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Abstract—A carbon shift analysis of hibaene, phyllocladene, isophyllocladene, cafestol, cafamarine, mascaroside

and hibane-like substances is presented.

Structure analyses®® and partial syntheses*® of tetra-
carbocyclic diterpenes of the hibaene,® phyllocladene
and kaurene’ types have led to the accumulation of a
number of structurally similar substances, whose close
relationship made them good substrates for *C NMR
analysis and hence for the acquisition of physical data of
importance for future research in diterpene chemistry.
Compounds 1-§ represent materials of mainly hibaene
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1a: Y+Y'=0
b: 13-demethyl, Y+Y' =0
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and some phyllocladene types, whose carbon shifts are
listed in Table 1. The designation of the majority of the §
values derived from proton-decoupled as well as single-
frequency off-resonance decoupled (SFORD) spectra
was based on the analogy with especially ring A and
some ring B carbon shifts for tricarbocyclic diter-
penes,*® on the & values for model bicy-
clo[3.2.1]octanes'®"" and on known substituent effects.?

Hp ¥'=Y¥Y"=2'=2"=H

H,, Y =2Z'=2"=H,¥"=0H

Hz, ¥'=2'=H,¥Y"=2"=OH

H, ¥Y'=2"=H,Y'=2'=0H

Ha, ¥'=2'=H,Y"=2Z"= OCHO

Ho, Y'=2'=H, ¥"= OH,2"= OCSOCcH.Me(p)
Ha, ¥' =2°=H,Y" = OH, 2' = OCSOC.H.Me(p)
Ha, Y'+Y¥'=0,Z=2"=H

Ho Y =Y"=2'=2"=H
=0,Y=Y'=Z=2"=H
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Table 1. Carbon shifts of substances 1 and 2*

Bon e o1 o2 2% ot e o2 oz om o ow
c(l) 9.3 39.3 39.1 39.3 39.7 39.7 40.8 41.9 39.5 39.6 40.1 40.0 39.7 39.6
c(2) 18.5 18.7 18.6 18.7 18.5 18.5 19.5% 20.3° 18.6% 18.6% 19.2% 18.3% 18.2 18.5
C(3) 4.9 41.9 42.0 42.2 42.0 42.0 43.1 43.3 41.8 42.0 42.0 &1.8% 419 &2
C(4) 33.1 33.2 331 33.3 33.1 33.2 26.0 34.2 33.1 33.2 33.3 33.1 331 33.4
€(5) 54.7 54.9 55.9 55.5 56.5 56.0 57.3 58.1 56.1 56.3 56.7 55.1 S56.1 56.5
c(6) 18.5 18.7 20.0% 18.7 20.4% 19.2 20.5° 20.5% 18.4% 18.6% 19.2° 18.6° 15.5 20.1
¢ 273 26.9° 37.2 336 41.2° 38.5 30.4% 39.4 20.8% 30.4F 378 3.2 9.2 39.6
C(8) 55.8 54.9 4B.9 49.7 44.9 45.3 50.1 50.6 48.4 49.0 49.7 S1.2 45.2 48.9
€(9) 56.0 56.6 52.7 44.7 56.9 46.8 47.0 49.2 47.1 $5.9 47.9 60.2 S7.8 55.6
c(10) 38.3 38.5 37.2 37.0 37.6 37.3 38.5 37.6 37.5 37.5 36.8 38.9 38.1 37.8
cq1) 19.1 18.1  20.1% 19.8 20.2° 19.9 19.6 21.1% 19.2% 19.7° 20.0° 19.1 36.4 20.1
c2) 35.4 27.8° 33.1  26.0 40.0° 32.4 31.7°F 3.2 3.5% 2.2% 32,6 a2.2f 2154 378
€(13) 51.0 49.6 43.5 44.7 39.2 40.1 41.0 40.7 40.0 40.3 40.1 4&6.8 52,1 54.8
cQ14) 219.6 218.0 61.1 B85.3 S57.7 83.8 B1.3 81.2 80.8 81.0 80.8 222.7 S6.1 S4.8
€(15) 132.4% 126.8 135.1% 134.5% 37.6 31.9 46.4 44.4 42.8 42.7 40.7 30.3 37.2 211.8
c(16) 133.7° 134.7 136.0f 1234.8% 33.6 29.6 69.9 81.6 71.4 83.4 90.3 27.8 32.6 4B.9
can 16.5 -~ 2.9 22.1 27.1 25.1 25.4 25.6 2.2 24.6 24,5 19.6 19.5 20.1
c(18) 33.6 33.6 33.6 33.6 23.7 33.6 3.2 34.2 33.6 33.6 33.6 33.56 33.6 33.9
cQ9) 21.9 21.9 21.9 22.0 21.9 22.0 22.4 22.4 21.9 2.9 21.9 21.3 2.8 22.1
c(20) 15.6 15.6 15.0 15.8 35.1 15.5 15.8 16.8 15.1 15.5 19.1 15.4 14.8 15.2

%In ppu downfield from TMIS; CDCJ.J solutions containing TMS as standard.
(IDCI3 solution without TMS; S(TMS) = 6(CDC13) + 76.9 ppm

Signals in any vertical column may be interchanged.

cd‘—Acetune solution containing TMS. 4

e, f

Even though three methylenes, C(2), C(6) and C(11), in
the olefins 1, 3 and 4 reveal similar chemical shifts, the
8 value of C(11) can be differentiated from that of the
other carbons by its ca. 1ppm increase in the 13-
methylated cases, in accord with previous observations
among mode! bicyclo[3.2.1Joctanes.’® The saturated
methines C(5) and C(9) have similar resonances, but can
be distinguished by the latter being shielded in the 14a-
hydroxy compounds, e.g. cf. 1d and 2b vs Ic and 2a,"
respectively. Furthermore, the two methines exhibit
strikingly different multiplicities in the sford spectra of
compounds 1-5, the C(5) signal appearing expectedly as
a doublet but C(9) as a triplet. The olefinic methines of
1a, ¢ and d cannot be differentiated with the data at hand.
Comparison of the C(7) and C(12) shifts among com-
pounds 2i, 2}, and 5 permits the differentiation of the two
carbons in phyllocladene (5).

Introduction of a 14-keto group intu the hibaene
skeleton leads to strong shielding of the peri carbon,
C(7), reminiscent of the like phenomenon among tricar-
bocyclic diterpenic systems,” as well as long-range
effects of more than 1ppm at carbons §, 6, 10 and 11.
The 14a-hydroxy group shields predictably C(7) and
exerts long-range effects on C(5) and C(6). Its shielding
of the two-carbon bridge spanning C(8) and C(13) must

blhu from ref. 6a.

be the consequence of their antiperiplanar relationship,"
observable also in bicyclo[3.2.1]octan-8-0l of like
stereochemistry’! and affecting C(15) and C(16) of the
hibaene-like structures unsymmetrically. The shielding
effect in the bicyclooctanol is more powerful than the y
effect exerted by the 8-hydroxy group on the same
carbon pair in the epimeric alcohol." As the C(14) shift
variation in the 2b— and 2b-d pairs of substances in-
dicates, the y and antiperiplanar effects are nearly the
same in the hibols. The y effect is stronger than the
antiperiplanar shifts in the bicyclo[3.2.1Joctan-6-ol
epimers.'' The introduction of the two-carbon bridge, i.e.
C(15) and C(16) of the hibanes, into ring C of the
tricarbocyclic diterpene system®® deshields the angular
methyl group by ca. 1ppm. These steric and accom-
panying NMR effects are enhanced dramatically by a
16-oxy substituent oriented toward the angular methyl!
group, as best illustrated by the C(20) shift perturbation
of 3.6 ppm in hydroxyester 2g. The strong buttressing is
reflected even by 0.7 ppm deshielding of C(2).

A comparison of the carbon resonances of phyl-
locladene (5) with those published for kaurene (6)"”
shows various shift changes, only three of which are of
serious diagnostic value for structure analysis. The
angular methy! group of kaurene (6) is more deshiclded
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than that of phyllocladene (5) by the extra & effect from
C(12) and C(14) and C(16) are affected differently in the
two hydrocarbons.
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. EXPERIMENTAL
The spectra were recorded on Varian CFT-20 and XL-100-15
NMR spectrometers, the latter operating at 25.2 MHz in the

8(R = B-glucopyranosyl)

The “C NMR analysis of the coffee constituents’
cafestol (7), cafamarine (8) and mascaroside (9) can be
carried out on the basis of a priori principles. The
stereochemistry of the vicinal glycol moiety common to
the three kaurene-like diterpenes is reflected by charac-
teristic chemical shifts of ring D analogous to those in
steviol.” The "*C NMR analysis of cafamarine con-
stitutes the determination of the relative configuration of
this diterpene glucoside.

The carbon shift designation of the oxahibanes (10-14)
is illustrated on the formulas of these manool degrada-
tion products.” The C(8) epimers 10 and 13 show the
same shift relationship as phyllocladene (5) and kaurene
(6) (vide supra), the angular methyl group of 13 being
more deshielded than that of 10 and the oxymethylene of
the two substances showing the same variation. The
stereochemistry on the oxa bridges of the ozonide 14 was
unknown, As the angular methyl shift indicates, the
compound’s configuration is as depicted on the formula.

TET Vol. 37, No. 13—E

9(R = 8-glucopyranoxyl)

Fourier transform mode. The & values on formulas 3-14 are
derived from CDCl, solutions; §(TMS) = §(CDCl,)+ 76,9 ppm.
The starred numbers indicate possible signal reversal.

Acknowledgment—J].-M. B, N. F. R.,P. M. W. and E. W. thank
Dr. . R. Burfitt for early C NMR experiments. N. F. R. is
indebted to FAPESP (Sao Paulo, Brasil) for fellowship support
during 1975-1976.

REFERENCES

iCarbon-13 nuclear magnetic resonance spectroscopy of
naturally occurring substances—LXX. For the previous paper
see E. Wenkert, M. S. Raju, P. Ceccherelli, M. Curini, M.
Tingoli and R. Pellicciari, J. Org. Chem. 45, 741 (1980).

2] de Rostolan and J. Poisson, Café, Cacao, Thé 14, 47 (1970);
* A. Ducrouix, M. Hamonniére, C. Pascard and J. Poisson, Ibid.
19, 57 (1975); < A. Ducrouix, C. Pascard-Billy, M. Hamonniére,
and J. Poisson, J. C. S. Chem. Commun. 39 (1975).

a1g 337

14



2374

3E. Wenkert, P. Ceccherelli, M. S. Raju, J. Polonsky and M.
Tingoli, J. Org. Chem, 44, 146 (1979).

‘Do Khac Manh Duc, M. Fétizon and S. Lazare, Tetrahedron
M, 1207 (1978).

5p. K. Grant, H. T. L. Liau and M. J. Nicholls, Austral. J. Chem.
26, 1815 (1973); P. K. Grant and H. T. L. Liau, Ibid. 31, 1791
(1978); M. J, Francis, Ph.D. Thesis, University of Otago, 1975.

(. von Carstenn-Lichterfelde, C. Pascual, J. Pons, R. Ma.
Rabanal, B. Rodriguez and S. Valverde, Tefrahedron Lett. 3569
(1975); *C. von Carstenn-Lichterfeide, C. Pascual, R. Ma.
Rabanal, B. Rodriguez and S. Vaiverde, Tetrahedron 33, 1989
(1977); °A. A. Chalmers, C. P. Gorst-Allman and L. P. L.
Piacenza, Tetrahedron Lett. 1665 (1977).

4. R. Hanson, G. Savona and M. Siverns, J. C. S. Perkin [ 2001
(1974); J. R. Hanson, M. Siverns, F. Piozzi and G. Savona,
Ibid. 114 (1976).; ‘K. Yamasaki, H. Kohda, R. Kasai and O.
Tanaka, Tetrahedron Lett. 1005 (1976).

$2E Wenkert and B. L. Buckwalter, J. Am. Chem. Soc. 94, 4367
(1972); *E. Wenkert, B. L. Buckwalter, 1. R. Burfitt, M. J.
Gati¢, H. E. Gottlieb, E. W. Hagaman, F. M. Schell and P. M.
Wovkulich, Carbon-13 nuclear magnetic resonance spectros-

Do K#ac Mans Duc et al.

copy of naturally occurring substances. In G. C. Levy, Topics
in Carbon-13 NMR Spectroscopy, p. 81. Wiley-Interscience,
New York (1976).

%]. Wahlberg, S.-O. Almquist, T. Nishida and C. R. Enzell, Acta
Chem. Scand. B29, 1047 (1975).

E, Lippmaa, T. Pehk, N. A. Belikova, A. A. Bobyleva, A. N.
Kalinichenko, M. D. Ordubadi and A. F. Platé, Org. Magn. Res.
8, 74 (1976).

], B. Stothers and C. T. Tan, Can. J. Chem. 55, 841 (1977).

'ng‘;!,e)ierbeck, J. K. Saunders and J. W. ApSimon, Ibid. §8, 2813

The numbering system for the hibaene-like compounds 1 and 2
is based on that of the pimaranic precursors.’ E. Wenkert,
Chem. & Ind. 282 (1955).

“The data presented in Ref. 6° are insufficient to distinguish C(5)
from C(9) of hibane (2a). Hence these signals must be con-
sidered interchangeable at this time.

E. L. Eliel, W. F. Bailey, L. D. Kopp, R. L. Willer, D. M.
Grant, R, Bertrand, K. A. Christensen, D. K. Dalling, M. W.
Duch, E. Wenkert, F. M. Schell and D. W. Cochran, J. Am.
Chem. Soc. 97, 322 (1975).



