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A~Exsmination of the red slgs Ploctrmiun corlilclginrrun (L.) Dixon cetlected iiloag the Antarctic 
Peninsula yielded several new cyclic balogaated moaoterpeaes. The stractures of a 2,4dichbro-tmnr-l-chloro- 
vinyl-l-methyl-S-methyle~~e-cyclobexanc, a 2chloro4-bromo-trans-1~~~~y~1-~~yl-5-~~ylene~yclo~- 
ane, a 2-c~oro-~m~-l~~trlotovinyl-1-methyl-5~~o~~y~yc~~x~, and a 2,5dichloro4bromo-tmnsmnr-l- 
chlorovinyl-I-methyl-5-bromomethyl-cyclobexane are described. The st~ctures were determined by spectroscopic 
methods and chemically related to the halogenated moaoterpene violacene. 

Red algae have recently been shown to contain many 
halogenated terpenes.13 Species of the genus Plocamium 
have been an especially rich source of acyclic and cyclic 
halogenated monoterpenes.‘3 In their investigation of 
the macroscopic algae of Antarctica, De Laca d al.’ 
collected and sent varying amounts of Phxmfum spe- 
cies to us for chemical investigation. In this paper we 
wish to describe a family of polyhalogenated cyclic 
compounds isolated from PIocumium cattifagineum (L.) 
Dixon. 

Plocamium cartilagineum’ was collected subtidally by 
divers off the north shore of Janus Island along the 
Antarctic Peninsula. The alga, which was received 
frozen, was air-dried, ground in a Wiley Mill and extrac- 
ted with hexane in a Soxhlet apparatus. Concentration of 
the hexane gave a dark green oil. The extract was 
spotted onto a tic plate, developed with chloroform, 
sprayed with spores of the fungus Cfudosporium cucu- 
merinum and allowed to incubate.’ Strong antifungal 
activity was observed at several spots on the plate. Open 
column chromatography of the extract on silica gel using 
hexane with increasing amounts of diethyl ether as the 
elutant followed by repeated high pressure liquid 
chromatography (hplc) on silica gel gave pure 1.2 and 4, 
hplc of one of the fractions on alumina yielded 3 and the 
two acyclic monoterpenes 5 and 6.6 

High resolution mass spectrometry established the 
molecular formula of 1 as Cl&&. This formula 
requires three sites of unsaturation. The ‘“C spectrum of 
1 contained four resonances assigned to oletinic C atoms, 
thus requiring the compound to contain one ring. The 
structure of the compound was mainly deduced by 

combination of evidence from CMR and PMR spectra. A 
pair of doublet resonances (120.3 and 134.1 ppm) in the 
off-resonance CMR indicated a disubstituted double 
bond.’ The hydrogens on this double bond gave rise to a 
pair of doublets at 6.00 and 6.10 S in the 220 MHz PMR 
spectrum. The double bond was assigned the tmns 
configuration because of the 13.1 Hz coupling constant. 
The proton and carbon chemical shifts required that one 
of the chlorines be attached to this double bond. The 
second double bond was evidenced by CMR absorptions 
at 113.6 (triplet) and 140.9 (singlet) ppm and was assigned 
as an exocyclic oletin. In the PMR spectrum, two broad 
singlets at 4.93 and 5.18 8 were assigned to the exocyctic 
methylene protons. Two methine carbons gave absorp- 
tion at 63.2 and 61.5 (doublets); the chemical shifts 
indicating that a chlorine was attached to each.* In the 
PMR, a broadened triplet at 4.72 S (J = 3.2 Hz) and a 
doublet of doublets at 4.33 8 (J = 11.1 and 3.6 Hz) were 
assigned to the methine protons. Each of the methine 
protons was coupled to the complex methylene muhiplet 
absorbing from 2.18 to 2.43 8 indicating a -CHCLCHr 
CHCI grouping. Two methyiene carbons were evidenced 
by absorptions at 41.5 and 41.1 ppm (triplets). One was 
assigned as the methylene of the -CHCLCHrCHCI- 
grouping and the other as an isolated methylene. The 
proton absorption of the isolated methylene was an AB 
pattern at 2.36 and 2.64 8 with a geminal coupling con- 
stant of 14.5 Hz. A quatemary carbon was recognized by 
a singlet absorption in the CMR at 43.5ppm. The 
remainii carbon was a quatemary Me which gave rise 
to CMR absorption at 26.6ppm (quartet) and a singlet 
resonance at 1.25 S in the PMR spectrum. 

ci 
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The spectral analysis above plus comparison with 
spectral data reported for other compounds isolated from 
Plocamium species support structure 1. We contirmed 
the structure including full stereochemistry by com- 
parison to derivatives of violacene 7. Violacene was 
isolated as the major halogenated constituent of Plo- 
camium violaceum by Mynders et eL9 We reisolated it 
and repeated the chromous sulfate” reduction pre- 
viously described to yield both dibromo- 
chloroviolacene,9 8, and the further reduced compound 
9.” The 220 MHz PMR spectra of 1 and 8 were similar 
but differed signitkantly in the multiplicity and chemical 
shifts of the absorptions assigned to the Cs protons 
(Table 1, Hf). In the spectrum of 1, this proton appeared 
as a broadened triplet at 4.72 6 and in that of 8 as a 
broadened doublet of doubkts at 4.26 8. The most likely 
explanation was that 1 and 8 were epimers at Cs. 
Confirmation was obtained by treatment of 1 with 
chromous sulfate yielding 9 identical in all respects to .9 
produced by reduction of violacene. 

Br 

“cl ““‘_-,‘Ct 9 

%I 

The molecular formula C&,pBrC12 for compound 2 
was established by high resolution mass spectrometry. 
Comparison of the 22OMHz PMR spectra (CCL) of 
compound 2 and debromochloroviolacene 8 suggested 
their structural similarity (Table 1). All of the proton 
chemical shifts of 2 were very close or identical to those 
of 8 except for the CH-CHrCH moiety. In the PMR 
spectrum of 2 Hf, which was adjacent and allylically 
coupled (1 Hz) to the exocyclic methylenes, appeared as 
a doublet of doublets (J = 12.0 and 4.5 Hz) at 4.37 9. In 
the spectrum of 8 Hf also appeared as a doublet of 
doublets (J = 12.3 and 4.0 Hz) at 4.26 6. The coupling 
constants of these protons indicated that each proton 
was in an axial position. Lack of sign&ant change in 
chemical shift of any of the other protons on the ring 
indicated that both compounds had the same relative 
stereochemistry around Cs. The downfield shift of Hf in 
2 was evidence for a substitution of a chlorine by 
bromine’ at Cs. Chromous sulfate reduction of 2 gave a 
compound identical by PMR, IR, MS and optical rotation 
to 9 obtained from the reduction of violacene. This 
confirms the relative and absolute stereochemistry 
assigned to 2. 

When compound 2 was allowed to stand at room 
temperature for a few days, it underwent a quantitative 
rearrangement to an isomeric compound. The CMR 
spectrum of the isomer displayed absorption for the 
usual disubstituted vinyl chloride group and a new 
trisubstituted double bond at 133.0 (off-resonance singlet) 
and 124.7ppm (doublet). In the proton spectrum, the 
exocyclic methylene proton resonances had disappeared 
and were replaced by a broad one proton singlet at 5.73 

Table I. Proton chemical shifts of compounds 1.2 and 8,220 MHz (CCL) 

X Ha "b Hc 
H.,andH, Hf H 

9 "h Hi or Hj CH3 

1 B-Cl 6.:0(d]36.0;(d) 4.33(dd) 2.43-2.lB(m)J4.7~($ S.lB(bs) 4.93(bs) 2.;41fcJ42i;f(d) 1.25(s) 

ab= * Jcd=ll.lHz eC . 13 * 
Jce=4.5Hz 

2 a-Br 6.1j6(di355;5(d) 3.74(dd) 2.70-2.62(m) 4.37(dd) 5.43(bs) 5.05(bs) 2.,"(fr132i;;(d) 1.23(s) 

ab= ’ Jcd-12.3Hz Jdf=12.0Hz 
15 . 

J,,=4.5Hr J ef-4.5Hz 

s a-Cl 6.06(d) 5.96(d) 3.7B(dd) 2.63-2.50(m) 4.26(dd) 5.43(bs) 5.01(bs) 2.23(d) 2.12(d) 1.26(s) 
Jab=13.5Hz Jcd=12.5Hr Jdf=12.3Hz Jlj=13.0Hz 

Jce=4.5Hz Jef=4.0Hz 

Tabk 2. Carbon chemical shifts of compounds 1.2.8 and 9,22.6 MHz (CD&) 

X Cl C2 C3 C4 C5 '6 C7 C6 C9 Cl0 

1 PC1 120.3(d) 134.1(d) 43.5(s) 63.2(d) 41.5(t)* 61.5(d) 142.3(s) 41.1(t)* 115.3(t) 26.5(q) 

2 a-81- 120.6 133.5 43.3 65.5 44.1* 49.3 140.7 45.2' 116.1 26.2 

8 a-Cl 120.7(d) 133.3(d) 43.4(s) 65.1(d) 43.4(t)* 5&2(d) 140.9(s) 45.5(t)* 113.6(t) 26.2(q) 

f assl~men~~g~y be1~~~rsad43'4 67.9 32.7* 32.9" 143.2 44.6 111.4 26.1 
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8. Absorption for the methine proton adjacent to the 
exocyclic methylene of 2 had also disappeared and a two 
proton sin#et appeared at 3.37 9. The carbon spectrum 
of the isomer displayed a tripkt at 37.2ppm for this 
carbon. A reasonable interpretation of this data is an 
ahylic rearrangement of 2 to give the product 10. Ad- 
ditional support for structure 10 was found in the mass 
spectrum. Compound 10 did not display a parent ion but 
did show loss of chlorine and bromine. The base peaks 
appeared at m/e 136/138/140 (Ch pattern) which was 
assigned to the reverse Diels-Alder fragment 11. This 
fragmentation has been well documented in cyclo- 
hexenes.‘* 

IO II 

It is interesting to note, that despite this facil rear- 
rangement, 10 was not isolated as a natural product. 
However, a compound similar in structure to 10 was 
isolated from this alga. Compound 3 was found to be 
isomeric with 1 by high resolution mass spectrometry. 
The 220 MHz proton spectrum (CCL) (Table 3) of 3 was 
almost identical to that of 10. The CMR spectra (Table 4) 
of both 3 and 10 were also very similar except for a 
down9eld shift (37.2-48.9ppm) of the halomethylene 
carbon. This shift is indicative for replacement of a 
bromine by a chlorine.’ The base peaks in the mass 
spectrum also (as in 10) appeared at m/e 136/138/140 (Cl2 
pattern) and was assigned to 11, the reverse Diets-Alder 
fragment. Chromous sulfate reduction of 3 Rave only one 
product, that was identical in every way to 9, the reduc- 
tion product of violacene. It was at first surprising to 
obtain the same reduction product from 1 and 3. 
However, based on Castro’s work on the chromous ion 
reduction, both compounds should reduce through a 

common intermed&.” Compound 3 must then have the 
relative and absolute stereochemistry shown. 

Compounds 1,2 and 3, which were the major metabol- 
ites isolated from this alga were all debromochloro 
derivatives of viokcene. Isolated in much smaller 
amounts was 4 a derivative of violacene. The molecukr 
formula of C,oH,&C!l~ was established for 4 by high 
resolution mass spectrometry. 

The 2OOMHz proton spectrum (CCL) of 4 suggested 
its structural simihuity to violacene 7 (Tabk 5). Com- 
pound 3 contained 2 bromines and 3 chlorines whik 
violacene contained 1 bromine and 4 chlorines. The ‘% 
spectra of 4 and 7 indkated that the extra bromine in 4 
was located at one of the methine carbons (Table 6). 
Reduction of 4 with two equivaknts of chroln~us sulfate 
gave a compound that was identical to 9 in every way, 
the reduction product of viokcene. This established the 
extra bromine in 4 to be at C.+ From the coupling 
constants displayed (J = 12.3,4.0 Hz) by Hf, it was axial. 
This established the relative and absolute stereochemis- 
try at Cs, Cd and Cs, From the similarities in proton and 
carbon spectra it was felt that the stereochemistry at C, 
was also identical to that of violacene. 

Br 

c’ \) 

Full assignment of the ‘% NhfR spectrum for com- 
pound 1 could be accomplished by consideration of the 
chemical shifts and off-resonance muRiplicities.‘~‘~‘4 The 
carbons of the chkrovinyl group were related to those in 
viokcene which were assigned by the true coup@ 
constant.* In an off-resonance experiment, the residual 
coupling constant, P, is proportional to the chemical 
shit dilference of the proton absorption and the decou- 

Table 3. Proton chemical shifts of 3 and 10,220 MHz (CCIJ 

"e "d 

X “a "b "c U,,a"dH, ut H9 +I Or "1 cH3 

Jc,=4.5Hz 

E Br 6.;8(di3 SE(d) J3.8;(&i! 2.51-2.41(m) 5.73(bs) 3.87(s) 2.iO(d1)72.2E(d) 1.24(s) 

ab- * cd= - hl= - _~ 
Jc,=4.5Hr 

Tabk 4. Carbon chemical shifts of 3 and 1922.6 bfHZ (Cm&) 

X cl c2 c3 =4 c5 '6 =7 ce c9 cH3 

3 CL 119.1(d) 135.3(d) 40.7(s) 64.2(d) 33.7(t) 124.4(d) 132.4(s) 36.7(t) 48.9(t) 25,6(q) 

lo Br 119.1(d) 136.?(d) 40.7(s) 64.1(d) 33.9(t) 124.7(d) 133.0(s) 37.2(t) 37.2(t) 25.6(q) 



1264 D. B. SIYIERL~ and J. J. SIMS 

Table S. Proton chemical shifts of 4 and 7,22O MHz (CC&) 

“e "d 

’ H, "b Hc "d "e "f H9 "h Iit or HJ C"3 

4 Er 6.y(d1)36k;;(d) 3.75(dd) 2.56(ddd) 2.79(ddd)J4.4:~dz3.9;(d~,;.;;~) 2.i5(f&52i&(d) 1.29(s) 

ab= ’ Jcd=13.3Hz Jde=13.6Hz df= * gh ’ ij * 
Jce*3.9Hz Jef=4.0Hz 

1. Cl 6.~'d~36;&-I~(d)J3.6$dddz2.44(ddd) 2.64(ddd) 4.29(dd) 3.95(d) 3.48(d) 2.:6(d) 2.32(d) 1.29(s) 

ab= ’ =. 

J$4.O"z 

Jde=14.0Hz Jdf=12.0Hz Jgh-lO.SHz fji15.0Hz 

Jef=4.0Hz 

Table 6. Carbon chemical shifts of 4 and 7,22.6 MHz (CDQ) 

X 
Cl CP C3 c4 C5 '6 C7 c8 C9 CH3 

4 Br 119.2 135.4 42.1 64.8 40.4 51.2 70.9 48.6 39.2 21.5 

I Cl 119.5(d) 135.4(d) 42.0(s) 64.1(d)* 38.3(t) 59.0(d)* 71.3(s) 48.8(t) 38.8(t) 27.4(q) 

l eeeignmentr revemed from originel. eeeigned by J’ 

pler frequency offset.” If two proton resonances dilfet 
in chemical shift, the carbons to which they are attached 
can be assigned by exam&ion of P. Carbons 4 and 6 in 

structure 1 could be assigned by their P’s. 
The carbon spectra of compounds 2,8 and 9 were 

assigned by comparison to the chemical shifts in 1. 
Changefromanaxialchlorine,asincompoundl,toan 
equatorial chlorine, as in 8 relieves some lf in&actions 
at C, and CI Shifting these carbon absorptions to lower -_.- 
field.” The umfoGatioh(s) of the ring in compounds 2 
and8areverysimilarascanbeseenfromtheproton 
coupling constants. Substitution of a bromine for a 
chlorine should then only change the chemical shift of 
the carbon directly bonded to the halogen. This is indeed 
tllecase. 

13C assignments for compounds 3 and 10 could also be 
made using the chemical shifts and multiplicities. Of the 
two methylene triplets observed in the off-resonance 
spectrum, the lower field resonance was assigned to Cs 
because it is /J to a quaternary carbon.” 

While this work was in progress, the original structure, 
12, proposed for violacene9 was revised” to 7 based on 
an X-ray d&&on studF We had come to the same 
conclusion based on the % NMR spectra accumulated 
in this laboratory. In particular, the resonance at 
38.8ppm in violacene has to be assigned to a bromo- 
methylene rather than a chloromethylene. 

Assignments for the CMR of violacene, 7 have pre- 
viously been made by Mynderse” and Crews? Our 
study of violacene included an off-resonance experiment 
which revealed the J”s of each carbon. Wie irradiation 
at -4 in the proton region, the carbon resonance at 
59.0ppm displayed a larger P than the resonance at 
64.1 ppm. Since the proton attached at CS resonates 
furthest downlield in the PMR spectrum, this has to be 
assigned to the uplleld carbon resonance (59.0 ppm). This 
is a reversal from the original assignments. Assignments 
for compound 4 were based on the chemical shifts found 
in violacene. 

Many of the halogen contain&t compounds isolated 
from marine algae exhibit antibiotic acti~ity.‘*‘~ Fenical 
has proposed that these compounds are produced to 
discourage invertebrate predators and as a defense 
against parasitic microflora.’ Compounds l-4 were tested 
individually against the fungus Cladosporium cucu- 
mdnum on a tic plate’ and were found to have 
moderate activity. 

Optical rotations were determined on a Jasco ORD-CD spec- 
t10mcter with a l-cm cell (1 ml). IR spectra were taken on a 
Perkin-Elmer Model 137 spectrophotometer. PMR spectra were 
recorded on a Varian HR-220 spectrometer. Carbon NMR spec- 
tra were recorded on a Bruker WH-90 multinuclear spectrometer. 
The frequency offset in the off-resonance experiments was at - 4 
8 with a power of 334OHz. Low resolution mass spectra were 
done on a Pii 1015 S/L spectrometer. High resolution mass 
spectra were recorded by Dr. Kai Fang, De@meot of Chem- 
istry, UCLA. Hi& pressure liquid chromatoBraphy was per- 
formed on a Waters Associates instrument with the M-6000 
pump. 

CoUecfion turd exlmction. Plocamium carlilogineum was col- 
lected subtidally by divers off the north shore of Janus Island, 
Antarctic Peninsula. The alga was received frozen but was 
air-dried when received. The alla (3509) was ground in a Wiley 
mill and extracted with ,hexane in a BoxhJet apparatus. The 
solvent was removed under reduced pressure to give 3.9g of a 
dark preen oil. 

S&a gcJ chmmotogmphy. The crude extract (3.9s) was ap- 
plii to a 3 x 50 cm silica gel column (Grace, grade 62) and the 
monpolar oil eluted using hexane with increasin9 amounts Of 
diethyl ether. Fraction 1 comained non-halqnated hydrocar- 
boos (OOmg), fractions 2 and 3 contained mostly 1 (150 mu), 
fraction 4 contained mostly 2 and small amounts of 3 (ZOO m@, 
fraction 5 coatah& mostly 3 (1lOmg) and fractions 6 and 7 
containedamixtureof4,5and6(420mg). 

High possum liquid chtumatogmphy. Column chromatoBraphy 
fractions were fur&r puri6ed by hi& pressure liquid cbroma- 
tography.Compounds1,2and3werepuriBedona1/2in.x6ft 
column packed with Bio-Bil A (2044 p) using hexane-EtOAc as 
the solvent. Compounds 4.5 and 6 were purihed on a l/4 in. x 2 ft 
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column packed with Woebn alumina (18 c) using bexane-EtOAc spectrum m/e 238,240,242 (M’), 203.205.207 (M+-Cl), 167, 169 
as the solvent. (M+-HC12) (BP), 131 (Cl&,+), 91 (C,H,+). 

Compound 1 [a]u= -63.3” (c = 0.98, CHCI,); IR (c) 3.22, 
2.27,6.02, 6.92, 8.10, 10.84, 12.25; PMR (22OMHz, CCL) 6 1.25 
(3H, s), 2.43-2.18 (2H, m), 2.36 (lH, d, J = 14.5 Hz), 2.64 (IH. d, 
J= 14.5Hz), 4.33 (IH, dd, j= 11.1. 3.6Hz). 4.72 (lH, bt, J= 
3.2Hz).4.93 (IH. bs). S.l8(1H, bs),6.00(1H.d. J= 13.1 Hz).6.10 
(lH, d;J = 13.1 Hz);CMR (CDCl,j ppm 26.5 (q), 41.1 (t), 4i.5 (1). 
43.5 Is). 61.5 (d. Jr= 43.0Hz). 63.2 Id. P= 38.5 Hz). 115.3 (t), 

Compbund 9 [aID = -25.1’ (c = 0.55, CHCI,); IR (c) 3.40, 
6.08,6.86, 10.55, 11.09, 12.03; PMR (22OMHz, CCL,) 8 1.19 (3H, 
s), 1.79-2.28 (4H, m). 2.37-2.52 (2H. m), 3.82 (lH, dd, J = 9.9, 
3.6 Hz), 4.68 (lH, bs), 4.79 (lH, bs), 5.99 (2H, s); CMR (CD&) 
ppm 26.1, 32.7, 32.9, 43.4, 44.6, 67.9, 111.4, 119.1, 136.3, 143.2; 
Mass spectrum m/e 204, 206, 208 (M+), 169, 171 (M’CI) (BP), 
105 (CsHs’). 

Reduction of 1 with chromous su/fute. The procedure as des-’ 
cribed above was repeated using 1,3b mg (0.13mmoles) and 1 ml 
(0.27 mmoles) of CrSOI solution. H~lc of the oil save 10 ma of a 
compound that bad PMR, IR and MS identical to9. [a]n =I 23”. 

Reduction of 2 with chromous surfore. The procedure as des- 
cribed above was repeated using 2,30 mg (0.12 mmoles) and 1 ml 
(0.27 mmoles) of CrSG, solution. Hplc of the oil gave 17 mg of a 
compound that bad PMR, IR and MS identical to 9. [aID= 

- 22”. 

120.3 (d), 134.i (d), 142.3 (s);.Mass spectrum m/e 238, 240, 242 
(M’), 203, 205, 207 (M+-Cl), 167, 169 (M+-HCIr) (BP), 105 
(CsHs+), 91 (C,Hr+). Higb resolution mass measurement. Calc. 
for C’&“rCl~‘Cl: 240.8053. Obs: 24O.tNJ6O-~oO1. 

Compound 2 [a]u = t 31.3” (c = 0.86, CHCI,); IR (p) 3.25, 
3.36.6.01.6.89, 10.55: PMR (220MHz. CCL) 8 1.23 (3H, s), 2.17 
(lH, d, J = 13.5 Hz), 2.30 (lH, d. J = 13.5 Hz), 2.7k2.62 (2H, mh 
3.74 (lH, dd, J= 12.3, 4.5Hz), 4.37 (lH, bdd, J= 12.0, 4.5Hz). 
5.05 (lH, bs), 5.43 (lH, bs), 5.95 (lH, d, J = 13.5 Hz), 6.06 (lH, d, 
J = 13.5 Hz): CMR (CD&) ppm 26.2, 43.3, 44.1, 45.2, 49.3,65.5, 
116.1. 120.6. 133.5. 146.7: Mass soectrum m/c 282.284.286 (M’). 
247, 249, 251 (M+.Cl), 263, 205, -287 (M+-Br), 131 (C&‘)(BPj, 
105 (&Hs+). Higb resolution mass measurement. Cak. for 
C,&I,~~r’SCl,: 281.9578. Obs: 281.9583~001. ._ ._ 

Compound j [alo = - DOD (c = 0.91, CHCI,); IR (CC) 3.40.6.18, 
7.93, 10.57, 13.16; PMR (220 MHz, Ccl,) 6 1.24 (3H, s), 2.14 (IH, 
d, J = 18.0 Hz), 2.50-2.28 (ZH, q ), 2.60 (lH, d, J = 18.0 Hz), 3.87 
(lH, dd. J = 9.0, 4.5 Hz), 3.94 (2H, s), 5.68 (lH, bs). 5.97 (lH, d, 
J = 13.5Hz). 6.05 (lH, d, J= 13.5Hz); CMR (CDClr) ppm 25.6 
((I), 33.7 (t), 36.7 (t), 40.7 (s), 48.9 (t), 64.2 (d), 119.1 (d), 124.4 (d). 
132.4 (s), 135.3 (d); Mass spectrum m/c 238, 240, 242 (M+), 203, 
205,207 (M+-CI), 136,138,140 (CrHs Cl,+) (BP), 105 (C,H,+), 91 
(CrHr+). High resolution mass measurement. Cak. for 
Cu,H,,“Clsr7Cl: 24O.tNl53. Obs: 24O.tH%O~oO1. 

Comooud 4 (aln= -67.8” (c = 1.33. CHC13: IR (P) 3.35. 
7.00, lb.70, 12.0% iJ.16; PMR &OMH~, ccws 1.29.(3H, s), 
2.25 (lH, d, J = 15.2 Hz), 2.48 (lH, d, J = 15.2 Hz), 2.56 (lH, ddd, 
J= 13.6, 4.0, 3.9Hz), 2.79 (lH, ddd, J = 13.6, 12.3, 4.0Hz), 3.51 
(lH, d, J= 10.6Hz), 3.65 (lH, dd, J= 13.3, 3.9Hz), 3.95 (1H. d, 
J=10.6Hz), 4.44 (1H. dd, J=12.3. 4.0Hz), 6.02 (lH, d. J= 
13.6 Hz), 6.50 (lH, d, J = 13.6 Hz); CMR CDC13 ppm 27.5, 39.2, 
40.4, 42.1, 48.6, 51.2, 64.6, 70.9, 119.2, 135.4; Mass spectrum m/c 
3%. 3%. 400.402 (M+). 361.363.365.367 (M+-C:lh 317.319.321. 
323. CM’-Br); 91 (C7H$) (BP). .Higb resolution ntass~ measure- 
ment. Calc. for C’sH’~rr’Brr3sClr: 395.8451. Obs: 395.8460+001. 

Rearmngemenf of 2 to 10. IR (c) 3.40,6.97,8.25, 10.59, 13.w; 
PMR (22OMHz, CCL,) 8 1.24 (3H, s), 2.22 (lH, d, J= 17.9Hz), 
2.51-2.41 (ZH, m), 2.60 (lH, d, J = 17.9 Hz), 3.87 (2H, s), 3.87 (lH, 
dd, J = 8.9, 4.5 Hz), 5.73 (lH, bs), 5.98 (lH, d, J = 13.5 Hz), 6.08 
(lH, d. J= 13.5Hz); CMR (CDClr) ppm 25.6 (q), 33.9 (t), 37.2 
(2C. m). 40.7 (s). 64.1 (d). 119.1 (d). 124.7 (d). 133.0 Is). 135.3 (d): 
Mass &&rum’& 247,‘249,2Si (M+-Cl),‘l?bj, 205,2il7 (M+-Brj; 
136,138,140 (C&Clr+)r 131 (C,dI”+), 79 (Cd++). 

Reduction of violacene (7) with chtvmous sulfate. Aqueous 
CrSO, was prepared by a modiied method of Castro et of. using 
Zn dust that bad been activated by washing with dil. HCl.” In a 
Bask fitted with a septum stopple and Nr inlet and outlet was 
placed 20 ml of freshly distilled DMF. N2 was run over the DMF 
for 1Omin and then 4ml of fresh CrSO, soln (l.lOmmoks) was 
added by means of a svrinze. Violacene 7 (200 mtt: 0.568 mmoles) 
was dissolved in 3 ml-of DMF and added slowiy to the CrSG, 
soln, tbe soln turned from a deep blue to a deep green. After 
U)min,30mlofwaterwasaddedandthesolnextractedZx20ml 
of dietbyl ether. The ether layers were washed 2 x 10 ml of water 
and dried over MR!& The I&SO, was filtered off and the ether 
removed to give i43 mg of a &ar oil. Hplc of the oil gave 60 mg 
of 8,55 mg of 9, and 20 mg of violacene. 

Comnound 8 fain = + 33.0” (c = 0.77. CHCl3: IR (u) 3.35.6.88, 
9.94, liJ.90, 12.15, 13.46; PMR (22OMHz), CC&) g”1.26 (3H, s), 
2.12 (1H. d, J = 13.0 Hz), 2.23 (1H. d. J = 13.0 Hz). 2.50-2.63 (2H. 
q ), 3.78 (lH, dd, J ii2.5, 4.5Hzj, 4.26 (lH;- bdd, J= i2.3; 
4.0 Hz), 5.01 (lH, bs), 5.43 (lH, bs), 5% (lH, d, J = 13.5 Hz), 6.06 
(lH, d, J = 13.5 Hz); CMR (CDCls) ppm 26.2 (q), 43.4 (2C), 45.5 
(t), 58.2 (d), 65.1 (d), 113.6 (t), 120.7 (d), 133.3 (d), 140.9 (s); Mass 

Reduction of 3 with chrvmous sulfate. The procedure as des- 
cribed above was repeated using 3,30 mg (0.13 mmoles) and 1 ml 
(0.27 mmoles) of CrSG, solution. Hpk of the oil gave 10 mg of a 
compound that bad PMR, IR and MS identical to 9. [a]n = - 24’. 

Reduction of 4 with chtvmous sulfate. The procedure as des- 
cribed above was repeated using 4, 25mg (0.07mmoles) and 
1.1 ml (0.28 mmoles) of CrSO, solution. Hplc of the oil gave 9 mg 
of a compound that bad PMR, IR and MS identical to 9.. [(I]~ = 
- 23”. 
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