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Abstract—The "*C NMR chemical shifts of ent-beyer-15-ene, and one hydroxy and four acetoxy derivatives are
reported. The substituent cffects of the acetoxy groups upon the saturated and olefinic carbon atoms are discussed.
Conformational aspects of the molecules arc considered in the light of these effects.

Substituent effects in ''C NMR spectroscopy have been
found to be remarkably additive in closely related sys-
tems.' A factor that contributes very significantly to
these substituent effects is steric interactions.” Thus, ''C
NMR spectroscopy has become a very powerful method to
determine the positions of substitution and the configura-
tion at the substituted centres in  polycyche
systems with a common skeleton. It is obvious, there-
fore, that this technique is going to play an increasingly
important role in the field of natural products. It has even
been suggested that "C NMR spectroscopy is the ap-
propriate method to establish the identity between syn-
thetic and naturally occurring complex compounds.
Recently we reported some preliminary data on the "'C
NMR spectra of a series of tetracyclic diterpenoids with
ent-beycrane and ent-beyer-15-ene skeletons. We have
now completed our work and would like to report on
several substituent effects observed in these compounds.

RESULTS AND DASCUSSION

Our first objective was to obtain the chemical shifts of
the unsubstituted ent-beyer-15-¢ne, of which we had
only a few milligrams. With this small quantity we were
able 1o obtain a good proton noise-decoupled ""C NMR
spectrum but a less satisfactory off-resonance decoupled
spectrum. This made the full assignment of the lines
rather difficult. The lines in the noise-decoupled spec-
trum of ent-beyer-15-ene were finally assigned by com-
paring the experimental chemical shifts with empirically
estimated values. These values were obtained by taking

‘R *R,+Ry+R *Ry=H
R, *RysH, R,*R,OAc
R, <R, *H . R,+Ry+0AC
R «H, R,*Ry*R,* OAc
Ry*H . R *R,Ry+0Ac
"R, + R, RysR *H . Ryt OH

O A dWN

the chemical shifts of the saturated derivative ent-
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-
(3.2.1}-octane and A%-bicyclo-[3.2.1.]-octane’ to evaluate
the effects of introducing a A" double bond in ent-
beyerane on the chemical shifts of carbon atoms in rings
C and D, and the pair 1-methyl-norbornane and 1-methyl-
norbornene 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 1 shows the calculated values together with the
experimental ones obtained from a very small sample of
ent-beyer-15-ene. The agrcement 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 casily 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 ent-
beyer-15-ene derivatives studied in this work. Some of
the substituent effects of the various acetoxyl groups in
compounds 2-6 are discussed below.

Acetoxyl group at C-1. Table 3 shows some of the
substituent effects due to an equatorial acetoxyl group at
C-1. These effects were calculated by subtracting the
chemical shift values of compound 3 from those of § for
the corresponding carbon atoms. There are two points
worth mentioning: the downfield shift of C-11 and the
fact that the y-effect on C-9 is negligible.

The spatial relationship between the substituent and
C-11 is analogous to the one existing in cis-4-hydroxy-9-
methyl-trans-decalin reported” as responsible for the
3.4ppm downfield shift observed for the methyl group.
The substituent effects of a hydroxyl and an acetoxyl
group can justifiably be compared in this case, since the
acetylation shifts on y and 5 effects have been found to
be negligible."

It has been reported® that in 1,3-diaxial dimethyl-
cyclohexane derivatives there is no y-cffect of the C-3
methyl group on C-1. The interpretation given for this is
that the carbon atom C-1 does not possess a hydrogen
atom able to interact with the C-3 methyl group. Ap-
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Table 1. Experimental and calculated "'C chemical shifts of ent-beyer-15-ene

Carbon 8 s Carvbon s? s
atom exp calc atorm exp calc
c-3 39.3 39.7 Cc-11 20.5 19.8
Cc-2 18.7 i8.5 | C-12 33.7 32.4
c-3 42.2 42.0 Cc-13 43.6 43.5
<-4 33.3 32,1 C-14 61.3 €3.1
c-5 56.1 56 . C-15 135.2 36.8
C-¢ 2C.3 20.4 { T-16 136.1 140.8
c-7 37.4 3g.2 , c-17 25.0 24.1
C-8 49.1 49.2 i Cc-18 33.8 33.7
C-9 53.0 43.3 | C-19 22.0 21.9
C-1C 37.4 37.6 I C-20 15.2 15.4

|

YChemical shifts 1n ppr downfield from TMS. Solvent
deuteriochloroform, These data were obtained with

a very small sample (aprox. 1C mg) and refer to a

proten notse-decoupled spectirum only.

Table 2. ''C chemical shifts of the eni-beyer-15-¢ne derivatives 1-6

Carbon a

atom pY & EJ i F £

Cc-1 39.3 38.6 38.8 38.6 81.5 45.9
Cc-2 8.7 18.3 18.4 18.3 24.9 67.5
Cc-3 42.2 41.8 41.9 41.9 39.2 46 .6
C-4 33.3 32.5 33.1 32.5 32.9 32.6
Cc=5 56.1 47.3 55.6 47.8 54.9 53.6
C-6 20.3 25.1 20.90 25.2 19.7 2.4
c-7 37.4 75.5 36.4¢ 75.2 36.6 37.0
c-8 49.1 52.7 48.3 52.9 48.6 48.9
Cc-9 53.C 44.6 49.3 44.9 49.2 53.8
Cc-1¢ 37.4 36.8 36.9 36.9 41.6 37.3
c-:1 20.5 26.95 26.4 26.1 28.7 29.3
c-12 33.7 73.0 68.9 68.4 68.8 33.1
C-13 4.6 47.4 $0.8 51.1 0.5 43.6
C-14 61.3 49.6 49.2 44.9 8.9 €1.2
Cc-15 235.2 135.6 139.3 136.6 .138.8 136.3
C-16 136.1 137.3 23i.4 233.1 131.9 134.9
Cc-17 25.9 20.9 65.5 65.2 65.3 24.9
c-18 33.8 33.2 33.5 313.2 32.9 33.4
C-13 22.0 21.6 21.8 21.6 21.% 24.7
c-28 250 13.7 14.2 237 1.5 .8.1
a

The chemical shifr data of compound 2’ have kindiy
been rade asva:ilable %o us by Professcr J.R. Hanscn,

te whom we are much indebted.
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Table 3. Substituent cffects of an equatorial acetoxyl group at
C-1 (in ppm)

Carbon atom X @
C-1 +42.7
Cc-2 +6.5
c-3 -2.7
C-5 -0.9
Cc-9 -0.1
¢-10 5.7
<-11 *2.3
Cc-20 -3.7

“mhe numbers given are the chemical shife
differences 5(2) - 5(2) for corresponding
carbon atoms. A positive sign sagnifies

a downfield shift.

parently, 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 to interact with the C-1 acetoxyl
group.

Acetoxyl group at C-7. Table 4 shows some of the
substituent effects due to an axial acetoxyl group at C-7,
which were obtained by comparing the spectra of com-
pounds 4 and 3.

There are not many references in the literature to
substituent effects on olefinic carbon atoms, except for
some norbornene derivatives® ' and these are not ap-
plicable to our case. In compound 4 there is an anti-
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 §-effect (36 =
+1.7ppm) on C-16 which seems to comply with the
observation made in connection with acyclic olefins that

Table 4. Substituent effects of an axial acetoxyl group at C-7 (in

ppm)

Carbon atom ws 2
Cc-5 -8.0
C-6 +5.2
c-17 +38.8
C-8 *3.7
c-9 -4.4
C-14 ~-4.3
C-15 -2.7
C-16 +1.7

“Tre numbers given are the chemical shite
fferen S, - ¢ H Srresp d

differences 6(;4 (2) or ccrresponding

carbon atoms. A positive sign signifaies

a downfield shife.
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when the transmission of an effect takes place through a
m-bond there is a sign reversal of the effect.” The
y-gauche effects observed for C-S. C-9 and C-14 (A6 =
-80, -4.4 and -4.3ppm) seem to indicate a certain
amount of “puckering” of C-7 in compound 4. In terms
of the torsion angle.” it would mean &, . > 56°.

Acetoxyl groups at C-12 and C-17. The combined
effects of the acetoxy! groups at C-12 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 to 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 ¢ffects due to each of the two groups can
be deduced on the assumption that these are additive.
Table § shows these results.

The data reported in Table § provide new examples of
vy and & effects on olefinic carbon atoms. The results
agree well with our previous comments. y-cffects are
consistently shiclding, while a remarkable deshielding
5-cffect is also in operation. A dependence of both
effects on conformational 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 effect 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 [3.2.1])-bicyclo octane as a result of
the presence of a two-atom bridge and with the results
obtained from X-ray diffraction studies' of glaucarubin
p-bromobenzoate. In accordance with this glaucarubin
studies torsion angles of ®¢ 11 12 = 50° and D¢ ;2.1 ™ 65°
would be quite reasonable and well in agreement with the
reported substituent cffects of —4.0 and -7.4 ppm (sce
Table S). The pronounced a-effect (A8 = +39.8 ppm) ob-
served for C-12 seems to confirm a departure of the
acctoxyl group from a pure axial position.

Some of the substituent effects described above
closcly agree with the values obtained from compound 6
(sec Table 6), for instance, the syn-diaxial effect of the
hydroxy! group at C-2 on carbon atoms C-19 and C-20,
and the negligible y-gauche effects on C-4 and C-10.

Table S. Substituent effe.t« of an axial acetoxy! group at C-12,
A8, and an acetonyl group at C-17, A8' (in ppm)

Carbun atoen Li L8
c-9 -4.C «2.3
°-12 «6.3 -3.4
C-12 «33.8 -3.6
<-13 +3.5 +3.7
C-14 -7.4 =47
c-15 -3.2 <1.90
C-16 -3.5 -4.2
C-217 -3.8 +44.3

IThe &' values are the chermical shife diffe-
rences é(ij - t(Q) tor corresponding carbon
atoms. The 4 values were obtaired by sub-

cracting the a3’ values from the ditferences

5(3) - 5(;) for corzaosponding carbon atoms.
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Table 6. Substituent eflects of an axial hydroxyl group at C-2 (in

ppm)

Carbor atom w8 @
c-1 +6.6
c-2 +48.8
(] +4.3
c-4 -2.7
C-5 -2.5
c-10 -0.1
c-19 2.7
Cc-20 +3.0

3the 3 values are the cherical shife
diftercnces ¢(6) - é(":) for corres-
~

ponding carton atoms.

EXPERIMENTAL

NMR spectra. ''C NMR spectra were obtained at 25.2 MHz in
the Fourier mode using a Varian XL-100-15-FT spectrometer in
conjunction with a Varian 620/L 16K memory computer. Spectra
of the compounds were determined in CDCl, solutions (which
also provided the lock signal) with Me.Si added as internal
reference. All samples were contained in precision-ground S mm
0.d. tubes. Measurement conditions were as follows: pulse width,
45 usec (approx. 30); acquisition time, 0.8 sec.

Materials. Compounds 3, 4 and § are acetylated derivatives of
the corresponding natural diterpene alcohols previously reported
by us."'* Compounds 1 and 2 have been prepared {rom ent-
beyer-15-ene-7.12,17-triol by methods described before.™*
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