
CHAIR AND BOAT CUNF~RMATIONS IN THE A RING OF 
4,4-DIMETHY L-3-KETO STEROIDS 

?-be equifitium between the chair &nd twist bent 
conformations in 6-membered rings has been of 
considerabk interest in the past.’ In cycfobexane the 
chair is favored by 5.9 kcal moles’. and only if very 
space fiuing substituents were to occupy axial positions 
in the &air does the boat prevail at quilibrium. A 
13diaxisl inter&on between methyl groups is usuaffy 
not sufficient to make the proportion of the twist 
conformation important.’ 

In cyclobexanone where the energy diicrense be- 
tween twist and chair form is only 2.7 kcal mole ’ (Ref. 2) 
the situation is quite different. Recently in crystalline 
cycioheximide, 4 - 12 - (35 -d&ethyl - 2 - oxocyclohexyll - 
2 - hy~oxye~yi~ - 2.4 - ~~~~~~, two independent 
awkcuks, one with the cyclohcxanooe in the usual 
chair. one in B twist conformation, were found.’ In this 
case even the l$-diaxial interaction of one methyl group 
alpha to the carbonyl oxygen seems sufficient to 
destabilize the chair. 

One cyclohexarmne which has been studied exten- 
sively is the A ring of the 4,~ime~y~os~~~ 
system. Here, two methyl groups (nt C-4 and C-10) 
exhibit m i$&~xial interaction, which would be removed 
at the cost of torsional and an& bending strain if the A 
ring would adopt a twist conformation. Wbik a chair has 
been sbown to predominate in the Zo-brom&&methyl 
system, rmd a boat form in the 2cpimer.‘ the confor- 
mation in the 4,~~~thyl-~~~-3~~ system is not 
ax clear. 

In his extensive study of steroid ‘H NMR spectra, 
?bcbu concluded from the sbiits of the C-13 methyl 
protoestbatncbairaodootrtwistconformationis 
Present. TIM l9-methyl group does not fin in the 
diamagnetic anisotropy cone of the arbonyl group 
which would be expected in the twist form. In the 
cryslnt. fe shows a tlightfy Ratteaed chair.* Force &eki 
c&u&ion3 favor a fkttcned chair with ngcometry c&e to 
what is found in the crysmf, but the twist form was 
c&u&d to be only 0.2 kcal mote-’ higher in energy. 
which suggested an quilibrium in solution.* A disturbing 
factor isthe dipok momentof4.4-dimethyl&rostan-3,17* 
dione 2. which has been reported as 228 D in benzene 
soi~tioo.~ Neither the c&u&d chair not the twist form’ 
can explain this value since dipok moments of 3.96 D and 
2.75 MC cakulrced from the two Reometrks, respec- 
tively. From the known deviation between the txper& 
mental and cakulaled dipok moments in androstan-3.17” 
dione itsetf, WC wouM expect a dipok moment of 3.F 
3.7 D for 2 if the chair were to predominate in solution.* 

whereas spin-spin fouplii)gs between the protons on 
C-l and C-2 have been utilized in a 6rst order inter- 
pretation of the spectra of t-beterosub&tuted 3-kc@ 
steroids,’ the hi order spectra of the A ring protons in 
compounds I- have not beea analyzed. In the 100 MHz 
spectra, the resonances of protons H-2 ad H-2b are not 
overlapped by other peaks, The signals observed for 
compounds ta-c are identicsl in this region. The shifts of 
H-l, and H-la. which are hidden in the mutt&let of the 
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steroid absorption, could be deter&cd by d&k 
~~~u~~~ofH*~~H-~~~ 
of tire EufDPM), shift rageat did not simplity tbc rpsc- 
trum of la very much. and tbc pm on C-l ti 
overiapped. An R factor analysis of the shifted spectra 
did not allow exclusion of the twist conformation, but it 
could be used to assign the resonances of axial and 
equatoriP1 protons oa C-l Md C-2. 

iterative computer simulation of tbc spccfrum of la* ia 
carbon tttracbkrride. starting with the coup* constants 
reported for 4-t-butykyckhexanooe,~ gave the coupling 

constants shown in Tab& I. In benzene, the spectrum of 
la looks different due to the anisotropy shift of the 
solvent.” but simulation of this spectrum gave almost no 
change in the coupfing constants. Obviously, the con- 
formation or confo~at~~ equ~i~urn is similar in the 
two solvents. 

The large coupling constant between H-i, and H-2.. 
which is even Kruger than in at-butylcyckhex~~, 
rupires an aMi-peripbar arrangement. which cxciudes 
a major amount of the twist co~o~tion. The increased 
coupling constants between the other vicinal protons may 
k explained from both the pucker of the A ring in the 
C-UC-2 region, as found in the crystal structure of lc 
compared to the ring in 4,4dipbenykyclohexanonone,‘z 
and from the repulsion between the axial protons H-l. 
and H-2. and tire additional su~tit~nts present in the 
steroid. This effects a decrease in the HCCH dihedral 
iM&kSrodiUlifkTUW in the coupling constants. So tbc 
coupling observed is in fub accord with the chair con- 
formation of the A ring in sohrtion. 

With lb avail&k, we afso redetermined the dipok 
moment of its oxidation products 2, in benzene and 
carbon tetnchloride. V&es of 3.40 D in benzene and 
3.71 D in carbon tetrachkride were found, which fall in 
the expected range for the chair conformation. The NMR 
data show that the di&rence in the dipok moments in 
the two solvents cannot be explained by a major shift in 
the conformational quailibtium. It appears to be due to 
a solvrtioo effect, althougb small changes of the 
pomttryofthcAorrdI)rinpw~hchmigtrtnlterthe 

F+. 2. ‘H NMR spectra d tr in carbon tetrachbride ta) aad benzene fb) and spectra simutated wish the coiiptiaa 
constants in T&k I. 



Jl a,2a 

Jl a,2b 

‘lb,2a 

Ulb,2b 

J2.,2b 

dipok momcat but not the NMR coupling constant 
cannot be excluded. 

How can the err-s dipok moment of 2, repor@! 
earlier,’ be explained? Compound 2 is prepared from 
4,CdimrthykndrostJca_Eon-1791. with the bydro- 
*nation of the steriaJly hi&fed do&k bond as a 
critical step. we found that this bydrogerMhorl some- 
times proceeds witbout dif?kulty, but often the start@ 
m,iuerial is rccovcrcd uncbaqpi. Thii kd us to consider 
the possibitity that the sampk orighlly used for tbc 
determination of the dipok moment may have inad- 
vertently been the unsaturated compound. Force &eld 
cakulathos of the two most probabk conform.atiorts of 
4,4-dimethylandrost-Scae-3,17dione 3 were carried out, 
andpvefortbcringAcboiradipdemomcntd4.1 D 
and a relative energy of 2.8 kcal mok-‘. For the twist 
boat, the cakulated diik moment was 2.2 D. at relative 
energy 0. So here the twist &at is calculated to be 
considerabty more stabk tban the chair. 

twist cooformatioas cannot be determined from the 
NMR and dipok moment measurements, but a value of 
at kast I kcal mole-‘, correspomiiq to 9096 chair seems 
appropriate. It is immt to note that tbt twist bort of 
this cyclohanone system is not as free to relax as in a 
monocyclic system where (in cycbheximitk) the chair 
and twist forms are similar in energy with only one axial 
mech~inthechpir.OnIbeotberhad,tvbtnabridp- 
hadyp’wboaisrrplrcedbyMn*cubonatom,arin 
3 and 4. the riqj does adopt a twist conformation. 

WC have determioal the dipok moment of tbc A’ 
compound in beazene, and found a vahtc of 230 D. This 
value is to within experimental error the same as the 
erroneous moment reported earh’ for the saturated 
compound, and is in excelknt agreement with the cal- 
culated value for the conformation with the A ring in 3 in 
the twist conformation. 

‘H NMR spectra WQC recoded on a led JMNIOO spectra- 
rncter at IOOMHz, in carbon tetr&bri& or benzene sdution 
trrtunted). I-be coaqmer limutrtiocu d tbc spctra were per. 
formed with rbe LAWN415 p91pun’ 

Tbc &termitmtioa of the dipok moments foBowed the pro- 
cedure of Gulpdwim.” Dkhric cwstants wnt measured 
with a WIW Dipbtncter DU 01, and nfr&oa indices with an 
Abbe refractometer. at 20’. No correctioa for rtcuhc polhz.alion 
wu made. 

Attempts to analyx the spin-spin splitting in the ‘H 
NMR spectrum of &e unsaturated anah of la, 4,4- 
dimetbykbokst-5cn-3-one 4 were kss satisfactory than 
witb the saturated coatpounds. The observed spectrum in 
carboa tetraclhide shows only 6 lines (probrbly in part 
doubkd) which can be assigned to the protons on C-2, 
the spectrum in benzene is even kss well resolved. 
iterative computer sitnuktiorl with coup@ constants 
similar to those determined for la wns unsuccessful, and 
with dihrent other sets of coupling comtants only 
moderate agreement could be obtained. The fact that the 
coupling constants in 4 must be quite different from 
those in 1 is co&tent with n non&air conformation in 
the A riug of 4, as is indkatcd by the force held cal- 
culotions and the dipok momeat of 3. 
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