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MaWa&--R.o@n and low-temperature CD of the title dicaoncs and trienoncs (3 16 9) ckufy show 
that a coafomatio~I equilibrium occ~n between two riop A half-chair cwformers. The relative 
stability of tbe hi, conformen depends on suktitutioo of ring A. Theu: raulu may be exuodd to 
otbct acti of rtcroidx and in partMar to ~-CO-39~~. CD of these enones (14 to U) is am&tent 
with a amfommiooai equilibrium between the known quasi-cis-quui-mm ccmfomen. l&e a)~- 
aovCnirl d~rmhond behviour of 2 ~-subtitutcd 19-oor-4-ca-3-o1~a is explained by a dynamic 
equilibrium in solution between the two afora-mentioned axformen ratber than by sir@ twist or 
dcfomcd boat cxxlformer. 

More than 15 years ago, Cotton effects in the 
P+P* transition region of conjugated dicncs and 
enones were claimed to refku the cl&a&y of the 
inbereatly diaaymmctrk conjugated cbromopborc. 
Further conformational analysis was limited due to 
the possible occurrence of less populous strongly 
rdive conformers and because low-wavelength 
ORD backgrounds were di!Iicult to analyse in 
terms of contributions from separate transitions. 
Nevcrtheiess, inversion of the ~-4 Cotton effect 
in C, irromeric 1-methyl-lQ-nor-pntgederoaes 18 
and lb could be related lo opp0aitc cbiraiities of 
the enone cbromopbore’ and accordingly the con- 
fomtioo of ring A of the I @ isomer Xb WM 
assumed to be different from that of the unsubsti- 
tuted 1 or 1 a-substituted ti derivative. 

Depending on su~ti~tion, ring A of steroid 4- 
en-3-oncst has been assigned normal haif-chair, 
inverted half-chair and other conformations (Fig. 
l).’ Ia the solid state, ring A of unsubutitutcd (2 
2 = 2’ p H) or ‘la-substituted 4-t%-3-arm (2, R = 
Z- CD&, 2’ = H) takes up conformations close to 
normal b&f-chair, as shown by X-ray analysis”‘, 
and the same ritwtion prevails in solution at feast 
for the major conformer, as shown by CD, NMR 
and energy cdcdations.z s-’ Conformatiorur in sol- 
ution of 2, 2 dimcthyl derivatives (2 2 - 2’ - CH,) 
suggWed in the literature’ do not fundamentally 
dis8grce with X-Ray measurements,’ but those of 
Z&monosubstituted a-en-3-ones 2 (R = Z = H, 

*Only sterokb of oatural amftgurrtion 8s. 90, lOa, 
13&14awill&mrt&k~d. 

z’ = OAc, Me; R = Me, 2 - H, 2’ - OAc) have ft- 
maincd a matter of dispute for several years. ORD, 
CD, ASIS (aromatic solvent induced shifts) and 
vicinaf couptig constants of the proton at C, bave 
been studied. Conclusions were variable: inverted 
half-chair, twist and “half-boat”* conformations 
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Lettus following the Shuctun! number: 

-none: lllmubstitutcd X=X’=Y=yt=H 
-a: cr-substituted X,Y-CH> X’,Y’=H 
-b: +ubstitutcd X,Y’=CHS X-Y-H 
- c: 2,2-disubstitutcd Y = Y’ = CH, 

Ibc “half-boat” terminokspy is miskadinp. This coo- 
famcr.rcdravninFii1frorn2iaactually8dcformcdor 
d&or&d boat. IO haif* conformerr, tba l-2 dihedral 
angle is dose to *W; ac%wrdkgiy, lc%28- subsdnlcnIs 
~~~~w~~~~~er~~~t~~~ 
iaverted one, the equatorial suh&tusot at C, bcinf in 
both w roughIy cc@sed by the 3 ketone 8roup. 

Si8ns of torsion an* arc given acCordin& to 
BWXUL’= 
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Fit 1 Catfonuatiom of ring A in steroid 4x11-3-ona 

have been assigned to ring A of these com- 
pouods’ ‘* 4 Significantly enough, only conforma- 
tions close to normal or inverted half-chair could 
be found in the solid ~tate.~.” 

CD of the ~-+a* transition of steroid 4-en-3- 
ooes is expected to give vakabk notation on 
the conformation of the enone chromophore; un- 
fortunately, this wavekngth-region is complicated 
due to the presence of two bands, one of which 
conespoods to the isotropic n--+p* UV absorption 
and the other is of unknown origin.” This compli- 
cation does not exist for 4,94ien-3-ooes as 3 to 6 
and 4, 9, 1 I-trko3-ones as 7 or 8. Their r-+n* 
transitions are located rcspcctiveiy about 290-300 
and 340~1 and offer more favourable cooditioos 
for measurements.” As will be shown later in this 

paper, these enones, dienones and trieoooes all fall 
nicety into place in the same general scheme of ring 
A conformational behaviour. This scheme is best 
established by first considering the dicbroism of the 
trienooes and dienones. 



c3malu dichroislo 

Circular dich.roism of 4, 9-&en-3-one.5 and 4, 9, 
11-Men-3-one5 

When carbon 1 bear5 an equatorial substituent, 
steric interference may occur between this sub- 
stitueot and the 11 methiie or methykne group. 
This interference may be relieved by a confonna- 
tional change of ring A and this in turn should be 
clearly noticeabk on the CD of tbe w--*n* transi- 

tion. 'Ilw, a l@-rubstituent (34, !Ib, 7b) should 
favour the inverted half-chair conformation for ring 
A and accordingly la-substitution (3o, S, 7a) 
should stabihse the normal haIf-chair. We feel that 
boat and other conformers must have higher energy 
and may to a finrt approximation be neglected. In 
the absence of conformational changes, Mt sub- 
stitution on C, or C, should have a negligible effect 
on the dichrokm of the ar+n. transition. Actu- 
ally, the dichrogramm (400 to 210nm) of l/3- 
methyl-dieooocs or trieoooes 3.b. !Ib, R are found 
to be roughly antipodll to those of the correspond- 
ing la isomers w S, 7a. The dichrobm of ring A 
unsuktitutcd compounds 3.6.8 or 2 Me subuti- 
tutcd analogs” Sr, b c, * b c arc intermediate 
between those of the la and 18 derivativcs’6 k 
ss, 7a and S, !B, 7b (Figs. 24)‘. 

Taking dkhrogrnms of the la and 18 methy- 
lrted oompouods as representative of ring A in the 
normaI and inverted half-chair conformations, one 
may roughly estimate the proportions of the two 
conformer5 for solution5 of unsubstituted or 2 
methyIsubstituted dienooes or trienones. Matches 
between experimental and calculated spectra are 
~urprisingiy good (Figs 24). Thus, the qualitative 
picture is that of a conformational equilibrium be- 
tween the normal and inverted half-chairs. The 
stability of the normal haIf chair decreases in the 
following order: 

loMe>ZaMe~ _2 unsubstttuted > tgh4e > l/IMe 
I 
2ai Me 

and for a given type of su~ti~tion 

trieoone > 11 &hydroxydienone > dieoone 

ass as6 as3 

The predominant conformations art normal half 
chair for the 2a-methyl-trienonc & and inverted 
half chair for unsubstituted or Z&methyl- 
substituted dienonw 3, 4b, 4e, 6 and trienooe I&. 
In agreement with these cooclusions, inverted half- 
chair conformations have been found by X-Rar 
analysis for the closely related dieoones 11,” 12, ’ 
l3”t and by energy calculatiom?’ for an unsubsti- 
tuted 4, 9-dieo-3-one as 3. 

Conformational equilibria in solution could in 
several CB~+X be confirmed by variable temperature 
CD measurements: I@- mcthyihydroxydienonc Sb 
and la-mcthyltrienone 7a were assumed to be 
pure conformers and their dichroism (in EPA)+ 

*2. 2 dimethyl compouBds Ic, k not ahoml 00 Fii 
2-4 have CD SiInilu to mole of the unurbrtitutcd 
uraiop: It A, 214, 300. 345am A*- +11.6; 
-17.8;+1.1, k A, 235, 320, 36701~ At - 
- 7.4; - 7.3; + 5.9. 

tSigm of the torsion an&s, Fig. 5. ret..” should 
l ctuslly be revcraud~ 

SS-5-2v/v mixture of ether. isopcntaae sod rb- 
5olutc ethaool 

/* 
f 

4-l 5b . 
. 

. 
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Fig. 5 CD o( umubstitutcd and l&methyl-ll@-hydroxy- 
dienonainEPArtmcmuutkwtanpenturc 

viiTualIy does not change between room and Liquid 
nitrogen temperature. On the contrary, drastic 
changes are found for the unsubstitutcd hydrox- 
ydienone 6 and Za-methyltrienone &. A5 ex- 
pect&, the low temperature CD of both com- 
pounds matches quite well the CD of the confor- 
motionally pure model compound (Rgs 5 and 6). 

I v -m 
Fii 6 CD of la- and 2a-rncthyttri~x~s in EPA and 

v* with tanpcrrturc 



Fii 7 Room-tanpcraturc CD of Za-mcthyidimoae 40 
in different s&vents 

l@-methyltrienonc 7) was unavailable for variabk 
temperature mewrewot, but 2@-methyltrknooe 
* showed at 320-322nm the expected trend 
(Ah u--,ar*= - 27at2O“md -37at -1Win 
EPA) and displacemeat of the equilibrium towards 
the more stable inverted half-chair conformer. 
Conversely, heating the ring A unsubtituted 
dknooe 3 incrcalcs the proportion of the ksx rta- 
ble normal half chair (AC, at 300 nm in o-hexanol 
rises progressively from -21.8 at -4CP to - 13.5 
at +llV) 

However, oo definite coodusions could be drawn 
from low temperature CD mcasuremcotx 00 the 
“uosubatitutcd” trienooe 8 oaf the 2o-methyl- 
dieoooe Ic At room temperature, in ethanol, both 
compounds appear to be mixturu of the two balf- 
chair conformers in about qual amounts. The 
dichroism of 8 does oot change tigniflcantfy with 
temperature suggesting a very unall energy differ- 
eocc between the two half chain. The dichroirm of 
& varks alightly with temperature but in a way 
inconsistent with a simple displacemeat of the coo- 
formational quilibrium. lXs is because CD of 4a 
ia very rolveot acnaitive (Fig. 7). Room temperature 
spectra ruggut a solvent dependent tautomeric or 

conformational equilibrium (pseudo-isosbatic 
points arouod 270 and 350 nm). The effect w 
surprisingly strong for a solvent displrrewot of 
conformational equilibrium. however thin cannot be 
rukd out and no better explanation ia prcxcotiy 
availabk. Anyway, strong solvent effecta in con- 
junctioo with conformational equilibria arc ex- 
pected to kad to unpredictable CD ruultx at vari- 
able temperaturea, cspcdally in mixed lohfeotx u 
EPA and accordingly the pccuGar bchaviour of & 
is not incoosisteot with our general conformational 
scheme. 

Introductioo of 9-10 uIUatur8tioo in 4-co3-ona 
confers new flexibility to steroid ring B. Dreiding 
modelr show that in the ring A inverted half-chair 
conformer rteric l-11 intcrfercooe might be re- 
kascd if ring B were alao in an inverted conforma- 
tion (Fig. 8). 

If thin were the ca8e, the inverted half-chair 
conformer would be rigni8cantly destabilized for 
the 7o-methyldienooe 9 compared with the unsub- 
rtituted analog 3. In the inverted ring B conformer. 
the 7a-po8itioo is qurtorial and 7o-substitution 
would 1-d to ateric hindranoe bctweco the 7a- 
rubstitueat and the 15 mcthykoe group. That such 
interaction does not oazur is dearly ahown by the 
doserimiityofCDspcctraof3and9,bothat 
raom and low temperature (in EPA, 3 hn AL at 
293om=-2lat20”and -26at -1o(p;9nhows 
AL, --20 at 20” and -28 at - 15CP). TINS, 
ring-A inversion proceeds without a coocoaitant 
inversion of ring B and ring-B confomutionr in 
solution are 001 fuodameotaUy different from those 
found in the solid state for similar rtrudurer (11, 
12, 13). 
Conformhood equilibria similar to thaw de- 

scribed above have also been found in steroid 



‘I-oxatrienoacs 10, lk, lo) (Fig. 9). Again CD of 
the C, methylatcd isomcric compounds arc roughly 
antipodal. They also bear some crude rescmblana 
to those of 1 methykrknoncs 7% 7b. Room- 
temperature CD of the unsubstitutcd &tone re is 
intermediate aod consistent with the prescnoe of 
two conformers in roughly equal amounta. 

Tbougb the true half-chair geometry certainly 
differs to some extent between tbt trienk ketonea 
as 7 and 8 and lactones as 10 it appears that 
conformational equilibria are quite geaeml for 
steroids with a partial 4-en94zarbonyle structure. 

Despite tbe expected dit?ia&ies, this prompted 
us to reexamine steroid 4-cn-3snca for the oczur- 
rena of similar equilibria. 

Circular dickrvism of tttmid 4-en-3-ones 
a*n* and o-+?r* tmIlsiti001 are well mepa- 

rated, but the firsr is somewhat obscured by the 
occurrence of a low-wavelength band usually ap- 
pearing as a maximum or intkxioo. Sometimer this 
band is too weak or haa merged with tht”isotropk” 
P-+P* band around 240 am. As already notioed 
for 19-nor-progcstcroacs ti and lb, C, isomeric l- 
methyl-4-en-3-ones l&-Mb and Zt-tlb give rise 
to op ite Cotton effects in both W-+TT* and 
n-+n p” regions. Except perhaps for tbe high- 
frequency component (usually in the 210-2200m 
range), dichrograms of the unsuktitutcd or 2 
methyl substituted enones show intermediate CD 
intensities. According to their room-temperature 
CD, 44~3-ones may be roughly dassikd in the 
folIowing order (Tabie I): 

1 a - Me,Za - MC, 
(un$ubstituted) 

(2,2-di Me) 
,28-Me,lf3-Me 

/ 2 

P / 

lo 

2!! 

This is identical to the relative stability sequence 
of tbe two half chain found in the dienone or 
trieoone series and suggests that a similar type of 
~~b~~ may operate for enones. Contrary to 
d&nones sod tricnooes, the proportions of the two 
conformers cannot be quantitatively deduced from 
the dichrograms of cnonu. because none of these 
dichrogmms can be taken as truly nprescotative of 
a pure half chair. Substitution effecta are expecfcd 
to occur for II-W* tranaitionr, even without con- 
formational change. Tbc P+P* transition may be 
thou&t to be independent of substitution as rucb 
and to retkct exdusively amformatio~8l ch~gcs. 
U~o~a~iy, the shape and the intensity of the 
composite u-+# band depends on the mvekngth 
scpatatioa, sign 8nd iotecuity of the high-frequency 
component, and this compoaent seems to be quite 



!.& 2* 22Sf f+l4.5) 239 (el2.2) 1 320 f-3.0) ! 240 (16.1) 

!A - 220f 1~6) 239 (+ 7.3) i 320 (-1.6) 241 (16.9) 

!.z - 220 (*7.2) 23Si (+ 6.6) 317 t-t.91 240 (17.2) 

Lzc 2.2 2t5 (t6.6) 240 C+ 6.1) 322 (-2.3) 

LIP 28 213 (*S.S) 24S (-S.2) 322 (-1.0) 241 (t6.0) 

!a 28 204 (*4.3) 241 (-5.5) 1 322 (-0.9) 240 (16.8) 

!A 'P 245 (-21.5) 32s (*I.31 244 (14.7) 

218 (+ 8.3) 236 f+ tOI 322 t-2.3) 240 ((6.3) 

!A - 217 (ell.5) 23% (+6.3) 320 f-t.61 240 (16.3) 

Lk 2.2 2to (* 9.5) 335 (-2.0) 241 fts.9) 

La 2s 210 (+ 12) 243 (-2t.T) 322 (+t.3) '243 (14.5) 

ll- 6 -hvdroxv - n ,r\- 

a ia 243 (+23.6) 322 (-3.1) 24s 114.4) 

a 2a 228 (+13.S) 317 (-2.4) 241 ttS.0) 

a - 228 (el3.3) 24Oi (+10.7) 3t7 (-1.6) 242 (15.6) 

UL 'p 212 f+lO.B) 250 (-19.21 321 (+I.51 248 (12.6) 

ss 2a( 215 f+ft.7) 23Si (e8.9) 321 (-2.43) 24t (16.11 

mz 2p -203 (*tt) 244 f-26.7) 322 fel.43) 244 ((5.3) 

i I infl.x.ton 

aenritive to suktitution and solvent effects. Meas- 
urements are also adversely a&cted by instrumen- 
tal noise ( f 1 to l.SAt units peak to peak in most 
cases), which rises sharply towards low wavekogth. 
Despite these difficulties, results are consistent with 
the amformatiooal equilibrium hypothesis. 

Recent calculations on 19-nor-testosterone 14 
have shown that the energy di8erence.s between tbe 
two half chairs is small enough so that tx>th confor- 
mers (corresponding to qua&& and quasi-aumr 
fusions between rings A and B) should be present 
at room temperature.’ Both conformers bave also 
been found in the crystalline cell.” Room and 
low-tempemture CD of 19 nor testosterone 14 in 
EPA is shown in Pig. 10. By going from +20” to 
- 190”. the 230 nm maximum is bathocbromically 

rhfftedandritcsinintensity:at24Onrn,Acinaeascs 
by about 6-7 units. This increase originates in the 
displacement of the conformational equilibrium to- 
wards the more stable normal half-chair (quasi- 
truru) conformer. similar results are obtained for 
the dosely related 17 in EPA or 25 in MI* (Tabk 

l 1-3 v/v mixture of me~yf~e~ne &xd kopcnmae 

II). The shape of the 7r+rr’ absorptiona is some- 
what modifkd in the 19-methyl enones 16.26. The 
high-frequency component raises in intensity with 
respect to the low frequency one. The overall 
change with temperature (about 3Ar units) is defi- 
nitely smaller than for the 1Pnor analogs 14, 25. 
This would be in agreement with an increased 
stability of the normal half-chair (quasi-mans) coo- 
former in 16, 26 as compared to 14, 25 and is 
consistent with earlier gndings.’ The behaviour of 
the 1 lg-hydroxy compound 22 in EPA more 
closely paralkls that of tbe 19+x compounds 14, 
17 thou& AC, and variation of AC with tanpem- 
ture (-1Ounits rt 240nm from +20” to -1700) 
are somewhat higher here. 

As expected, la-metbyl-enones 2& 2% rhow 
little change with tempemture in the ‘II+ n* region 
both in EPA and MI; a single maximum without 
any intlexionr is fouod and it occurs at a 
wavelength dose to that of the isotropic UV maxx- 
imum. In other 4-en-3-ones studied here, separa- 
tion of the component bands in the m-u* region 
usually increases in apokr solvents. No separation 
is found for la-Me derivativts and tbk sugges& 
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Fig. 10 CD c4 19-nor-testosterone 14 in EPA and di&- 

eua? between +2(P and - 190” 

that the high frequency corn nent is very weak or 
absent. The whole v-w Ip” band of 27a shifts 
bathochromically at low temperature in both MI 
and EPA; this occurs without any significant 
change in AC_, band shape or area and thus 
should not originate from a conformational quilib- 
rium displacement. The 19-nor compound 14a (io 
ethanol) shows a AC, dcgnitely weaker than 27a 
(in EPA or MI) or tla (in ethanol or EPA). 
Unfortunately, neither 27a nor 22a were available 
for further study of this difference. lo-methyl- 
enones 11) and 21) show also a single rr+ar* 
band, which varies to some extent in intensity with 
temperature becoming more negative as tempcrr- 
ture is lowered. In these compounds, the inverted 
half-chair (quasi-cis) cooformer is predominant but 
some normal half chair (quasi-mans) should be 
present at room temperature. Thest conclusions 
are in qdualitative agreement with theoretical calcu- 
lations. 

Za-methyl-tnones 1% 2Oa, 22a show only a 
slight increase of the n -+ n* dichrobm as tempcra- 
ture is lowered and are mostly normal half chairs. 
A single n-+n* maximum is found in EPA, but 
this is certainly a composite band as judged by 
secondary inflexions or maxima in ethanol or MI 
(Tables I and II). Z/3-methyl enones show a very 
different bcbaviour depending on the presence or 
not of the 19-Me group. 20 substitution introduces 
1:3-diaxial interaction between the 2p-and 1944~ 
groups and strongly destabiliscs the normal half- 
chair conformer in the 1944~ compound 16). The 
strong negative n+a* dichroism of la is similar 
to that of lp-methyl-4-co-3-ones and in agreement 
with an inverted half-chair conformation. The 
proportion of normal half chair should be increased 

in the 1Pnor analogs 17). 1W and accordingly the 
P+W* maximum is less negative (AC - -6) io 
these compounds and consistent with roughly qual 
proportions of the two half chairs (taking for io- 
stance + 20 and - 30 as representative for normal 
and inverted haIf chair). AIso oo significant change 
of the n-n* absorption occurs in the temperature 
range studied and this indicates that the energy 
difference between the two conformers is close to 
nil. 

The ~-+a* CD of 2, 2-dimethyl-cnoncs does 
oot allow unquestionable conformational cooclu- 
sions, especially for the 19-Me ccxnpouod l& In 
the 19-oor series (lfc, 2&), a pure or nearly pure 
normal half chair is most probable. The PAW* 
dichroism does not change with temperature; it is 
comparable to that found for the oormal haIf chair 
of tcstosternone 16 but very different from that of 
an inverted haIf chair (as la) or a l-l mixture of 
the two conformers (as in 17) or lm). The n+rr+ 
dichroism (see below) is also consistent with this 
conclusion. In the dienooe of tricoooe series 
studied above, 2, 24imethyl derivatives are confor- 
matiooally very close to their 2 unsubstituted 
analogs. This should be also true for the 19-nor4 
en-3-one series, provided the 10 hydrogen does oot 
strongly interfere with other groups (espcciahy the 
28 Me) Actually, the conformations of the 2- 
methyl- 19-nor-enoocs or polyenooes studied here 
result apparently from only two factors: 

(a) the overall structure of the ring system (com- 
pared with trienooes. the normal haIf chair is stabil- 
iscd in enoncs and destabiliscd in dienones); 

(b) the preference of the ~-MC to more or less 
eclipse the adjacent ketone CO. This factor canctb 
in 2, 2-dimethyl compounds. 

The situation is less clear for the 2, 2- 
dimethylaodrosteoooes as 18~. Agaio the w-+x? 
CD does not vary with temperature but the overall 
shape of the dichrogram does not allow any dcfioitc 
conclusions. Unpublished X-ray results’ and energy 
calculation? show that io the solid state ring A 
takes a distorted 1, 2 diplanar (sofa) conformation, 
which may also prevail in solution, but it is not 
clear why an inverted half chair is not preferred. 

n + n* dichroism of enones 
In the early studies of CD, the ar+n* transition 

was unacczssible to measurement and most struc- 
tural and conformational studies were based on the 
n-+n* dichroism. Table III shows present results 
which are in general qualitative agreement with the 
foregoing conclusions. 

For conjugated cyclohexenoncs, the sign of the 
n+a* dichroism had been correlated with the 
enonc chirality or SNATZKE’s tint chiral sphcren 
and a theoretical calculation” of the isolated C= 
C-C = 0 chromophore predicted that for transoid 
eooncs the contribution of this chiiahty would lead 
to opposite sigos for the o+ ar* and ar+ ar* dic- 
hroisms. CD of 2&mcthylcstrenoocs 17b, 1s (Ta- 
bles I, II, III) first appeared to be in contradiction 
with this rule. Actually conformational equilibria 
may result in variable relative CD signs for the two 
transitions depending on the CD amplitude of the 
pure conformers and on their ratio at equilibrium. 
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nor,2a 

2a 

. 

nor.2.2 
. 

2.2 

23sJ 
I 
l 9.3 

216 l 13.0 

230 l r.2 

239-242 -20.8 

246-240 -20.0 

T2JIh -5.1 

237-240 -6.9 

237-240 -25.5 

238-240 -31.7 

230-230' l T.S 

~235~ A.4 
-215 +5 

240J tl.3 
y 210 l l3.0 

l 10.9' 

l 12.7 l l3.4 

l 1t.1 l 12.8 

l lt.0 l li.l 

411.5 

l l4.5 

l l9.3 

+12.6 

l ll.t 

l 9.2f 
*a.7 

f 

l 20.5 

l 24.6 +23.2 +23.7 

r23.6 l 23.6 l 22.5 

r24.8 l 25.1 l 25.2 

l 13.5= EPA 

l 14.0= EPA 

+16.3= MI 

EPA 

EPA 

l 10.3 c MI 

l 9.9c MI 

+20.6d EPA 

+23.0= EPA 

l 21.3 d MI 

+24.bd EPA 

-23.1 -23.9 -24.6 -25.0= EPA 

-22.5 -26.3 -29.5 -30.9d EPA 

l lS.O 

l 9.3 
l lt.7 

l 14.3 

l l4.5 +t5.4 +16= EPA 

l lS.8 l 14.0 +15.6d EPA 

l 9.6 410.4 +9.2d nr 

l ll.6 l 12.6 l ll.6 

l lS.O l lS.O +14.7d CPA 

-6.6 

-27.4 

-5.2 -4.0 CPA 

-6.6 -6.5 -6.3' EPA 

-29.5 -30.7 -31.6' EPA 

-31.9 -32.1 I41 

l 7.5 
*6 

l l.3 
l 13.7 

ea.0 l 0.0 

l 7.9 ea.3 
*6 l 7 

l 3.t l 3.3 
+14.6 l l4.6 

EPA 

l ~J.6~ EPA 
+rd 

l 3.5 d LPA 
l t4.9 

01 - pwk to pmak noiom ( f l.ZA& unltm unlm~. othmwi.. mtmtad 8 
b) - trmpmctlwly at +20* and at tha 1am.t tmpmrmtun wntlonmd 8 
Cl _ .t -190. , d) - at -170' , l ) - at -70’ , f) - at -f30* , 

9)-maxirum or infhsim , h) - pmk to pmmk nolam 
i) - f 

~2 2 AE unitm , 
v.ty broad rriru , J) - inflmrion 1 k) - N , l nor* rrfmring 

to 19 po*ltiom, k locatlfm 

The possible occurrence of ruch equilibria should 
thus be carefully examined and caution rhouki be 
exerci& when dr8wing conformational coilclusiona 
sokly from the o+u* region of conjugated 
enonc4. n+u* transitiona are expected to be more 
8enxitive to vicinaI suhuitution 88 tucil and to 
tempenture (Bae structure). Solveot effects may 
alao be very important: a particularly rtriking tale 
ix 8gain that of the 2@-methyl-utrenonu 17). 19b 
to be compared with the 2@-methyl-androstenone 
16) (Table IV, Fig. 11). This hehaviour b not 
exoeptionaI. Several other conjugated steroid 
ketonea ahow important changer in the n+ P* 
mgIonwIlareuchan#e4Inthea~n* region are 
much lea pronounced. No compktely satisfactory 
expknadon an be offered at the preaeot time but 
ckMy EPA Bpeclr8 at vuiabk telnper8turM are 

bound in such taxes to show a much more complex 
behaviour th8n that originating from a simple coo- 
formational equilibrium. 

Proton magnetic n?sollMcL 

Vkioal coupling oonstantd and aromatic solvent 
induced shifts (ASIS) have been used to assign 
conformationn to ring A of steroid4-e0-3- 
ooea.= 

When the 2 substituent is an OH or an OAc 
group, vkinal coupling constants J, and J, are 
readily measured and dihedral anglti deduced from 
ICarplus type relationa. Half-boa? and twixt’ coo- 
formations have been aaxigncd to 2@-acetoxy-19- 
nor+eo-3-ooes (2 R - 2 = H, Z’ - OAc) where 
J,-J, = 7.9’ or J, - 6.9, J, = 9.3’ in CDCl,. 
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2 b) 
YX 

and +20' -50. -100' -150' -170' 
or -190. 

u u. 333 -1.51 - -1.87') -2.06k) -2.12')* 

LPA 310, &j&, 344. 362 -0.22 - -0.26 -0.28 -0.20 

u Ja. 333 -1.46 - -1.85 -2.03k) -2.22c)k 

CPA 310, 339. 34S. 361 -0.21 - -0.26 -0.20 -0.29 

2s 312, 322, m, JSI. 366 -1.42 -1.AS9) -2.00 -2.20 

RI 312, 322, 336. 3S1, 366 -0.17 -0.20 -0.21 -0.24 

J.k Szp. 332 -1.49 -1.64 -1.72 -1.ezk) - 

CPA 317. ;up. 346, 362 -0.19 -0.23 -0.2s -0.2s 

u 312, 324. m, JSZ. 360 -1.46 -1.72 - -1.93') _ 

HI 312. 323, &U. 3S2, 367 -0.17 -0.19 - -0.21 

P xl. 333 -1.47 -1.67 -1.e4 -2.01k' -2.14c'k 

LPA 310, J& 346, 363 -0.21 -0.23 -0.26 -0.27 -0.20 

zlr XL&u -2.so -2.6S -2.19 -3.06 -3.25') 

EPA 321, && 348. 366 -0.30 -0.30 -0.41 -0.41 -0.42 

Ka- 327, m, 3SS -2.23 -2.4S -2.62 J) J) 

MI 315, 327. m, 355. 372 -0.29 -0.31 -0.32 -0.35 -0.3S 

u -xs -1.99 -2.16 -2.20 -2.23 

EPA 310, J& 347, 365 -0.20 -0.30 -0.31 -0.31 

uk - J&z. y, 347 +I.25 +I.39 l 1.49 +l.SO +1.67') 

CPA 300, 319, &jJ. 341. 363 +O.lS a.19 *a.20 l 0.21 +a.20 

a xa.Jiu *I.10 *I.57 +I.. 17 l 2.30 +2.4Td) 

EPA 319, u. 346, 364 +o.fe XI.23 +o.ze to.32 NJ.34 

La -2-- -2.27 -2.50 -2.67 -2.06 -3.02" 

LPA 316, m. 342, 3S7 -0.31 -0.33 -0.34 -0.3s -0.35 

U 323, X!L -2.48 -2.70 -2.94 -3.00 -3.lSd' 

EPA 317, yB, 343, 359 -0.35 -0.36 -0.31) -0.39 -a.39 

24A - 323, J& 349, 363 -2.34 -2.47 -2.66 -2.87 -2.SSd) 

MI 310, 321, m. 347, 363 -0.30 -0.30 -0.32 -0.33 -0.33 

UB 322. E -2.02 -2.21 -2.36 -2.49 -2.SOd) 
EPA 317, 1zp. 343, 319 -0.20 -0.30 -0.31 -0.31 -0.30 

uh 313, 32s. 336, 3S0, 367 -0.49 -O.SZh) -0.72 -l.03m) - 
EPA 309. 321, J& 349, 365 -0.07 -0.06 -o.oe -0.11 

ml 312. u. u. JSO. 361 -0.48 -0.64 -0.76 -0.93 -1.13c' 
EPA JOI, 320, J& 3413, 36S -0.07 -0.08 -0.09 -0.11 -0.12 

l&k 320. iu +I.23 *I.49 *I.69 +1.86 +l.PbC) 
EPA 316, 3zp. 342, 350 +o.I7 a.19 +a.21 l 0.22 a.22 

z&k - 322, J& 347 +l.S9 41.05 +2.09 l 2.12 
WI 309, 320, && 343. 363 +0.20 uJ.22 4.24 +o.ZS 
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01 for oath coa@ound and tomcmreturm , the figurn in tlw fint line ha& at 

ths ufn uxirum $ tha figws in the l xcond fo 
J 

*a 
A.c - . 

a. 
b? first line 

x x=’ at 20. , xxeond linx xnx at the 1oum.t txmpxxatun wownd I thm 

utn wxfsw ix undxrlinod, inflxxfonx art not 8hom. tf 8t * $90’ d) et -170’ 

xl ot -160’ I) l t -130’ gl et -40’ h) et -30' j) et -tSO*. the fine 

xtrustun ia washed aut. At -190’. x novoi fine 8tructufa l ppeors YX. 8t JJ& 

34Wm i&l. ot 322 end 36%e. This change in nvwsibl* and repmducLblo and 

ry orlpfnote from cryotetlitetfon or eggnrgation. The i-.x* dichmL.1 we. 

mxoourcld on 20 tira morm diluted xofutione xnd arytellitotion or WjgrW*tiOn 

.ff.cta, if my, S- within thm woaurernt error in thim ngion of the 

l peetrum. kf The invxrxion in the nlxtivx intmnxitixo Of thx -xi- at-320 

xnd 330nr ix x..n et -%OO* for u xnd at -150’ for II. u xnd 22. At thorn@ 

end lowxr tarpsratun8, figure* rxfsr to thxw330nr xrxilur. 

S +R* CD of #twoid 2p -rxthyl-4-wn-3-onx8 in 

different xolvante 

l peak to pexk noise lsxx thxn & 1 f!%& unit 

Actually large errors on individual J, J,, val- 
ued: may result from a lant order approximation for 
X in an ABX m,l* especialfy when the X 
part approximates the deceptively aimph! case, 
whereas the sum JI, + J, cnn always be deter- 
mined un~bi~ousiy. We suggest that the quoted 
hiividual values arc not representative and that 
these compounds rather involve a dynemic cquilib- 
rium bctwcco the two ring A half-&airs. If this 
were the case, the sum J,+J, should deaew 
am increaacs the proportion of the axial su~ti~~ut* 
In agreement with thir expectation, J, +f,, 
(- 16 Hz for 28-acetoxy-19-nor-rlen-3-oner) is 
below the range (17-20 Hz) found% ‘* ’ for all other 

It-hydroxy of 2-acetoxy-dsn-3-oaes (2 R- H or 
Me, 2 or 2’ = OH or OAc excluding R - 2 - H, 
Z’- OAc). Also in 2~-bydroxy4-cn-3-oae (2 R= 
Me Z=H 2*=1OH) J, decreases from -14Hz 
in chloroform to - 11 Hz in pyridine” ax the in- 
verted h&f-chair conformer h destabilized by 
breakage of the ketone-OH hydrogen bond. These 
data are again in satisfactory agreement with the 
dynamic equilibrium hypothe& 

in 2-methyl-4-cn-3-oner, the 2 proton coupling 
constants cannot bc caxiIy measured and ASIS have 
been used to uxign equatorial-axial orientations to 
the Me group.’ ASIS found here for representative 
20-and Z&methyl and 2-2 dimetbyl-cnoncs, 
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Fig. 11 n + P* CD of 2f3-methyllc~mr 18 and 17b in 
d&rent s&utta at room teatpemturc 

dienones or trienoncs (Experimental) may be exp- 
lained in terms of dynamic equilibria but are much 
less conclusive than the CD measurements. Shifts 
are often weak and liable to significant errors on 
the 60-90 MHz PMR scale. Alignments may be 
ambiguous. In caxcs as &, Mb, very significant 
solvent effectx are observed by CD and these 
should certainly be better understood before in- 
terpreting the ASIS values on a firm basis. 

A conformational equilibrium between two ring 
A half-chair conformers is found by CD for steroid 
4-9-dice3-ones and 4. 9, Il-tricn-3-ones. CD of 
4-en-3-ones is consistent with a similar equilibrium 
involving quasi-& and quasi-rraonr ring junction 
conformers; however, no firm conclusions could be 
reached for the 2, 2-dimethyL4-en-3-one in the 
IO@-Me series. In special cases, very strong solvent 
effects have been found and these deserve further 
study. Literature and present PMR data (coupling 
and ASIS) may also be explained in terms of a 
dynamic equilibrium. 
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CD.W,IRmdPMR meUultmettts were pcrforwd 
oo Rouucl Jouan Dichrognph Il or SA Imtrumcots 
Dishrograph Mark III. Cuy 14 or 15 W spcctrometcn. 
Grubb and Parsons IR !Gpccmmutcr. Varian A6QA or 
Bruker WH90 NMR rpech-owtcn. For Low-tempcnture 
CD measuremeats. a Rortt~l Jouan rnrhmeot yu urad. 

Unks olhawbe stated, CD 8nd UV A= (6 OI 

A6 are in 95% ethanol. IR frequencies in cm-’ far CHCI, 
solutiom, PMR cbemial sbifta g in ppm with respect to 
internal TM8 and coupling constants J in hertz for CDs, 
solm. a. d. m refer to singlet, doubkt, multiplet. EPA 
rcfen to a S-S-2 v/v mixture of ether, isopentlac md 
absolute ethanol and MI to 1 l-3 v/v mixture of metbyl- 
cydobeune and isopentanc. 

Volumes were cone&d for solveat cootnctioo accord- 
ing to ref. 25. 

JAG? wu computed by measuring A6 at 2.5 nm inter- 
V6lS. 

I-Merhyl-3-oxo-17B-4-2-o~-~~~, 9, 11-oi- 
CM (loI, 1Q)) were obtained tbrougb the poenl route 
de&bed for 10.M The 17 bentorte of 29 (R - - CH - 
0; Z-&H+) was first rutted at -7r wit!~ Me 
Mg Br to yield I mixture of alcobob (29 R - - CHOH- 
Me Z=&H,CO-_) wbkb could be separated u dinit- 
roberuxxta. After uponiAatiotl o( the dinitrobam#tc. 
the confIguration of tbe alcohob wm determined by CD 
of the oitrita and Horeau’r method of partial ruolu- 
ticm:’ Reformrtaky ruction and lwxoairrtiat~ followed 
by saponifiation of the l7-bmxmte and a~tylation 
yiekkd the two Imona. 

Compouod lb F- 166’ or,- +416’ (O.S%, CHa,); 
IR: 1718-1730. 1694 (C-0)1597, 1560 (C-C); W: 
228 (6.300) 327 (29.200); CD: 225 (-46) 325 (+ 16); 
PMR: 0.95 (u. 18 CH,) 1.45 (4 J - 7. 1 CH,) 2.08 
(L CH, C-O) 4.8 (m, H,,) 5.6 (a H, H,,) 6.13. 6.50 
&J--J-~~,~ H,J. -- 

_- 

Mb: F= 163” an- -546’ (0.54% * 
CHa3’; IR: 174Osb, 1722. 17071 16-1682 CC- Oj 
1598, 1563 (C- C); W: 229 (6.500) 323 (27.800); CD: 
222 ( + 45) 320 (- 20.4); PMR: 0.94 (I, 18 CH,) 1.47 (d. 
J -7, 1 CH,) 2.08 (s, CH, C =O) 4.8 (m. H,,) 5.6 (m, 
H,. H,,) 6.13. 6.42 (d, J = 10. H,,. Hi& 

2fl-hfe1hyk.s&wow 1Q was obthcd by kinetic 
mcthylath0” of 17-tctr8bydropynnyltutosterone fol- 
lowed by hydrolysis of tbe tetrabydropymnyl ether. 

Compound la: F- 1W a,,- - 85’ (0.55%. CHCl3; 
IR: MiO (OH) 1670 (C - 0) lz27 (C - C$; PMR: 0.79 i;: 
I8 CH.) 1.11 (d: J-7. 2 CH.): 1.17 (I: 19 CH.) 3.7 Im. 
H,,)5.?7(H3. . _’ . - . . 

17fJ-Aceraru of Z&methyl tcsmrlcronc and 19- 
ruxtulolrerone (Mb, la) were obtained by tltc staodard 
rcetylrtion procedure front the conupooding web. 

Compouod 1)): F - 125 ao - -34’ (0.8%, CHa,); 
IR: 1730 (acetate) 1666,1633.1626 (conjug&d ketone); 
w. CD, PMR (see text). 

Compound 2gb: F- 180” a, - - 850 (O.S%, ma,); 
IR: 1730 (acetate) 1670. 1626 (coniuertcd ketone): W: 
243 (15.800); CD: 242 (-27).32d c+ 1.45); ti: see 
text. 

24fethykhdcwnow (Ha, Mb). Methyhtioo of 
chokatenone u ru8gated”. ” led to a compound F- 
II~ Q - +ZP (2% toad F- II&III* 0o- +33.7 
(3Ia,&] wbkb wm oot actually a pure 2f3- 
metbylcbolatenone and coukl be resolved by HPLC 

Itma Vd U. No 22-F 
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(silica, isopropyl etber-uuace B l/7, v/v) into tbc pure 
2a - metby! 8nd 2@-mCth_: 

1.v. rkkroff, N. Dupuy, L. Ncdckc aad M. Lqnrtd, 

Compouad UI: F= 124’ a*- t 88’S (2%. CHQ& 
C4nnmunkatioa o”lS2. XVlii Conoquium !+ctrw 

IR 1668.1626 #-en-f-one) 884 (-C?i); UV, CD: we 
text; PMR: 0.72 (I: 18 C&f& 1.22 6: 19 CHd 1.12 (d: 

w l&m. Grcaobk (F-1 8eptcunkr 15-19 

“L N&c, J. C. Gwc., V. Dckroff. R. Buamrt aad 0. 
J- 7, 2 CH3 5.72 0&I. ’ 

Coapowd UI: F-90c tbcn llr a,--73’ (2%. 
crrakdnm 34, 2729 (1978). 

lt=L V. To&Ii, G. Catcrouna and V. Deluod! 
CHC&); IR: 1668, 1626 (Can-3ooe) 877 (- m; W, 
CD: UC text; PMRz 0.71 (8: 18 CH,) 1.15 (8: 19 CIi3 

Bull. Sot CXm. Fr. 669 (1977). 

1.10 (d: J - 7, 2 C&i,) 5.72 0. 
‘J. P. Monmn, 0. Lapiurd and J. Dekttr6, Acta 0yst 

178 - iuehory 2.2-d~ef~y~&o 4-en-3-Que. UC YU 
Rw, 27S4 (1974). 

obt&cdtbrou~kiaetkmctbykt&xl~ofL9nortw 
‘c. Courwjlk, B. 8wctt8, G. m rod M. Hocpiut 

J&f. Ul, 2290 (1975). 
twttfolx. 

Compouad UC: F- 83-84’; IR: 1650, 1612 (Cca-3- 
‘?5. Btucnr, 0. Comboston, C. CowsciUc and M. Ho@- 

one); W: 240 (lS.600); PMR: 0.82 (8: 18 CH3 1.07, 
ul, Ibid. B30, 2759 (1974) mad awwuioa ref. 18. 

1.10 (I: 2 CH& 3.3 (m.H,,) 3.37 (I: GCH,) 5.75 (H& 
=N. c &baa (RoumcI udaf) Private ooalaluaiat&a. 

Asts: 
"G. Prcc&m, B. Buwtu C. Gnuuii uwf M. Ho&- 

Cbemial shifts in CDCl, fdlowcd by (8,-g~+ 
taL Acta 0yi B31, lS27 (197s). 

z”o. Srutzkc and F. slut&e, Fmndmwud 
For &, 4b, #a, C&, vu used inttauf of c;;D, and 

ASIS couki sot be detert&ed for Ii+ Auigttmeab for 4t 
RacnuDe&pmewi.c$t&i~~~ 

ti 17~ were cbcckcd by progru& cb&op in mlwnt 
cemJorWchroCrmEditedbyF.Ci&.cUiwlP.S& 

A=g==ot for b 2-=w in tk = 
wdori) pp. 109-12s. Hey&a (1973). 
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(1971). 
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