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Abst~%d-tIhC “C s$tK chcmlcal shaft\ of enf.bc)cr-lc.cne. and one hydroxy and four acctoxy dcri~alives arc 
rcpon.4. The sulntiruem ctTccts of the acctoxy groups upon the saturated and okfmic carbon atoms are discussed. 
Conformational aspects of OK molecuks arc considered m the II&I of &se etTecr.c. 

Substitucnt effects in “C NMR spectroscopy ha~c been 

found to be remarkably additive in closely related sys- 

tems.’ A factor that contributes very significantly to 
rhese suhctituent effects is steric interactions.’ Thus. “C 

K h4K spectroscopy has become a very powerful method IO 
determine the positions of substitution and the configura 

lion al the substituted ccntres in polycyclic 

systems with a common skeleton. II is obvious. thcrc- 
fore, that this technique is going IO play an increasingly 

important role in the field of natural products. II has even 

been suggested that “C NMR spectroscopy is the ap- 
propriate method IO establish the identity between syn- 

thetic and naturally occurring complex compounds.’ 
Recently WC reported some preliminary data on the “C 

NMR spectra of a series of tetracyclic ditcrpcnoids with 
enf-beycrane and enr-beyer-IStne skeletons.’ We have 

now completed our work and would like to report on 
several substitucnt effects observed in these compounds. 

Our first objective was to obtain the chemical shifts of 
the unsubstitutcd enf-beyer-15-enc. of which we had 
only a few milligrams. With this small quantity we were 

able IO obtain a good proton noise-decoupled “C NMK 
spectrum but a less satisfactory off-resonance decoupled 

spectrum. This made the full assignment of the lines 
rather difficult. The lines in the norse-decoupled spec- 

trum of ent-beyer-IStne were finally assigned by com- 
paring the experimental chemical shifts with empirically 

estimated values. These values were obtained by taking 
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the chemical shifts of the saturated derivative enr- 

beyerane’ and correcting them for the effects of in- 

troducing a A!’ double bond. As models for ascertaining 
these effects. we used the pair of compounds bicyclo- 

(3.2. II-octane and A*-bicycle-13.2. I.]-octane’ to evaluate 
the effects of introducing a A” double bond in enf- 

beyerane on the chemical shifts of carbon atoms in rings 
C and D. and the pair I-methyl-norbomanc and I-methyl- 

norbornenc to determine the effects of the double bond 
on carbon atoms C-7 and C-17. long-range effects of the 

double bond were considered to be negligible. 
Table I shows the calculated values together with the 

experimental ones obtained from a very small sample of 
ent-beyer-IS-ene. The agreement is reasonably good. 

This is further evidence of what has become gradually 
apparent during the last few years, namely. that “C 

NMR spectra of derivatives with a common skeleton can 
be easily assigned once the chemical shift values for the 

parent compound are known (or vice versa), by a 
straightforward comparison of the experimental values 

with those calculated using simple models. 
Table 2 contains the chemical shift data of all enf- 

beyer-15tne derivatives studied in this work. Some of 

the substituent effects of the various acctoxyl groups in 
compounds M are discussed below. 

Acefoxyl group of C-l. Table 3 shows some of the 

subctituent cffccrs due IO an equatorial acctoxyl group at 
C-l. These effects were calculated by subtracting the 

chemical shift values of compound 3 from those of 5 for 
the corresponding carbon atoms. There are IWO points 

worth mentioning: the downfield shift of C-II and the 
fact that the y-effect on C-9 is negligible. 

The spatial relationship between the substituent and 
C-l I is analogous IO the one existing in cis4hydroxy-9- 
methyl-rrons-decalin reported‘ as responsible for the 
3.4ppm downfield shift observed for the methyl group. 
The substitucnt effects of a hydroxyl and an acetoxyl 

group can justifiably be compared in this case, since the 
acetylation shifts on y and 6 cffec~s have been found to 
be negligible.’ 

It has been reported’ that in I$-diaxial dimethyl- 
cyclohcxane derivatives there is no y-effect of the C-3 
methyl group on C-I. The interpretation given for this is 
that the carbon atom C-l does not possess a hydrogen 
atom able to interact with the C-3 methyl group. Ap- 
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Table I. Experimental and calculated “C chemical shifts of mr-bcycr-1S-c1~ 

C-2 18.7 :a.5 C-12 33.7 , 32.4 

C-3 42.2 42.0 c-13 43.6 0.5 

c-4 33.3 3!.1 C-L4 Gi.3 63.1 

c-5 56.1 :36.8 

C-6 2c.3 

5 c . :: ;I;: 135.2 

I 
20.4 136.1 140.8 

C-7 17.4 38.2 C-17 25.i 24.1 

C-8 49.1 49.2 C-18 33.8 33.7 

c-0 53.0 49.1 C-1Q 22.0 21.9 

C-IC 37.4 37.6 c-20 15.: 15.: 

-. I 

“C!,,qn,..s,l Jhlfts rn 9~” doU?.flc::! fro? TX:;. :;o:VCn: 
dcctcr1oc!Iloroforc-.. _*wsc dat.8 were obtained v:th 

* yc:y %a:1 sar.p!r! lap’ox. 1c xcj) and ntfcr to ‘I 

proto:: r.o:!;c-<l,,co~~lcd spcctr.Jlr. only. 

Tabk 2. “C chcmul shifts of the mr-bcycr-ISene derivatives 14 

C-l 

c-2 

c-3 

c-4 

c-5 

C-G 

c-7 

C-R 

c-9 

c-1: 

c-:1 

c-12 

C-i3 

c-14 

c-15 

C-16 

c-17 

r-: 8 

c- : 1 

;._2; 

39.3 38.6 38.8 

18.7 18.3 18.4 

42.2 41.8 41.9 

33.3 32.5 33.1 

56.1 47.3 55.6 

20.3 25.1 20.0 

37.4 75.5 36.4 

49.1 52.7 48.3 

53.c 44.6 49.3 

37.4 36.8 J6.3 

20.5 26.5 26.4 

33.7 73.0 63.9 

Cl.6 47.4 53.8 

61.1 49.6 49.2 

L35.2 135.6 139.3 

! 16. : 137.3 L3i.4 

25.3 23.9 65.5 

J3.8 33.2 JJ.5 

22.0 21.6 21.8 

:‘,.: 13.;’ 14.2 

38.6 81.5 45.9 

10.3 24.9 67.5 

CL.9 39.2 46.6 

32.5 32.9 32.6 

47.0 54.9 53.6 

25.2 19.7 2c.4 

75.2 36.6 37.0 

52.3 40.6 48.9 

44.9 49.7 53.8 

36.9 41.6 J7.3 

26.: 28.7 13.3 

68.4 GE.8 JJ.! 

51.1 50.5 4J.G 

44.9 48.9 61. 2 

lJ6.6 :?R.tl :3b.J 

:33.: 13:.v z34.9 

65.2 65.3 24.9 

3J.2 32.9 33.4 

21.6 21.5 24. i 

1j.i 1 .3 . 5 LB.1 
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Table 3. Substituent ct7cc1s of an equatorrat acc~oxyl group at 
C-l (in ppm) 

Carbon atoe 66 a 

C-i l 42.7 

C-2 -6.5 

C-3 -2.7 

C-5 -0.9 

C-9 -0.: 

C-10 *; .7 

C-11 *2.3 

c-20 -3.7 

parcndy. this is also applicable in our case (no y-effect 
on C-9), since the carbon atom C-9 does not possess a 

hydrogen atom able IO interact with the C-l acetoxyl 

group. 
kero.xv/ group ar (‘-7. Table 4 shows some of the 

substituent cffccIs due IO an axial acetoxyl group at C-7, 

which were obtained by comparing the spectra of com- 

pounds 4 and 3. 
There are not many rcfcrenccs in the literature IO 

substitucnt CRCCIS on olefmic carbon atoms. except for 
some norbornenc derivatives:” and these arc not ap- 

plicable IO our case. In compound 4 there is an onti- 

periplanar y-effect” on C-15. which does not greatly 
differ from other effects of this type on saturated carbon 

atoms. There is also a remarkable fi-cffcc~ (AS = 

+1.7ppm) on C-16 which seems IO comply with the 
observation made in connection with acyclic olcfins that 

‘I‘abk 4. Subsrtruenr cffcc~s of an axial acctox)l group at C.7 (in 

ppm) 

Carbon J~OIP. 

C-5 

C-6 

c-7 

c-9 

c-9 

C-14 

C-L5 

C-16 

‘6 = 

-8.0 

l 5.2 

+39.9 

-3.7 

-4.4 

-4.3 

-2.7 

l 1.7 

when the transmission of an effect takes place through a 
n-bond there is a sign reversal of the effect.” The 

y-gauche effects observed for C-S, C-9 and C-14 (A6 = 

-8.0, ,-4.4 and -4.3 ppm) seem lo indicate a certain 

amount of “puckering” of C-7 in compound 4. In terms 

of the torsion angle. ” it would mean 9, ,, c b > 56”. 

Acefoxy/ groups of C-12 end C-17. The combined 

effects of the accIoxyl groups at C-l? and C-17 can be 
calculated by subtracting the chemical shift values of 

compound 1 from those of 3 for the corresponding 
carbon atoms. Since it is possible IO obtain the sub 

stituent effects of the acetoxyl group at C-17 by subtrac- 

ting the chemical shifts of compound 2 from those of 4, 
the substituent effects due to each of the Iwo groups can 

be deduced on the assumption that these are additive. 

Table 5 shows these results. 
The data reported in Table 5 provide new examples of 

y and fi effects on olelinic carbon atoms. The results 
agree well with our previous comments. y-effects are 

consistently shielding. while a remarkable deshielding 

6-effect is also in operation. A dependence of both 
cffccls on conformalional factors is apparent. There is an 

indication of a certain degree of flattening of ring C in 
the low values observed for the y-gauche effcc1 of the 

axial acetoxyl group at C-12 on carbon atoms C-9 and 
C-14. This is consistent with the postulated” deformation 

of the chair ring of [3.2.l]-bicycle octane as a result of 
the presence of a two-atom bridge and with the results 

obtained from X-ray diffraction studies” of gfaucarubin 

p-bromobenzoatc. In accordance with this glaucarubin 

studies torsion angles of @, I8 c ,? = 50” and UV ::(‘.II = 65” 

would be quite reasonable and well in agreement with the 
reported substituent cffcc~s of -4.0 and -7.4ppm (see 

Table 5). The pronounced a-effect (16 = + 39.8 ppm) ob- 
served for C-12 seems IO confirm a departure of the 

acctoxyl group from a pure axial position. 

Some of the substituent effects described above 
closely agree with the values obtained from compound 6 

(see Table 6). for instance, the syn-diaxial effect of the 

hydroxyl group at C-2 on carbon atoms C-19 and C-20. 

and the negligible y-gauche effects on C-4 and C-IO. 

Table 5. Subslilucnl cffc.*\ of an axkal accloxyl group al C-l!. 
A& and an acelox) group al C.17. AA’ (in ppm) 

car!:.:,: ‘It<::. 

C-Y 

i-1: 

;-:2 

c-13 

i’-;4 

(‘-15 

c-:6 

i’_: ; 

.I 
li ,5’ . . 

-4.c .:. 3 

-6.3 -3.4 

-3J.b -4.6 

+ 3 . 5 +3.7 

-7.4 -4.7 

3.: -1.3 

-3.2, -4.) 

-1.8 -44.3 



Tabk 6. Substitueat C&IS of an axial hydroxyl group a1 C-2 (in 

ppml 

c-1 

c-2 

C-3 

C-4 

c-5 

c-10 

c-:9 

c-20 

pond-ny carbor; O~OOY. 

NMR sptcfru. “C NMR spcc~ra were oblaiaed a1 25.2 MHz in 

the Fourier mode using a Varian XLIOl%I5-m spectrometer in 
conjunction with a Varian 620/L 16K memory cornpurer. Specva 

of Ihe compounds were deIermined in CDCI, sdulionr (wluch 
also provided the lock signal) wilh Me.Si added as inremal 
reference. AlJ samples were con&&d m precismn-ground S mm 

o.d. I&s. Measurement coaditioos were as follows: pulse width. 
45 w lapprox. 3Wl; aqrusilion Iunc, 0.8 sec. 

MareriaJr. Compounds 3.4 and 5 are aceIylaIed derivatives of 
the conespoDding natural ditcrpene alcohols prevtily reponed 
by us.“” Cocnpounds I and 2 have been prepared from cnf- 
beyer-l~-cae-7.12.I7-triol by melhods described before.” 
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