-6E mass
spectrometer. High-performance liquid chromatography (HPLC) was
done on a Waters ALC 201 using Porasil columns 3 in. X 8 ft. All
solvents were reagent grade and distilled for HPLC use. Spectral-
grade solvents were used for NMR (Me4Si standard) and optical
rotation determinations. Low-boiling petroleum ether was used in
all instances.

Collections and Extractions. Plocamium violaceum was collected
interdially from several locations (wet weight and yield of extract)
including: Davenport Landing, Santa Cruz County, Oct. 16, 1974 and
Nov. 12,1974 (1 kg, 2.33 g, 0.23% yield); Four-Mile Beach, Santa Cruz
County, Nov. 11, 1974 (0.7 kg, 2.06 g, 0.29% yield); Pigeon Point, San
Mateo County, Oct. 15, 1974 and Nov. 14, 1974 (1 kg, 2.68 g, 0.23%
yield); Pigeon Point, Nov. 2, 1975 (1.3 kg, 1.10 g, 0.08% yield); and
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Asilomar Beach, Monterey County, July 27, 1975 (320 g, 0.9 g, 0.28%
yield).

The freshly collected algae were either directly extracted or held
frozen until extraction. All samples were cold extracted twice with
CHCI; and once with EtOH (95%) over a period of 3-7 days. The
combined extract was then chromatographed through silica gel (Grace
grade 62, 60~200 mesh, activated) using petroleum ether followed by
petroleum ether/benzene (1:1). The resulting semipurified oil was then
subjected to HPLC using petroleum ether/benzene (95:5).

Isolations. Following the procedure above, Plocamene C, D, D,
and E were isolated.

Plocamene D (4) was obtained as clear mobile oil, HPLC fraction
no. 18 (20-mL fractions, 39 mg), from Four-Mile Beach: [a]2p —4.1°
(c 0.78, CHCl;); MS m/e 238, 240, 242, (M), 223, 225 (M* — CHa),
208, 205, 207 (M* ~ Cl), 167, 169 (M* — C], HC1), 131 (M* — C], HC],
HCI); 91 base (C7H7)* and NMR discussed in the text.

Plomacene D’ (5) was obtained as a clear mobile oil, HPLC frac-
tion no. 10 (40 mg), from Asilomar Beach: MS m/e 282, 284, 286 (M ™),
267 269 (M* — CHj), 247, 249, 251 (M* — Cl), 208, 205, 207 (M+ — Br),
167, 169 (M* — Br, Cl, H), 91 base (C;H7)*; 'H NMR (CDCl3 100
MHz) 6 1.26 (s, CH3), 2.1-2.8 (m, 2H), 2.18 (d, 1 H, J = 15 Hz), 2.71
(d,1H,J =15Hz),3.87(dd, 1 H,J = 4,12 Hz),4.53 (brd, 1 H,J =
4,12 Hz), 5.10 (brs,1 H), 5.46 (brs, 1 H),6.03 (d,1 H,J = 12 Hz),6.15
(d,1H,J =12 Hz).

Plocamene E (8) was obtained as a clear mobile oil, HPLC fraction
no. 21-24 (359 mg), from Pigeon Point: [«]20p —105° (¢ 4.57, CHCly);
MS m/e 238, 240, 242 (M+), 203, 205, 207 (M* — Cl), 167,169 (M+ ~
Cl, HCl), 131 base (M* — Cl, HCI, HC1) and NMR discussed in the
text.

Plocamene C (9) was isolated from collections at Pigeon Point (283
mg) and both Davenport Landing collections, HPLC fraction no.
17-19 (83 mg), and it was recrystallized (ETOH) to a mp 78.5-79 °C
(uncorrected). The absolute methyl carbon shifts were derived by
relating 13C peaks to 'H peaks by the graphical off-resonance de-
coupling method.?® In addition to NMR discussed in the text: 'H
NMR (360 MHz, CDCls) 6 1.67 (s, CHg), 1.95 (s, CH3), 2.03 (dt, 1 H,
J=238,13.5Hz),2.15(dt,1 H,J = 12.1,13.5Hz),2.69 (d, 1 H,J = 15.1
Hz),2.89 (m,1 H,J = 3.8,7.7,12.1 Hz), 295 (d, 1 H, J = 15.1 Hz), 3.89
(dd, 1 H,J = 3.8,12.1 Hz),6.05(dd, 1 H,J = 7.7,13.3),6.16 (d, 1 H,
J = 13.3 Hz); []20p —84° (¢ 0.32, CHCls); MS m/e 318, 320, 322, 324
(M), 282, 284, 286 (M+ — HCI), 238, 240, 242 (M+ — HBr), 203, 205,
207 (M* - H, Br, Cl), 167, 169 (M* — Br, 2C1, 2 H), 131 base (M*+ —
Br, 3 Cl, 3 H). Plocamene C ((9) was compared by GC/MS to an au-
thentic sample of compound (9’) provided by Professor D. J. Faulkner.
Their retention times and mass spectra were identical. Plocamene
C (9) was found to be thermally quite stable in that a GLC before and
after melting were identical.

Hydrogenation of Violacene (3) to 6. Violacene (3), 100 mg, and
5 mg of Pd on carbon (10%) in 20 mL of EtOH were hydrogenated
until 1 equiv of Hs was absorbed (ca. 12 h) to yield quantitatively the
dihydro compound 6: 'H NMR (CDCls) 6 0.92 (t, CHg, J = 7.3 Hz),
1.01(s,CHj3),1-2 (m,2H),1.89(d, 1 H,J = 16.1 Hz),2.28 (d, 1 H, J
=16.1Hz),2.42(dt,1H,J =4.3,11.7),2.64 (q, 1 H,J = 11.7 Hz), 3.51
(d,1H,J =10.7Hz),3.81(dd, 1 H,J = 4.4,11.7Hz),3.93 (d,1 H, J
=10.7Hz),4.32 (dd, 1 H, J = 4.4, 11.7 Hz); MS m/e 320, 322, 324, 326
(M*).

Violacene (3) to Plocamene D (4) and 7. Violacene (3), 10 mg (in
2 mL of DMF), and an equivalent amount of Cr2* ion (in DMF/H,0
solution)?4 were stirred for a period of 1 h at room temperature under
a stream of Na. The reaction mixture was worked up to yield a 1:1
mixture of starting material and plocamene D (4) whose PFT NMR
spectral properties were identical to those described in the text. When
this reaction was carried out for a longer period of time (24 h), upon
workup 7 was the exclusive product: 1H NMR (360 MHz, CDClg) 6
1.18(3H,s,CHz3),1.88 (2 H, complex m, Hy),2.06 (1 H,d,J = 14 Hz,
Heg), 2.13 (1 H, m, Hs), 2.43 (1 H, complex m, H3),2.49 (1 H,d,J = 14
Hz, He), 3.90 (1 H, dd, J = 10, 4 Hz, Hsg), 4.70 and 4.81 (1 H each, s,
Hipand Hy¢),6.04 (1H,d,J = 14 Hz, H;),6.09 (1 H,d,J = 14 Hz, Hy);
mass spectrum 204, 206, 208 (M%), 169, 171 (M*+ — Cl), 91 base
(C-H7).

Plocamene DY (5) to 7. Following the above procedure, plocamene
D’ (§) (20 mg) was converted to the compound 7. Its spectral prop-
erties were identical to those mentioned above.

Plocamene C (6) to Plocamene E (5). Plocamene C (6) (10 mg)
in a nitrogen atmosphere and dry dioxane (10 mL) was reacted with
a slight excess of 1.5 diazobicyclo[5.4.0]undec-5-ene (DBU) at reflux
for 24 h. After workup, the resulting product displayed PFT NMR
spectral properties that were identical to those described above from
plocamene E (5).

Plocamene E (5) to Plocamene B (2). Plocamene E (5) (10 mg)
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and a catalytic amount of p-toluenesulfonic acid (HOTS) were dis-
solved in benzene (10 mL) under nitrogen. After a 2-h reflux, the re-
sulting product displayed PFT NMR spectral properties that were
identical to those of plocamene B (2).

Ozonolysis of Plocamene C (6) to Aldehyde (10). Plocamene C
(6) (20 mg) in ethyl acetate (10 mL) was ozonized at —78 °C. The re-
action mixture was worked up with dimethyl sulfide, and the resulting
aldehyde displayed the following: NMR, 100 MHz (CDCly), & 1.66 (s,
CHjs), 2.00 (s, CH3), 2.18 (m, 2 H), 2.70 (d, 1 H, J = 15.5 Hz), 2.89, (d,
1H,J = 15.5Hz),3.51 (brm,1 H), 3.84 (dd, 1 H, J = 4,7.9 Hz), 8.92
(s, 1 H). Upon standing at room temperature overnight or at 0 °C for
5 days, the aldehyde 10 aromatized to 2,5 benzaldehyde.?

Treatment of Aldehyde (8) with Gd(fod)s. To aldehyde 8 (15 mg)
in CDCl3 was added Gd(fod); (6 mM solution in CDCl3) in 100-uL
portions until line broadening became apparent (450 ¢L). Final molar
ratio of 8 to Gd(fod)s = 1.0:0.049.

Relaxation Time Measurements. The Fourier transform 7T;
measurements were done using the standard 180°-7—90° pulse se-
quence. The delay time (1) was greater than 47T'; for the most rapidly
relaxing protons. Dilute samples were prepared in benzene-dg with
added Me,Si. All samples were degassed (five freeze-pump-thaw
cycles) and then sealed.

Carbon NMR of Model Compounds. The 13C NMR data for 11
was taken from the literature.?® Compounds 12-17 were prepared by
addition of HX or Xy (X. = Cl, Br) to the corresponding olefins. 13C
NMR data were obtained on 80% solutions in CDCl3. Unseparated
epimeric mixtures of 12 and 14, and 13 and 15 were used.
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