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Abeact-The syntbtsb of 1@&ncthykne derivatives of a cork-al atcroid hormone and an androgcu 
analog are de&bed. The 1/?,2&ncthykne group was introduced ataeospecidally by a Simmons- 
Smith -ion on A’-3&ok. The proputks of the cydopropyl steroids arc diaatwd. including some 
anomalous mokcuhr rotation shifts. 

THE introduction of a variety of substituents into various positions on the steroid 
nucleus has been the subject of much recent research. The goal of the present investi- 
gation was to introduce the 1/?,2B_methykne function into a cortical hormone, hydro- 
cortisone, to obtain 1/?,2B_methylenehydrocortisone acetate (VII); and into a typical 
androgen 17a-methyltestosterone, to obtain l/I,ZB-methykne-17a-methyltestosterone 
(VIII). Similar structural variations steroids containing la,2a-methylene substituents 
have been previously described. t Since the completion of our work, Wiechert’ has 
also described the synthesis and properties of l/Q!?-methylene steroids. 

Our synthetic sequence commenced with the very versatile intermediates, the 
Ai*6-3-ketones I and VIII in the corticoid and androgen series. The preparation of 
these intermediates from the corresponding Ai*L3ketones was recently described.’ 
These deconjugated ketones are extremely useful starting materials for our synthetic 
objectives since the 1~,2B_methylene function can in principle be selectively introduced 
at the Ai double bond. Facile reconjugation of the &unsaturated ketone to the 
A%+?-unsaturated ketone is expected. 

In the corticosteroid series, LAH reduction of 17a,20;20,21-bismcthylenedioxy- 
l,S-pregnadienc-3.1 ldione (I) in tetrahydrofuran yielded a mixture of diols as 
determined by TLC. Direct crystallization of the products of the reaction mixture 
from acetone yielded the predominant isomer, the 3/?,1 lgdiol II. The minor isomer, 
the 3a.l lpdiol IIa, was obtained from the reduction mixture by extensive chroma- 
tography of the mother liquors of the crystallization. That the isomers differed only 
in conf@ation at C-3 was demonstrated by selective oxidation of the allylic C-3 
alcohols with manganese dioxide, followed by base catalyzed conjugation of the 
intermediate 11 B_hydroxy-A **6-3-ketone to the kriown prednisolone BMD.4 

Reaction of the 3,Mlylic alcohol II with the iodomcthylxinc iodide reagent of 
Simmons and Smith6 should serve to introduce the 1,Zmethylene function onto the 

1 R. Wkchcrt and E. Kaapar, Ckm. ikr. 9J, 1710 (1960). 
I R. Wkckt, D. Engclfrkd. U. Kerb, H. Laurent. H. Milkrand G. Schut. Ckm. Brr. 1118 (1966); 

G. Schulz and R. Wiechcrt, Ibid. 99, 1128 (1966). 
a E. L. Shapiro, T. Legatt, L. Wcbcr. E. P. Okto, M. Tanabc and D. F. Cram. SterokG 3, 183 

(1964). 
* R. E. Ekykr. Frances Hoffman, R. M. Moriarty and L H. !Garctt. 1. Org. Chum 26.2421 (1961). 
e H. W. Simmons and R. D. Smith, 1. Am. Chem. SM. 80,5323 (1959); II, 4256 (1959). 
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Al double bond in the desired manner. Since stereospecific Simmons-Smith reactions 
have been observed previously with other allylic alcohols,(c-8 delivery of the methylene 

* S. Winstein, J. Sonncntxrg and L. DcVrics, J. Am. Cbcm. Z&c. 81, 6523 (1959); S. Winstein and 
J. !Sonncnbcrg, Ibid. 83.3235 (1961); P. Radlick and S. Winstein, Ibtii. 86, 1866 (1964). 

7 W. G. Daubcn and G. H. tkrczin.J. Amer. Chem. Sot. 85,468 (1963): W. G. Daubcn and A. C. 
Ashcraft, Ibid. S&3673 (1963). 

’ R. Ginsig and A. D. Cross, J. Am. Chrm. Sot. 87.4629 (1965). 
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function of the A1 double bond was anticipated to occur from the ,9 side due to the 
directive influence of the allylic 3/l-01. Minimum interference from reaction of the 
iodomethylzinc iodide reagent at the A6 double bond was expected because of the 
steric requirements of the reagent in the methylene transfer step.O 

When the 3/l-allylic alcohol II was allowed to react with iodomcthylzinc iodide 
in boiling tetrahydrofuran for 24 hr, a 40% yield of the 1&2/l-methylenc adduct III 
was isolated. The l/$2/?-methylene carbinol III displayed in the NMR spectrum high- 
field bands characteristic of cyclopropane hydrogens. The signals appeared as a 
multiplet in the 9.5 T region of the spectrum. 

To obtain the I/3,2/3-methylene product in the androgen series, the identical reac- 
tions wcrc employed. Reduction of 17P_hydroxy-17a-methyl-l,5-androstadien-3-one 
(VIII) with sodium borohydridc in methanol yielded the 3/3-ol IX.*O Reaction of this 
allylic alcohol with the Simmons-Smith reagent, under identical reaction conditions 
with the corticoid II, afforded 17a-methyl-1~,2~-methylene-5-androstene-3~,17~diol 
(X) in 52% yield obtained by direct crystallization from the maction mixture. TLC 

l H. E. Simmons, E. P. Elanchard and R. D. Smith. 1. Am. Ckm. Sot. 86, 1347 (1964); E. P. 
Elanchard and H. E. Simmons, Ibid. 86, 1327 (1964). 

I0 3/I-Hydroxy-l.S-bisdchydrostcroids will bc the sub&t of a forthcoming paper by Ii. L. Shapiro, 
L. Webcr, E. P. Oliveto. H. L. Herzog. R. Ncrvi. M. Tanabc and D. F. Crowe. We thank E. L. 
Shapiro of the Schering Corporation, Bloomfield. New Jerry, for furnishing us sampks and the 
physical constants of 17r-methyl-l,S-androstadiene-3~.17~iol. 
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analysis of the mother liquor from the crystallization indicated the absence of any 
other products other than unreacted starting material. The absence of a la,2a- 
methykne adduct corroborates the importance of the allylic alcohol function in 
the stcreospecific delivery of the methylene group from iodomethylzinc iodide. The 
lack of products attributable to addition at the A6double bond is in accord with tbe 
reported bulkiness of the mildly clectrophilic iodomethylzinc iodide reagent towards 
multiple substituted double bonds.’ 

Oxidation of the 1,9,2/l-methylene alcohols II and X to the corresponding C-3 
ketones was accomplished with the Jones” reagent. In the corticoid series simultaneous 
oxidation at C-l 1 occurred to give IV. It was observed that both &-unsaturated 
ketones IV and XII were extremely resistant to conjugation to z&unsaturated isomers. 
This conversion is usually effected with mild acidic or basic conditions such as dilute 
ammonium hydroxide at room temperature.” Conversion of the 3B_hydroxy- 
A6-lp,Z/?-methylene derivatives to the Eketo-AQystcm, VI and XIII, could be effected 
by aluminum isopropoxide and cyclohexanone in boiling toluene for 84 hr. This is 
to be contrasted with the faster rate (11 to 18 hr) of Oppenauer oxidation accompanied 
by conjugation to the 3-keto-Acsystem with other 3/?-hydroxy-A%teroids.” 

The base catalyzed conjugation of the intermediate, 3-keto-A6 system to the con- 
jugated isomer proceeds via the enolate ion XI. Inspection of Dreiding models of 
this enol shows that ring A is completely coplanar, resulting in considerable nonbonded 
I,3 interaction between the C-19 angular Me group and the l/&2/?-methylene sub- 
stitucnt. This interaction is reflected in the higher transition state energy to effect the 
over-all /Iv to a/I unsaturated ketone transformation. 

The molecular rotation shifts observed in the conversion of the 3/3-hydroxy-A”- 
l/$2/?-methylcne alcohols III and X to their respective 3-keto-AQystems, VI and XII) 
exhibit a large negative change. This molecular rotation shift with other steroids is 
usually associated with a large positive shift valu~,~ as noted in Table 1. 

TAB= I. MOECULAR ROTATION SHIP~S AT 589 mp 

A 

3/l&hydroxy-A’- + 3-keto-A’- +I24 
III-M - 982 
X-XIII -428 

It is of interest to note that in a recent report the ORD curves at 290 rnp of ketones 
conjugated to cyclopropanes do not follow the normal octant rule.” A reversed 
octant rule has been proposed instead to account for the Cotton effect of cyclopropyt 
and epoxy-ketones. 

The synthesis in the corticosteroid series was completed by removing the protective 
bismethylenedioxy group from the dihydroxy-acetone side chain and isolating VII 
as the corresponding 21-acetate derivative. Removal of the bismethylenedioxy group 
from the A6 isomer yielded V. The acidic conditions employed for this transformation 

I1 C. Djcrassi, R. R. En& and A. J. Bowcn, /. 0~. Calm. 21, 1547 (19116). 
I* C. Djcrasi. Steroid Reucftivu p. 92. Ho&n-Day. San Francisco, California (tW3). 
)a L. F. Ficscr and M. Fkscr, Steroids p. 180. Reinhold, New York (1959). 
1’ C. Djcrasi. W. Klvm. T. Norin. G. Ohloff and E. Kkin. Tetruhdron 21, 163 (1965). I 
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are not rigorous enough to effect enolization and conjugation of the As double bond 
to yield the fketo-A4 system. 

In the NMR spectra of the cyclopropyl compounds prepared in this study, a 
downfield shift of the cyclopropyl protons on conversion to the 3-ketones from the 
3&ols was observed. These protons are now obscured by the broad proton absorption 
of the steroid envelope. 

The introduction of substituents lJ-diaxial to the angular Me groups usually 
results in a downfield shift of the angular Me resonances and follows a frequency 
additivity principle for the position of specific substituents as described.16*16 The 
chemical shift data for the Gl9 angular Me group of some of the compounds prepared 
in this study are presented in Table 2. 

TABU 2. C-19 NUCLEAR MAOSETIC R~SONANCF. VALUID (T) 

Compound 
- _ 

3&hydroxy-A*- 
X 

3@cetoxy-A’- 
3&acetatc of x 
3-keto-A’- 

XII 
3-kcto-A’ 

XIII 

Cl9 

9.2 
9.03 
9.19 
9.03 
a.82 

a.82 
8930 

a.73 

A(7) 
.-- 
-0.17 

-0.16 

0 

- 0.07 

Since the molecular rotational shift data indicate a conformational abnormality in 
ring A for the l/3,2/?-methylenc compounds, caution must be exercised in the use of 
the incremental NMR chemical shift data for the C-19 Me resonances of the l&2/?- 
mcthylenc substitucnt. The incremental shift for the C-19 Me group changes with 
the nature of the oxygen substituent at C-3 and the conformational nature of ring A 
in these derivatives. Preferential shielding effects from the cyclopropyl ring must 
also be taken into account” when considering the G19 Me resonances for the com- 
pounds prepared in this study. 

EXPERIMENTAL” 

17~;20.2l-BLmwrhy~~~~l,S-pngnrdlm-3,1 l-diocu (I). To a stir& slurry of 1.5 g NaNH, 
in lu)~dryTHFunduaNatm,asolnof5~8gprad~neBMD~in60mlTHFwasaddcd 
dropwisc Tbe reaction mixture WBS boiled for 20 hr and then co&d to room tcmp and poured into 
400mlsatboric~solnchatwasoverlaidwi(hUX)mlether. Tbec&rcalsolnwaawashcdwith 
water and dried over Na,SO,. The solvent was removed at reduced F aod the ruidw chromato- 
graphed on FlorisiL Elutioo with benzene gave 3.1 g of I. An analytical aampb was pv by 
razystallization from aatone; m.p. 203-20s”; [a)D -5”; &T’ 547 and 593 p; II:= 22S w 
(c ll.ooO). (Fouod: C, 6940; H, 7-U. C,,HuO, roquiru: C, 6998; H, 7.05~) 

17~;20~l-BLmrrhy~~~~l.~~~3~,1 I/?401 (II). To a slurry of 9 g LAH in 900 
mlctbercookdtoO-l0”,asolnof9gofIin900mlTHFwaaaddcddropw&withstirringun&ra 
N atm. The rtaEtion mixture warn stirred for an additional 16 hr at room tanp and the exo~o LAH 

I8 R. F. Ztlrchu. He/u. Chim. ACIU 44, 1380 (1961); I6id. 46.2054 (1963). 
lo A. I. Cohen and S. Rock Jr., Sreroldr 3,243 (1965). 
I’ J. Tandicr and W. J. Cole, 1. Og. Gem. 27,461l (1%2). 
I’ Melting points were taken on a Fisher-Johns apparatus. A P&in-Elmer infracord was used to 

obtain IR spbara. Rotations were determined in cbf at 1% concm at 23” unkss othcrwbe stated. 
TLC data wcrc obtaid on Merck silica gel G. m NMR spectra were obtained with 10% solns 
in CDCl, on a Varian A-60 spectrometer. 
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was decomposed by dropwise addition of a sat Na,!Qaq. The soln was filtered and dried over 
Na,SO, and the solvents were removed at reduced press. Crystallization of the residue from acetone 
gave 6.5 g of II. An analytical sample was prepared by recrystallization from acetone; m.p. 223-224”; 
[I]~ - 125’; 122:’ 2-8 q. (Found: C, 6840; H. 790. C,H,,O, requires: C, 68.29; H. 7.97%.) 

Chromatography of the mother liquor from the crystallization of II on Florisil afforded Ha. An 
analytical sampk was prepared by crystallization from acetone, m.p. 198-200”; [a]n $8’; lizi’ 
2.9 rnp. (Found: C, 68.17: H, 8.12. CUH,,O, rquircs: C, 68.29; H. 7.97x.) 

A mixture of 100 mg of II and IIa and I g activated h&O, in 50 ml chf was stirred at room temp 
for 16 hr. The mixture was filtered and the residue remaining after removal of the chf was dissolved 
in 10 ml MeOH and I ml 1N NaOH. The McOH soln was heated on a steam bath for IO min to 
effect conjugation of the intermediate I I~hydroxy-l7~.20;20.21-bismethyIcnedioxy-l,5-prc~dien- 
3-0~ to prednisolonc BMD. The prcdnisolonc BMD isolated from this reaction was identical in all 
rcspcts with an authentic sampk.’ 

l,!I&%Me:h_$ene-I 7~.20;20,2l-bLrmprh~le~dioxy-S-pr~~-3~,l l&diol (III). To a vigorously 
stirred mixture of 7.2 g of the ZnCu couple’ and OG6 g I, in 100 ml ether, I5 ml CHJ, was added. 
The reaction mixture was heated under a N atm for 3.0 hr with an IR lamp, cooled to room temp 
and a soln of 6.0 g of II in 20 ml THF was added. The reaction mixture was heated at 60” for an 
additional 24 hr. cooled to room tcmp and 5 ml sat NH,Claq was added to dccomposc any unrcactcd 
compkx. The ether soln was decanted, extracted with sat Na,CO,aq and washed with sat NaClaq 
and water. The ether soln was dried over Na,!IO, and the solvents were removed at reduced press. 
Trituration of the residue with ether gave 1.4 g of III. The mother liquor from the trituration was 
chromatographcd on Merck acid washed alumina and elution with AcOEt gave an additional I.0 g 
of III. An analytical sampk was prepared by crystallization from acetone: m.p. 242-244”; [a],, 
- 62” (Me-OH); ~~~~’ 2.9 m cc. (Found: C. 69.12; H. 7.97. C,,HuO,rquires: C.68.87; H,8.19:;.) 

I~,~-Merh~fPnc-17~,20;20,2l~~~rh~/e~diox~~5-pre~~~-3,1 I-dione (IV). To a soln of 0.5 g 
of III in 100 ml acetone, JorkP reagent was added dropwisc until a slight excess was present. The 
soln was filtered through Celite and 500 ml chf was added. Tbc chf soln was washed with 107; 
NaHSOfiq and 3 times with water and dried over Na,!IO,. The solvent was nmoved at reduced 
press and crystalliration of the residue from CH,Cl,-etir gave 0.175 g of IV. An analytical sampk 
was prepared by recrystallizing twice from CH,Cl,-ethcr: m.p. 224-226”; [z]n - 35”; j.z?i’ 5.87 m/r. 
(Found: C, 69.31; H. 748. Cr,H,,O, rquires: C, 6954; H, 7.30%.) 

2l-Ace/ox~-17a-h~~~oxy-IS,2B-mrhylcnc-5-pre~~~-3,l l,20-frionc (V). A soln of 0.1 g of IV in 
6 ml formic acid was heated on a steam bath under a N atm for I min and then 4 ml water was added 
and the heating continued for an additional 0.5 hr. The formic acid and water were removed at 
rcducod press and the residue was dissolved in 20 ml chf. The chf soln was washed with water and 
dried over Na,SO, and the chf was removed at reduced press. The r&due was dissolved in 2 ml 
pyridinc and 2 ml Ac,O was added. The reaction mixture stood for 60 hr under a N arm and then 
the pyridine and Ac.0 were removed at rcduad press. Crystallization from acetonbhcxanc gave 
I6 mg of V. An analytical sample was prepared by recrystallization from acctoncether: m.p. 
235-237”. ?.z$z,“’ 3.0. 5.7. 5.77, 5.87 and 5.98 m/l. (Found: C, 69.31; H, 748. C,,H,.O, rquim: 
C, 6954;’ H, 7.30%) 

I lp-H~rox~-lp.2P-nwrhy~e~-l 7a,20;20.2l-hirnu~hyle~di~xy4pre~~n-3~~ (VI). To a soln of 
@6 g of III in 24 ml cyclohcxanonc was added I20 ml tolucnc and I.8 g aluminum isopropoxidc. 
The reaction mixture was heated at 130” under a N atm for 84 hr. cooled to room temp. poured over 
ice-water and extracted with chf. The chf extract was washed with water and dried over Na,SO,. 
The solvent was removed at reduced press and the residue was chromatogmphcd on Merck acid 
washed alumina. Elution with ether gave 0.3 g of VI. An analytical sampk was prcparcd by crystal- 
lizing twia from CH,CI,-ether: m.p. 281-284’; [x]n -271”; Lpi:’ 2.93 and 6.13 11; A:%’ 247 rnp 
fp l0.000). (Found: C, 69.12; H. 7.51. C,,H,rO, requires: C. 69.21; H. 7.74%) 

2l-Accroxy-I l;~,l7z-dihydroxy-l~,2~-mcrhy/~~4pr~~~~-3,~dionc (VII). A soln of 0.26 g of 
VI in 25 ml 6Og/, formic acid was heated on a steam bath under a N aim for @5 hr. The soln was 
cookd to roum tcmp and the formic acid and water mrc removed at reduced press. The residue was 
dissolved in 50 ml chf. The chf was removed at reduced press and the residue was dissolved in I5 ml 
McOH and I5 ml chf was ad&d. This soln was cookd in an kc bath and I ml of IN NaOlf was 
added. The reaction mixture was stirred at ice bath tcmp for 0.5 hr under a N atm and then 30 ml 
chf and 30 ml water wcrc added. The chf soln was washed with eater and dried over Na,!W,. The 
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chf was removed at reduced press and the rcsiduc was disoolvcd in S ml pytidinc and 5 ml Ac,O. 
After 16 hr at room temp under a N atm the pyridine and Ac.0 were removed at reduced p’~ss and 
the residue was chromatographcd on Merck acid washed alumina. Elution with chf and AcOEI gave 
0.1 g of VLl. An analytical sample was prepared by crystallization from benzene: m.p. 218-220”; 
1~)~ -118”; AFii’ 292. 3.0. 5.7. 577 and 6.2 rnp; kErxrr 246 rnp (E 10,700). (Found: C. 68.89; 
H, 7.80. CI,H,,O, requires: C. 69.21; H. 7.74x.) 

17~-Mcfhyl-l,~ndrosfodi~ne-3~.17~-diol (IX). I* A soln of 23.4 g 17/Khydroxy-17z-methyl-1,5- 
androstadicnc-3-and in I.89 I. McOH was cookd to 2” with stirring. TO this was added 11.7 g 
NaBH, dissolved in 470 ml water, with the reaction tcmp maintained below 15”. After stirring at 
approximately 5” for 45 min. I I. of 50% aqueous acetone was added. The organic solvents were 
rcmovcd by distillation and the resulting ppt was colkctcd by filtration to give a crude product of 
22.4 g. Twocrystallirations from McOH afforded 16.10 gof IX: m.p. 188-190”; [z],, -41” (dioxan); 
I:?,’ 3.05 rnp. (Found: C. 79.30; il. 10.29. C,,H,,Or requires: C, 79.42; H, lO~W%.) 

l7x-Mc~h~l-l~,~?-~rhylene-5-a~rosrrru-3~,l7~?-diol (X). To a vigorously stirred mixture of 
12.Og ZnCu couple and 0.072 g I, in 100 ml anhyd ether under a N atm. 7.6 ml CHrl, was ad&d. 
The reaction mixture was heated with an IR lamp and then cookd to room tcmp and a soln of l+O g 
of IX in 40 ml anhyd THE was added. The reaction mixture was heated at 60” for an additional 
24 hr. The mixture was cookd to room tcmp and 5 ml sat NH,Ckq was added to dccomposc any 
unrcactcd complex. The soln was decanted. extracted with Na,CO,aq and washed with sat NaCkq 
and water. The cthcr soln was dried over Na,SO, and the solvent was removed at reduced press. 
Crystallization from aoetone afforded OS4 g of X. TLC of the mother liquor on silica gel G plates 
only indicated the presence of X and unreactcd IX. An analytical sample was prcparcd by rccrystal- 
liwtion from acetone: m.p. 211-213”; [z&, i 148" (dioxan): ~~‘~“‘2.85 and 3.1 wr; NMR ~4.8 
(C-6 IL), 8.72 (C-17,3H), 9.03 (C-18 3H and C-19 3H) and 9.4 (C-l, 2mcthykne). (Found: C. 79.47; 
H. 9.%. C,,H,O, requires: C. 79.70; H. 10.19>:.) 

I7,~-H~droxy-l7a-~fh~l-l~.~~~rh~lene-Sandrosfm-3-oru (XI). To a soln of 0.05 g of X in 
10 ml acetone. Jones” reagent was added dropwisc unttl a slight cxau was present. The soln was 
filtered through Celitc and SO ml chf was added. The chf soln was washed with IO”,/, NaHSOaq and 
3 times with water and dried over Na,SO,. The solvent was ranovcd at reduced press and the residue 
was crystalli& from CH,Ci,~thcr. An analytical sampk was prepared by rccrystalliz.ation from 
CH,Cl,+ther: m.p. 22&222”; [zh, + 108’; j.pil’ 2.85 and 5.9 m/r: NMR T 4.73 (C-6 H) 8.75 
(C-17 3H) 8.82 (C-19 3H) and 9.07 (C-18 3H). (Found: C, 80.55; H. 9.69. C,,H,O, rquires: 
C, 80.21; H, 9.62%) 

l7;1-H~~rox~~l7z-merhyl-l~.~-mrrhyle~-Qo~ros~cn-3-onc (XIlI). To a soln of 1.2 g of X in 
96 ml cyclohexanonc was added 240 ml toluene and 3.6 g aluminum isopropoxide. The reaction 
mixture was heated at 120” with stirring and under a N atm for 84 hr. After cooling to room temp 
the reaction mixture was poured over ice-water and extracted with chf. The chf soln was washed with 
water and then dried with Na,SO,. The solvent was removed at reduced press. Trituration of the 
residue with hwne afforded 400 mg of XII. TLC analysis of the mother liquor from the trituration 
on silica gel GE using a chf-AcOEt solvent system showed it to be a mixture containing mostly XII 
and a small amount of Xfll. 

The 400 mg of pure Xl1 obtained from the previous sequcr~c was dissolved in 80 ml tolucne and 
1.2 g aluminum isopropoxidc was added. The reaction mixture was stirred at rcflux for 20 hr under 
a N atm. cookd to room tcmp and worked up as above. Removal of the solvent at reduced press 
afforded 0.4 g crude XIII. An analytical sample was prepared by rcpcatcd crystallization from 
CH,Cl,~ther:m.p. 19&192”; [z]n -286”;R~~~*2~9,6~08m~c;I~~a246m~(r 11.2OO);NMR ~4.42 
(C-4 H); 8.80 (C-17 3H) 8.73 (C-19 3H). 9.08 (C-18 3H). (Found: C. 80.02; H. 9.60. C,,H,O, 
requires: C. 80.21; H. 9.62%) 
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