the low yield of I was presumably due to the strength
of the Ir-P bond, which inhibits dissociation of a phos-
phine.2® Thus, it was found that (PPhs),IrCl, formed
in situ from [Ir(CgHi4):Cl]; and 2 equiv of PPh; in ben-
zene,® reacted readily with a slight excess of 1,2-C,BoH,,
when heated at reflux for a few minutes. I was iso-
lated in 84 97 yield upon addition of hexane to the cooled
solution. The same product was formed in over 90%;
yields upon heating at reflux stoichiometric mixtures of
[1r(CgH14):Cl)2, PPhs, and 1,2-C;BioH;z (1:4:2) in cyclo-
hexane for 1 hr or in hexane for 18 hr (eq 1). Similar

U Ie(CsHyy)Clly + 2PPhy + 1,2-CiBiHjy —>
3-[(PPh;).IrHCI}-1,2-C:B,oHyy (1)
I

complexes have been obtained from 1,7-C,B;H;, and
1,12-C;B1oH;2 (complexes II and III, respectively),
but mixtures with species formed by successive oxida-
tive addition reactions with the same carborane cage are
obtained with these carboranes unless a large excess
of the carborane is employed. I, II, and III are all
yellow crystalline solids. They are stable to air in the
solid state, but solutions slowly decompose upon expo-
sure to air.

The reaction of (PPh;),IrCl with 1,2-CoH,;BoDyy
yielded a complex with »;,p at 1580 and 1570 cm™!
(viru/vi.p = 1.40, theoretical = 1.41), which confirmed
that the product arises from oxidative addition of a
carboranyl B-H bond to the metal atom. When
carborane with deuterium only at the B(3,6) sites
(>80% at B(3,6), <5% elsewhere by "B nmr!) was
used, the product had an ir spectrum with much stronger
virp bands than v, proving that the position of sub-
stitution was indeed the B(3,6) sites. This type of
oxidative addition has previously been observed as an
intramolecular reaction in an iridium complex with a
carboranyl phosphine,” and a similar reaction has very
recently been reported between (PMe;).(CO)IrCl and
pentaborane(9).?

That the B-o-metallocarboranes are good models
for intermediates in the transition metal catalyzed ex-
change reactions was shown by use of II as a deuterium
exchange catalyst for excess 1,7-C:BicHy;.  With 0.05
mmol of II, 1.0 mmol of 1,7-C;BioH;. was completely
deuterated at boron (>95%) in less than 20 hr at 65°
(in 20 ml of toluene with a D, flow rate of ca. 3 ml/min).
This is considerably faster than the most active pre-
viously known catalyst for this reaction, 2,2-(PPhj;),-2-
H-2,1,7-IrC,B;H;;, which produced carborane with
only about 60 9] exchange under the same conditions.®

I reacted rapidly with excess CO in benzene solution
at room temperature to yield trans-(PPh;),(CO)IrCl
(IV) and 1,2-C,B;¢Hi» (eq 2). Even upon prolonged

3-[(PPh3)zerC1]-1,2-C2310H11 + CO —>
trans-(PPh;)(CO)IrCl + 1,2-C,B;oHi (2)

heating of IV in toluene solutions with 1,2-C,B;Hy,,
no stable o-metallocarboranes were formed. How-
ever, IV is an active deuteration catalyst for 1,2-C;By¢-

(6) H. van Gaal, H. G. A. M, Cuppers, and A. van der Ent, Chem.
Commun., 1694 (1970),

(7) E. L. Hoel and M. F. Hawthorne, J. Amer. Chem. Soc., 95, 2712
(1973).

(8) M. R. Churchill, J. J. Hackbarth, A. Davison, D. D. Traficante,
and S. S. Wreford, J. Amer. Chem. Soc., 96, 4041 (1974).

(9) The details of an extensive study of transition metal catalyzed
deuterium exchange will appear elsewhere.
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Figure 1. The proposed structure of I, 3-[(PPh;),IrtHCI]-1,2-

C.B1oHy, and the 80.53-MHz !'B nmr spectra of I (a) and 1,2-
CyB1oHs (b).

Hs,® implying that the carborane does undergo oxida-
tive addition to the complex, but that the product is not
thermodynamically favored. Similarly unfavorable
thermodynamics may account for the failure to isolate a
stable o-metalloborane from the reaction of IV with
pentaborane(9).8

Further members in the series of B-g-metallo-
carboranes have been prepared and characterized.
The synthesis and chemistry of these species will be
described elsewhere.
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Violacene, a Polyhalogenated Monocyclic
Monoterpene from the Red Alga Plocamium violaceum

Sir:
We have previously reported the occurrence of two

polyhalogenated monoterpenes, 3,7-dimethyl-1,8,8-tri-
bromo-3,4,7-trichloro-1,5-octadiene (1)! and 7-chloro-

(1) D. J. Faulkner, M. O. Stallard, J. Fayos, and J. Clardy, J. Amer.
Chem. Soc., 95, 3413 (1973).
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3,7-dimethyl-1,4,6-tribromo-1-octen-3-o0l (2)? in extracts
from the digestive gland of the sea hare Aplysia cali-
fornica. Subsequent investigations?® revealed that both
monoterpenes were obtained from the red alga Plo-
camium pacificum,* an important constituent in the sea
hare’s diet. Plocamium pacificum was shown to be a
source of a further nine additional highly halogenated
monoterpenes,® all having the basic geraniol skeleton,
while a related alga, Plocamium violaceum, was found
to contain an array of ten polyhalogenated mono-
terpenes. The major constituent of the nonpolar
fraction of P. violaceum has been shown to possess a
previously unknown monoterpene skeleton.

Cl - ,,CI Cl /OH
Br S yZ P
Br ! Br
Br Cl Br Br

1 2

Repeated alumina chromatography of the pentane
extracts of air-dried P. violaceum yielded crystalline
violacene (3), mp 71.0-71.5° (0.07% yield). The
molecular formula, C;Hi;BrCl,, was established by
high resolution mass spectrometry. A single trans
olefinic bond was indicated by an AB quartet at & 6.02
and 6.44 ppm (J/ = 13.5 Hz) in the pmr spectrum and by
signals at 119.2 and 135.4 ppm in the cmr spectrum;
violacene (3) was therefore monocyclic. The remaining
pmr signals indicated the presence of a methyl group at
8 1.29 ppm, a methylene group at 2.16 and 2.32 ppm
(AB quartet, J/ = 15 Hz), a halomethyl group at 3.48
and 3.85 ppm (AB quartet, / = 10.5 Hz), and a four-
signal pattern at 4.29 (dd, J = 4, 12 Hz), 3.64(dd, J =
4, 12 Hz), 2.64 (dt, J = 12, 12, 14 Hz) and 2.44 ppm
(dt, J = 4, 4, 14 Hz), indicative of a partial structure
—~CHX-CH,~CHX- contained within a six-membered
ring. The cmr spectrum was completely compatible
with these assignments and showed the presence of two
additional tetrasubstituted carbon atoms with signals
at 42.1 and 71.3 ppm. Treatment of 3 with chromous
sulfate in aqueous dimethylformamide yielded a tri-
chloride 4, which contained an exocyclic methylene
group (nmr, broad singlets at 8 5.40 and 4.98 ppm).
Since the mass spectrum of 3 contained a [M+-CH,Cl]
cluster but no [M+t-CH,Br] cluster, one of the tetra-
substituted ring carboi:is must bear a bromine and a
chloromethyl group. The methyl group and the chloro-
vinyl group of violacene (3) were therefore attached to
the remaining carbon atom.

The stereochemistry of violacene (3) was established
by careful analysis of the nmr spectra of violacene and
its derivatives. The coupling constants (see above)
of the two protons on ring carbon atoms bearing
chlorine indicated that the chlorine atoms were equa-
torial on a cyclohexane ring in the chair conformation.
Ozonolysis of 3, followed by reductive work-up, yielded
an aldehyde 5 whose nmr spectrum showed the pres-
ence of a small long-range W coupling (/ = 1 Hz) be-
tween an axial methylene proton (5 2.29 ppm) and the

(2) (a) D, J. Faulkner and M. O, Stallard, Tetrahedron Lett.,, 1171
(1973); (b) M. R. Willcott, R, E. Davis, D. J. Faulkner, and M. O.
Stallard, ibid., 3967 (1973).

(3) M. O, Stallard and D. J. Faulkner, Comp. Biochem. Physiol., in
press.

(4) Also called Plocamium coccineum var. pacificum (Kylin) Dawson
1961 and Plocamium cartilagineum (L.) Dixon 1967.

(3) J. Mynderse, research in progress,

cl cl
Br Br P
CICH, -~ - CICH,
Toa
cl Cl Cl
3
cl
cl Cl
4

aldehyde proton (8 10.11 ppm); thus, the vinyl chloride
group in violacene (3) must be axial.® Reduction of the
aldehyde 5 with sodium borohydride in ethanol, fol-
lowed by acetylation with acetic anhydride in pyridine,
yielded an acetate 6. Analysis of the Eu(fod); in-
duced shifts for the nmr signals of the six ring protons
of the acetate 6 followed an assignment of the location
of the europium atom in the complex.” The magni-
tudes of the induced shifts for the two chloromethyl
protons indicated that the chloromethyl group must
be equatorial and the bromine atom axial .8

Br CHO Br CH,0Ac
CIcH,~ 4~ -- ac-- 3~

Cl Cl Cl Cl
5 6

The carbon skeleton of violacene (3) has not been
found previously among naturally occurring mono-
terpenes. The biosynthesis of this interesting com-
pound can be rationalized as resulting from cyclization
of an acyclic monoterpene via a bromonium ion, a
process which can be invoked to explain the biosynthe-
sis of many brominated marine natural products.
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