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Abstract-Solvent shifts for protons in several derivatives of the triterpenes oleanene and lupane are 
reported. It is found that in general only those Me groups which are close to a polar group exhibit appreciable 
solvent shifts. In the compounds examined, an axial proton on the same C atom as an equatorial acetate 
function exhibitsacharacteristic downfield shift in benzene solution. In contrast, equatorial protons attached 
to the same C atom as the oxygen of a y-lactone bridge exhibit an upheld shift in benxene solution. As a 
general rule, protons which lie in regions of high electron density tend to be deshielded in benzene solution. 

THE use of benzene-induced solvent shifts has been shown to be of value in structural, 
stereochemical and conformational problems in steroids.‘-’ Certain empirical rules 
have been deduced concerning the solvent shifts of various protons in ketones.2-8 
The aim of this paper is to show the possibilities for the use of benzene-induced 
solvent shifts in structural studies of triterpenes. 

Derivatives of oleanene (1) and lupane (2) were examined and in addition a few 
examples of other triterpenes. The assignment of chemical shift values to the Me groups 
in deuterochloroform was carried out using criteria discussed in previous work.g-l ’ 
The determination of solvent shifts for the Me protons necessitated the use of dilution 
studies, i.e. the determination of spectra using CDCl,-C,D, mixtures as solvents. 
Apart from the Me groups, other protons studied were confined to those adjacent to 
electronegative functions (i.e. those protons occurring at relatively low field) owing 
to the fairly wide spread of the methylene envelope. Assignments of chemical shift 
values to these protons were made by comparison with similar models in the 
steroid field. l2 The numbering systems for the oleanene and lupane skeletons are given 
with structures (1 and 2). The chemical shifts (6,,,, 6,& and solvent shifts 

(A = &Dci, - &,n,) for protons in compounds (S21) are given in Table 1, together 
with their structures. Since TMS is employed as an internal reference, one is of course 
measuring the difference between the solvent effect on a proton in the sample and that 
on the protons of the internal reference. 

DISCUSSION 

The protons of a C-24 Me group in the presence of a C-3p acetate function show an 
appreciable upheld shift (4, g-14, A = +008 to +0*19 ppm). If the acetate exists in a 
cis conformation with the C-3a proton eclipsed by the CO group (discussed below), 
the C-24 protons will lie behind the CO group and so will be shielded by benzene 
molecules which solvate the carbonyl C atom. 3, ’ In the presence of a C-3-0x0 function 
(6,7) both the C-24 and C-25 protons show positive solvent shifts( + 014 to + 022 ppm) 
while the C-23 protons are only slightly affected ( - 044 to + Oa2 ppm), in accord with 

155 



156 R.G. WILSON and D.H. WILLUMS 

3 Methyl oleanate 
4 Methyl acetyl glycerrhetate 
5 Methyl acetyl oleanate 
6 Methyl 3-keto oleanate 
7 3,&Diketo echinocystic acid methyl ester 
8 30-Nor-keto thurberogenin oatate 
9 Dumortiogenin diacetate 

10 Betulin diacetate 
11 PAmyrin acetate-3@ol 

12 Longispinogenin acetate 
13 Stellatogenin acetate 
15 fl-Amyrin benzoate 
16 Methyl acetyl ursolate 
17 a-Amyrin 
18 p-Amyrin acetate 
19 Methyl acetyl betulinate 
Xl Myricendiol diacetate 
21 3fS,30-Diacetoxy oleanene 

previous generalizations, A ’ the C-24 and C-25 protons lie behind the reference 
plane of the CO at C-3 while the C-23 protons lie approximately in the reference 
plane. Since in general the chemical shifts of the protons of C-23, C-24 and C-25 in 
deuterochloroform are very similar, benzene-induced solvent shifts may be of assist- 
ance in distinguishing between them. 

The C-27 protons, which being homoallylic in the oleanenes occur at lower field 
than the other methyls, show a positive solvent shift (+ 008 to + 0.23 ppm) in the 
presence of proximate polar substituents e.g. C-l 1 0x0(4), C-16 0x0(7), C-21 g, C-28 
lactone (8,13,14) and C-lSg, C-28 lactone (9). In other cases the solvent shifts are very 
small (-0.04 to +003 ppm). 

In lupane derivatives which have a functional group at C-20 (8,10,13,14), the C-29 
and C-30 Me protons will occur at lower field in deuterochloroform than will protons 
of the other Me groups. Consequently the solvent shifts of these protons are easily 
observed. In 30-nor-keto thurberogenin acetate (8), the C-29 protons show a large 
upfield shift (+ 060 ppm) and the C-29 and C-30 protons of stellatogenin acetate 
(13) also show relatively large solvent shifts (+0*38 to +046 ppm). In both cases, 
benzene association with the CO of the lactone bridge probably contributes to the 
magnitude of the observed solvent shifts. This is suggested by comparing the solvent 
shifts for the C-29 protons in betulin diacetate (10, +0*02 ppm) and in thurberogenin 
acetate (14, +0*28 ppm), both of which contain a C-30 methylene group but only 14 
contains a C-Zig, C-28 lactone bridge. 

In the presence of a C-3g OH group (3,17), a C-3a proton shows a positive solvent 
shift ( + 0.16, + 0.17 ppm). However, in the presence of a C-3g acetate function (4-16, 
lg21, Fig. l), the C-3a proton is deshielded (-0.11 to -0.22 ppm). This suggests 
that the acetate function exists predominantly in a cis conformation, probably with the 
C-3a hydrogen (axial) eclipsed by the CO group. It has been shown that, in general, 
acetates tend to exist in a cis conformation ; ’ 3 the solvent shift of the C-301 proton in 
3 &cholestanyl acetate (- 0.14 ppm), in which there are no Me groups at C-4, is of the 
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TABLE 1 

157 

Proton 6 corn d c&h A \ #5@ CO,Me 

H . 3 ._ CO,Me \ d Ac . 4 -. 
\ & CO,Me . 6 

12 5.27 
3a 3.20 
17fI-CO,Me 360 
23,24 080 
25 Q92 

la 
26 Q75 
27 1.14 
29,30 0.92 (2) 

12 566 
3a 4.56 
17~CO,Me 3.67 
23,25 090 (2) 

24 1.14 
26 1.16 
29 1.18 
27 1.37 

12 5,27 
3a 4.49 
17/3-CO,Me 360 
23.24 088 (2) 
25 I 091 1 
29.30 Q94 (2) 
26 Q75 
27 1.14 

12 5.30 
17kC0,Me 3.62 
23 1.10 
24,25 1% (2) 

26 
27 
29, u) 

12 
17bC0,Me 
23 
24 
25 
26 
27 
29,30 

0.81 
1.16 

Q92 
Q95 I 

5.55 
3.65 
1.10 
108 
lQ8 
089 
1.22 
092 
0.95 

5.39 
3.03 
3.42 
Q81 
0.96 
1.03 
0.86 
1.18 
090 (2) 

592 
4.76 
3.32 
090 
0.92 
lQ6 
1.02 
1.25 
1.14 

540 
4.67 
3.42 

084 
1.18 

5.37 
3.42 
1.14 
087 
Q91 I 
Q83 
1.14 

097 (2) 

5.45 
3.30 
1.08 
Q86 
Q94 
Q76 
1.14 
082 
0.91 

-Q12 
+017 
+Q18 
-0.01 
-004 
-QO3 1 
-0.11 
-QO4 
+ 002 

-026 
-020 
+Q35 

ooo to 
-w2 1 
+008 to +Q12 
+Q12 to +Q16 
-Qll to -007 
+ Q23 

-Q13 
-Q18 
+Q18 
-008 to 
+ 0.03 I 
-QO2 to +QO6 
-QO9 
-QO4 

- 007 
+Q20 
-QO4 
+Q19 
+QlS 1 
-002 
+QO2 
-005 
-QO2 I 

+QlO 
+Q35 
+QO2 
+Q22 
+Q14 
+Q13 
+m 
+QlO 
+QO4 
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TABLE I-contimed 

Proton 6 CDch 6 CbD. A 

21 468 4.08 +Q60 
3a 4.46 464 -018 
19fJ 3.19 348 +031 
29 2.30 1.70 +Q60 
23,25 087 (2) 089 (2) -0Q2 
24 087 076 +Qll 
26 1.00 698 fQ02 
21 1.00 Q84 +Q16 

12 
15a 
3a 

228 
23,25 
24,26 
27 
29 
30 

A-. 

H,OAc & *c . 10 

H,OH 

\ 

.e4 AC . 11 

30 

29 
28 

23,25 
24 
27 
3a 
26 

12 5.07 
3a 4.49 
30 3.50 
23 Q98 
24 098 
25 Q92 
26 085 
27 1.16 
28 Q89 
29 Q89 

5.53 
454 
450 
5.20 

090 (2) 
Q99 (2) 
1.20 
1.07 
1.10 

4.58 
4.68 
1.70 
3.85 
4.25 I 
0.86 (2) 
Q86 
Q98 
4.50 
104 

5.16 +0.37 
4.25 +Q29 
464 -0.14 
5.61 -0.41 
Q91 (2) -QOl 
080 (2) +0.19 
094 + 0.26 
0.94 +Q13 to +Q16 
1.18 -0G8 to -Qll 

471 
4.19 
1.68 
3.95 
447 I 
0.90 (2) 
Q76 
Q95 
466 
0.95 

5.20 -Q13 
4.65 -Q16 
3.32 +Q18 
lC@ -QO2 
Q86 +0.12 
Q93 -01 
Q93 -008 
1.22 -QO6 
Q93 -0.04 
Q93 -004 

-0.13 
-Qll 
+0.02 
-0.10 
-Q22 
-0.04 
+QlO 

+OQ3 
-0-16 

+QO9 
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TABLE l-continued 
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Proton 6 czar 6 C&h A 

/Jc: 

& AC . I.3 

A. 

dy AC . l4 \ & Bz . Is \ &J!F COaMc 

AC . I6 

12 

3a 
16a 
28 

23 
24 
25,26 
27 
29 
30 

5.26 5.24 +OG2 
449 4.60 -011 
5.53 5.87 -Q34 
4Q9 

> 

444 -035 
399 4.24 > -Q25 
Q92 Q99 -007 
Q92 078 +Q14 
Q88 (2) 088 (2) Owl 
1.28 1.32 -QO4 
192 1.01 +OQ1 
097 093 +OSM 

3a 448 
21a 468 
23.25 087 (2) 

24 Q87 
21 lcll 

26 
29,30 

lG1 
1.28 
1.34 I 

30 

3a 
21a 
29 
23,25 
24 
26 
21 

482 
4.93 I 

4.67 
4.79 I 

448 4.66 
450 4.16 
1.86 1.58 
088 (2) 0.90 (2) 
088 0.78 
1.02 lQ1 
1.02 Q90 

12 5.19 5.22 -003 
3a 474 4.91 -017 
24 1.03 0.85 +Q18 
21 1.17 1.23 -0-06 

12 5.27 5.38 -Qll 
3a 4.49 468 -019 
17f%CO,Me 3.62 346 +Q16 

4.62 
4.38 
Q88 to 
090 
Q76 
Q88 to 
Q90 
107 
Q88 to 
Q90 I 

-014 

+Q30 
-0.01 to -0.03 

+Qll 
+Q11 to +Q13 

-006 
+Q38 to +Q46 

+Q15 
+Q14 
-Q18 

+Q34 
+028 
-002 
+Qlo 

+0.01 
+Q12 

IF 
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TABLE 1 -continued 

Proton d CD% s CsDs A 

3a 3.28 3.12 +0.16 
12 5.18 5.35 -0.17 

3a 4.53 4.70 -@17 
12 5.20 5.25 -005 

3a 4.55 4.70 -0.15 
17wO,Me 3.67 3.42 +@25 

12 5.18 5.16 + 0.02 
3a 4.51 4.65 -0.14 
30 4.02 

AC 
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same order as those observed for the triterpenes. This suggests that the presence of two 
Me groups at C-4 does not appreciably influence the conformation of the C-3l.3 
acetate function. 

The C-22l3 proton in dumortiogenin diacetate (9) shows an extremely large down- 
field shift (-0.41 ppm, Fig l), which can be explained in terms of two factors. One 
factor is that which gives rise to the deshielding of the C-3a proton in 38 acetates as 
discussed above; since the C-22 acetate function is equatorial, a similar effect may be 
assumed to operate. Secondly, the C-22b proton lies in front of the CO group of the 
C-15l3, C-28 lactone, and hence lies in a region of high electron density which the 
x-electron cloud of the benzene solvent tends to avoid. The environment of the C-22/3 
proton is shown in 22. 

3 

The C-16 proton in longispinogenin acetate (12) also shows a large downfield shift 
(-0.34 ppm). The benzene association at the equatorial C-16I3 acetate function is 
again a contributing factor ; additional deshielding may result from the presence of a 
C-28 acetate and from steric inhibition of approach of bulk solvent to the proton in 
question.‘4ThemethyleneprotonsofaCH,OAcgrouping(10, 12,ZO, 2l)aregenerally 
nonequivalent in both deuterochloroform and hexadeuterobenzene and always show 
negative solvent shifts. This provides further support for the cis conformation of these 
acetates. 

In the four compounds which possess a y-lactone function (8,9, 13,14), the proton 

of the)CI-JaO-- grouping shows a positive solvent shift. The magnitude of 

the solvent shift in 30-nor-keto thurberogenin acetate (8) is larger (+ 060 ppm) than 
in the other three compounds ( + 029 to + 034 ppm), probably because of the presence 
of the C-20 0x0 function, which can give rise to an additional shielding effect. Thus the 

equatorial >Cu-O-CO- protons attached to lactone bridges exhibit solvent 

shifts which are opposite in sign to those observed for axial >CIJ-O--CO-- 

protons attached to acetate functions. This effect may be systematically employed to 
resolve the 6 = 4-0-5.7 region when overlapping signals associated with lactone and 
acetate functions occur (Fig. 1). 

The wide variations (in sign and magnitude) of solvent shifts observed ln the triter- 
pene series emphasize the potential of the method in indicating the proximity of 
protons to polar groups and, in some cases, the proximity of two functional groups. 
In effect, the anisotropic benzene molecules are used to probe the local polarizations 
existing in the solute molecule. In general, the x-electron clouds of the benzene mole- 
cules will tend to avoid electron-rich areas and seek electron-deficient areas of the 
solute. 
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15e-H 

CDCI, 3M-H and 15~-H 
I 3 

I , I , . . ,.I ,,,,1,, I.. . , I ( 

I....,....I....,....I....,....I....r....l....l, 

6 5 4 b @p.m.) 
FIG. 1 100 MC proton resonance spectrum of dumortiogenin diacetatc (9) in the 6 = 4-6 ppm 

region in C,D, solution (upper trace) and CDCl, solution (lower trace). 

EXPERIMENTAL 

The NMR spectra were determined on a Varian Associates HA 100 Mc/sec instrument at normal probe 
tetnps (30-33°C). The concentration of the solns used was 4-5% (w/v) except where the compoun& were 
insufficiently soluble. In these cases saturated solutions were employed. 

Acknowledgement-The authors wish to thank Professor C. Djerassi (Stanford University) for generous 
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