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llk~-Methyl-$ardtoleat-7-en-3¢,15fl-diol and 14a-methyl-5a-cholest-7-en-3¢,l 5u-diol have been 
prepared by chemical ~nt.hegis. IJnequivoca! establighment of these structures was ba.~ed upon 
x-lay crystallographic analysis of 31~p.4ytomobenzoyloxy-14a-methyI-5~holest-7~n-1 5i~-ot and 
wa, ~appor,ed by ~'d~er ~.~trot',-~pic data. Spe~.~roseopic data were presented for the following 
ootapounds ~ in this Rud¥: 304~nzoyloxy-Sc:-cholest.-8(14)-en-15-one, 3~-be~zoylo×y.-i 4o: 
methyl-Sa-¢holest-7-en-l$-one, 3~-benzoyloxy-14w~nethyl-5a-cholest-7-en-15~-o3, t :.a--me~hy1-5o- 
c&olett-?-~n,31L1594..".oL 14,a-me,tl:yl-Sa-cholest-7-en-31Ll5a-diol, 3~,I 5a-bis-benzc yloxy- 14~,- 
me~yl-Sa-cholest-7-ene, 3a-p-bromobenzoyloxy-14a-methyl-5~-cholest-7-en-1513-ol and 3:LI 5~-bis- 
p-bromobenzoyloxy-14a-methyl-5a-cholost-7-ene. Studies of the metabolism nf [ i 6-~H i-14o,- 
methyl-Sa-ehol~g-7-en-31~,151~-diol t~ad [!6-~H]-14ot-methyl-Sc~-eholest-7~n-3~,l 5c~-~!io~ i~: ~iv~:~ 
homo wnates of female rats indicateA that only the 3fl,1504io~ was convertible to cholesterol 

I. Introduction 

The ~.nzymatic conversion of lanosterol (4~,4J3,14a-t "imethyl-5a--cholesta-8,24-dicer 
3/$-ol) to cholesterol involves the removal of the three "extra"  methyl groaps, leduc- 
tion of the A~-double bond, and "shif t"  of  the nuclear doable boT:d from '.he :,L 
position in lanosterol to the AS-position in cholestero. Our recent efforts have been 
directed towards probing the mechanism involved ~ 3 the removal of the 14a-methyl 
group of cholesterol precursors. With this goal in mind we have chosen to pursue 
studies of the metabolism of 14wmethyl substituted sterols lacking the A~-double 
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bo~d m~d the ~ l y t  groups at carbon atom 4. S*udies of the metabolism of such 
substrates ~o~ a marked sm~plhqeation in the ar~ysis of the p~ oducts of :ncubations 
of these substrates when compared with a comparable analysis of the produ :is ~rived 
enzymatic~y from lanosterol. A possible deficiency of this appr~ach lies i~ the f.-ct 
that such compounds may not constitute "natural" substrntes for sterol bi6~-ntkesis. 

suggestion res~:l on the fact that none of ~ methyl mbstitated sterols :'-~-'~-* c.__ l ~ k t q t ~ u  L t ~ t . s ~  

animal tissues [I,2] were assigned stractures corresponding to 4,14-dimcthyl-chole- 
ste;~ols or 14¢-methyi~holestenols. However, the reported ~0lation~ of (a) 14a-methyl- 
5~-cho|est-8-en-3fl,6¢-diol from ~ cactus Penlocereus macdau~lli [3], (b)4a-14~- 
dimethyl-5~-ergosta-8,24(28)-dien-3~ol from: gl~pefmit peel [4] ,~ ~ l a t e x  of 
E'aphorbia obtusifol~a [5], arid from a mutant of Saeeharomyees ¢erevisiae [6],  
(c) 4~, 14a-dimethyl-Su-eholest-7.en-3&ol, (d) 4a-14~-dimethyl-5,z-cholest-7.en-3&ol 
from feces and mecordum of newborn infants IT], (e) 4a,14~-dimethyl-5a-ergosta- 
8,24-dien.3/3-ol from a mutant of S. eere~s/ae [6], (f) 4~,14~-dLmethyl-Sweholest-8- 
en-3fl. 31 from pollen [8], (g) 14~-metlryl-Sc~rgosm-8,~28)-d~en-3~l f r ~  Usqlago 
m.~),d~s grown in the presence of tr~mmol [9] aid from a mutant of $. eerevesiae [6] 
arid (h) 14~-methyl-5a-ergost-8-on.~l from Ctabrella ememmii grown in the 
pre,~nce of triparanol [ 10] indicate that rmnoval of t.he thr~  "extra" methyl groups 
can be initiated by removal of either the 4a-m, thyl function [11-13 and references 
cited therein] or the 14~-methyl group. 

The convertibility of 14wmethyl-Swehol~t.7.en.3fl.ol to cholesterol in rat liver 
hom)genate preparations has been demoimrated [14-19].  The results of steadies 
empl,ying mevalonic acid stereospeeifieally labeled v~th tritium at carbon atom 2 are 
compatible with a stereospeeific loss of the 15a-hydrogm of lanesterol upon enzymatic 
formation of 5a-cholest-7~n-3fl-ol, 7-dehydrocholesterol, and cholesterol [ 2 ~ 2 3 ] .  
Tl~ese findings and mechanistic consideratiom have led our laboratory [2,15-17,24,25] 
and others [23,26-30] to consider 15-hydroxylated 14¢z-methyl stefols (or their 
derivatives) as potential intermediates in the overall ertzymatic removal of carbon atom 
32 of cholesterol precursors. 

The purpose of this paper is to de~ribe the chem_ic-,d synthesis, structure deterrnina- 
tion~ end metabolism of 14a-methyl-5e-eholest-7-en-3fl,15wdiol and 14adrmthyl-Sa- 
cholest-7-en-3fl,] 5fl-diol. There compoun~ have recently been fourM to serve ~ very 
potent irfftibitors of sterol biosynthesis in L-cells and in primary cultures of mouse 
liw.~r cells [31 ]. 

H. E×pefimental P r o e m s  and Results 

A. General methods 

Melting points were recorded in sealed, evacuated capiU~ tubes using a Thomas 



LK Spike e~ d.,, Steeo~ synthesis 33 

Hoover melting point apparatus. Nuclear magr~etlc ~eso~ance spectra were ecten,,,~_~ ,~ 
in C ~ ! 3  sNution usLng either a Vaflan T-60, Per kin-Elmer HRd 2, or a Varia~ ERo22© 
spectrometer. Tetramethyl silane (TMS) was u~d as an m~ema standard. Peaks are 
reported ~ ppm (5) downfield from tb~ TMS standard° Infrared spectra were recorded 
on a Perk'm-Elr~er Model 521 spect~ophotometer using the KBr peiiet tecbmiq?aeo 
bq*~raviolet spectra were recorded using e*2~anol solutions of the s~ro!s. Mass spe :tral 
data ~ r e  obtained on Varian NAT CH-5, NAT SNtB, and NAT 731 mass spectro~o 
meters. Data ~ere processed on a Vada~ 6205 computer "~th STATOS recorder. 
~ p l e s  were introduced via the direct probe method. Radioactivity was measured ir~ 
a Packard liquid scqmtiUation spectrometer as described pre~,'i(}us!y [32]o Gasoi:iq~id 
ehromato~aphie analyse~ ~ r e  Nrformed on a Barber-Colman Model 5Cg3~3 iestrame~ ! 
using 3% QF-1 on Gas Chrom Q (100- I20  me~h) U~shaped columns which were 6 ft 
in length and ~ t h  a 5 mm h'aide diameter° Operating conditions were as fo!tov,,~: 
column temperature, 220-230°C; injector temperature, 240-270°C; detec tot tern pe r.~ 
ature 2~-270°C. Argon ~ s  used as the carrier gas at a flow rate of 60 m~/min~ 
5~x42holestane was used ~ an in*,emai standard. Cotorimetric assay of cholesterol was 
performed according to Abell et at. [33]. Radioactive cholesterol was purified by way 
of the dibrerodde try a modification [341 of the method of F~eser [35]° Tns~2,2,6,6~ 
tetramethy~theptane-3,5-dion~o)-europium-llI (Eu(dpm),O was c~btair~ed from Atfa 
Inorganies(l~_nvers, Mass.). The shift reagent was sealed in vacuo ,~aad was ~ot opened 
until just prior to use. For those experiments using the slh~ft reagem samples were 
analyzed u~ing the Per~-Elmer spectr~eter .  Samples were dissotv~ d in CDCl  and 
peaks are reported downfield from the '~dS standard. Following the addition of small 
~ o t ~ s  of ~ shift reagent the spectra were recorded several tgmes to ~asure complete 
equilibrium of the substrate and the shift reagent. Shift experiments we~, ~ generNly 
repeated m duplicate or triplicate when sufficient sample was available. P~-~ons were 
identified by an examLnation of the resonance patterns and by analysis of k e imegra- 
tion data. In addition, the magnitudes of the linear ~nduced sNft data aided ~ protei~ 
a~gnments. 

1. 3~Benzoyloxy-Sa-eholest-8( I 4 )-en-15~gne 
3¢-Benzoyloxy-5a-eholest~14)-en-15-one was prepared according to the ~ ~°ocedure 

described try Knight et  al. [14] and crystallized from ethyl acetate. The compou~A 
meltedatI57-158°C (literature: 156-158°C [14], 156°C [36], 155-156°C {37~) 
~ d  showed a single component on plates of neutral alumkna, ~ c a  gel G, sitica gel 
G~silver n_itrate, ~ d  sfli~ gel I-k172~ (solvent, benzene). The compound showed a ~ingle 
e witll a reteriti~ time of 12,45 (relative to 5~-eholestane) upon g~s-liquid 
el-nora ~ I c s B  ~ a 3% QF-I column. The ultraviolet spectrum showed a 
),max at 258 ~ due 1.o the a~-un~tum~d ~tone  ~ t h  an extLnction coeffic~er~ of 
15,700 re: 258 am, e t5,706 [36];258 am, e 15,650o[37]). The imciear 

ma~et lc  :resonance spectrum showed no o le~ic  proton resonances, indicating that 
the dou~,.Ae bond m u s t ~  tet~ubsti tated.  The cha:aeteristic ar~at~e resonar~ces a~ 
7.48 and 8.06 ppm are attributable to the protons of the benzoate moiety. The 
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3~prot~  a~rp t ion  was present at 5.00 ppm as a complex multiplet. ~ te  doub~t 
at 4.11 ppm, ~ i c h  integrates for a single prot~,  ~ du~ to a bSq~y d 
7&protor, This de~bJe|~g can be attributed to the allylic nature of the 7#-groto~ 
pt~s its close proxLr~ty to the 15-ketene func~on. The coupling constant of  ~14 : 
cyctes/~ displayed by this doublet is c~haraeteristie of gemhn.al spin-sp'm of  
the chemically identical but magnetical~y distinguishable protons at carbon atom 7: In 
the case of ~aturated steroids, the effect ofa 15-ketone function on ff~e C-7-H r~ori- 
ances has been noted previously [38]. In the cage of 5a,14~,andros~-I 5-one (trans- 
C-D ring juncture) de~_ielding of the C-7&H by the 15-ketone was obser~,ed while 
deshielding of the G7a-H by the 15-ketone ftmetion was o~rved  in the ease of 
5a, l~.&androstan-15-one ( c ~ - D  ring j u ~ r e ) .  Tba~ AnO'~)-lS-le.eto,3~-yl,ben~oate 
showed methy ~_ resonances at 0.78, 0.8~i, 0.90 and 1.00 ppm. The infrared spectrum 
was com~t~ble with the assigned structure and did not show an absorption m the: .... 
region of 1665-1685 cm -~ which would be exlmeted in the c ~  ofa 6-mem~red ring 
ketone with ag-uasaturation. The latte'r feature is important in distinguisbdng a 
z~ s(~a)- 15 one from a ,~(~)-7-one. The mass spectrum showed a prominent moleedar 
ion at role 504. The precise m ~  was found to be 504.3607 (calcd. for C~-l_,urO~: 
504.3606). Prominent ions in the high mass region of the spectrum were. as fol!ows: 
504 (61%; M), 489 (5%; M42H~), 4 ~  (5%; M,H~O), 391 (5%; M-side chain), 382(5%; 
M-benzoic acid), 373 (8%; M-H~O-side chain), 367 (92%; M-CHrbenzoic acid), 364 
(10%; M-tq:O-benzoic acid), 360 (3%), 351 (18%), 342 (2%), 335 (3%), 287 (5%), 
276 (4%), 272 (6%), 269 (19%; ,~4-side cbain-benzoic acid), 253 (20%), and 251 (27%; 
M-side chain-benzoic acid-H~O). The base peak was at m[e 105. Metastable ions were 
observed at m/e 474.5 (calculated for the transition m[e 504--489: 474.5), ~8 .6  
(calcula~d for the transition m/e 504-486: 468.6), 275.5 (calculated for the transi- 
tion role 489-367: 275.4), and 346.9 (calculated for the transition m[e 382-364: 
346.9). 

2. 3~-Be~lzoyloxy-14~-methyl-5~¢holest- 7-en.15.one 
3t3-Benzoyloxy-14a-methyl-5~-chole.~t-7.en-I 5-one was prepared by tim following 

modificztion of the method of Knight et al. [ 14]. 3O-Benzoyloxy-Sa-eholest.8(14).en- 
15-one (4.50 g) was added to a stirred suspension of freshly sublimed potassium 
t-butoxide (18 g) in freshly distilled t-butyl alcohol (200 ml). After 5 rain, methyl 
iodide (50 rnl; redistiUed) was added and the resulting mixture was stirred at room 
temperature for 3 h. Water (t00 ml) was added and the mixture was extracted twice 
with ether (200 ml portions). ~ combined ether solutions were washedsueeessively 
with water f l O0 re_l) a~'ld a saturated solution of sodium d'doff&, &i~d over ~ d r o u ~  
sodium sulfate, was evaporated to dryness t n&r reduced pressure. The resulting 
yeI]owish residue was dissolved in benzene (4 ml) and app~ed to a silica gel column 
(25 × 2.5 cN). Using benzene as the elruting solvent, liactions 10 ml in volume 
(20 rain/fraction) were collected. The contents of fractions 11 through 16 were pooled 
and, after evaporation of the solvent, reerystatlized from ethyl acetate, yidding 
3~-benzoylox;,o 14a-~nethyl-5a-eholest.7,en-15-one in the form- of long, colorless 
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crystah ( l . lOg)  melting a~ 146-i47°C (iiterature: 146-14~°C [14I ; 145--~47~:~C 
[36] ). The product showed a single c:_~mponent on thinqayer chromatog~ phic a~al 3 ;i~ 
on silica gel H F ~  plates (soNent, be~ene) and on silica geI G piates (so~ve~t~ et~y~ 
acetate-benzene, 1 : 3). The compound showed a single compo~;ent o~ gaso~iquid 
chromatographic analysis on a 3% QF-1 column (retention tame relative to 5a-ci>::~eo 
stane: 11.45). The ultraviolet spectrum ~howed no sp~.qfic absorpt.ion at 258 ~s>, 
indicating the absence of the ~5-unsaturated ketone system of the starti~g ~a~eri~!. 
The infrared ~ c t r a m  was ampafibte with the assigned structure. The nuclear 
magnetic resonance speetram showed z highty deshie!ded proton absorption at 5 ~54 
ppm due to the otefinic Noton a~ carbon: atom 7. Tb3s absorption showed compIex 
spin-spin co~apling which could not be resolved on the 220 MHz spectrometer. The 
chemical ~ f t  of this proton is the result of the anisatropy imposed by the spati:÷i 
proximity of the t 5-ketone function. The charactefistiu ~romafic proton ab~;orptio,~o 
of the benzoate ester occurred at 7.48 and 8.06 ppm. Integration of the methyl proton 
absorption region accounted for all s~ methyl groups. The mass spectrum showed a 
prominent molecular ion at role 518. High resolution mass spectrM analysis ir~dicated 
a precise mass of 518.3764 (calcdo for C3~HsoO~ : 518.3762). Prominent ions i~ the 
high mass region of the spectrum were as follows: 5!8 (20%; M), 503 (3%; M-CH~), 
500 (22%; M-Hie), 485 (5%; M-H~O-CH~), 475 (3%), 460 (4%), 4t5 (5%), 405 (11%; 
M-side chain), 396 (10%; M-benzoic acid), 387 (15%; M-side chNn-H20), 381 (i6%; 
M.benzoic acid-CH~), 378 (7%; M-benzoic ~cid-H20), and 363 (26%; M-benzoic acid~ 
H~O-CH;). 

3. 14coMethyl-5oecholest- 7 en-3(J,15~tiols 
3~Benzoyloxy-l~-metbyl-5a-cholest-7.en-15-one (100 rag) was dissolved in e~her 

(50 ml) and added to a suspension of lithium aluminum hydride (200 rag) i~ ~:,~h" ' ~o.~' 
(10 ml). After ssanding overnight at room temperature, the unreacted reager~t was 
decomp~ed by the addition of ethyl acetate. Water (50 ml) was added am:l the resah- 
ing mix , re  was extracted 3 times ,ruth ether and the combined ether solutions were 
dried and evaporated to drynes~s under reduced procure, Analysis of the crude reactio~ 
mixture by thin-layer chromatography (silica gel H plates; solvent, benzene-ethyl 
acetate, 2' 1) ~owed three components: a trace of the unreacted Startirtg materiat 
and two more polar components with RfvNues of 0.58 and 0.41 which were des~g~a ~e~ 

diol A and ~oI B, respectively. The oily residue was applied (m benzene) to ar~ 
activated si_lidc acid column (50 × 1 era) which had been packed as a slurry in ber~ze~eo 
Using a m.ixtum of ben~ne and ether (9 • I) as the eluting solvent, fractions 16 ml in 
volume (15 ~n/fraction) were coliected. AHquots were taken from each tube %r 
~ ¥ s i s  by thin-layer chromatography. ~ o l  A (26 rag), eluted in f'racti(ms 9-13,  was 
ree~st~ized from e~yl  acetate yMdJng ~ i t e  cu~s  (18 rr.g) melting at ~ ~ - ~  .~>~ ~.. 
Diet B(46 m~, eluted in fractions 18-30, was reeryst~ized from ethy~ acetate ~ the 
f o ~  of long whi~ needles (26 my) melting at t92-193°C. 

T'n~ ~ of thAs preparation of the diol8 could be increased so as t~ permit detai~ed 
studies of the compoun~ in q~st i~ ,  
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As indicated below the structure of diol A was established as 14a-methyl-5o~-cholest- 
7-en-3~], 15~diol by x-ray structural ar~adysis of the 3~p-bromobenzoate derivative. The 
structure of diol B, the 15-hydroxy eoimer of diol A, is therefore l~.a-methyl-Sot - 
cholest-7-en-3B,15ct-diol. 

4. 14e-Methyl-5ovcholest- 7-en-3[J,15O-dlol 
14~x-Methyl-5a-cholest-7-en-3~,151g-diol (diol A) migrated as a single component 

( R / 0 . 5 8 )  on thin-layer chromatographic analysh on a ~lica gel G plate (solvent, 
benzene-ethyl acetate, 2 : 1). On gavliquid chromatographic analysis on a column 
(8 ft. × 4 ram; 220°C) of 3% QF-! on Gas Chrom Q, the compound had a retention 
time (relative to 5~-cholestane) of 8.89 and showed a purity in excess of 96%. The 
mass spectrum showed a prominent molecular ion at role 416. High resolution mass 
spectral analysis indica~d a precise mass of 416.3688 (calcd. for C2sH,mO2 : 416.3657). 
Prominent ions in the high mass region of the spectrum were as follows: 416 (40%; M), 
401 f23:~ ; M-Cash (59%; M-H20), 383 (77%; M-H20-CHs), 365 (15%; M-H20- 
H20-CH ~), 357 (6%), 355 (7%), 329 (8%), 313 (30%) and 285 (85%; M-side chain- 
H:O). The base peak was at role 232. The infrared spectrum confirmed the absence 
of absorbancies due to a carbonyl function or an aromatic moiety. The infrared 
spectrum of 14~-methyl-5o~-cholest-7.en-3O, 151~Miol differed significantly from that 
of 14a-methvl-5~-choiest.7-en-3~,l 5o~-ol in the fingerprint region. It is of interest to 
note that the C-O stretching absorption occurs at 1035 cm -I in the former compound 
and at 1045 cm -l in the latter compound. The occurrence of the C-O stret 'hing 
absorption at the lower frequency for 14a-methyl-Se.-cholest.7-en-3~,lS~.ol (with the 
pseudo~ial 15-hydroxyl function) corresponds to the frequently observed sh~ft to 
lower frequency for hydroxyl functions in the axial configuration [39]. The nuclear 
ma~etic resonance spectrum is show~ in fig. 1. The 3~-proton shows the expected 
resonance at 3.60 ppm. Of particular interest is the doublet at ""4.12 ppm due to the 
15~-proton. This doublet could be made to collapse to a singlet by irradiating at 
7.56 r with an external radiofrequency oscillator. The integrated area of this doublet 
corresponds to a single proton Measurement from Dreiding models of the dihedral 
angle,: between the carbinol proton at carbon atom 15 for 14a-methyl-5~-cholest-7- 
en-3/3, i 5~-diol and the protons at carbon atom 16 sh, "v that an angle of approximately 
90 ° is f,~rmed by the 16/~-proton and the 15o~-proton. An angle of approximately 
30 ° exists between the 16a-proton and the 15o~-proton. A dihedral angle of 90 ° should 
give a coupling constant (J) of approximately 0 while an angle of 30 ° should result in 

J value of approximately 6.2 cycles/sec [40]. This is in close agreement with the 
observed value of 6.5 cycles/sec for J. This finding is in contrast to that with 14a. 
r,',ethyl-5~-chelest-7-en-3~3,15a-diol (see be!ow). The resonance due to the proton at 
,:arbon atom 7 in 14~-methyl-5~x-cholest-7-en-3~,151~-diol occurs at 5.62 ppm and is 
~t,~i :eci :~w.siderably more :lownfield from that of the proton at carbon atom 7 in 
i ~h~-me:hyl-cholest.7-en-3~-ol (C-7-H at 5.26 ppm; Chanet al., submitted for publica- 
lion). Moreover, the position of the olefinic proton at carbon atom7 is shifted con- 
siderably downfield (5.62 ppm) relative to that (5.49 ppm) in 14a-methyl-Scx.cholest- 
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7-en-3~3,15c~-diot (see below), a s?taati~ that remits from the closer proximity of the 
| 5&hydroxyl function to ALdo~b!e boad than the 15a-hy&oxyl function to the 
ALdoubte bond. The proton in the 15a-p~tion in 14a-methyt-5a-eholest-7-en-3~,i5fl- 
diol resonates at higher field ('-'4 12 ppm) than the 15#-proton in 14a-methyl-Sa- 
cholest-7-en-3#,15a-diol (-'-4 33 ppm; see below), a f'mding compatible M ~  the ctoser 
proximity of the 158-earbinC prott~n to the ~r electrons of the ATdouble bond t h ~  
that of the carbinol proton in the 12a,-configur~tion. 

5. 3fl-p-Bromobenzoyloxy-14a-meth) t-St~holest- 7-en45~-ol and 3fl,15~-bis-p-bromo- 
benzoyloxy-14c~-methyl-5(~-cholest. 74"he 

14c~-Methyl-Sc~-cholest-7~en-31~,l 5fl- :1io! (68 rag) and p-bromobenzoyl chloride 
(391 rag) in pyridine (4 ml; frestdy dis~med from barium oxide) were sfiried at room 
temperature for 11 h. A saturated solution of sodium biem'bonate (50 nil) was added 
and the resulting mixture was extracted ~' times with petroleum ether (200 ml portions) 
and twice with ethyl acetate (200 ml portions). The combined organic extracts were 
pooled, washed successively with water ,'50 ml) and a saturated sodium chloride 
solution (50 rrd), and dried over ar~ydrot,s sodium sulfate. After evaporation of the 
solvent under reduced pressure, product ~as analyzed by thin layer chromatography 
on silica gel G plates. When a mixture of benzene and e~yl acetate (2 : 1) was used 
as the devel,~'~ng solvent, the absence of the starting mate~l  was established. A 
single spot was observed at the solvem', front. When benzene was used as the developing 
solvent, 3 components of Rf 0.9, 0.7 and 0.5 were observed. The mixture was su~ec~d 
to preparative thin-layer c!~romatography in the same system. The components of 
R f  0,9 (22.8 rag), R f 0.7 (31.0 rag) and Rf 0.5 (48 rag) were eluted from the pla~es 
with spectral grade chloroform. The component of Rf 0.9, recovered as an off, was not 
studiea further. 

The material of R I  0.5, recovered as a white solid, yielded upor~ ~ crystallization 
from ethyl acetate-methanol, 3¢-p-bromobepzoyloxy-14~-methy~-5¢-cholest-7-en- 
15flM which melted at 193-195°C (cleat'.rig at 219-220°C). The rr:ass s p e c t ~  
showed two molecular ions at m/e 600 and 598. High resolution mass ~pectral analysis 
iMica~ed precise mass values of 600.2298 and 598.2971 which eozrespond to 
C3sHslO~tBr and CssHslO3~Jl:lr, respectively. Prominent ions in the high mass region 
¢f the spectrum were ~s follows: 600 and 598 (38 and 40%; ~f), 585 an4 583 (15 and 
34%; M~C,~3), 582 and 580 (47 and 48%; M-H20), 567 and 565 (25 and 40%; in part 
due to M-t~20.(;'H3), 497 and 495 (15 and 15%; M-side chain), 469 and 467 (40 and 
39%), 445 ~ d  443 (15 and 20%), 398 (10%; M-bromobenzoic acid), 389 and 387 
(9 and 9%), 383 (30%; M-bromobenzoic acid-CH3), 380 (22%; M-bromcbenzoie 
acid-H~O), 365 (43%; Mobromobenzoic acid-HaO-CHa), 311 (13%), 295 (10%), 285 
(t(FA; N-b~omobenzoic acid-side chain), 267 (37%) and 2i3 (100%). The, infrared 
spectrum showed major absorption bands compatible ~ t h  the prep:nee of an ester 
carbonyl, a hydroxyl function, and an aromatic moiety. The nuclear mabnetic restva. 
a~ce spectrum was fuUy in agreement with the a~igned st,~eture. DouNet$ due to 
:he aromatic moiety were present at ~7.6 ~ d  ~7.9 p ~ .  The resonance du,~ to the 
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C-7 oiefinic proton was noted at 5.58 ppmo The doublet duc to the t 5~-proton w:~z 
present at 4.12 ppm as ha the case of 14a-methyl-Sa-cheiest-7-en~3~,153odioii. Th~ 
do~b!et due to the 15~-proton collapsed to a smgJet when irradiated at 7.37 7 "~5~h ~r~ 
external radiofiequency oscglator. The 3a-proton was shifted to 5°00 pprn due t~, the 
influence of the 3~-bromobenzoate function. The crystals of Lhe 3&p°bromobe~zoy.. 
loxy-14ot-met_hyl,5a-chotest-7-en-153-ot were found to be suitable for X-ray ana~y~; 
(see. below). 

The material of R r 0.7 from the preparative thi~t layer chromatography wa:~ 
recovered as an off and attempts at crystallia,ation were uns~ccessful. However~ the 
product was tentatively identified as 3B,15~-bis-p-bromobenzoyloxy-14~o~nethyPSc~° 
cholest-7-ene on the basis of infrared~ mass spectral and nuclear magnetic resonance 
studie~. The mass spectrum showed molecular ions at ,n,/e 780, 782 and 784 (0.5, 1 
and 0.5%, respectively) due to the two bromine isotopes. Prominent ions irl the high 
mass region of the spectram of ~gnost ic  significance ktctuded the follovdng: 580 and 
582 (22 and 20%; M-bromobenzoic acid) and 565 and 567 (I 7 and 15%; M-bremoo 
benzoic acid-CHa). The nuclear magnetic resonance spectrum confirmed the dibromoo 
benzoate structure by the observed downfield shifts of both the 3a-proton and the: 
15¢x.proton. The doublet (5.12 ppm) due to the 15a-proton *ndicated the 15~-ester 
function. This doublet collapsed to a singlet upon irradiation at 7.35 7". 

6. Stntetural analysis o f  3~p-bromobenzoyloxy-14a-methyl-5e,-cholesb 7-enol 5~cd 
The crystals were found to be suitable for X-ray analy,~is. The crystal data were as 

follows: C~HsIO3Br, M = 599, monoclinic, a = 6.819(3), b = 9.513(5), c = 25.272(! t ) 
A, 3 = 94°32(3) ', U= 1639.2 A 3, ~t = 17.5 cm -I (Cu-I~), F (000) = 664, Drn = 1.19 g 
cm -3, Z = 2, D e = 1.21 g cm -3, space group F2a. 2101 nonzero reflectiorls we;e 
measured on a Picker FACS-1 diffrac~ometer using Cu-K~ radiatRm [41]o ~_~he 
structure was solved by the heavy atom method and was refined by full-matrix least- 
squares methods on positional and anisotropic thermal parameters for all but three of 
the non-hydrogen atoms to an R-factor of 0.091 on all observed data. Positions of 33 
hydrogen atoms could be determined from a difference map and were incl,~ded ~n the 
final structure factor calculations but were not :efined. The hydrogen ator~ in the 
C(20)'C(27) fide chain could not be located nor could the hydroxyl hydrogt,~ In ~e  
crystal there was a rotational disorder around the C(24)-C(25) bond ~uch that the two 
carbon a t ~  of the terminal gem-dimethyl group occupy three sites. These atems 
were assigned isotropie temperature factors and the occupancy of the three sites was 
varied to give f'mal values of 0.74 (4), 0.61 (5), and 0.66 (6). A final difference map 
s,howed no peak greater than 0.3 electrons/A "~. Scattering curves ~br the non-hydroge~ 
atoms were taken from the compilation by Cromer and Mann [42] and the hydrogen 
curve of Stewart et el. [43] was umd. The X-ray data established the str~c~re as 
3~-p-broL~obenzoytoxy-14~-methyl.Sa-c~olest-7-en-I 5~-olo De~afled crys~a~og~ap}fic 
data are av~ab',~ [44]. A stereoscopic display of the moiecuie is pre~en~ed i~ Fig~ 2. 
Figures 3 and 4 ~ese~a schematic rep:esentations of the observed bond len~hs a~d 
observed bond angles, respectively. E x ~ a t i o n  of fig. 2 in,cares the stefic strzd~ 
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Fig 2. Stereoscopic display of 3JtT~Momobeazoyloxy-141a-metb)-l-$eec~xfleeto;7-en-l$~3L To be 
vteweA ~zo:~.gh a stew, ovtewec 

" Y  "~1o ~/ 

.~1 ~ I~ I ~ o .  

.~Y'x,._ ,,>~,. c,~o. 
' % 

Fi~ 3. Schematic representation of observed bond lengths in .~B-p-bmmobenzoyloxy-14a-methyl- 
5~-cholest-7-en-15~-ol (esd range from 0.020-0.040 A). 
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induced by the stxong 1,3 interaction between the 15t3-hydroxyl and the ang~Aar 
18 methyl group. "lhe determined interatomic dist ° - ~'~tween C(18) and the ,')×y~'~:r~ 
attached to 12(15) w'.,~ 2.90(3) A, a value in agre ,~e:=t w h the distance (2.50 A) 
recaptured from Driedi~,~g models. Other points m interest displayed in fig. 2 ,are ,he 
flatt~aed chair conformation of ring B caused by the AT-double bond and the close 
approach .of the oxygon ~t~ached to C(15) to the ALdouble bond. The effect of this 
proximity ha~'e been o~e~-,ed in the nuclear magnetic resonance studies described 
herein. 

7. 14e-Methyi-Sa-cholest- 7-en. ~(3,15e~lu~2 
14e-Methyl-5e-eholest-7-el>Lq,15(xMiol (sin! B) migrated as a single component 

(R f  0.41) on thin-layer chromatt.graphic analy~s ,,?, a silica gel G plate (solvent, 
benzoae-ethyl acetate, 2 : 1). On ~m-lJquid chromatographic analysis (under the 
conditiom described above for the ¢.~se of Diol A) the compound had a retention time 
(relative to 50veholestane) of 9.02 and showed a purity in excess o;" 99% The mass 
spectrum showed a prominent molecul,~r ion at m/e 416. High resolution, mass spe~: trai 
analysis indicated a preose mass of 416.3667 (calculated t\~r C28H~02 : 4t 6.?657). 
Promine it  iota in the high mass re~.on el the spectrum were as i'~:!tows: 4! 6 ('7f'7 ~ ~'!) 
401 (33,$; M-CH3), 398 (7%; M-H~3), 383 (100%; M-CHrH~O), 365 (23~; ~-~:~ ~:,- 
H20-H20), and 285 "(7%; M-side chain-H.-.O) The infrared ~pectrum confirm,:0 the 
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absence of absorbaneies due to a carboayt tunctm~ and ~ ~r.m~t~c moietvo Tk, e 
nuclear m~gne~cxesonance spectrum i~ ~hewa in ~g~ 5o The 3~-p,:c~.o~ sb~'~w~ the 
expected resonance ,,,2.62o" ppm. Of particular interest is ~h,~' ,~ doublet of doublets at 
4,33 ppm (J = 6.5 and 8.0 cycles/see). Measurement of the dhhedr~l angJes for the 
1 So.alcohol indicates an angle of approximately 30 ° between the 15~opretor~ aad ~:he 
16#-proton and approximately 150 ° between the 15~-proton and tge 16e-proton~ 
From the Karplus equation [40] a dihedral angle of 150 ~ should result in a coupiirg 
comta!!t atalmut 8.5 cycles/see which corupares Nvarabty with the observed value 
ofS:0 cps~ Irradiation at 8.26 7" with an external radiofrequency oscillator caused the 
double~ of doublets to collapse to a singlet. The area of the doublet of ~oublets 
~t~grated fora single proton resonance. The resonance due to the proton at carbc~ 
atom:7Lta 14a,,me~yi-Sa~holest-7-en,3tL15a-diol occurs at 5,49 ppm, a situatio~ 
different from thatin 14~-methyl-5~-eholest-7-en" "i ~,15/~-mo! and in 14~-methy]: 
5~-cholest-?en-3t3-ol as discussed previously. 

l#~-Methyl-$a-cholest-7-en-3Cl,15~c-diol, upon treatment wiih benzoyl chloride ir~ 
pyridine, yielded a dibenzoate which melted at 16~ lb6 C. Elemen~ai analysis of 
the dibenzoate showed: C42H~O4 (calcd., C 80.8 Iq 8.97; found, C 80...~ H 8.94). The 
ma,% spectrum of the ~libenzoate of diol B showed a molecular ion az role 624. Other 
ions in the high mass range of the spectrum compatible with the assign:d structure 
were those at 502 (M-benzoic acid), 487 (M-benzoic acid-CH~), 381 (M.~)eazoyl acklo 
benzoyl residue), and 366 (M-benzoic acid-benzoyl residue-CH~). 

8. [ 14¢~-CaH~-3~-Benzoytoxy-I 4~.methyl-Sa-cholest- 7.on-15~one, [ 1 ~-C'~I, ~] 14~- 
t4ethybS~-chole.~t- 7-en-3(J,15FJ-di'ol and [14~-C2tta]-/ 4~-Methyl-5a~choiesv 7-en-3~, 15~- 
dtol 

3~Benzoyloxy-Sa-chotestoS(14)-en.15-one was m~thylated with deuteriumoiabeled 
methyl iodide in a sirr~lar manner to that described earlier far the preparation of the 
unlabelcd compound. Purified [ 14a-C2H3] -3#-benzoyloxy- 14~-methyi-5a-chotest-7oen- 
15.one melted at 143-144°C. The i,ffrared spectrum showed prominent absorption 
bands at 2360 (C-D), 1730 ( 2X2 = O), 1278 (C-O), 706 and 686 (aromatic) cm-~ The 
rna~ spectrum showed a molecular ion at role 521. The nuciear magnetic resonance 
(60 Mi~-'z) spectrum showed resonances at 0.78 (s, 3H, C-t8<;H3), 0.92 (s, 3H, 
C-19 CH9.5.07 (m, 1 H, C-3'H). 6155 (m. 1 H, C-7-H). 7.52 and (m. 5 
aromatic). 

[14~422Ha]-14~Met,hyl-Sa-cholest-7-en-3#,l 5#-diol (m.p., 158.5-159.0°C) and 
[14a-C~H3]-14a-methyl,5a,eholest-7-en-3/Ll 5~.diol (m.p., 191-192°C)were prepared 
by lithium aluminum reduction of [14~-C2H3]-3#-benzoy!oxy-14~-methyl° 
5a-chotest.7.en-I 5-one as in the ease of the unlabeled material. The infrared spectrum 
of the 15~-hydroxy compound showed prominent absorption bands at 3400- (3°~T), 
2241 and 2230 (C,D),and i050 (C-O) cm -~. The mass spectrum showed a mo ecular 
ion at m/e 419. The nuclear magnetic resonance s~ectrum (60 MHz) showed r 
t 0.82(s, 3H, C-18-CH3), 0.99 (s, 3 H, C-19-CH~), 3.62 (m, 1 H~ 4~06 H, C-3-1T), 

CilS.tl) , :~d 5.58 (m, 1 H, C-7.H). The infrared spectrumof the 15~-hydrox~, corn- 
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pound showed prominent absorption banda at 3400 em -l, 22zt0 and 2211 (C-D) and 
1090 (O-H) crn -t. The mass spectrum showed a prominent molecula~ ionat m[e 419. 
The nuclear magnetic resonance spectrum (60 IViHz) showed resom-,ces at 0.72 
(s, 3 H, C-18-CH3), 0.92 (s, 3 H C-19-CH~), 3.58 (m, 1 HC-3-I-I), , .24 (m, 1 H, 
C. 15-H), and 5.45 (m, 1 H, C-7-H). 

9. Lanthanide shift nuclear magnetic resonance studies 
Further evidence comI.atible with the assigned structures to: the two epimeric 

(at carbon atom 15) diols was derived from the results of lar,~'&anide drift nuclear 
magnetic resonance studies. This approach essentially involves c~orditqation of the 
lanthanide complex (Eu(dpm)3) to the lone electron pair of a hydroxyl ~xygen present 
in the sterol molecule. The presence of the strong local pananagnetic fieid generally 
results in a downfield shift in the resonance of protons in the stercl that tte in the 
vicinity of the coordination site. A stronger local fide is expert-.n,:ed b/proton~ 
closer to the coordination site re:adting in a larger dow~field shift. 1he data obtained 
upon successive additions of the shift reagent can be plotted as a function of the shift 
reagent to sterol molar ratio. A greater slope of the shift data is observed f~r protons 
which are closer to the coordination site. A simple graphical analysis of the shift data 
cart therefore often yield hnportant information concerning the relative proton- 
coordination site distances. In the present investigation both the Gi' 8 angular methyl 
group a'~d the C-32 methyl group represent cc, nvenient reference points sJace the 
relative ianthanide induced shifts of these two methyls should tz a fimction of the 
stereochemistry of the 15-hydroxyl group. The C-32 methyl t~..sonance was easily 
identified through studies employing the two epimeric diob. lala:led specifically in the 
C-32 methyl group with deuterium. 

As indicated in table 1 the estimated C-32 methyl-I 5-oxygen dista~.¢e Is lat~er than 
the C-18 methyl-I 5-oxygen distance when the 15-hydroxyl has t.h~. O-configuration. In 
the case of the 15a-hydroxy epimer the opposite relations obtain, i.e., the. 15-oxygen 
is furthc~ from the C-18 methyl group and closer to the., C,32 m,'thyl group. This 

Table 1 

Estimat~ iuteratomic distances (R) from 15-oxygen of 14a-methyl~,-cholt:~t-7-en-~ ~,15oedtol 
~'~.~ 14,~-metia/l-5aecholest-7-en-31~,15#-diol to protom on ~ e d  cat.bon tt~mw (me:,mred 
from Dividing mo&~ls). 

DtsUmce (A) 

Proton 15e,-OH 15#-OH 

C- 15 2.0 2.0 
C- 18 4.4 2.9 a 
C-32 2.8 3.7 
C-/ 3.0 2.0 

a 1"he actual intezatomic d~ance in the c~ s-tal was 2.90 A. 
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steroid, t° i 0}. (Resources axe piott~ as ppm (~) ~ w n f ~ . . f t o m  ~ e  TMS ~ d a r & )  
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analysis assumes that a similar reta~ive re~attt,,~mp' " ' ~n~s~s ';..,~ ~.I~.~: ~: , .~-, iu~ :~,:'*~ 

group distaoces. Since ~he " "=" ~ . . . . . . .  p~,sluo.l of  the europ ium in space " '; ~ 

the oxygen-methyl  distances were used as an approximat io~.  F::om - ' " . . . .  i -'" 

one would  expect the C-18 raethyl  protons  to experience a !arger, s}:=if! ~,t<~-' the :'-.~ .... i! 

methy l  protons to undergo a smaller shift in that  diol in ~vi~icl~ *,he i 5-by&o>:3 ! g;<<p 
a l q  " . has the ~-configuration. A smaller lant . .amde induced shff~ of  the C-I 8 merit,.,! r~'<'~'''~: 

and a larger shift of  the C-32 methyl  pro tons  would be e.xpected for the, epin>:  '~,-, ~ 

the 15a-hydroxy group. Peak assignments we~-e based upon examinat ion  of b,:i, llt~ a i< 

resonance pat tern and integrat ion data for the unlabeled and tbe det~teri~z~,~al,e i~,<i 

sterols. 
The 60 MHz spectra o f  3~-benzoyloxy-14~-methyl-5a-cholcs, :-7.en.t  5-c,~ b~!: ,~  

and after the addit ion o f  Eu(dpm)a are shown in fig. 6. The coupling consta,.,~.::: I.~ } ~,~ 

the secondary C'21 and C-26, C-27 methy l  groups could readily be measure0 i.a ~i~e 

shifted spectrum. The downfie ld  three p ro ton  singlet at I A 8  ppm in the unshif ted 

spectrum is found  at 3.86 ppm in the shif ted spectrum. That  this resonance r.epreser~ts 
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Fig.' 8. Plot of c ~  thifts of sele.etexl protons of [ 14crC~l~] -3~-benzoytoxy-14a-me~.ry>5¢> 
ehol~t-?-en-15-ot~ as a fungtiori of molar ratio of Eu(apm) 3 te steroid. 
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Fig. 9. Plot of chemteal ~ t s  of sde.eted ptoto~ of 3#-benzoyloxy-14~-methyl-Sa-ehol~t-7-~a- 
15-oae as a function of molar ratio of Eu(dpm)) to steroid. 

Lhe C-32 methyl group was indicated by examination of the unshifted and shifted 
spec~cra of the deuterium labeled (C-32) analogue (fig. 7). Graphical representations of 
the shifts of selected protons in the spectra of the labeled and unlabeled steryl ester 
as a function of the shift reagent]steryl ester molar ratio are presented in figs. 8 and 
9, respectively. The consistency observed between the two sets of ~ t a  demonstrated 
d!e reproJucibility and reliability of the shift reagent technique in the study o f  these 
compounds. 

The 60 M m  spectra of 14~-methyl-5~-eholest-7-en-3~,l 5~-diol arid [14~-C2H3] - 
14~-methyl-5~-cholest-7-en-3~,l 5~-diol (before and after addRion of Eu(dpm)3) were 
~ir~il~ly recorded. Plots of the chemical shift data of seteeted protons in the spectra 
of unia~led and deuterium-labeled 14a-rnethyl-~a-cholest~7-en-3fllil 5/~-diol are shown 
~ fig° 10. FroI~ an i~spection of these data it Ls clear that the downfmld t ~ e e  proWn 
sin~jet at 0.99 ~pm in the spectrum of the unlaMled dio| is the G32 methyl gOup, 
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Fig, I9.  Plots of  theatrical shifts of  ~leet, eA p~otons of  14~-methvl°5~chob~oTem3:L] 5~/~di<>~ ,<) 
and of  [14a42~H~]-14~-n~thyl-Sa-,ehelest-7-en-3~,15~-diol (B). . as a f~m:th>~ of molar ~a,,,' ~, ~,~ 
Eu(dpm)~ to steroid. 

The three proton singlet t_hat experienced the greatest reduced shift apFears to be the 
C-I 8 methyl group ('~ ~,. 10). 

~ e  60. MHz sp~tra of 14ot.methyl,5~-cholest-7-en-3/3,15a-diot and [ 14~oC~HJ - 
14a-methyl.Sa-eholest.7~n.3~,t5cz.di61 (before and after the additicm of E~(d?m)3) 
were also recorded and plots of tiae shift data for zhe unlabeled a.T~d de~ '~ ,m4abebd  
14~-~thyl-5~-eholest-7-en-3~,I5a-diol are shown in fig. t 1, ComparLon of the 
spectra of the unlabeled dio! and ~ labe;ed diol indicated that the dovm/bkl three 
proton s~glet at 1.14 ~ in the spectrum of the unlabeled dJol represer~ted the C-32 
methyl group. 

If the distances between the 15-hydroxyl oxygen arid the two methyl gzo~:~ps -:m~<~- 
eonsidera~on ~xe ir~deed a valid appro~]mat:ion of the ~e~ive e~ropi~m-medb'i 
distances, the C-32 methyi ~oup ~houtd experience a greater ~hift m the case c,f ~:~ 
15a-hydroxy compour~.d..;, corapmsor~ of the rela~be sh)R,:~ of fl.~e C-32, mc t~y~ g;o,~i; 
protons in the two [ 5ohydroxy epimers as a fimction of the sMft reage~.qster<,4d radar 
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F~g. 1 I. Plots of chemical flttfUt of  mlected ptoto,~ of  14a, methyl,.Sa.dmlest-7.en-3#LlSa-dl~ 
tA) and o, ~ [140r-C~13]-14a-methyl-5a-dudest.7-ezt-3~,lSa.diol (13) i s  a function of  molar ratio 
of Eu(dpm) 3 to steroid. 

ratio is ~ own in fig. 12. The relative shifts of the C-32 methyl resonance are similar 
for the two diols, a finding strengthened by the agreement of the shift data obtained 
,~ the labeled and unlabeled diols mid indicating that the europium-C-32 methyl 
group distance is similar in the case of the 15c¢-hydroxy and l$1~-hydroxy compounds. 

While the experiments noted above indicate that rite shifts of the C.32 methyl 
group resonance do not provide a useful method to gain information regarding the 
absolute configuration of the 15-hydroxyl f~ction in the compounds under con- 
~:iderat~on, a similar analysis of the shifts of tJ~e C-18 methyl proton resonance proved 
lo be of significant value. The relative shift o~ the C-18 methyl proton resonances as a 
fu,c*.ion of the shift reagent-steroid motar ra~!io is shown in fig. 13 for 14a-methyl-5a- 
choles*.-7-en-3~,l 5~-diol and 14a-methyl-Sa-cholest-7-en.3~,l 5a-diol. The greater slope 
of the plot of the shift data for the 15~-hydroxy compound is compatible with the 
closer proximity of the 18-methyl to the europium complexed to the 15t~-hydroxyI 
(~xygen. A simjl:~r observation was made in the: case of the spectral data on [14a-C2H3] - 
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14oemethyl-Swcholest-7 ,~-3a,15wdiol (diol B). 

14a.meflayl-5a-cholest-7.en.30,15~1ioi (fig. 14). The excellent agreement between the 
data illmtrated in figs. 13 and 14 indicates the reliability of the skirl measurements. 

lO.[16-3H]-14a-Methyl-Sa~cholest- 7-en-3O,15f,4iol and [ 16-314]-14~-me~!~)'!.5~ ., 
cholen..'/-en-30,15oediol 

3#-Be~-.2oyloxy-14wmethyl-5~vcholest.7.en-i 5-one (50 rag), sodium m~tho~,ide 
(50 rag), tritiated water (10 #1; 1.52 × 10 l° dpm) and dr¢ dioxane (4 m!) ~ere he~.~i 
in a sealed vial at 100°C for 6hr. The reaction mixture was cooled to room temper~tme, 
poured into water (50 ml) and extracted 3 times -adth 30 mi portions of ether. The 
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function of molar ratio of Eu(dpm)~ to steroid for 14~-methyl-&~-zholest-7-en-3#,lSl~-diol (diol A) 
and 14a-methyl-5a-ci"~lest-7-en-3#,lSaMiol (diol B). 

combi~,~ed extracts were washed twice with water (50 m] portions) and dried over 
anhydrous sodium sulfate. The residue (2.5 × 108 dpm) obtained upon evaporation 
of the solvent was dissolved in ether (10 ml) and added to lithium aluminum hydride 
(200 mS) dissolved in ether (I0 rr,.l). The reaction mixture was worked up as in the 
case of the unlabeled material and subjected to chromatography on an activated 
silicic acid column (50 × 1 cm). Using a mixture of benzene and ether (9 : 1) as the 
eluting solvent, fractions 16 ml in volume were collected. [16-3H]-!4a-Methyl-eholest - 
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I4a-methyl-Sa-cholest-7-en-3#015~-diol ([Cd~]-diol B). 

7-en-3t3,15t~-diol, eluted in fractions 7 -12 ,  was rec Tstallized from ethyl acetate, 
yielding 6 mg which melted at 159-160°(7, The specific activity was 6,3 × 10 e 
dpm]mg. The radiopurity was judged to .be in exce~ of 97% o~ ~:he basis cf  tbJn4ayer 
radiochromatographic analysis on a silica Gel G plate (~olver~t, bcnzene-ethy~ acetate, 
3 : I ) a n d  of gas-kquid radiochromatograp~ic analysis en an SEo30 ~:c;~,a~L~. [16~;i{i - 
14wMethyl-eholest-7-en-3~,l 5~-dioI, eluted ~n fracfioas J 5 ~..~ro~Jgh 27, ~,~s recopy .- 
stallized from ethyl acetate, yielding 18 mg which melted at i 92--~93~:'C, The sp,~ci~c 
actJviity was 6.2 × I06 dpm/mg. The radiopudty was j~adged to be t~ e×cess of 9~,% 

on the basis of  thin-layer and gas-liquid radiochromato~aphic analy?es as m tSe ca~e 
of the tritium.labeled 14¢¢-methyi-5~-c2~o|est-7-en-3~3 5&diol, 
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11. Enzymatic conw..~on of [16-3H]-14~-Methyl-Sa-chol~t- 7-en-31~,lS~dioi to 
Cholester~ 

[16-~I] .14a-Methyl-Sa-eholest-7-en-3~,151~liol (2.58 rag; 4.83 X 106 dpm) i~ 
propylene glycol (2.1 ml) was incubated with a 10,000 g mpematant fraction (500 m..l) 
of a rat liver homogenate [32] fortified with M~CIz (5.0 mM), nicotinamide (30 raM), 
adenosine triph~phate (1.0 mM), 81ueose-6-phosphate (4.9 mid) and nicotinamide 
adenine di:mcleotide phosphate (0.4 mM) for 3 h at 370C. Extraction of the sterols 
from the saponified incubation mixture with petroleum ether yielded 2 • 106 counts/ 
min which was appfied to a ~ili~c acid-Super C, el column (50 X 1 crn). Using benzene 
as the eluting solvent, fractions 3.8 ml in volume were collected. The remdting 
chromatograra is shown in fig. 15. After 170 fractions had been collected the eluting 
solvent was changed to 20% ether in benzene. The recovered unreacted substrate 
(6.6 • 10 s counts/min) was recovered in fractions 186-200. The contents of fractions 
34--60 were pooled and subjected to chromatography on an alumina-Super Cel-silver 
aitrate column (50 X 1 em). Using chloroform-acetone (97 : 3) as the eluting solvent, 
fractions 3.5 :nl in volume were collected. Approximately 20% of the radioactivity was 
associated chromatographically with cholesterol which was eluted in fractions 24-44. 
A portion of this material was diluted with unlabeled cholesterol, recrystallized from 
methanol-ether and purified by way of the dibromide. The specific activites of the 
[3H]cholesterol before and after this purification were 226.counts/rain • mg -t and 
225 counts/rnin •mg -~, respectively. 

l ! | 
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Fi~ 15. Stlidc add cohm~ d~romatOllaphk e a l y ~  of ltbeled ~ b l e  matmial recovered 
after incubation of [16-SH]-14a-methyl-Sa-dmi~.7-en-3#,l$0.diol with a rat liver homogenate 
preparation. • s, radioactivity; × ×, cholmt~ol, ~ .  
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[16-3H]-I 4a-methyI,5a-cholest-%ead~,t 5fJ-~ol was incubated ~ t h  the ~ 0,0f~) g 
~pema~nt  frac~on of the rat liver ho~oge~ate ~der  the c~ditions ~sc~dbed above 

except:that the ertz3¢~ source was he, ted at i00°C for 15 ivan prior to the ad~tio~ 
oft.he substrate. Upou sflJcic acid column chromatographic anaJysis of the recovered 
unsaponifiable material, the only labeled component recovered had the m o b ~ ,  of 
the incubated subs*rate. 

~ l t ~  of additional expe#~ments indicated no effect of the inci~sk~ of ATP L~ 
the incu~ior~ media. ~ two ~p:~ra~ incubations in the presence of A ~ ,  the pe~o 
e e n m ~  of  the recovered radioactivity in the unsaponifiable fraction which wa~ 
~soeiated with cholesterol were tbund to ~ 19.t and 20.7. In tv¢o paral~eI i,cubat~on~ 
L,~ the absence of added ATP, the ~rcentages of the recovered radJoacfivffy in the 
uraaponifiable f rozen  which vn~ associated with cholesterol were 20°4 aad 23.8° 

Five ~ p ~  incubations of [ 16)H] ' t  40~-methyl-5a-chotest-7..en-36, t 5~-dioi .~ th 
rat liver homogeaate preparations (which were active for the conversie~ of the 3~3,i 5& 
did to c~aolesterol)didnot lead to the formation of labeled cholestercl. 

Hl. Discussion 

14a-Methyl-5ot-cholest-7-en-3/L15#-dioI and 14a-rnethyl-5aocholest°7-eno3~,l 5a-dio~ 
were prepared from 3t~-methyl-14~.-methyl-Sa-cholest-7.en-15-one by reduction with 
lithium aluminum hydride. Treatment of 14a-methyl-5a-cholesto7~nJ~,l 5~odiol with 
p-bromobera, oyl chloride in p:/ridine yielded 3~,I 5/t-bisop-bromobonzoylo×yot 4~- 
methyl-5~-eholest-7-ene and 3t3-p-bromobenzoyloxy-14~.methyt.5~ocholest.7.end5f3° 
eL The detailed structure of the, ~ latter compound was unambiguously established by 
X-ray analysis. This analysis thereby also established the structure of its 15aohydro×y 
epin~r and also confirms the slereoehemistry and structure of the 3fl-benzoy~oxyd 4<~- 
methyl-5ot-eholest-7.en-15-one from which the two epimefic t 5-hydroxysterois were 
prepared. 

It is interesting to note that 14a-methyl-5a-cholest-7-en-3~,l 5~-diol was less pol~ 
than 14a-nmthyl-5a.eholest-7oen.3/3,15~-diol on thin layer chromatography on silica 
gel eolunmehromatography on silicic acid, and on gas.ticpaid chromatography, in the 
former compound the 15~_hy&oxyl function is pseudoaxial ,.,chile in the latter case the 
1 group is pseudoecpaatorial. In this particular case the chromatographic 
• t~havior of the two epimeric ~ols cor;e~onds to the generality developed for cycloo 
he.xanexystems in which axAaI[?¢ substituted derivatives are usua/ly less polar than the 

equatorially substituted e~pLmers [39,45]. 
in the hffrared spectra of the epimeric 15-hydroxysterols were also 

noted andhave been commented upon previo~Jsly. The nuclear magnetic resonance 
spectmof the two cpimer diols were ~gnificanfly different and detailed ana!y~s of 
the spectra indicated the absolute configuration of the hydroxyl f~netior~ at carbon 
atom 15 in the two compounds. The results of experiments utilizing the shift reagenL 
Ev,(dpm)3, indicate that the clhemicai shift of the three proton sin#et due to the C-18 
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methyl group as a function of the shift reagent to steroid molar ratio is raarkedly 
greater in the case of the 15t~aydroxy compomid than with the corresponding 15¢v 
hydroxy compound. This approach constitutes a po~enthdly very powerful and simple 
method for "he establishment of configuration of the hydroxyl function in 15-hyd- 
roxysterols. 

The mass spectra of 14a-methyl-5a-cholest-7-en-31~,151~-diol and 14a-methyl-5a- 
cholest-7-en-30,15~-diol differ in a number of respects. One major difference was in 
the ratio of abundancies of the molecular ion (b0 to the ion due to loss of water 
(M-IS). In the case of 14~.methyl-5a-cholest-7-en-3~,15t~liol with the pseudoaxial 
! 5-hydroxyl function, this ratio was 0.68. In the case of 14a-methyl-5a-cholest-7- 
en-31~,15~-diol with the pseudoequatorial 15-hydroxyl function, the same ratio was 
10.0. The use of this analysis has been proposed [46] as a method for the determina- 
tion of the configuration of steroidal alcohols with the axiafly substituted hydroxy- 
steroid giving the !ewer ratio. 

The results reported herein indicate that 14a-methyl-Sa-cholest-7-cn-3/~,! 5/3-(ho1, 
but not 14a-methyl-5a-cholest-7-en-3O,15a.diol, is convertible to cholesterol upoa 
incubation with rat liver homogenate~ of female rats. Gibbons et al. [30] l~lve recency 
reported that both 15-hydroxy epimers of 4,4,14a-tdmethyl-Sa-cholest-8-e~l-3.8-ol i~re 
convertible to cholesterol upon incubation with liver homogenate preparations of 
male r~,ts. In consideration of the results of our study, the reports flora 1t :tee 
laboratories indicating the stereo-specifc reinoval of the 15a-hydrogen of lant~.aero, 
upon enzymatic formation of 5a-cholest-7-en-31$-ol, 7-dehydrocholest4:rol, ar.,t ehole. 
sterol are of considerable importance. Since all hydroxylation reactions at sal uratec 
carbon atoms of the sterol nucleus studied to date have been shown to involv: hltro- 
ductioa of the hydroxyl function with "retention of configuration", t ie  findmg~ th~ ~. 
the hydroxyl group at carbon atom 1~ tn the epimer which is enzymaticaUy co ~,~,~:rtit,le 
to cholesterol has the ~:onfiguration while the hydrogen that is lost from c~:bon 
atom 15 in the overall conversion of lanosterol to cholesterol has the a~:onfiguratio~ 
strongly suggest that 14a-methyl-5~-cholest.7~n-30,150-diol may not I~.~ a signit]canl 
intermediate in the biosynthesis of cholesterol. 

While we have not investigated in detail the possible enzymatic formation of 
14a-methyl-5a-cholest-7-en.3~,150-diol from 14a-methyl-5a-cholest-7,~n-3~-(,i!, we 
have noted the formation of polar metabofites (with the expected chrontatogr~phic 
mobility of dihydroxysterols) upon incubation of the latter compoun,~ with t|v,.,r 
homogenate preparations of female rats [19]. The presence of a steroid 15/~-hydnxxy. 
lase in the fiver mierosomes of female rats has been reported by Gustafsson end 
Ingelmann-Sundberg [47,48]. 

Perhaps the most important features of the present work are the descriptiont~ of 
the syntheses and unequivocal establishments of structures of 14a-methyt.5a,c~ olest. 
7-en-313,15~-diol and 14a-methyl.5a-cholest-7.en.3~l,150t-diol. " ' ,  ,e compounds haw; 
been found to be very potent inhibitors of sterol biosynthesis in L cells a:td in primary 
cultures of mouse fiver celis [31 ]. 
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