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to dissolve the residue, and aqueous 5% HC1 was added slowly 
to destroy the excess NaBH4 The layers were separated and the 
aqueous layer was washed with 20 mL of CH2C1,. The combined 
organic layers were washed with 5% aqueous HC1, water, and 
saturated aqueous NaCl. The organic layer was dried (MgSO,), 
and the solvents were removed to give a solid that was recrys- 
tallized from ethanol, affording 0.70 g (77% yield) of the lactone 
4 as colorless plates: mp 237-238 "C; TLC R, 0.50 (20% Et- 
OAc/benzene); IR (KBr) (C=O) 1720 cm-'. Anal. Calcd for 
C2,H1402: C, 84.54; H, 4.73. Found C, 84.78; H, 4.84. 
7,8,9,10-Tetrahydro-7-hydroxybenzo[a Ipyrene-10- 

carboxylic Acid (5). A. To the lactone 4 (0.30 g, 1.0 mmol) mp 
237-238 "C, was added 50 mL of 0.09 M KOH in 95% ethanol. 
The solution was heated a t  reflux for 3 h, cooled, and acidified 
with concentrated HCl. The resulting solid was collected, dried, 
and recrystallized from EtOAc/95% EtOH to give 0.30 g (95% 
yield) of acid 5 as colorles crystah mp 201-202 "C dec (remelting 
at  223-225 "C (partial relactonization); 13C NMR (Me2SO-d6) 6 
175.73,139.83,130.66, 130.00, 129.46, 128.85,128.32,127.40, 127.25, 
126.79, 125.80,124.96, 124.83, 124.13, 123.83,123.10,123.07,68.28, 
41.86, 29.31, 25.08. Anal. Calcd for C2,H1603: C, 79.71; H, 5.11. 
Found: C, 79.59; H, 5.14. 

B. To the keto acid 3b (1.0 g, 3.2 mmol) was added 80 mL of 
0.11 M KOH in 95% ethanol and 0.60 g (15.8 mmol) of NaEiH4. 
The solution was heated at  reflux for 18 h and cooled and 200 
mL of water was added. Acidification with concentrated HCl gave 
a colorless solid that was collected, dried, and recrystallized from 
EtOAc to give 0.65 g (65% yield) of 5 as a tan solid, mp 198-199 
"C dec. 
9,10-Dihydrobenzo[a Ipyrene-10-carboxylic Acid (sa). A 

mixture of 0.25 g (0.79 mmol) of the hydroxy acid 5, mp 201-202 
"C, 20 mL of glacial HOAc, and 3 drops of concentrated HCl was 
warmed on a steam bath for 2 h. The reaction mixture was filtered 
while hot, and 60 mL of water was added to the filtrate to pre- 
cipitate 6a as a tan solid (0.23 8). Recrystallization from EtOAc 
gave 0.20 g (85% yield) of 6a as colorless crystals: mp 253-254 
"C; 13C NMR (Me2SO-d6) 6 173.84,131.35,130.60,130.06, 129.93, 
128.79, 128.06,127.87,127.41,127.14,126.97,125.81, 125.10,124.81, 
123.97, 123.63, 122.99, 38.18, 26.13. Anal. Calcd for C21H1402: 
C, 84.53; H, 4.74. Found: C, 84.39; H, 4.84. 
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Since the initial report describing the novel cyclo- 
propane-containing side chain of gorgosterol,' several ad- 
ditional steroids containing this interesting side chain have 
been r e p ~ r t e d . ~ . ~  The 'H NMR spectra of all of these 

(J) Hale, R. L.; Leclercq, J.; Tursch, B.; Djerassi, C.; Gross, R. A., Jr.; 
Weinheimer, A. J. J .  Am. Chem. SOC. 1970, 92, 2179-80. 

0022-3263/83/1948-3580$01.50/0 

compounds exhibited signals for four high-field protons, 
although only three such protons would be expected in the 
trisubstituted cyclopropane moiety. In the specific case 
of gorgosterol, the protons at 6 -0.13 and 0.44 were assigned 
as the cyclopropane methylene (H30) protons. One of the 
proton signals contained in the unresolved two-proton 
multiplet observed at 6 0.06-0.37 was further assigned as 
the remaining cyclopropane resonance (H22) on the basis 
of homonuclear decoupling experiments. The identity of 
the remaining proton signal contained in this multiplet has, 
however, never been accounted for, although it was sug- 
gested that that signal must be due to an unusually 
shielded proton not directly attached to the cyclopropane 
ring. We have performed an NMR study of a secogorgo- 
sterol derivative, 5a,6a-epoxy-3,11-dihydroxy-9,ll-seco- 
5a-gorgostan-9-one 3,ll-diacetate (l), which also exhibits 
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four-proton resonances that correspond closely to those 
decribed in the initial report on the structure of gorgo- 
sterol.' Through the use of conventional and autocorre- 
lated two-dimensional 'H NMR spectroscopy (COSY),4y5 
the identities of all four of the upfield resonances have now 
been assigned and form the basis for this report. 

The diacetate 1 was obtained as a chromatographically 
pure oil by acetylation of the naturally occurring parent 
diol, which was isolated from Pseudopterogorgia ameri- 
cana (Gmelin, 1791) collected in the Florida keys. Both 
the parent diol and the corresponding diacetate were 
identical with compounds previously reported by Sprag- 
gins.6 

The conventional lH NMR spectrum taken in deuter- 
iochloroform at 360 MHz contained four multiplets in the 
upfield region of the spectrum with chemical shifts of 6 
0.39, 0.17, 0.13 and -0.22, each accounting for one proton 
and comparing favorably with the chemical shifts reported 
for gorgosterol.' The resonances at 6 0.39 and -0.22 each 
appeared as a doublet of doublets (J = 4.4, 9.1, and J = 
4.4,5.9 Hz, respectively) and were assigned as the cyclo- 
propane methylene (H30) resonances as in the previous 
study. The remaining protons exhibited shifts of 6 0.17 
and 0.13 and appeared as a partially overlapped doubled 
quartet (J  = 6.9, 8.7 Hz) and a doubled triplet (J = 5.9, 
8.8 Hz), respectively. Structures of the two multiplets were 
confirmed by homonuclear two-dimensional J-resolved 
(2DJ) spectroscopy. The autocorrelated two-dimensional 
proton spectrum (COSY) of the diacetate (Figure 1) con- 
tained off-diagonal peaks 30/22l and 22/30 that confirmed 
that the double triplet (6 0.13, H22) was coupled to the two 
cyclopropane methylene protons (H30), confirming the 
previous studies.'P6 This resonance was also coupled 

(2) Sheikh, Y. M.; Djerassi, C. J. Chem. SOC. D 1971, 217-18. 
(3) Enwall, E. L.; van der Helm, D.: Hsu, I. N.: Pattabhiraman. T.: 

Schmitz, F. J.; Spraggins, R. L.; Weinheimer, A. J. J.  Chem. Soc., Chem. 
Commun. 1972, 215-16. 

(4) Aue, W. P.; Bartholdi, E.; Ernst, R. R. J.  Chem. Phys. 1976, 64, 

(5) Freeman, R.; Morris, G.; Bax, A. J. Magn. Reson. 1981,42,164-68. 
(6) Spraggins, R. L. Ph.D. Dissertation, University of Oklahoma, 1970. 
(7) Identification of the off-diagonal peaks in the COSY spectrum is 

made by listing the identities of the individual protons, that resonating 
further downfield listed first. Those sets of off-diagonal peaks denoted 
by # are permutable assignments. 
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Figure 1. Contour plot (six level) of the autocorrelated (COSY) 
two-dimensional proton NMR spectrum (sy”etrized16) of 1 in 
deuteriochloroform at 360 MHz. The fiial S(F2,F1) matrix plotted 
consisted of 512 X 512 data points. Off-diagonal responses es- 
tablishing proton spin-coupling connectivities are labeled with 
the protons involved, the downfield resonance listed first. 

(20/22) to a multiplet resonating at  6 0.96 (H20), which 
was partially obscured by a methyl singlet resonance 
(Me-2 1). 

The resonance of the non-cyclopropane proton at 6 0.17 
can be seen to be coupled (Figure 1) to a methyl doublet 
(28/24) located at  6 0.85 (J = 6.9 Hz) and further to a 
complex multiplet (25/24) resonating at  approximately 6 
1.47. The latter multiplet can further be seen to be coupled 
to two methyl doublets, 25/26#’ and 25/27# resonating at 
6 0.83 and 0.76 (J = 7.0 Hz in each case). The proton 
spin-coupling network established through the COSY ex- 
periment thus identifies the anomalous high-field proton 
as H24, the eight-line pattern arising from nonequivalent 
couplings to the H25 methine and H28 methyl protons. 
The further couplings of the former resonance, also es- 
tablished by the COSY experiment, identify the 26- and 
27-methyl doublets, thus completing the assignment of all 
of the proton resonances of this complex side chain. 

Corroboration of the assignment of the resonance ob- 
served at  6 0.17 to H24 follows from consideration of the 
first-order character of this resonance and that at 6 0.13. 
The sole alternative proton that might account for the 
signal at  6 0.17 would be the 20-methine proton. In this 
case, we would expect the muliplet to be non-first-order 
due to strong coupling between the H20 and H22 reson- 
nances even at 360 MHz. The highly first-order character 
of these multiplets, however, and the coupling network 
established through the COSY experiment clearly pre- 
cludes the assignment of the resonance at  6 0.17 to H20, 
thus confirming the assignment of this resonance as H24. 

The dramatic shielding of H24 is undoubtedly caused 
by the steric demands of this very highly substituted side 
chain. The preferred conformations thus imposed are also 
reflected by the unusually large vicinal couplings displayed 
by the H22 (8.8 Hz) and H24 (8.7 Hz) protons on the 
side-chain backbone. 

In summary, the utilization of two-dimensional auto- 
correlated lH NMR (COSY) s p e ~ t r a ~ , ~ , ~ , ~  or alternatively 

(8) Bernstein, M. A.; Hall, L. D. J. Am. Chem. SOC. 1982,104,5553-55. 
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SECSY promises to provide an extremely 
powerful tool for natural-products structure elucidation. 
Work is presently in progress in these laboratories to apply 
these techniques to other novel marine natural products, 
the results of which will be f0rthc0ming.l~ 

Experiment a1 Sect ion 
The COSY spectrum utilized in this study was obtained by 

using an initial S(tl,t2) data matrix consisting of 1024 X 512 data 
points, the data acquired by using phase cycling of the second 
90’ pulse to provide the equivalent of quadrature detection in 
both time domains. Data presented in Figure 1 are shown as a 
six-level contour plot symmetrized after the second Fourier 
tran~f0rmation.l~ All spectra were taken in deuteriochloroform 
on a sample prepared by dissolving 40 mg of 1 in approximately 
0.5 mL of solvent. Spectra were taken at 361.053 MHz on a 
Nicolet WB-360 spectrometer. The proton reference spectrum 
plotted below the contour plot of the COSY data was obtained 
by using 32K data points. 

Acknowledgment. G.E.M. and A.J.W. acknowledge 
the generous support of the Robert A. Welch Foundation 
in the form of Grants No. E-792 and E-744, respectively, 
the latter also providing a predoctoral fellowship for M. 
J.M. 
Registry No. 1, 86853-44-3. 

(9) Feigon, J.; Wright, J. M.; Leupin, W.; Denny, W. A.; Kerns, D. R. 

(10) Nagayama, K.; Kumar, A.; Wuthrich, K.; Ernst, R. R. J. Magn. 

(11) Nagayama, K.; Wuthrich, K.; Ernst, R. R. Biochem. Biophys. Res. 

(12) Prestegard, J. H.; Koerner, T. A. W., Jr.; Demou, P. C.; Yu, R. K. 

(13) Kessler, H.; Schuck, R.; Siegmeier, R. J. Am. Chem. SOC. 1982, 

(14) Gampe, R. T., Jr.; Matson, J. A.; Alam, M.; Weinheimer, A. J.; 
Martin, G. E.; Willcott, M. R., III; Inners, R. R.; Hurd, R. E. J.  Am. 
Chem. SOC., accepted for publication. 

(15) Baumann, R.; Wilder, G.; Ernst, R. R.; Wuthrich, K. J.  Magn. 
Reson. 1981,44,40246. 

J.  Am. Chem. SOC. 1982,104,5540-41. 

Reson. 1980,40, 321-24. 

Commun. 1979,90,305-06. 

J. Am. Chem. SOC. 1982,104,4993-95. 

104,4486-87. 

Two Topologically Distinct Total Syntheses of 
(*)-Sarkomycin 

S. V. Govindan, Tomas Hudlicky,*l* and Francis J. Koszyklb 

Department of Chemistry, Virginia Polytechnic Institute 
and State University, Blacksburg, Virginia 24061 

Received March 8, 1983 

The labile cyclopentanone sarkomycin 1 has been the 
subject of several recent reports.2 Although its structure 
appears deceptively simple, it is quite difficult to prepare 
or to manipulate because of the extreme reactivities of its 
functional groups. Since sarkomycin belongs to the class 
of antitumor antibiotics refered to as pentenomycins or 
methylenomy~ins~ that is under current scrutiny for 

(1) (a) Fellow of the Alfred P. Sloan Foundation, 1981-3. (b) Present 
address: G. D. Searle Co., Chicago, IL. 
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Marx, J. N.; Minaskanian, G. Ibid. 1982, 47, 3306; Tetrahedron Lett. 
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