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Abstract- NMR spectra of 78 cucurbitacin derivatives were analysed for evidence of conformational 
aberrations in the c-ring, and differences were found in the 9&Me. 98-H and 9a-H series. Evidence in 
support of postulated ring deformations was obtained from solvent-dependent and lanthanide shift 
spectra of selected model substances. 

During degradative studies upon the cucurbitacins 
it bcame apparent that the unusual substitution 
patterns and configuration in this series of com- 
pounds are sometimes responsible for modified 
relative stabilities of certain ring junctions,2* 3 and 
for indeterminate deformation of the skeleton.3*4 
The 4,4,1 Qa--trimethyl grouping exerts an insidious 
effect upon nuclear reactivity and by inference, also 
upon stereochemistry. For example, it has been 
recognised5 that an inherent strain factor is im- 
posed by the B,C-Cis ring junction since the 14a- 
Me group is thereby situated in close proximity to 
the IOa-proton. This factor is quantitatively similar 
to that of the lOa-Me group interacting with the 
12a- and 14a-protons in lumisterol-derived retro- 
steroids.* Molecular models reveal that while the 
9@onfiguraGon is retained, these interactions can 
only be relieved by deforming the c-ring chair. 
However, epimerisation at C(9) is also effective 
since a B,c-frans ring junction results in a flattened 
molecule whose a-face is no longer congested.3 The 
former mode of strain relief, oia c-ring deformation, 
has been invoked for certain A-nor-cucurbitacin 
derivatives: while the epimerisation pathway is 
exemplified by cucurbitacin C derivatives in under- 
going retro-aidol loss of the 9@CH,OH group.* 
However, it has been shown2*3 that whereas As- or 
5a,&disubstituted products favour 9a-configura- 
tion, 5&6@isubstituted products exhibit varying 
degrees of preference for 9@configuration. 

The factors which determine the relative thermo- 
dynamic stabilities of epimeric pairs of perhydro- 
phenanthrenes have been intuitively’ and experi- 
mentally8 demonstrated. These factors are readily 
adapted to the steroid nucleus,g and provide a basis 
for rationalising stereochemical features of steroids 

with unnatural configuration. By defining 8&10a, 
13@,14a-stereochemistry, a family of four 5,9- 
stereoisomers is delineated, and their relative 
stabilities may be deduced by recourse to the 
simple empirical rules’ (Fig 1). The 5/3,9a,lOar 
isomer (9) is constrained to adopt an energy-rich 
B-ring boat or twist-boat conformation,B and is 
clearly the least stable of the isomers. Their ther- 
modynamic stabilities follow those of the analogous 
perhydrophenanthrenes viz,A > B,A * C,D > C 
and D % B, since the rrans-fused ~-ring only con- 
tributes as a holding group for the c-ring. 

It is evident that although the relationships will 
generally apply, intrusive substitution effects may 
reverse certain predictions.1° Examination of 
molecular models reveals that in the cucurbitacin 
skeleton the 4,4,14wtrimethyl grouping is unlikely 
to attenuate the relationships involving the 
9a,lOacisomers (A) and (B), but that the axial 4c3- 
and 14a-Me groups in (C) and the latter group in 
(D) could play a quantitative role in affecting ther- 
modynamic equilibria with related 5 and 9-is* 
mers. A number of such equilibria have been 
examined or have been deduced from transforma- 
tions of the cucurbitacins,2-4 (Fig 2, partial 
formulae) and it is clear that, with the exception of 
the 9-isomers of the 5/3,6P-epoxy- 1 l-one (f), the 
preferred isomer can be predicted (Fig 1). A 
rationalisation of the exceptional case may be 
sought in the status of the Sposition; it is known*’ 
that the ring C atoms of oxirans are out of plane 
with contiguous groups and that their hybridisation 
is consequently intermediate between the sp* and 
sp3 states. Whereas the As-I l-one (a) favours 
9a_stereochemistry, the 5@,6@epoxy- 11 -one (f) 
under the influence of the sp3 component at C(5) 
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5a,9a,lOa(A) 

I t 
Jqe-p 

5&9a,lOa (B) 

sa,9p, toa CC) 

Fig 1. Relative thermodynamic stabilities of 5,9-isomers of lOa-gonane. 

reflects the equilibrium B FL D (Fig 1) favouring 
the latter, but to a lesser extent than does a e-ring 
saturated S/3-derivative [e.g. (c) Fig 21. 

~onfi~~tion~ assi~ments at C(9) in the cu- 
curbitacins have hitherto relied heavily upon CD 
data. It is well-known15 that 9p,lOal l-ones dis- 
play strongly positive Cotton effects, while those of 
9a,lOa-ll-ones unsubstituted at C(9) are weakly 
positive. Octant projections explain these results 
qualitatively, but the CD method does not afford 
detailed information about the stereochemical 
environment of the chromophore. For example, a 
general tendency exists for the Cotton effects of 
9/3-H,lOa-H-1 l-ones to be weaker than those of 
analogous 9P-Me, 1 Oa-H- 11 -ones.z.3 Since a 9@-Me 
group is equatorial to the c-ring in an idealised con- 
formation, it should lie in a nodal plane and thus not 
be expected to contribute. The CD results merely 
imply that a ring conformational difference exists 
between the two skeletal types. 

An NMR study of several cucurbitacin deriva- 
tives whose preparation has been described in 
recent publications,1-4.1s.14 was undertaken in 
order to uncover evidence for conformationaI dif- 
ferences in the 9/3-Me, 9cu- and 98-H series. It was 
hoped that the influence of alkyl groups and B-ring 
functionality upon the preferred conformation of 
the c-ring could thereby be ascertained. 

The AB pattern of the E-Hz signals in steroids 
affords much useful information about the C- 
fit&l&11 and has been used to deduce conforma- 
tional changes, 5. I* These data are tabulated (Table 
1) (together with Me signals) for 78 cucurbitacin 
derivatives whose spectra were determined at 100 
MHz in CDCI,. Attempts to compile similar data 
for solvents other than CDCl:, were hampered by 

solubiiity problems, but C,D, spectra of certain 
model substances were also determined (uide 
infra). The subdivisions in Table 1 refer to the 
skeletal types I-VI. 

In many cases the signals for the 12or and 12p- 
protons are readily discemable and are mutually 

(a) P 100% 
(b) 5a,6a-[OH)2 100% 
CC) 5&6p40H), 0%’ 100% 
[dl 5a-H.6-0x0 loQ-% O%b* . 
(e) 5aBa-Epoxy 100% o%* 
(f) 5@.68_Epoxy 45% 55% 

(53) 100% o%* 
*Isomer not detected in crude reaction product. 

Fig 2, Isomer distribution of d and 1 l-ketones under 
base-catalyzed equilibration conditions. 
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separated to an extent which permits first-order 
analysis. Furthermore, several assignments were 

‘i’ 
facilitated by broadening or splitting (ca 0*4-l Hz) 

I 
of the axial 12~H doublet and in the latter event, 
corresponding splitting of 13/3-Me signal. Such 
assignments were confkmed by double resonance, 

: R II 
and the phenomenon is clearly the weIl-known1g~20 
HCCCH coupling between the 12a- and 18-pro- 
tons. In those cases where the long range coupling 

& 

was manifested only by broadening of the 12~H 
signal, it was not always possible to detect the 

r 
same effect in the Me signaIs; this is indicated in 

jI : Table I by the absence of the appropriate super- 
script. It is evident from molecular models that any 

; i Iv 
c-ring deformation will diminish coplanarity of the 
participating a-bonds and so affect the magnitude 
of long-range coupling.20 

Y 

8 

The results for 9@-Me-As-compounds (I) reveal 
that, with few exceptions, a well-defined double 
doublet or broadened doublet (J120.,28 14-l 5 Hz 

: and J12a.u cu 1 Hz or w~,~ ca 1~5-2 Hz) is seen for 
the 12cu-proton, while the 12P-proton gives rise to a 
sharp doublet (J1za.lzo 14-15 Hz) at higher field. 

\ R This generalisation also applies to those 9@-Me 
VI compounds (II) in which the e-ring is modified by 

Table I. NMR data of cucurbitacin derivatives 

Compound 6, Me groups 6(J), 12~H S(J), 12/3-H 

4,4,14wTrimethyl- l9( 10 + 9/3)abeo- I Oa-pregn-5-enes (I) 

: 
3 
4 
5 
6 
7 

t 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
2.3 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

11 -One 
2a,3a-epoxy-20/3-OH- 1 l-one 
2a,3wepoxy-20a-OH- 11 -one 
A1(lol- 1 1 -one 
20&OH-Al- 1 I -one 
A’- 11,20-dione 
2a,3a-epoxy- 11,20-dione 
2&Br-3o--OAc- 11,20_dione 
2/3-Br-3/3-OAc- I 1,20-dione 
2a-Br-3wOAc- 11,20-dione . 
SLY, 19-(OH),- 11,20-dione 
3ar, 19-(OAc),- 11,20-dione 
3-OMe-A11i0)- I 1,20-dione 
2,11,20-trione 
3,l 1,20-trione 
Za-Br-3. I I ,20-trione 
2@-Br-3.1 1,20-trione 
17a-Br-3,11,20-trione 
Ifi-Br-2a-OH-3,11,20-trione 
2p, I&X-( OAck-3, I 1,20-trione 
A’-3, I I ,20-Gone 
Aitio)-3, 1 1,20-trione 
Ale-3 11 20-trione 
2-Br-h1-‘3, 1 1,20-trione 
la,2a-epoxy-3,11,20-trione 
2&OH-A1e-3, 1 1,20-trione 
~/~-OAC-A~~-~, II ,20-trione 
3~0H-A*~-3 11 20-trione 
~LZ-OAC-A~‘-; 1 i 20-trione 
2-OAc-A1Jd-3: 11:20-trione 
3a, I 9-( 0 H&-Al*- 11,20-dionc 
3~,19-(OAC),-A~~- 1 I ,20-dione 
3a, l9-( OH),- I&, 17wepoxy- I l,20-dione 

0~62,a0-%, 1.0, 1.04, I.05 
0.8, 1.01, 1.07, 1.13, 1.22 ;*;: i/z ’ I 1 
O-69, 1.01, l-06, 1’13, 1.22 2.91 (14*j 
0~61,~ 0,9, OS%, 1.04, 1.12 2.68 (13b) 
082, l.07, 1.07, I-09, 1.12 2.92 (146) 
064, 1.08, 1.09, 1.12, 1.12 3.11 (146) 
0.73. 1.02, l-12, 1.15, 1.23 3.15 (14”) 
0.68.*097, 1.01, 1.06, 1.08 2-94 (Is*) 
O-69,* 1.03, 1.09, 1.09, 1.13 2.94 (14*) 
O-69,* l~O4,1+t, 1.1, l-24 3-o (15b) 
0#73,*0.92, 1.1, 1.16 ca 3.1 (obsc.) 
O-74,* 0.98, 1.03, I*09 3-08 (14)b 
O-63.* 1.04. 1.12, l-18, 1.23 3.04 (13*5b) 
0*67,b 1.08, l-13, 1.13, 1.19 3-l (14b) 
0.7.” 1.11, 1.18, 1.27, l-3 3.19 (14”) 
0*67,* l-08, 1.11. 1.29. I.39 3.13 (14b) 
O-67,* I *06, 1.11, 1.26, l-36 3-16 (14*) 
0.77, 1.08, 1.23, 1.23, l-54 3.5 (l4b) 
0.76, 1.11, 1.14, l.3, 1.4 3.26 (14*) 
0.72,n 1.1, 1.29, 1.34, 1.34 3.29 (ISO) 
O-7.0-98, l-17, l.18, l-26 3.17 (14b) 
o-66,* 0.96, 1*2,1*22, 1.25 obsc. 
0.95, 1.13, l-13, l-18, 1.23 3.06’ 
o-7, l*O, l-04, 1*21.1*34 3.16 (14*) 
0.7, l-1, 1.16, l-21, 1.37 3.3 (14b) 
0*94,* l-12, 1.l3, 1.21, l-29 3.07c 
O-95,* 1.14, 1~14, 1.26, l-26 3*lc 
0*74,0*93,* l-05, l-21. 1.3 2-88 (lS*) 
o-91,0*94,* 1.07, l-21, l-24 2.9 (16*) 
0*98,* 1.12, l.2, 1.27, 1.3 3.0 (15b) 
O-86, 1.01, l-1, l-2 2~98~ 
0.93, 1.02, 1.02, 1’1 2.92 (l5*) 
0*9,0*97,” l-12, I.2 3.67 (15O) 

2.1 (14) 
2.59 (14) 
2.25 (14) 
2.13 (13) 
2-6 (14) 
2.43 (14) 
2.43 (14) 
2.27 (15) 
2.27 (14) 
2.28 (IS) 
2.44 (14) 
2.49 (14) 
2.48 (13.5) 
2.47 (14) 
2.51 (14) 
2.5 (14) 
2.53 (14) 
2.55 (14) 
2.5 (14) 
2.51 (15) 
2.57 (14) 
2.54 (13) 
3.06c 
2.6 (14) 
2.62 (14) 
3*07e 

::Lr (15) 
3.12 (16) 
3.21 (15) 
2*98c 
3.12 (15) 
2.35 (15) 
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Compound 

Table 1. (Conhzued) 

6, Me groups S(J), 12a-H 6(J ), 133-H 

4,4,14a-Trimethyl-19(10 ---) 9fi)abeo- lOa-pregn-5-enes (I) 

34 3a, 19-(OAck- I6a, 17a-epoxy- I 1,20-dione 0+98.0*98, l-02, l-2 3‘69 (16”) 2.42 (16) 
35 28.1 ba, 19-(OAc),-3,11,20-trione O-87, 1.32, I-36, l-41 3.31 (14b) 2-59 (14) 
36 Z&19-(OAch-Al*-3, I 1,20-trione 1.09, 1.14, 1.31, 1.31 3.02 ( 15b) 3.22 (15) 

4,4,14aTrimethyl- 19( IO 3 913)abeo-56, I Oa-pregnanes (II) 

37 $3,6&epoxy- 11 -one 
38 5/3&Lepoxy-20@OH-AX- 11 -one 
39 2a,3a,5/3,6/3-diepoxy-2O~-OH-I l-one 
40 5@,6/3-( OH),- I I -one 
41 5/3-OH-6&OAc- 1 I -one 
42 6,ll -dione( 58-H) 
43 6, I I -dione (5a-H) 
44 S/3-OH-6,11 -dione 
45 As(*o)-6, 11 -dione 
46 3a, 19-(OH),-5&6@epoxy- 1 I-20-dione 
47 3a,l9-(OAch-5&6&epoxy- 11,20-dione 
48 3a, 19-(OAc&-5/3,6p-(OHX- 11,20-dione 
49 3a,6& 19-(OAc),-5p-OH- 11 JO-dione 
50 5@0H-6@-OAc-3, I l,20-hone 

0*56,=0-7, l-06. 1.08, 1.12 
0*76,0-76, 1.1, I-14, 1.18 
0.75,0*8, 1.09, l-15, I.15 
0.59,” l-04, IN, l-21, I,24 
0.56,” 0.84, t-0, 1.26, l-33 
O-61,” 1.02, l-04, 1.16, 1.28 
0*76,b l.02, 1.02, 1.26, l-3 
068.*0-97, l-11, 1.11. 1.23 
0.68,” O-92,0*92,1.04, l-12 
0.7 I,* 0.84. 1.03, 1’ 18 
0.7.0-7, 1.08, 1.17 
0-74.b l-03, l-03, 1.31 
0~76,~ 0.83, 1.02, 1.41 
0.6,b l-02, 1.18, 1.27, l-33 

2.76 (14”) 
2-9 ( IS*) 
2.91 (154) 
2-6 (14O) 
2.61 (14”) 
2.69 (14”) 
2-53’ 
2.59 ( 15b) 
2.87 (ISa) 
3.07 ( 14”) 
3.05 (146) 
2.93 ( 14b) 
2.94 t 14*) 
3.02 (14*) 

2.11 (14) 
2.61 (15) 
2.59 (15) 
2.12 (14) 
2.12 (14) 
obsc. 
2-53c 
2-26 (15) 
2.31 (15) 
2.45 ( 14) 
2.49 (14) 
2.53 (14) 
2-56 (14) 
2.55 (14) 

4-4,14a-Trimethyl- 19-nor- 1 Oa-pregn-5-enes (I II) 

I l-one 
3a-OH- 1 I ,20-dione 

0~65,~ 0.%, 1.01, I .05 
O-64,* 0*98,lW, l-09 

2024~ 2.24’ 
2-71 (16”‘) 248 t 16) 

53 3a-OAc- 1 I ,20-dione 0~65,~ I-0. 1.05. 1.07 2.73 (16*j 2-5 (i6) 
54 3a-OH-A1a- 1 I 20-dione 

3a-OAc-Aj8- 1 i 20-dione 
O-89,* 0*98,1G3, l-09 2-59 (17”) 3.03 (17) 

55 0*9.099, I-02, I *05 2.6 (17”) 3.07 (17) 
56 3a-OH-l&, 17dr-epoxy- I 1,20-dione 0.84,‘0.97, 1.07. 1.16 3.36 ( 17Q) 2.36 (17) 
57 3a-OAc- I&X, I7a-epoxy- I 1.20-dione O*85.aO+9, l-06, 1.18 3.36 (17a) 2.38 (17) 
58 3a-OAc- I6&17@epoxy- 1 I ,%O-dione ( 1 7a-AC) 1-O. l-05, 1.06, 1.22 2-66 (17b) 2.92 (17) 

4,4,14a_Trimethyl- IO-nor-5a,lOa-pregnanes (IV) 

59 5a,6cr-epoxy- 11 -one 
60 5~t,6(3-(OH)~- I l-one 
61 Sa,6~~-(0H)~-l l-one 
62 Sa-OHda-OAc-1 l-one 
63 5 a,6a-(OA&- 11 -one 
64 5a-Br-6P_OH-1 l-one 
65 Sex-OH-6kBr- 11 -one 
66 3 a-OH-5 a,6a-epoxy- 11,2Odione 
67 3 ~-OAC-S~,~~-(OH)~- 11,20_dione 
68 3a-OAc-5 cx-Br-6&OH- I 1 ,tO-dione 
69 3 a,ticl-(OAch-Sa-OH- 11,2Odione 
70 Sa,6a-epoxy-3.11.2~trione 
71 5a-Br-6~-OH-3,11,2O-trione 

0*59,0,72,0.97, 1 a06 
0.67, l-03, 1.03, I-06 
o-59, I-04, l-07, 1.07 
O-6.0.85, I *04, I *07 
O-62.0*97, 1.02. 1.14 
0~66,~ 1.08, 1.21, l-37 
0.69, l-01, 1.1, 1.1 
0*58,* 0.84, 1.02, l-05 
O-58: 1.02, 1 *O4, l-1 
O-6,* 1.12, l-15, 1.32 
0*6,* 0.86, l-07, 1.1 
O-58,0.85, l-07, I .28 
O-66, 1.18, l-31, I.44 

2.19 
obsc. 
2-34 (16&) 
2.32 (16*) 
2.32 ( 16b) 
2.39 (166) 
2.25’ 
2-7 (16*) 
2.5 1= 
2.98 (16*) 
2.7 ( 16b) 
2.72 (IS) 
obsc. 

2-W 
obsc. 
2-13 (16) 
2.12 (16) 
2.12 (16) 
2-19 (16) 
2*25c 
2.47 (16) 
2*51C 

::: I :z,’ 
2.5 (16) 
obsc. 

4,4,14a-Trimethyl- 19-nor-58,l Oa-pregnanes (V) 

72 5&68-epoxy- 1 l-one 0~62,~ O-7,0*89, 1 Xl9 2*17c 2*17c 
73 3a-OH-5/3,6&epoxy- 11,2Odione 0*63,0&l, 0.98, 1.04 2.62 (17*) 2.43 (17) 
74 5fi,6fi-epoxy-3,11,20-trione 0*64,bo-861.03, l-19 2.66 (17”) 2.44 (17) 

4,4,14cr-Trimethyl-l9-nor-5/3,9~,lO~pregnanes (VI) 

75 5/3,68-epoxy-f I -one 0.72,0*85,0*88,= t-05 248 (176) 2.07 (17) 
76 3 a-OH-5&6&epoxy- 11,2Odione 0*85,0-87,0*93,1.02 2.83 (17) 2.37 (17) 
77 3a,6/3-(OAc),-5P_OH- 11,20-dione 0*7,0-73.0-98, 1.11 2-76 (17) 2.39 (17) 
78 5&68-epoxy-3,11,20_trione 0*87,0-89.0-98, 1.28 2-84 (17b) 2-4 (17) 

*Clearly defined splitting due to long-range coupling (see text for magnitude). 
*Signal broadened due to long-range coupling (see text for magnitude). 
‘A, singlet. 
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5,6-functionality. In certain cases, accidental shift 
equivalence or reversed relative chemical shifts of 
the 1Zprotons is seen: this is usually associated 
with the presence of a A%ond and results from 
selective deshielding of the 12@proton, which 
molecular models show to lie close to the nodal 
plane of the double bond.” It is evident that the 
equivalence of the 12-protons. where a singlet is 
seen, is anisotropically induced and is not in itself 
indicative of c-ring flattening as has been suggested 
in an earlier study5 upon cucurbitacin derivatives. 
Other examples of functional group anisotropy are 
seen in the 17~Br derivative (18) and the 16a, 17a- 
epoxides, (33) and (34), where the 12a-proton 
signals suffer large downfield shifts. 

Certain exceptions to the median J,. value 
were observed; two A1(Lo’%ompounds, (4) and (22). 
had Jgr,,, I3 Hz, and two unrelated compounds, (29) 
and (34). had Jaem 16 Hz. The significance of the 
latter deviations is not apparent, but the absence of 
the loo-H/l 4cr-Me interaction in 4 and 22 could 
indicate that their c-ring conformation is close to 
that of an undeformed cyclohexanonc chair:? and 
by implication that the c-ring of compounds ex- 
hibiting the 14-15 Hz splitting is slightly de- 
formed. The A5”*)-6,l I-dione (45) represents an 
inconsistency in this argument since J,, 15 Hz is 
measured in spite of the absence of the same 
interaction. This aspect of the problem requires 
further study. 

The presence of clear long-range coupling in all 
the 9&Me derivatives (I and II) indicates that the 
conditions for adequate u-orbital overlap are ful- 
filled,20 and hence that any deformation of the c- 
ring to alleviate the lOa-H/f4a-Me interaction 
must be very slight. The heavy substitution on the 
c-ring restricts the possible modes of deforma- 
tioP to that in which the 1 l-CO group pivots 
symmetrically in the vertical C( 1 l)lC( 14) plane, and 
in so doing, energetically competitive interactions 
between I I-CO/la-H, 9PMeI8P_H, and ulti- 
mately 9B_Me/ 13/l-Me, become significant. The 
results suggest that these factors suffice to inhibit 
significant deformation of the c-ring, and that 5,6- 
substitution does not materially affect the situation. 

The 9a-H series of compounds (III and IV) ex- 
hibit consistently larger coupling (16 17 Hz) be- 
tween the 12-protons, and although long-range 
coupling between the 12a- and 18.protons is 
evidenced by broadenjng (w,,* ca l-1 ‘5 Hz), and in 
a few cases by splitting (J co O-5 Hz), of the respec- 
tive signals, it is of a lower order of magnitude than 
in the 9BMe series. The similarity in behaviour of 
the Ar(III) and 5u,6wdisubstituted (IV) com- 
pounds indicates that the c-ring conformation is 
not intluenced by a-ring functionality when 5~ 
configuration is present. The difference in J,, 
associated with the changes at C(9) can reasonably 
be ascribed to a change in the c-ring conformation. 
The larger algebraic magnitude of JIem in the 9a- 

series (III and IV) may be accommodated by 
a flattened c-ring in which the dihedral angle 
(8) between the norbital of the 1 I-CO group 
and the 12a-proton is decreased, thereby increas- 
ing the ?r-eontribution to Jnem.18*24 Furthermotz, 
the dihedral angle defined by 12a-H, C(l2). 
C(l3), C(18) will necessarily decrease from 
180” and so decrease the magnitude of J12a,11(.20 
A reason for this deformation is not immedi- 
ately obvious in view of the known preference 
for 9a-conl!guration in the A+ and Sa,6adisub 
stituted series (Fig 2). It follows that the e-face 
interactions in the 9/3-series represent an ade- 
quate driving force for 9_epimerisation, but that an 
energetically less demanding interaction occurs in 
the resultant Sa-products. Examination of mole- 
cular models reveals that the only consequential 
interaction in 9a-H compounds occurs between the 
l~proton and 1 I-CO group, and that this may in- 
deed be alleviated by partial ffattening of the c-ring. 

The S/$,6@-epoxy-l I-ones, (72-74), in the 9a-H 
series (V) are unique in that their thermodynamic 
instability suggests the presence of a boat-like 
B-ring (Fig 1). Nevertheless a similar 1 I-CO/l a-H 
interaction is present, and the NMR data (Jrrem 
17 Hz, and slight broadening of the 12a-H and 
13P-Me signals) indicate that the conformation of 
the c-ring is similar to that found in III and IV. 

The few 9&H compounds (VI) available might 
be expected to display simifar spectral behaviour to 
that of the 9@Me series (1 and II) since the 
skeletal configurations are identical. However, 
these compounds, (75-78) are remarkably similar 
to the 9a-H series (III-V) in exhibitingf,,, 17 Hz 
and little or no broadening of the 12~H and 
I3p-Me signals. The inescapable conclusion is that 
the c-ring is deformed at least to the same extent, 
but this time in order to alleviate the lO~H/l4a- 
Me interaction. It is suggested that the absence of a 
potential eclipsing interaction between 9P_Me and 
S/SH enables such a deformation to take place. 

The postulated ring deformations cannot be ex- 
amined quantitatively without variable temperature 
and solvent dependent studies; however the self- 
consistency of the results in Table 1 provides 
evidence for the sensitivity of the c-ring to C(9) 
configuration and substitution. It may also be con- 
cluded that the 9/3-Me-As-compounds (I) are “5/3- 
like” (i.e. similar to 11) in gross conformation. while 
the 9a-H-As-compounds (III) are ?a-like” (i.e. 
similar to IV). 

The S&epoxy-l l-ones described here are 
especially interesting in being simply represented 
in each of the structural types II, IV, V and VI, by 
37.59, 72 and 75, respectively. These compounds, 
together with the A&-l l-ones, (1) and (51). repre- 
senting 1 and 111 respectively, formed the subject of 
a more detailed investigation. The objectives of this 
study were to corroborate the conclusion based 
upon the data in Table I, and to determine the 
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influence of a 5,6-epoxy-group upon equilibration 
results (Fig 2) and ring conformation. 

NMR spectra of the six model substances were 
determined in CsDs solutions, and the AEgh 
vaIuezP of identifiable proton signals were ob- 
tained. (Table 2; 6 of Me resonances are included 
for reference purposes, but are not assigned owing 
to uncertainties in ascertaining the long-range effect 
of solvent-associated epoxy-groups.25) 

The solvent effect upon the 12-protons differs 
substantially in the 9/3-Me and 9at-H compounds. 
If it is assumed that the effect of the epoxy-group in 
37 is seen as a small positive increment (+0*05) to 
each of the lZprotons, the same difference factor 
(A cvc13 

CqDs 1+-H 
- AEz;W_H) of + O-25 reflects geometric 

sirmlarny in 1 and 37. This difference is consider- 
ably smaller (+0.12 to +Oa 14) in 51,59 and 72. The 
results for 1 and 37 are within the range expected 
for many steroidal 1 I-ones,ls while those of the 
9a-H compounds are compatible with a flattened 
c-ring chair since the 12~proton is thereby moved 
closer to the nodal surface at which a sign change 
occurs,*s*28 thus diminishing the positive increment 
for AEj&a_H, while the 12@proton retreats from this 
surface and acquires a greater positive increment. 
The 5/3&p-epoxy- 1 l-one (75) is remarkable in 
exhibiting near-equivalence of the AEzb values of 
the 12~ and 12@protons, and it is evident that the 
c-ring adopts a conformation in which these pro- 
tons are staggered toward the 1 I-CO group and 
thus equally influenced by association of that 
group with c&D,. 

NMR examination of the model substances 
under the influence of added Eu(fod),*’ proved to 
be highly informative. All of the compounds were 
examined under identical conditions (Experimen- 
tal) and the results are summarised in Table 3. 
Although competing complexation with the alter- 
native sites occurred in 37, 59, 72 and 75, giving 
rise to non-linear shift/concentration plots, all of the 
substances underwent highly preferential complex- 
ation with the 1 l-CO group, and linearity was ob- 
served to ca 0647 mol. equiv. of added Eu(fod)a. 
For the purposes of this study, apparent AEu 
values2B were obtained by extrapolation from S at 
O-3 mol. equiv. Eu(fod)S, in order to provide a 
uniform basis for comparison between mono- and 
bifunctional compounds. It follows that AEu values 

for strongly shifted signals in the 5,6-epoxy- 1 l- 
ones are higher than experimental values would be, 
while values for signals of protons in the environ- 
ment of the epoxy-group may be low. Attempts to 
separate the two complexing components were 
foiled by unequal preferences for selective com- 
plexation in the different compounds, and the inter- 
vention of experimental difhculties prevented the 
acquisition of reliable AEu data at 1 mol. equiv. 
Eu(fod)B. 

The AEu values obtained for the 1Zprotons sub- 
stantiate the aforegoing conclusions about the c- 
ring conformation. The 9/SMe compounds (1 and 
37) show the expected difference in shift rates for 
a-disposed axial and equatorial protons in a cyclo- 
hexanone chair,28 since AEu is measurably greater 
for 12/3-H than for 12a-H. A comparison of AEu 
for the 12~ and 12P-protons in the ~CX-H com- 
pounds (51 and 59) shows a much smaller differ- 
ence, and although it was not possible to distin- 
guish between the respective signals at higher con- 
centrations of shift reagent, it is assumed that 12/S 
H is responsible for the slightly higher AEu in each 
case. The 12-protons of 72 and 75 are mutually in- 
distinguishable by this method since their AEu 
values are identical. However, the assignment in 
75 was aided by evidence of long-range coupling - 
to the 12cu-proto?. The solvent-dependent data 
(Table 2) appear to confiict with AEu measure- 
ments in 72, since they imply that the 12~ and 12/3- 
protons are not equivalent. However, it is possible 
that the non-equivalence is too small to be measur- 
able by the Eu(fod), method. Alternatively, the 
two methods may not be comparable since the 
geometric requirements for aromatic solvent as- 
sociation15$30 need not be similar to those of Eu- 
complexation.31 

Attempts to define the c-ring geometry more 
accurately by applying the *contact relationshipsg 
did not give satisfactory results. This may be as- 
cribed to difficulty in obtaining quantitative data on 
the competition between functional groups for the 
complexing agent. The effect of the steric environ- 
ment of a given functional group upon the stability 
and geometry of shift reagent complexes is not 
clear, but it is evident from this work (e.g. compar- 
ing AEu for the &protons in 37,59,72 and 75) that 
it does play a role. Further progress on this aspect 

Table 2. Comparison of CaDa and CDCl, spectra of Aa- and 5,6-epoxy-l l-ones 

Compound GDt, (Me groups) 12&H 128-H 6-H 13/3-Me 

1 A6- 1 l-one (9/3-M@ 0.5 (d, l), 0.85,0.97,1*07, 1.16 -t O-23 -0.02 +0*08 +0*12 
37 5@,68_cpoxy- 1 l-one (9/3-M@ 0.42 (d, l), 0*73,0~78,0*95, 1.36 + 0.28 + 0.03 + 0626 + O-14 
51 A’- 1 l-one (9w-H) 0.53 (br), 0%6, 146, 1.08 +o-17 +0*05 +0*03 +0*12 
59 5a,6a-epoxy- 1 l-one (got-H) 0.46 (d, 0.5>, 0+4,0-73,1*08 +O-17 +0,05 +0~18 +0*14 
72 5&6/3_epoxy- 1 l-one (9 orH) 0.46 (d, O,S), 0#54,0.74, t-02 +0*2 +0*06 +0*25 +0*16 
75 5/3,6p-epoxy-1 l-one (9pH) 0~61,0*61,0~76,0*94 +0,22 +0*19 +0.25 +0*17 
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Table 3. Eu(f@, spectral data for As- and 5,6_epoxy- 1 l- 
ones 

Assign- Multiplicity and 
ment s 6 0*3 AEU splitting 

4,4,14a-Ttimethyl-19(10 + 9@)abeo- lOcw-pregn-5-en-ll- 
one ( 1) 

4-Me@) O*% 1.35 1.3 s 
Q-Me(a) 1.05 1.38 1.1 s 
9/3-Me 1.04 3.7 8-Y s 
13/3-Me 062 2.08 4.9 d, 1 
14a-Me 1.0 1.9 3.0 s 
l@H - 46 10,6* br. d, 12, w1,2 9 
6-H 5.55 6.17 2.1 br 
78-H 2-36 3.3 3-l 12-lines, 18,8,3,3 
7a-H - 266 2*5* q, IS,6 
SP_H - 3.76 6*3* d,8 
10a-H ca 2.2 4.5 7.7 br. d, 12, WI,, 10 

(obsc) 
12/3-H 2.1 544 11.1 d, I4 
12a-H 2.78 5.76 9-9 d. d, 14, 1 

5,6j3-Epoxy-4,4,14a_trimethyl- 19( 10 3 9P)abeo-519, lOa- 
pregnan- 11 -one (37) 

4-Me(p) 1% ;I; 1.5 s 
4Me(P) 0.7 1.3 s 
9@Me 1.12 3.58 8.2 s 
I3P-Me 056 1~84 4.3 d, 1 
I4a-Me 1.08 1.94 2.9 s 
1/3-H - - ca 4* br. q, 12,12,12 
la-H - 4.32 9.6* br. d, 12, w,,* 8 

g:: 
3.3 4.2 3.0 d, 5.5 
2-21 3.2 3.3 q, 16.5,9 
- 

;g - 
2.58 3*1* q, 16.5,5.5 
3 -48 6~0’ d,9 

lOa-H - 4.1 8*3* q, 12,3 
128-H 2.11 4.98 9-6 d, 14 
12a-H 2.76 5.34 8.6 d. d, 14, I 

4,4,14a-Trimethyl- 19-nor- lOa-pregn-5cen- 1 l-one (51) 

~-MC@ I.01 I.0 s 
4-Me(a) 1.05 1:: 0.8 s 
13/3-Me 0.65 1 a79 3.8 br. s 
14a-Me O-95 1.69 2.5 s 
la-H - 4.74 9*5* br. d, 10, wl,* 10 
6-H 5.39 5.93 1.8 br. d, 5, wlii 5 
78-H - 246 l-6* d. t, 16,5,5 
7eH - 2.86 2.4* q, t, 16, 11,2,2 
8/3-H - 3.45 4.7. scxt, 11, 11,5 
9a-H - 5.39 10*9* q, 11,5 
lOa-H 2.88 5.72 9.5 br. d, 12, w,,~ 10 
128-H 2.24 5.1 9.5 ?“+ d, 17 
12a-H 2.24 5.02 9.3 “s”+ d, 17 

5,6a-Epoxy-4,4,14a-trimethy1-19-nor-5a,10a-pregnan- 
1 l-one (9) 

4-Me(a) O-97 l-45 1.6 s 
~-MC@) I 06 1.52 1.5 s 

‘t”B’t-. VoL 29, No. 16-F 

Table 3. (Continued) 

Assign- Multiplicity and 
ment s 6 o-3 AEu splitting 

5,6a-Epoxy_4,4,14&rimethy1- 19-nor-5a, lOa-pregnan- 
1 l-one (9) 

1 ~/.&MC 0.59 l-52 3.1: s 
14a-Me 0.72 1.23 l-7 s 
1/3-H - 2-6 4* br. m, (obsc) 
la-H - 4.15 7~7* br. d, 12, 10 w~,~ 
60-H 3.22 4.4 3.9 d, 3.5 
7/3-H - 2.48 2.4” act, 15,7,3*5 
7a-H - 2.82 2.9* 15, 11 q, 
sp-H - 3.42 4*6* sext, 11, 11,7 
9a-H - 5.31 9-S+ 11,4 q, 
lOa-H 2.84 5.72 9.6 sext, 12,4,4 
12/3-H 2.19 4.38 7.3 “s”+ d, 16 
12a-H 2.19 4.29 7.0 “s”+ d, 16 

5,6P-Epoxy-4,4, lla-trimethyl- 19-nor-j@, I Oa-pregnan- 
1 l-one (72) 

4-Me O-7 1.0 1.0 s 
4-Me l-09 1.31 0.7 s 
13@-Me 0.62 l-74 3.7 br. s 
I4a-Me 0.89 1.61 2.4 s 
1/3-H - 2.9 4*3* br. q, 12, 12,12, 

Wll2 fJ 

la-H - 4.96 1*04* br. d, 12, 8 wllz 
6a-H 3.39 3.96 1-9 d, 2.5 
7&H - co 2-5 cu 1*7* m, (obsc) 
7a-H - ca 2.5 ca l-7* m, (obsc) 
8/3-H - 3.7 5.5” sext, 11, ll,3+q, 

8,8,8 
9a-H - 5*28 11*3* 11,7 q, 
lOa-H 2.88 5.63 9.2 mt, 12,7,2 
12/3=H 2.17 4.95 1, .I 

S 
12a-H 2.17 4.95 ;:: 4, s 9, 

5,6~Epoxy-4,4,14a-trimethyl-19-nor-5~,9~,1Oa- 
pregnan- 1 l-one (75) 

~-MC@) l-05 1.44 1.3 s 
&Me(a) 0.72 1.18 l-5 s 
13&Me 0.88 1.78 3.0 d, ca 0.4 
14a-Me 0.85 1 a52 2.2 s 
la-H - 4.98 8.3+ br. m, (obsc) 
6a-H 3.21 4.16 3.2 2.5 t, 
7&H - - ca 3.2* act, 14,8,2-j 
;;H” - - 3.58 - ca 3.9’ 2.3’ q, act, 8,8,8 14,8,2-j 

9/3-H 2.33 4.89 8.5 t,8,8 
IOa-H - 4.17 7*7* br. d, 12, 10 wilt 
12&H 2.07 4.32 7.5 d, 17 
I2a-H 2.48 4.75 7.6 br. d, 17 

*Value obtained by linear extrapolation from the 
Eu(fod)s concentration at which the signal is first idcnti- 
fiablC. 
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of the study would require appropriate monofunc- 
tional model compounds, Nevertheless, the 
empirical analyses presented in Table 3 afford a 
wealth of stereochemical information. It was 
possible by inspection to assign the Me signals, 
although differentiation between those at C(4) 
cannot be made with certainty. Crucial ring junc- 
tion proton signals were identified and assign- 
ments were confirmed by double resonance. In 
each case, the splitting patterns supported the 
configurational assignments and afforded further 
information about rinn conformations. 

The 6~, 7~, 7/3- and 8p-signalssin 37 reveal that 
the B-ring adopts the preferred half-chair confor- 
mation in which the couplings Jga,‘lo 5.5, JtiSn 0, 
J,a.,B 16.5, J7a,,,B 0 and J,8.a 9 Hz accommodate the 
approximate dihedral angles, $ga.,o - 30”, r&.,@ 
- 9W 07a,lW - 90” and &WI - 30”. The B-ring 
conformation of 1 is clearly similar. However, the 
data for the 9/SH compound (75) reveal that 
J 6a.7a -J acz.m = 2.5 Hz, J,a.m 14 and J~.RB - Jme = 
8 Hz. This is ascribed to a conformational trans- 
mission effect resulting from the c-ring defonna- 
tion,3 which imposes a half-boat conformation upon 
the B-ring ($gQ,7a - ~WB - 30”, &.w - 20” and 
+ 7a.00 - 140”). This is further evidenced by JusgB 
8 Hz which supports the contention that the two 
protons are nearly eclipsed (&a.ss - 20”). 

The appropriate signals of 59 show Jss,,s 3.5, 
Jsp,,, - 0 (very slight broadening), J7a.78 15, J,a.w 11 
and Jmo 7 Hz to which the approximate dihedral 
angles +W.,B - 30”, 4W.,a - 90”, &.m - 160” and 
&a,W - 40” are assigned. This half-chair conforma- 
tion for the B-ring is clearly very similar in 51 and 
59. Unfortunately much of the information for the 
5&6@epoxy- 1 l-one (72) is lost by the failure of the 
7-proton signals to undergo mutual resolution. 
Clearly the discrete signals are convergent in the 
concentration range of added Eu(fod), since the 
8P-H signal did not exhibit first-order behaviour. 
Consequently the only reliable information on the 
B-ring is that given by J,.,@ 2.5 and Jllor,loa 7 Hz, 
but this does not suffice to draw any conformational 
conclusions. However, the suggestion that the B- 
ring adopts a destabilised half-boat confirmation is 
not precluded by the data. 

A further point of interest in the compounds 
examined here is the high AEu for the la-protons 
(Table 3). This is readily explained in the 9ol-series 
(51, 59 and 72) since the 11 -CO and 1 a-H grou s 
are in close mutual proximity (O**..H 14-1.8 x ) 
even when the C-ring is deformed. The inteptomic 
distance in 1 and 37 is much greater (- 3 A), and 
1 OL-H is well below the nodal plane defined by the 
1 I-CO n-orbitals. The observation may indicate 
that the O.“.Eu axis is oriented toward the a-face 
in these two cases. 

The results described here clarify a number of 
conformational problems encountered in the 9fi- 

*‘J. E. Page, Annuul Reports on NMR Spectroscopy 
(Edited by E. F. Mooney) Vol. 3, p. 175, and refs cited. 
Academic ( 1970) Me, 9~ and 9/3-H cucurbitacin derivatives, and 

also demonstrate the power of the lanthanide shift 
technique in uncovering subtle differences in re- 
lated compounds. The need for caution in attempt- 
ing to apply the *contact relationship to defining 
molecular geometry in bifunctional systems is 
evident, but the empirical data sulke to support 
semi-quantitative conclusions, The evidence for 
deformation in the c-ring, based upon lanthanide 
shift rates of the 12-protons, is self-consistent, and 
should make it possible to apply such techniques to 
other steroidal 1 l-ones. 

EXPERIMENTAL 
NMR spectra were recorded for CDC& or CD, solns 

at 100 MHz. Shift spectra were determined by the addi- 
tion of 15 ~1 aliquots (ca 0.01 mmol) of a soln (ca 145 4) 
of Eu(fod), (O-104 g, 0.1 mmol) in CDCls (100 ~1) to the 
substrate (0.1 mmol) in CDCl (0.35 ml). CDC& was 
filtered through active A&O, immediately before use. 
N MR spectra were recorded after each addition of O*Ol 
mmol reagent, and the process was repeated until the 
resolution of spectra deteriorated to the extent of ob- 
scuring the desired data. This occurred at ca O-7 mol. 
equiv. Eu(fti), in 1 and 51, and at ca 1-O mol. equiv. 
Eu(fo& in 37, 59, 72 and 75. Duplicate determinations 
were carried out for each substance and the data reported 
in Table 3 were obtained from those sptcva which 
exhibited the closest fit to smooth curves in shiftlconcen- 
tration plots. 

Acknowiedgements- The authors thank Misses M. J. 
Cooper and L. Matthews for running the NMR spectra. 

REFERENCES 
‘Part VIII, Tetrahedron 29,1109 (1973) 
2J. R. Bull. P. R. Enslin and H. H. Lachmann, J. Chem. 
Sot. (C) 3929 (197 I) 

3J. R. Bull. /bid. Perkin 1627 (1972) 
‘JJ. R. Bull and C. J. van Zyl, Tetrahedron 28,3957 (1972) 
“D. Lavie and B. S. Beqjaminov, Ibid. #I, 2665 (1964) 
SG. Saucy, M. Miiller and A. F&t, Helu. Chim. Actu SO, 
1394(1967) 

W. S. Johnson, Experientia 7,3 15 (195 1); 3. Am. Chem. 
Sot. 75, 1498 (1953) 

“N. L. Allinger, B. J. Gordon, I. J. Tyminslci and M. T. 
Wuesthoff, J. Org. Chem. 36,739 (197 1) 

gJ. Caillet and B. Pullman, Theor. Chim. Actu 17, 377 
(1970) 

loA. D. Cross, E. Denot and P. CrabbC, J. Chem. Sot. 
(C) 329 (1969) 

*‘A. Rosowsky, The Chemistry of HeterocycCic Com- 
pounds (Edited by A. Weissberger) Vol. 19 Part 1, ch. 1. 
Wiley (19&I) 

InP. Crabbi, Optical Rotatory Dispersion and Circular 
Dichroism in Organic Chemistry ch. 7. Holden-Day 
(1965) 

laJ. R. Bull and A. J. Hodgkinson, Tetrahedron 28,3969 
(t972) 

*‘J. R. Bull and K. B. Norton, .I. Chem. Sot. (C) 1592 
(1970) 

lsD. H. Williams and D. A. Wilson, Ibid. (B) 144 (1966) 
l*G. F. H. Green, J. E. Page and S. E. Staniforth, Ibid. 

7328 (1965) 



Steroidal analogues of unnatural configuration- IX 2423 

18R. C. Cookson, T. A. Crabb, J. J. Frankcl and J. Hudec, =D. H. Williams, J. Ronayne, H. W. Moore and H. R. 
Tetrahedron Suppl. 7,355 (1966) Shelden, J. Org. Chem. 33,998 (1968) 

leN, S. Bhacca, J. E. Gurst and D. H. Williams, J. Am. 26J. D. Connolly and R. McCrindle, Chem. & Ind. 379 
Chem. Sot. 87,303 (1965) (1965) 

mC. W. Shoppee, F. P. Johnson, R. E. Lack, J. S. Shan- 
non and S. Sternhell, Terrahedron Suppl. 8 Part II, 421 
(1966) 

z*L. M. Jackman and S. Stemhell, Applicafion ofNuclear 
Magnetic Resonance Spectroscopy in Organic Chemis- 
zry ch. 2-2. Pergamon (1969) 

w. Moffitt, R. B. Woodward, A. Moscowitz, W. Klyne 
and C. Djerassi, J. Am. Chem. Sot. 83,413 (196 1) 

=R. Bucourt and D. Hainaut, Bull. Sue. Chim. Fr. 4562 
(1967) 

UM. Barfield and D. M. Grant, J. Chem. Phys. 36,2054 
( 1962); J. Am. Chem. Sot. WI899 (1963) 

27R. E. Rondeau and R. E. Sievers, J. Am. Chem. Sot. 93, 
1522 (1971) 

2RP. V. Demarco, T. K. Elzey, R. 8. Lewis and E. Wen- 
kert, Ibid. 92.5734 (I 970) 

2eP. BClanger, C. Freppel, D. Tizane and J. C. Richer, 
Chem. Comm. 266 ( 197 1) 

30E. M. Engler and P. Laszlo, J. Am. Chem. Sot. 93, I3 I7 
(1971) 

31R. von Ammon and R. D. Fischer, Angew. Chem. 
Intemat. Edn. 11,675 (1972) and refs cited 

32H. M. McConnell and R. E. Robertson, J. Chem. Phys. 
29,1361 (1958) 


