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sesquiterpenoids is given in Figure 1. In this scheme, 
solvolysis of 6 with participation of the homoallylic double 
bond would give rise to 5.8 Protonation of the tetrasub- 
stituted double bond of the bicyclo[3.1.0~ex-2-ene ring 
system of 5 or solvolysis of 6 without double bond par- 
ticipation could lead to cation A, which upon rearrange- 
ment to cation B provides an immediate precursor for 2 
and 4. (Another likely deprotonation product from B, 7, 
has not yet been observed.) On this basis, bicyclo- 
laurencenol is simply the cyclopropylcarbinyl cousin of the 
homoallylic halide, a-snyderol, and its rearranged dehy- 
drohalogenation products. 

Experimental Section 
Infrared spectra were recorded on a Perkin-Elmer Model 257 

grating infrared spectrophotometer, ultraviolet spectra on a 
Beckman DB-G spectrophotometer, and optical rotations on a 
Perkin-Elmer Model 141 polarimeter. Mass spectra were obtained 
on an Associated Electronic Industries MS-902 mass spectrometer 
operated at  70 eV. 'H NMR spectra were obtained on a Varian 
EM-390 spectrometer; chemical shifts are reported in parts per 
million (6 units) downfield from tetramethylsilane as an internal 
standard. Only well-resolved resonances are described. 

Isolation of Sesquiterpene Alcohols 2 ,3 ,4 ,  and 5. Spec- 
imens of Laurencia intricata were collected at depths of 1-3 feet 
in Castle Harbour, Bermuda in October 1979, and preserved in 
acetone prior to analysis. The acetone extracts were decanted 
and concentrated under reduced pressure. The residual aqueous 
phase wim extracted with CHzC12 to yield a dark green syrup (4.5 
g), which was chromatographed on Florisil. Fourteen fractions 
were collected from the Florisil column (136 g) by elution with 
mixtures of hexane, ethyl acetate, and methanol of gradually 
increasing polarity. 'H NMR analysis of fractions 1-3 indicated 
the presence of a series of sesquiterpenes containing vinyl groups. 
Further chromatography of fractions 1-3 on silica gel (135 g of 
Biosil A, 200-400 mesh), eluting with hexane-ether (9:l) gave a 
mixture of sesquiterpenes. The mixture was separated on silica 
gel (44 g Woelm, 32-63 wm) impregnated with 10% AgNO,; elution 
with hexane-ether mixtures yielded the four sesquiterpene al- 
cohols 5, 2, 3, and 4. Final purification of each component was 
accomplished by gel filtration through Sephadex LH-20 (2 X 100 
cm) with CH2C12-MeOH (1:l). Alcohol 2 was obtained as a 
colorleas oil [15 mg, [a]%D + 29.0° (c 0.84, CHCI,)], 3 as a colorless 
oil [18 mg, [ct]=D -12.1' (c  0.48, CHCl,)], dactylenol, 4, as a 
colorless oil (62 mg). 

Bicyclolaurencenol (5). Bicyclolaurencenol (30 mg) was 
obtained as a colorless oil: [ct]=D -16.1O (c 0.67, CHCI,); IR (Ccl4) 
Y- 3580,3045,1640,990,915 cm-'; UV (cyclohexane) A,, 227 
nm (e 3400); 'H NMR (CDClJ 6 5.96 (1 H, dd, J = 17.25, 10.5 
Hz), 5.27 (1 H, dd, J = 17.25, 1.5 Hz), 5.07 (1 H, dd, J = 10.5, 
1.5 Hz), 1.66 (3 H, s), 1.27 (3 H, s), 1.04 (3 H, s), 0.99 (3 H, s), 
0.64 (1 H, m, J = 8.1, 7.8, 3.6 Hz), -0.11 (1 H, m, J = 3.8, 2.7 Hz); 
mass spectrum, mle (relative intensity) 220 (M+, 18), 202 (4), 187 
(121, 145 (81, 135 (23), 134 (71), 133 ( E ) ,  122 (15), 121 (641, 120 
(28), 119 (loo), 107 (17), 105 (25), 94 (14), 91 (20), 81 (13), 79 ( l l ) ,  
77 (12), 71 (12), 55 (lo), 43 (16); mol w t  calcd for CISHa0 220.1827, 
found 220.1837. 
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The pyrolysis of hexachlorocyclopentadiene'-4 (1) or 
perchlorobi-2,4-cyclopentadien-l-y15~6 (2) gives as a major 
product a solid (3, mp 344-346 OC) analyzing for C5C14 
(Chart I). . The structure of 3 was originally assigned as 
perchlorofulvalene and subsequently revised4 to the general 
perchlorodihydrotrindene structure (4), on the basis of 
molecular weight determination (564, boiling point eleva- 
tion) and degradation to trindane (5) .  This paper reports 
mass spectral data establishing unequivocally that 3 is 
C15Cl12 and compelling 13C NMR evidence for the struc- 
tural assignment of 3. The 13C resonances of 1 and 3, 
together with the 13C-13C coupling constants of 1, are also 
assigned. 

Results and Discussion 
The mass spectrum of 3 gives a molecular ion (M+-) 

starting at  m l e  600 which has an isotope cluster with 
relative intensities corresponding to those expected from 
the isotopic abundances of C15Cl12. Fragmentation ion 
clusters are found starting at  m/e  565, 530,495,460,425, 
390, and 355. These clusters may be assigned to ions 
arising from the loss of one to seven C1 atoms, respectively, 
from the molecular ion. The intensities7 of these ions 
appear to vary in a systematic manner as follows: M+., 8; 

The relative prevalence of M+. - 3C1 could result from 
the loss of three allylic chlorines from the fused ring system 
to give a C15C19+ ion (6) which would then have a macro- 
cyclic ring system with 14 T electrons, satisfying the Huckel 
4n + 2 rule for aromatic stability. Starting at  m/e  247.5, 
an interesting isotope cluster (relative intensity 13) is 
found. Its peaks are separated by half integral mass 
numbers; their multiplet relative intensities are equal to 
those of the m l e  495 ion. This is compelling evidence for 
assigning the m/e 247.5 ion as C15Cl$+, which could arise 
from the loss of an electron from C15C19+. 

The chemical evidence for the trindene ring system in 
3 is very strong. Degradation of 3 with lithium and tert- 
butyl alcohol gives 5,' a result confirmed by us. Compound 
5 has also been obtained4 by hydrogenating 3 over plati- 

(1) E. T. McBee, W. L. Dilling, and H. P. Braendlin, J. Org. Chem., 

( 2 )  A. E. Ginsberg, R. Paatz, and F. Korte, Tetrahedron Lett . ,  779 

(3) (a) C. F. Baranauckas. U. S. Patent 2 801 269 (1957): (hj V. Mark. 

(4) V. Mark, Tetrahedron Lett . ,  333 (1961). 
(5) E. T. McBee, J. D. Idol, Jr., and C. W. Roberts, J.  Am. Chem. SOC., 

(6) E. T. McBee, C. W. Roberts, and J. D. Idol, Jr., J. Am. Chem. SOC., 

M+* - C1,43; M+. - 2C1, 14; M+. - 3C1, 100; M+* - 4C1, 11; 
M+. - 5C1, 43; M+. - 6C1, 7; M+* - 7C1, 27. 

28 2255 (1963). 

(1962). 

ibid., 3099693 (1963). 

77, 4375 (1955). 

77, 4942 (1955). 
(7) All relative intensities are based on the height of the highest peak 

of each isotope cluster, a value of 100 being arbitrarily assigned for the 
Mt. - 3C1 ion. 
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Chart I only one (8) could conceivably agree with the NMR data. 

8 would only be valid if the three chlorines on the central 
ring were syn. The steric strain resulting from bond angle C14p C 1 4  distortions and nonbonded interactions are compelling 

ci 0 $ C l  .-‘ reasons for rejecting 8 when the high thermal stability and 
symmetry of 3 are considered. 

C‘ ‘- C14 We are therefore led to assign the structure of 3 as 
C I  CI perchloro-4,7-dihydrotrindeneF in clear accord with our 

data and those of the literature. 
Proposed assignments of the five 13C peaks of 3 can be 

made (Table I) by a comparison with the spectrumlo of 1. 
To reliably assign the two sp2 resonances of 1, we found 
it necessary to observe the l3C--l3C sidebands. This 
analysis showed the sp3 carbon to be coupled to the 133.4- 
and 128.5-ppm peaks with couplings of 55.2 and 14.8 Hz, 
respectively. Thus the coupling to the 133.4-ppm peak is 
through one bond and that to the 128.5-ppm peak through 
two.” The J12 coupling was obtained from the two central 
peaks of the AB multiplet, since the two side peaks 
(one-sixth the intensity of the central peaks) could not be 
reliably observed. 

The fusion of the three cyclopentadienyl rings to form 
3 generates a 2.1-ppm upfield shift for the sp3 carbon (Cl 
of 3). For the two sp2 carbons opposite the fusion, the shift 
of C3 (1.2 ppm upfield) should be of the order of that of 
C1, and that of Cz (0.1 ppm upfield) should be much less. 
These conclusions are in accord with the very small “fusion 
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Table I. NMR Data for 1 and 3 

compd 6 4  J 1 3 d 3 c  9 Hz 
1 S , ,  133.4 

S,,  128.5 
S 5 ,  81.8 

3 SI, 79.7 
62, 133.3 
6,, 127.3 
S,,, 134.9 
SI,, 144.5 

From tetramethylsilane as an internal standard. 
Could not be measured from 13CJ3C sidebands. 

num oxide in ethanol. We have found 3 to react quite 
sluggishly with ethanolic silver nitrate: prolonged boiling 
being required. Differential thermal analysis shows 3 to 
be stable at temperatures up to 400 “C. This stability and 
the high melting point of 3 suggest a flat, symmetrical 
molecule with the central ring aromatic. The relatively 
small number of infrared absorption bands (300-4000-~m-~ 
range) for a molecule this large also suggests a symmetrical 
molecule. 

A natural-abundance 13C NMR spectrum of 3 was ob- 
tained (Table I) and found to give five peaks of approxi- 
mately equal intensity. Comparison of these 13C data with 
those for 1 shows 3 to have three equivalent sp3 carbons 
and 12 sp2 carbons consisting of five groups of three 
equivalent carbons each. This confirms the suspected 
symmetry of the molecule. 

Of the numerous structures which can be drawn for 3 
with the dihydrotrindene ring system, only two (3 and 7) 
have the central ring aromatic. 3 with its C3h symmetry 
is totally compatible with our NMR data, whereas 7 is not. 

The NMR data serve to rule out the unlikely possibility 
of a nonaromatic central ring (i-e., with one or more exo- 
cyclic double bonds, one or two sp3 carbons, or both). Of 
the possible structures with a nonaromatic central ring, 

(8) R. L. Shriner, R. C. Fuson, and D. Y. Curtin, “Systematic Iden- 
tification of Organic Compounds”, 4th ed., Wiley, New York, 1956, p 136. 

shift” (<2 ppm) observed for the two opposite sp2 carbons 
when cyclopentadiene12 is fused to form indene.13 The 
assignment of the C1, and C3e resonances is based on (1) 
our measurement of the 13C resonance (132.3 ppm) of 
hexachlorobenzene, (2) the known effectl4,l5 of an adjacent 
substituted sp3 carbon on the chemical shift of an aromatic 
carbon, (3) comparison published spectra of cyclo- 
pentadiene,12 indene,13 indane,14 benzofuran,16 
pyrrole,16J7 and indole,l6Js and (4) the relative insensitiv- 
ity14J9~20 of aromatic 13C resonances to o-, m- and p-chloro 
substituents. 

Experimental Section 
Perchloro-4,7-dihydrotrindene (3) was prepared, as reported 

previously,3 by heating neat hexachlorocyclopentadiene under 
reflux, as the temperature rose from 239 to 280 O C .  Recrystal- 
lization of the crystalline product (3) from xylene gave the product: 
mp 344-346 “C; UV (cyclohexane) A- 268 nm (log e, 4.621), 278 
(4.670); IR maxima (KBr) 812,753 (CCl), 1574,1608 ( C d ) ,  1020, 
1199, 513 cm-’. 

Anal. Calcd for Cl5ClI2: C, 29.75; C1, 70.25. Found: C, 29.74; 
C1, 70.25. 

(9) A. M. Patterson, L. T. Capell, and D. T. Walker, “The Ring Index”, 
2d ed., American Chemical Society, Washington, DC, 1960, p 545. 

(10) G. E. Hawkes, R. A. Smith, and J. D. Roberts, J. Org. Chem., 39, 
1276 (1974); L. F. Johnson and W. C. Jankowski, “Carbon-13 NMR 
Spectra”, Wiley, New York, Spectrum 102. 

(11) V. Wray, Prog. NMR Spectrosc. 13, 177 (1979). 
(12) V. A. Chertkov, Y. K. Grishin, and N. M. Sergegev, J. Magn. 

Reson., 24, 275 (1976). 
(13) V. Edlund, Org. Magn. Reson., 11,516 (1978); L. F. Johnson and 

W. C. Jankowski, “Carbon-13 NMR Spectra”, Wiley, New York, Spec- 
trum 342. 

(14) M. J. Shapiro, J. Org. Chem., 41,3197 (1976); V. 1. Glukhikh and 
M. G. Voronkov, Dokl. Akad Nauk SSSR, 248, 142 (1979). 

(15) L. F. Johnson and W. C. Jankowski, “Carbon-13 NMR Spectra”, 
Wiley, New York, Spectrum 48. 

(16) N. Platzer, J. J. Basselier, and P. Demerseman, Bull. SOC. Chim. 
Fr., 1974, 905. 

(17) L. F. Johnson and W. C. Jankowski, “Carbon-13 NMR Spectra”, 
Wiley, New York, Spectrum 54; R. J. Pugmere and D. M. Grant, J. Am. 
C h e k  Soc., 90, 4239 (1968). 

(18) L. F. Johnson and W. C. Jankowski, “Carbon-13 NMR Spectra”, 
Wiley, New York, Spectrum 283; A. G. Parker and J .  D. Roberts, J. Org. 
Chem., 35, 996 (1970). 

(19) A. R. Tarpley and J. H. Goldstein, J. Phys. Chem., 76,515 (1972). 
(20) K. S. Dhami and J .  B. Stothers, Can. J. Chem., 43, 510 (1965). 
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Mass spectral data were obtained with a CEC 21-104 mass 
spectrometer utilizing a direct-introduction probe and an Asso- 
ciated Electronics Industries high-resolution mass spectrometer 
(70 eV ionizing voltage) with perfluorotributylamine (mol wt 671) 
as a reference standard. Exact mass measurements were not made. 
Infrared spectra of KBr pellets of 3 were obtained with Perkin- 
Elmer Model 221 and 621 spectrophotometers. Ultraviolet spectra 
of cyclohexane (spectroquality) solutions of 3 were taken with 
a Cary Model 11 spectrophotometer. 

13C nuclear magnetic resonance spectra were obtained with a 
Varian CFT-20 spectrometer modified with a switchable car- 
bon/proton probe and a frequency synthesizer/broadband am- 
plifier. It was necessary to use chromium(II1) 2,4-pentanedionate 
(CrAcAc, -0.1 M) as a paramagnetic relaxation agent.21 The 
shortened spin-lattice relaxation time (TI) allowed rapid, repetitive 
excitation and provided an observable spectrum of 3 even though 
its solubility was low. The spectra were collected at -40 “C with 
a 90” pulse and an -2.9-s repetition rate, thus allowing - 5  T1 
for relaxation. For natural-abundance 13C-13C coupling constants 
for 1, 24-72-h data acquisitions were necessary with CrAcAc as 
a relaxation agent. Tetramethylsilane was used as an internal 
standard in CDC& solvent. 
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We report here that in varied six-membered carbocyclic 
primary amines, diacetyl imide derivatives could only be 
obtained from the equatorial stereoisomers. 

Reduction of the oxime derivatives of 3-oxocholane’ 
(series 1, Chart I), 3-oxochole~tane~ (series 2), and 4- 
tert-butylcyclohexanone (series 3) utilizing lithium alu- 
minum hydride for the steroids and catalytic hydrogena- 
tion for the cyclohexane served to produce the mixtures 
of isomeric amines. After acylation with acetic anhydride 
and pyridine, chromatography yielded two extremely easily 
separable materials. In each case (series 1-3) the faster 
moving material was shown by mass spectrometry, proton 
NMR, and elemental analysis to be the imides, which were 
isolated as pure substances (la-3ah3 Similar analysis 
indicated the slower moving material to be, in each case 
(series 1-3), a mixture of the epimeric acetyl amides. 
Further acetylation of these mixtures produced more of 
the previously encountered imides (la-3a) and, after a 
single crystallization, the isomerically pure amides of the 
axial amine in each case (lb-3b). 

(1) S. G. Wyllie, B. A. Amos, and L. TbkBs, J. Org. Chem., 42, 725 
(1977); R. T. Blickenstaff and F. C. Chang, J.  Am. Chem. SOC., 80,2726 
(1958); H. Klein and C. Djerassi, Chem. Ber., 106, 1897 (1973). 

(2) C. W. Shoppee, D. E. Evans, H. C. Richards, and G. H. R. Sum- 
mers, J. Chem. SOC., 1649 (1956). 

(3) Imides have been reviewed by (a) 0. H. Wheeler and 0. Rosado 
in “The Chemistry of Functional Groups (Amides)”, S. Patai, Ed., In- 
terscience, NY, 1970, Chapter 7, pp 335-381. (b) See also B. C. Challis 
and J. A. Challis, “Comprehensive Organic Chemistry”, Vol. 2, D. Barton 
and W. D. Olles, Eds., Pergamon Press, London, 1978, Section 9.9. 

chart I 

H 
series 1 

series 2 

R xyt 
series 3 

3a, R = trans-N(COCH,), 
b, R = cis-NH( COCH,) 
c ?  R = trans-NH(COCH,) 

In each case the imides la-3a could be easily hydrolyzed 
in alcoholic NaOH to yield the isomerically pure equatorial 
acetyl amides lc-3c. 

In the cholestanes2 and the tert-butylcy~lohexanes~ the 
epimeric amides are known  material^.^^^ In the cholanes 
we characterized the epimeric amides here as well as the 
imides which have not been previously reported in any of 
these systems. 

In another attempt to prepare the axial imide we sub- 
jected lb and 3b to refluxing acetyl chloride. Evaporation 
of the solvent yielded a solid material in which no imide 
could be detected by proton NMR (absence of a signal near 
6 2.43) or by thin-layer chromatography (no spot near the 
positions for la and 3a in each case). We also subjected 
3a- and 3P-isocyanatocholestane (2d and 2e) to refluxing 
acetic anh~dr ide .~  The equatorial isomer (2e) yielded a 
mixture of the amide 2c and the imide 2a in low yield and 
a great deal of tar while the axial isocyanate 2d gave only 
the amide 2b in a similar low yield. 

Our inability to isolate an axial imide in all three systems 
could arise from an insuperable kinetic barrier or from a 
highly unfavorable equilibrium. The imide of 3O-amino- 
cholestane (2a) does yield a mixture of 2a and the amide 
2c in refluxing acetic anhydride-pyridine which favors the 
imide (2a). This is consistent with reports that imides and 
amides can equilibrate6 Earlier work has shown that the 
acetyl imide could not be isolated from tertiarybutyl amine 
and that the yield of imide compared to amide decreases 
with increasing steric size of the N-alkyl group.’ Equi- 
librium processes could explain the formation of the amide 
2b from the axial isocyanate 2d in refluxing acetic anhy- 
dride. The reagent, present in large excess as the solvent, 
could contain enough acetic acid to supply the necessary 
protons. Although the imide 2a is formed from the 
equatorial isomer 2e, the amide 2c is also isolated here. 
The proposed mechanism of imide formation from iso- 
cyanates8 could not lead to amide, but others have also 

(4) W. Hiickel and K. Heyder, Chem. Ber., 96, 220 (1963). 
(5) This procedure is known to yield the imide in model acyclic sys- 

tems. See C. D. Hurd and A. G. Prapas, J. Org. Chem., 24,388 (1959). 
(6) H. J. Meyer, C. Nolde, I. Thomsen, and S.-0. Lawesson, Bull. SOC. 

Chim. Belg., 87, 621 (1978), and references therein. 
(7) R. P. Mariella and K. H. Brown, J.  Org. Chem., 36,735 (1971). See 

also: J. T. Edward and C. Jitrangsri, Can. J .  Chem., 53,3339 (1975); G. 
G. Trigo, C. Avendafio, E. Santos, J. T. Edward, and S. C. Wong, ibid., 
57, 1456 (1979). 

(8) See ref 3a pp 347-348 and references therein. 
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