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'I'he photolysis of 4,4-di111ethylaridrosi-5-e1i-lT@-ol-3-oe (I)  in aqueous tetrahydrofuran 
has been shown to  give products of reduction, adducts with tetrahydrofuran, and 5-isoprop~l- 
lacto~ics \TI and 1711. 

I t  is \\-ell knon-n that the carbonyl chro~nophore of a P,y-unsaturated ketone can overlap 
\\:it11 the carboii-carbon double bond cliromophore, giving rise to an exalted intensity ol 
thc 11 -) a* transition or to a shift to\vards longer \\:avelength of the chromopliore. From 
this t)-pe ol data, conformations of ring A of 4,4-dirnet11ylcholest-5-en-3-one have been 
declucecl (1, 2):  

We \\-ere interested in determining \\-hetlier this type ol interaction \\~oulcl lead to 
proclucts analogous to those formed in the solvolpais of cliolesteryl derivatives in \\:hicIi 
the double bond of a p,y-unsaturated tosylate interacts with tlie incipient carbonium ion. 
R'e therefore studied the photo!ysis of 4,4-dimethylancIrost-S-en-l'ip-ol-3-0ne, ~\;liich is 
reaclily available froin testosterone (3). 

RESULTS 

Photol!-sis of a 0.033 -14 aqueous tetrahydrofuran solutioil of 4,4-dimetI1ylandrost-5- 
en-17p-ol-3-one (I) in a helium atitlosphere gave a mixture ol products, which could be 
resolved by chroinatograpl~ic means only with difficulty. MTheil the crude reaction mixture 
I\-as steam distillecl, a reasonable separation of the residue was effected by a coinbination 
of chromatography on alumina and thin-lajrer chromatograpl~y (t.l.c.), with silica gel as 
the aclsorbent. The purity of the components and the yields \\-ere established by gas-liquid 
chromatography (g.1.c.) .'The details of the separation procedure, as \\jell as relevant analyt- 
ical and spectral data, are described in tlie Experimental section. 

Uiols I\. and 1' were obtained as  a mixture ~vhich \\-as not resolved. Oxidation v\:ith 
cIlromi~uii trioxide in ppricline (4) gave in good yield 4,4-climetl1ylandrost-5-ene-3,17-clioi~~ 
(I'III), iclentical \\;it11 the oxidatioil product of I .  'The diol mixture (I\J and V) \\?as thcn 

lT11is zdorlz zi'as s ~ ~ p p o r f e d  b y  the iYatzo?~cil Resea ic l~  Cou?lcil of Ca?~ada .  --lbstratted f,.or11 part of tile I'11.11. 
t lces~s nf 12. T.  7'. 

211(ddci of n -1fcGiIl U?riuersity liellozdshzk, 1062-1063. 
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acetylated. Gas-liquid cl~romatograpl~ic analysis of this mixture indicated thc presence 
of t\vo components (IVn and Va),  with retention times identical with thosc of an authentic 
mixture of IVa and I r a ,  obtained by sodium borol~~rdride reduction of lcetonc I (3) folio\\-ed 
by acetylation. 

Diol I11 was characterized in the folio\\-ing manner. ;lcetplation it11 acctic anhJ-dride 
in pyridine a t  room temperature gavc a diol monoacetate IIIn.  The  mass spectrunl ol  
I I Ia  indicated it to be an adduct of ketone In and tetrahydrofuran. The  proton magnctic 
resonance (p.m.r.) spectruiu3 ol  I I In  slio\\-ecl the Ce-olefinic protoil a t  3.68 p.p.in. ancl a 
three-proton signal centered a t  3.89 p.p.m., cliaracteristic of the lo~v-field protons in 
tetrahydrofuran. The  most probable mode of attachment of the tctrahydrofuryl moiet)~ 
\\Tas as depictcd in IIIn.  The  synthesis of IIIn \ \as  therefore undertalten. Iietone Ia  \ \ as  
reacted \\-it11 a n  ethereal solution ol 2-furylmagnesium iodide (5). After acetyl,ltion, a lo\v 
J-ield (high conversion) of prcduct I S  was obtained. Catalytic reduction of I X  gave, 
after acetylation, the tetrahydrofury1 derivative IIIn in very lo\\r 1-ield. 

Diol I1 was apparently the Cd-epimer of diol 111. I t  gave, upon acetylation, a diol 
monoacetate IIn. Dehydration of this monoacetate with tliionpl chloride in pyridine gavc 
product S, identical \\-it11 thc product obtained by dehydration of diol monoacetate IIIn. 
Product S \\-as a mixture of the 2'-epimers Xu and S b .  I t  could be resolved into its 
constituents4 by t.l.c., \\-it11 silver nitr'lte impregnated silica gel as  the adsorbent and 
liexane-ether (6.5:3.5 v/v) a s  the dcvcloping solve~lt. 

The  c~nf igur~~t iona l  assigninent a t  C-3 of I1 and 111 was based on the follo\~ing argu- 
ments. Thc  3a-alcohol (axial) I1 had a I~igller cliroinatographic mobility 011 alumina 
(column). This criterion has often and successfully been applied for this type oi assign- 
ment (6, 7). Similarly, IIn had a larger Rf value than IIIn on t.1.c. \\-it11 alumina a s  
adsorbent (8, 9). Gas-liquid chron~atography gave similar results \\hen applied to I I a  
and IIIn (10). Comparison of the mocle of adclitioil of 2-furylmagnesium iodide ancl 1;etone 
In to that  of similar A"3-lictones and C'rrignard reagents (11) confirmed the stcreocllemical 
assigninent a t  <'-3 of 11 and 111. 

Lactones 1-1 and VII ,  \vliich absorbed in the infrared a t  1 740 cin-', \\ere the third 
type of c o ~ n p o ~ ~ n d  obtained. Both lactoiles gave monoacetates (VIn and 1711n), I\-hich 
could be converted into triols (XI and S I I )  by lithium aluminium hydride treatment. 
Xcetj~lation of X I  and ST1 gave trio1 diacetates XIn  ancl XIIn ,  \\-hose infrarcd spectra 
\\rere superimposable and clisplayecl hydroxyl bands a t  3 620 cm-I. The  p.il1.r. spectra of 
XIn and S I I a  shoved a t\\-o-proton signal (triplet) a t  4.09 p.p.in. (C-CIIs-0-k). 
Deh~-dration of S I n  gavc olelinic diacetate XI11 (6 5.62 p.p.m. (11-1)). The mass spectrum 
of 1711a shourecl a very small parent peal; a t  m/e 376 and the base peal; a t  ? u / e  333, cor- 
responding to the loss of ail isopropyl radical. The  subsequent fragmentation pattern \\.as 
esscntially identical v i th  the inass spcctru~n of the mixture of lactones XVa and X1'la.j 

Thc  stcrcocl~cmical assignment a t  C-Z in lactones VIa and VIIn was based on (i) 
diflcrences in the molecular rotatioils (AMD (VIn - VIIn) = 308") of these s ~ ~ b s t ~ l n c e s  
comparccl ~\ritli those of the correspo~ldin~ lactones (AMD (Xi7 - SI ' I )  = 237') described 
by At\\-atcr and Ralls (12) ; ( i ~ )  the relative R, values of trio1 diacetates XIn  (0.S7) and 
S I I n  (0.98) on t . l . ~ . ~  (8, 9 ) ;  and (iii) the chemical shift of the 19-CI-Is, ivhich is more 
deshiclded in the trn?zs-lactone \JIn (1.13 p.p.111.) tllailin thecis-lactone '\'IIn (1.00 p.p.m.). 

3Tirc p.nz.r. spectia weye take71 i l l  CIICls ( l e tmr~ ie t l l y l s i l n~~c  = 0 p.p.?iz.). 
steicoclre~~r.ical ass.i,q1~,izer~l at C-2' i s  discz~ssed in tire P1r.D. 111esis n f  R. T. 7'. 

:Lactones X V a  and X 1/10 2uei.e obtailzed as  a v t i r l i l r e f r o i , ~  tlre citleiizpted sy,ztl~esis of lnctotzes 1-10 a,itl T-II(i. 
oi~tli?rcd in tire Exlxi.ilrze7~tnI secbio?~. 

G T l ~ e  piocedilic .for tlre c o ~ t i ~ ~ n r i s o ? ~  is  desciibed i,i the Espciit)~c11t111 sectio~r,. 
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c ,  

1 he yields of the photoproducts in tetrahydrofura11-water (3: 1 v/v) and in tetrahy- 
drofurarl were cstablishecl by g.1.c. of the crude, steam distilled, ancl ace~ylated reaction 
mixtures, and are sulmmarized in Table I. 

TABLE I 
-- -- 

% yield 

Tetrahydrofura~l- Retention times" 
I'hotoproduct water (3: 1) 'Te t r ahydro f~~r~~r~  (mill) 

IVa 
Tin . - 
I I a  
I I I a  
VIa  
VIIn 

*Determi~~rcl  a t  270' on a O i t  X +In .  (inside diarnct?r) .:!as? colonln [locked with i G $  I)C 710 on siln- 
i~ized Gas Chrom P ;  I~el ium was used as the  carr lergas a t  30 p.s.i. 

?Product .a was not isolatecl. 

DISCLSSION 

Diols IV and V are products of photoreductio~~, a 11-ell-documented (13, 14) occurrence 
in ketone photochemistry. Adducts I1 and I11 find complete analogy in the photochemical 
addition of tetrahydrofuran to acetone observed by Shilna and Tsutsumi (13). Both 
recluctioil and adduct for~natiorl arise fro111 11 -> T* excitatiorl of the ketone (I) car11onq.l 
to a biradical triplet state (16). The intermediate biradical reacts with sol\~eni ~nolecules 
to give IV, V, 11, and I11 in yields of S, S, 7, and G%, respectively. When the photolysis 
of I \\-as performed in tetrahydrofuran, the yields of IV, V,  and I1 lvere 16, 4, ancl 370, 
respectively, and 110 I11 could be de t e~ tec l .~  This altcratiorl in product distribution from 
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aqueous tetrahydrofuran to  tetrahydroiuran most probablj- reflects the differences in 
solvatioil of the electroi~ically excited species. 

That  the Cs-C., bond in Icetone I under\vent cleavage during the photolysis is evident 
from the presence oi lactones '\;I (7%) and VII (6%).7 The a-cleavage of Icetones also 
arises Irom a biraclical state, from which is generated an acj.1 and all<yl radical (17). I t  
is to be expected that cleavage ~\:ould occur between C-3 and C-4 to give the more stable 
biraclical, e.g. lanostai~one yields ca. 34% priinary acid (18). 

Lactoiles '\..I and VII are most lilcely formed by the l;no\\-n process outlined belo\\-. A 
si~nilar transformation has recently been described (19). An olefinic acid (such a s  XIX)  
is I;no\\-n to give a 6-lactone under acidic coilditions (20) ; recently, 1Iousseron-Canet et al. 
(21) explained their isolation of a 8-lactone from the photolysis of an olefiilic acid similar 
to X I S  on the basis o[ Iactonization catalyzed b>. traces of acid. 

Inspection of the g.1.c. spectrunx she\\-ed thLlt all major components but  one \\-ere 
accounted for. This product A, present in approximately 7% j-ield, \\-as not isolated. The 
balance of the isolated compounds indicated that no participation of the double bond 
has to be invoked to explain the products formed. 

1'1-oton niagnetic resonance spectra \\.ere recoi-ded or1 a \:aria11 I\-60 (60 h1c.p.s.) spectrometer \\-it11 
dc~lteriocl~loroforiii as  solvent arid tetra~nethylsilane (0 p.p.m.) as  internal stalidard. Infrared spectra \\;ere 
t;il;en on I'erliin-Elriier grating spectrophotometers, ~nodels 837 and 321, with carbon tetrachloride as 
solvent. h'Ieltirig points \\.ere determilled in open capillary tubes on a Gallenkamp apparatus, arid are cor- 
rected. Optical rotations \\;ere illensured on n Carl Zeiss photoelectric precision polarimeter. Ultraviolet 
absorption spectra \\.ere taken on a Becl<lnaii DIi  1 recording spectrophotometer. Sch\\~nrzl;opf Micro- 
analytical Laboratories, Woodside 77, IUew Yorl;, and Dr. :\. Bernhardt, Miilheim, Gernlany, perfornied 
the rnicroanalyses. Mass spectra \\-ere recorded by S. Meyersori, American Oil Co., Mihiting, Indiana, and 
by hlorgali-Schaffer, Montreal, Quebec. Gas-liquid chromatographic determinations were ~ n a d e  on a 1; 
and hi1 n~odel 700 gas chromatograph. :Ill acetylatioris \\-ere performed ivith acetic al~hydride in pyridine 
a t  rooni tenlperaturc. Silica gel 0.75 Inm thick OII  S X S in. glass plates \ \as used for plate chromatograp1i~-, 
~ v i t h  water as  the detector. 

I r r ed in t i o?~  o j  Ketolze I (3) ill.  TetraI~ydrc$zrra 11- U l l e r  
Icetone I (G.67 g) dissolved in 500 ml of tetrahydrofurall-\\.ater (3:l  v/v) \\-as irradiated7 witll a Manovia 

45U It? l;~nlp until 110 starting nlaterial reniained by t.1.c. analysis (72 11). 'I'lle addition of 4 g of sodium 
chloride to  the reaction solution gave t\vo layers, \vhich were separated. The tetrahydrofuran layer was dried 
with maglresium sulfate and concentrated to  give 13.03 g of viscous oil. This product \\,as steam distilled 
and the residue extracted \\,it11 lYo sodium hydroside solution, which reinoved 0.975 g of acidic material. 
The reniaining 7.17 g of oil \\-as chro~nntographed on 300 g of alumina (activity 11-111). 

Elution \vith 120 1111 of benzene-ether (9:l v/v) gave 0.118 g of oil which \\.as not characterized. 
1;llrther elution (:<XI ml) gave 0.321 g of all oil \vhich was then acetylated. Plate chromatography with 

benzene-ether (4:l v/v) as  the cleveloping solve~rt gave a major band with Rr 0.78. Ether elution of 
this baiid 1-ielded 0.27G g of 17P-acetoxy-4,4-di~i~et1~y1-3~-(2-tetrahydrof~1ryI)a1idrost-5-e1i-3ly-ol (Iln),  n1.p. 
159.5-161". Recrystallization from methanol raised the melting point to 160-1G2°; [a]02" -94' (c, 0.52 in 
CI-ICI3); v,,,,, 3 592 (OH) and 1 052 cm-I (C-0-C) ; 6 5.57 (11-1, C=CG-I-I), 3.80 (SH, poorly resolved 
CI-12-0-CI-I), and 1.31 and 1.1G p.p.m.; g.1.c. retention time 12.0 min. 

Anal. Calcd. for C271-l.1.>04: C, 75.31 ; 1-1, 9.83. 1;ound: C, 75.73; H, 9.09. 
Continued elution (3GO nil) with the same solvent gave 1.25 g of oil, which crystallized overnight fro111 
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T.\YLOK .-\XU JUST : I'IIOTOLYSIS 1x51 

metha~iol, n1.p. 167-1SUo. 1;our recrystallizatiolis f ro~n ~iiethariol provided 0.205 g oi 4,4-dinietli).l-:3a-(2- 
tetrahydrof~lryl)aridrost-5-erie-:ji3,17~-diol ( I I l ) ,  m.p. 1S:3-1S-i"; [ol]~'"iJ" (c, 1.57 ir i  CI-ICI,); v,,,,, 3 5@:! 
(tertiary OH) and 1 052 ern-1; 6 5.62 (11-1, broad) and 3.75 p.p.ni. (411, broad, 0-CliI-I a ~ i d  CI-I?--0---CI-1). 

Anal. Calcd. for C?3H4003: C, 77.27; H, 10.38. 1;ourid: C, 77.32; 1-1, 10.38. 
1;~lrther elutio11 (160 rill) gave 0.8:30 g of oil. Acetylatiol~ followed by plate c h r o ~ i i a t o g r a ~ h ~ .  iri bclizelie- 

ether (4:l  v/v) gave t\vo barids a t  Xr 0.85 and 0.7:;. 'The band with Rt 0.85 provided O.OS5 g of epinicric 
3 - a c e t o x y - 4 , 4 - d i r ~ ~ e t I ~ y l a ~ ~ d r o s t - ~ - o l  acetate (l1.c~ atid \:(L), m.p. 157-160"; 6 4.58 (1 11, triplet, ;\cop 
Clil-I) and 4.4'3 p.p.m. (ll-I, triplet, AcO-C31-I) ; g.1.c. retellti011 tiriles 2.6 arid 2.21niir1, respectivel).. 

r\~ial. Calcd. for C?al-lasO.i: C, 74.59; H,  9.52. I;o~r~id: C, 74.77; 1-1, 9.62. 
'I'he band a t  R r  0.73 gave 0.337 g of li~-acetoxy-4,4-di1nethyl-3ol-(3-tetrahydroi~1ryl)a1idrost-~-c1i-:~~-0~ 

(I I la),  m.p. 199-201". r\n a~ialytical sample was prcpared by recr~~stallization from methaliol, m.p. 201-20""; 
[a ]~?;  -78' (c, 0.87 ill CI-IC13) ; v,,,:,, :3 562 (01-1) arid 1 052 cnl-I; 6 4.67 (115, triplet, ilcO-Cl;I-I), :3.89 (31-1, 
approximati~iy a triplet, CTI3-0-CI-I), and 2.47 p.p.111. (01-1, eschar~ged \\,ith D.0);  g.1.c. retc~ition tiriic 
15.2 rni~i. 

Arial. Calcd. for C?;I1.r?O,~: C, 75.31 ; 1-1, 9.S3.I;ound: C, 75.78; I-I, 10.08; 11iol. wt. 430 (mass sl,ectrometry). 
Coliti~iued elution (2S0 ml) provided all oil (0.563 g ) ,  from which 1110, I\"n, a ~ i d  \:a \\,ere isolatecl by t.1.c. 

as described above. 
Further elutioli (80 ml) gave 0.102 g of epinieric ;5-llydroxy-4,4-di1iiethy1:11idrost-j~-01 (11; arid I;), 

m.p. 201-204" (crystallizatior~ from ether). 'Three recrystallizatioris from acetone gave an  a~ialytical sarliple 
having 1u.p. 204-206'; v~c" ,  3 500 - 3 432 (broad) arid 3 053 cm-I (oleli~iic C-1-1); 6 (pyridir~e) 3.87 (11-1, 
triplet, 0-C171-I), 3.48 (11-1, triplet, 0-Gal-I), arid 1.40a1id l.X3 p.p.111. (31-1 each, two singlets, 4,4-diriiethyI). 

i\~ial. Calcd. for C211-I~.10?: C, 79.19; 1 1 ,  10.76. I:OLII~C~: C, 78.97; 1-1, 10.S3. 
Elutio~i (160 1nl1 \\it11 berize~ie-ether (8.5:1.5 v/v) gave 1.34 g of oil. :\cetylatiol~ follo\ved by hexa~ie 

trituration of the recovered oil provided long libers nieltillg a t  151-156'. C~.ystallizatioli from hesane gave 
0.184 g of 17~~-acetoxy-5a-isopropyl-4-os~~aridrost111-3-011e ( \ : In ) ,  lli.p. 162-163"; [ o l ] ~ ~ ~  +Si0 (c, 0.1:: ill 
Ct~ICI:j); v,,,,, 1 740 (acetate ca rbo~~yl  arid 8-lactolie), 1 4'25 (C-I1 of CI-l?C00),  arid I 391 ;~ricl  1 3S" rni-1 
(isopropyl group); 6 2 . G  ('21-1, :\I3 s)-stem, C1-I~-C00),8 1.20 arid 1.12 (31-1 each, two cloublets, .I = 7 c.p.s., 
isopropyl Me?), arid 1.15 p.p.nl. (19-Ale); g.1.c. retention time 0.:3 1ni11 (broad, with decompositioli). 

.-\rial. Calcd. for C?:ll-I3tiO.l: C, 7:3.36; 1-1, 9.64. 1:ourid: C, 73.29; 14, 9.77. 
Elutiol~ \vith 250 ml of benzene-ether (1:l v/v) p v e  0.51 g of oil. r\cetylatio~r follo\ved b!- plate clirolna- 

tography in benze~ie-ether (3:l v/v) gave a niajor band with IZi 0.51. Ictller elutio~i of this batid provided 
0.25'2 g of 1.7~-acetos~-5~-isopropyl-4-oxaar1drost--o1ie (\ i[ln),  11i.p. 121-12:i..i0 (crj-st;~llizatio~i frolil 
h e x a ~ ~ e ) ;  [ol]11'+5~ (c, 1.3s i l l  CI-ICIJ); 8 2.1s (211, :\I3 s).ste~ii, C1-12-COO), 1.09 (19-Me), aricl 1.05 arid 
1.01 ~.p.111. (31-1 each, t\vo doublets, J = 7 c.p.s., isoprop).l Ale.?) ; g.1.c. reterrtiorl time 4.7 niin (\\-it11 de- 
compositiori). 

r\nal. Calcd. for C?3H31;0,1: C, 7:1.36; 11, 9.64. 1;ound: C, 7;3.40; 1-1, 11.67; riiol. \vt. 376 (niass spectro~~ietry).  

0.vldatior1 of Epii~rwic 3-fIydrosy-~,~~-d~i11~etl~yln~1d~ost--e1~-l-Ziol (IT' n?rd 1') witl~ CRro~rri~~rlir Trioside (4) 
Chromium trioxide (61 mg) dissolved in 5 1111 of p!.ridine was added t o n  solution of 140 111g of the mixture 

(IV and V) i n  7 ml of pyridine. After ha\.ing stood overnight, the reaction mixture was liltered through ;UI 

asbestos pad [uid the i ~ i o r g a ~ ~ i c  residue \\;as \sashed \\.it11 two 10 ml portions of benzene. Tlie usual \vorli-~lp 
r~tid plate chromatography of the recovered oil with benzene-ether (4:1 v/v) gave 99 nlg of po\vder, m.p. 
151-154". One recrystallizatio~~ fro111 llesane-ether gave 63 111g of diorie \IIII, nr.p. 161-162°; v,,,,, 1 734 ;uld 
1 705 cui-I (lietones having five- and six-melribered rings, respectively). T o  depressiolr in tlie melting point 
was observecl on aclmixture with the product obtained from thc corresl~o~ldirig osicl;~tion of I. 

.\rial. Calcd. for C?,I-I:,OO~: C, 60.21; I-I, 9.62. Foutld: C, SO.41; I-I, '3.6:3. 

I7~-Aceto.vy-/t,~$-diir~ctI~y1-3ol-(,O-f1~ryl)c~~~drosl-5-cl~-~~~-ol (IX) 
r\ mixture of In (1.1 g) in 15 1111 of ether and 2-furyl1nagnesi~1nr iodide (p~.cparecl 1,y reacting O.-P25 g of 

~liagnesiurn with 2.4 g. of 2-iodofurali (5) in 6 ~ n l  of ether) \\.as lieatecl under rellux for 7 11. :\nin,oniu~n 
chloride (30 1111 of a 5% solutior~) \\.as added to the cooled reaction mixture, lollo\ved by f Itratio11 through 
an asbestos pad. The ether layer \\,as dried and concentrated to give 1.3 g of oil, \\;hirh \\-;Ls theti acctylnted. 
Plate chr-ornatography of the rccovcred oil \\.it11 15yc ether ill bciizer~e gave t\vo bar~ds a t  Rr O . ( j l  nr~cl 0.34. 
'l'he band a t  Rt 0.61 provided 0.401 g of Ia (identilied b!. nrised n~eltillg point ar~cl infr:u-ed spectrulii). 
'The band with Ri 0.54 gave an oil which providecl a partially crystalline 11i;lterial \\hen passed through 20 g 
of alumina (activity I) \\-it11 benzene-ether (1:l)  21s elue~it. Crystallization from methanol yielded 0.410 g of 
I S  as platelets, m.p. 2l:i-215". Five recrystallizatio~~s from metha1101 raised the 111elti11g point to 215-216' 
(yello\v color persisted); [a]rj2j -37" (c, 0.40 in CI-ICl3); 2% r m p  ( E  4 700); v,,,,, :3 G.20 (01-1) ancl :; 045 
and 1 047 cm-I; 8 7.2;: (IfI ,  complex splitting., C=-C:,,M-0.1, 6.28 (2H, complex nlultiplet, C-C3fl-l- 
c.1.1-I=C), and 2.58 p.p.m. (01-1). 

r\rral. Calcd. for C?iI-13sOr: C, 76.O"; I-I, 8.96. ITound: C, T(j.51; I-I, 5.47. 

81'1/l~~7z the p.11r.r. s p e c l r ~ ~ 7 ~  of lactorre VIa was takerr ill 30% dcz~te,.iz~rir oxide irr )yridi7te, the -1 B .sj.str~~r. (ill, 

CDC13) becairze n [nun-pro to?^ tliplet ce7~tered at g.79 p.p.tlr. 
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Ilydrogcviation o j  IS 
X mixture of I<aney nickel (45 mg), acetate I S  (150 mg), and ethanol (50 ml) \\as h)drogenated (3 100 

p.s.i.) a t  160 i 4" for 17 h. Filtration and concentration gave 135 nig of oil. rlcetylation followed by plate 
chromatography, with 30% ether in benzene, gave a series of closely moving bands with Ri values rar~ging 
from 0.98 to 0.17. Collection of the bands between Rr 0.98 and 0.55 and separation by plate chronlatograph) 
\\-ith benzcne-ether (4:l)  gave a band a t  Xi 0.73 which provided 8 mg of oil. The oil crystallized from 
metli,~nol, m.p. 196-19Bo, and \\.as identical with I I Ia  obtained from photolysis (mixture melting point, 
cornparis011 of t.1.c. behavior and infrared spectrum). 

D~lzydi.(ltio~z o j  I I I a  (or I I a )  witl~ Tl~ionyl Cl~loride 
Thionyl chloride (0.8 ml) was added dropwise to a stirred solution of 184 mg of IIIa in 6 nll of dry  pyridine 

a t  0'. After addition, stirring was continued a t  room temperature for 1 h. Ice chips were then added cau- 
tiously ant1 115 mg of oil was recovered by ether extraction. The oil crystallized froni ethanol after 5 days, 
m.p. 148-151'. Plate chromatography of the product (X) with silver nitrate impregnated silica gel9 as  the 
adsorbent and 35% ether in hexane as the developiilg solvent gave two bands, detected by ultraviolct light 
a t  Ri 0 . U  and 0.57, respectively. The band a t  Rr 0.62 provided 23 mg of 17P-acetoxy-4,4-dimethyl-3-(2- 
tetrahydrofuryl)a~~drosta-2,s-diene ( S a ) ,  m.p. 154-156'; [a]n2:' -59' (c, 0.96 in CEIC13); a,,,, 3 030 and 
1048 cln-I; 6 5.84 (113, unresolved, C=C2-I-I), 5.60 ( lH ,  broad, C=Cb-H), 4.32 ( lH,  triplet, 0- 
CYI-I-C=O), and 3.87 p.p.m. (2M, poorly resolved, 0-CslHz-C); g.1.c. retention time 8.0 min. 

Anal. Calcd. for C27I-14003: C, 78.59; 13, 9.77. Foulld: C, 78.78; 11, 9.77. 
The band with Ri 0.57 gave 20 Ing of S b ,  m.p. 171-172.5"; [~ I ]D~ '  -74' (c, 0.94 in CHC13). The infrared 

and p.m.r. spectra were essentially the same as  those for )in. 
i h a l .  Calcd. for C?7H.,oOs: C, 78.59; H,  9.77. Found: C, 78.48; 13, 9.74. 

3,~-Seco-~,~-dimetl~yla~~drosta~ze-3,~p,l7~-triol (XI )  
.\solution of 318 mg of VIa in 10 ml of dry ether was added slowly to  126 mg of lithiurn aluminium hydrlde 

in 4 1111 of ether. The mixture was heated under reflux for 1 h a n d  worlted up in the usual way to give 306 mg 
of XI ,  11i.p. 184-187'. Three recrystallizations from ether-acetone raised the melting poilit to 196-19S.5°; 
[L~]D" +qO (6, 0.98 in pyridine). 

Anal. Calcd. for CelH3s03: C, 74.51; I-I, 11.32. 1:ound: C, 74.35; H,  11.25. 
r\cetplation of X I  (100 mg) gave 104 mg of 3,17~-diacetoxy-3,4-seco-4,4-dimethylandrostai-5-01 ( S I a )  

as  an  oil, which was shown to be homogeneous by t.1.c. ; v,,,,, 3 620 (free OH) and 1 740 cm-I (intense) ; 6 4.69 
(111, triplet, AcO-CI7H) and 4.09 p.p.m. (2E1, triplet, C-CHz-OAc). 

3,17P-Diacetoxy-3,/c-seco-/c,/c-dinzetl~yla7~drost-6-e~se ( X I I I )  
The dehydration of 104 mg (oil) of S I a  was carried out as  described for IIIa. The resulting oil \\.as purified 

by plate chromatography with 35% ether in hesane to give S I I I ,  Xi 0.98; m.p. 116-116.5°; v,,, 1 742 CIII-~ 

(i~ltense); 6 5.62 (11-1, poorly resolved, C=C&-I-I), 4.67 (lM, triplet, AcO-C17I-I), and 4.03 p.p.m. ("-1, 
triplet, C-CI-12-0:Ic). 

Anal. Calcd. for CdIPoO,,: C, 74.21; I-I, 9.97. I:ou~~d: C, 74.19; H ,  9.54. 

S,~-Seco-~,~-di11~ctl~ylandrosta~z~-3,6a,1-triol ( X I I )  
Lactone VIIa (112 nig) was treated as  described for VIa. Trio1 XI1 (91 mg) was isolated, m.p. 143-144.5'; 

$41' (6, 0.94 in pyridine). 
Anal. Calcd. for CZ1H3~03: C,  74.51; I-I, 11.32. Found: C, 74.18; I-I, 11.14. 

. . . .  . . Xcetylatio~i of 65 mg of XI1 provided 61 mg of 3,17~-diacetory-3,4-seco-4,4-di1~~et1iy1a~~drosta1~-3~~-01 
(S I Ia ) ,  m.p. 141-143" after crystallization from methanol; [CI]D'~ +lo (6, 0.6 in CMC13). The infrared spcc- 
trum \\-as indistinguishable from that  of XIa .  The p.m.r. spectrum was also very silnilar to  tha t  of S I a .  

--lnal. Calcd. for C.':'Hq.105: C, 71.09; H,  9.95. Found: C, 70.97; M, 10.26. 

Tll~i~z-Layer Clzro1~zatograp1iic Co~~zparison o j  X I a  and X I I a  
Both S I n  and S I I a  were spotted on a microscope slide coated evenly (0.5 mni) with Woelm neutral 

alumina (for t.1.c.). With ethyl acetate - hexane (3:2 v/v) as  the developing solvent, X I I a  had a Ri value 
of 0.98 whereas S I a  was a t  Ri 0.87. 

'tttei~rpted Synfhesis of Lactones VIa and VIIa; Lactones XVa  and X V I a  
--In ethereal solution of isopropylmagnesiun~ iodide was added to  431 mg of 17~-acetoxy-5-oxo-3,5-seco-A- 

norandrostan-3-oic acid niethyl ester (XIV)lO in 35 nil of dry ether until t.1.c. analysis indicated that only a 

. . 
. .  . 

. .  . . . .  . . trace of S I V  remained. Ammonium chloride (10 ml of a 3% solution) was then introduced and the ether 
. . . . .  . . .  . . .  . . .  . . solution dried and concentrated. rlcetylation of the residual oil followed by plate chromatography with 30% 

ether in benzene gave two bands a t  Rr 0.77 and 0.54. Ether elutio~i of the band a t  Xi 0.77 provided 120 mg 

'Tlze plates ordinarily zrsed for plate chro~i~atograplzy were spmyed witlz 6yo ssiloer nitrc~te solzrtion zlntil the 
adsorbent was satzi~.ated. The plates were then air dried overnigl~t. 

1°Prc~pnrcd from testosterone acctcctc in accordance with a procediire described by Atzuater and Ralls (19), 
followed by treatii7ent zcitlz diazo~i~etliane. 
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T.-11-LOR .\XU JUST: PIIOTOLYSIS IS53 

of starting material (identified by infrared and p.m.r. spectra and mixed melting point), m.p. 90-91.5'. The 
other band (Rr 0.54) gave a mixture of li~-acctox~~-4-oxa-5a-a1idrosta1~-3-oiie (SVa)  and the 58-cpimcr 
(S\ . Ia) ,  m.p. 150-164"; v,,,,, 1 740 cm-I (intense) ; 6 4.22 (O.Gf1, triplet, 5p-h>.drogen of S V I a )  and 3.70 p.p.111. 
(0.51-1, broacl, 5a-hydrogen of XVa)." 

.Anal. CaIccl. for c?oI-1300.1: C, 71.85; H ,  8.98. Found: C, 72.05; I-I, 9.01; mol. wt. 334 (inass spectromets).). 
The Grignard reaction therefore resulted in onIy reduction and enolization. 
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llllorrse et (11. (22) fozi?~d t l ~ a f  t l ~ e  6-proton (ax ia l )  i l l  ( L  lacto?le slrcl~ (1s STr absorbed c ~ t  Irigl~er field (closer lo  
Irtrcri~~etlrylsila~ze) t l ~ a ? ~  i t s  eqli(~toria1 epil~rer (s~icll. cts I Y V I ) .  
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