
STEROIDS 
I. 12B-METHYL-12a-HYDROXYPROGESTERONE1 

GEORGE J r r s~  AND 13. NAG-LRAJAN 

ABSTRACT 

Lithium alurnil~um hydride reduction of 3ol,l2ol-diacetos~~preg1ia11-30-one ( l a )  gives as  
the major product pregnane-3ol,l2ol,200-triol (111), whereas the reduction of the corresponding 
dihydrosypregnanor~e I asfords mainly the epi~neric 3ol,12ol,20a-triol 1 1 .  Trio! I11 was trans- 
formed to 120-methyl-12a-l~ydrosyprogesterone ( V I I I ) .  

As part of a continuing study of the chemistry of steroids hearing f~r~ictioilal groups in 
ring C, and of the interaction between substituents located a t  positions 12 aiicl ill the 
side-chain (1, 2), the preparation of 12-methyl-lZ11ydroxypreg11a11e cleriva~ivcs such as 
VI and VII was undertalten. 

Engel and I-Iuculak (3) have recently described the preparation of 3a,20p-dil~~-clroxy- 
pregnan-12-one bis-methyl succinatc (Vb) through the sequence Ia + I11 4 IIIb -) Vb. 
This ltetone Vb appeared to us a useful internlediate for the i~ltroduction of a 12-methyl 
substituent. 

Lithium aluminum hydride reduction of 3a1l2a-diacetosypregnan-20-one (Ia) gave 
pregnane-3a,12~,20p-triol (111) and a small amount of material which Engel and Huculalt 
(3) had tentatively formulated as pregnane-3a,12a,20cr-triol (11). Chromic acid oxidation 
of this material to pregnane-3,12,20-trione (IV) confirmed this assignment of structure. 
In accordance to the findings of Sarett (4, see also refs. 3 and 5), the difference of incre- 
ment of molecular rotation due to  the acetylation of the 20P- and the 20a-hydroxy group 
was of the order of 200". 

Surprisingly, lithiunl aluminuin hydride reduction of 3a,l2a-dillydroxyprcgnan-20-one 
(I) gave as the major product preg1~ane-3a,12a,20a-triol (11). A more detailed study of 
the reduction revealed that the yield of the epimeric triols I1 and I11 clepended on the 
solvent and on the nature of the functional group attached a t  position 12. The  results 
are sumlnarized in Table I. 

TABLE I 

Starting material Solvent p/,I I (20a-OM) % I  I I (200-OH) 

1. Diol I Tetrahydrofuran 58.5  27.0 
2. Diol I Diethyl ether 6 5 . 8  10.2 
3. Diacetate In Tetrahydrofuran 0 . 2  60.7*: 
4. Diacetate Ia Tetrahydrofurali 5 . 8  
5. Diacetate In Diethyl ether 37 

91 (3)  
46.8 
-- 

*No attempt was made in this case to obtain the maximum yield. 

The reduction of the 20-keto cliacetate Ia to the 20~-t i iol  I11 proceeds accorcli~ig to 
Cram's rule of steric control of asymmetric induction (6). The stereocl~cmistry of the 
reduction of the 20-lteto diol I to the 20a-trio1 I1 can be readily explained, if one assumes 

lMa?ruscript received Novettrber 7, 1960. 
Contribz~tio?t froti1 the Departt~ze?zt of Che7lzistry, iWcGill Ui~iversity, llfo?~trcal, QLLC. This pape,  forltis CL part 

of l l ~ e  Pl2.D. thesis of R. Nagnrajan, to bc prese7rted lo the lic~cz~lty of Gindz~ate Stz~dies,  I l f c C ~ l l  Utli;~r,i.sity. 

Can. J. Chem. Vol. 39 (1961) 

548 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
 O

F 
M

A
N

C
H

E
ST

E
R

 o
n 

11
/1

1/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



JUST AND NAGAIIAJAK: STEROIDS 549 

I I I 
the fornlation of an intermediate co~nplex of the type -C12-O-A1 + - . O=Czo. The 

I I I 
carbonyl group is then reduced by another hydride molecule. Sicher et al. (7) have 
posti~latecl a similar co~nplex to explain why dehyd~ochlora~nphenicol and its 0-acetate 
form thl-eo- and erythro-chlora~nphe~~icol, I-espectively, upon NIeerwein-Ponndorf 
reduction. 

The co-ordination of the a lu~n inu~n  hydride alcol~olate by the carbonyl group is com- 
peting with solvation by ether ancl tetrahydrofuran (8). As tetrahydrofuran is Inore 
basic than ether (9), one would expect less co-ordination of the 20-carbonyl oxygen in 
the litl~ium ali~minum hydride reduction in tetrahydrofuran, and hence more 20P- 
alcohol I11 would be formed in that solvent. This hypothesis is co~~finnecl by experimental 
evidence ('Table I ,  columns 1 and 2). 

An cuplanation of the solvent effect in the recluction of the diacetoxy lcetone Ia would 
follon similar lines. The only assumption which mould have to be made is that the 20-lceto 
group is recluced a t  a similar rate as  the 12-acetate group. Iiecluction of lteto cliol I with 
a fivefolcl excess of sodiu111 borohyclride indicated the hindered nature of the 20-carbo~~yl 
group, since even after 20 hours it was not complete, as evident fro111 infrared measure- 
ments. This experilllent does lend some weight to the assun~ption made, without, 
however, proving it. 
'1 co-orclination co~nplex involving aluminu111 llydride would also account for the 

convers~on of 17a-l~ydroxypreg1~a1~-20-01~es by the action of lithiunz alunlinu~ll hydricle 
to a ~nisture of 20P- and 20a-dil~ydroxypregna~le clerivatives, in which the latter 
predominatccl ( 5 ) .  

Succinylation ol trio1 I11 to the succinate IIIb (3),  follolved by oxidation, afforded the 
12-lteto disuccinate VD (3). Prolonged treatment of the lietone Vb with ~nethyl magnesium 
iodide in diethyl ether led to a reaction ~nixture containing sizable a~nounts  oi starting 
material. The lceto disuccinate Vb was therefore hyclrolyzed with methanolic potassium 
hydroxide to the clihydroxy ltetone V, which was converted to the corresponding diacetate 
Va. Treat~nent  ol the 12-lteto diacetate Va with excess ethereal methyl magnesium iodicle 
for 20 hours gave a 73% yield of the desired 12~-methylpregnane-3a,1201,2O~-triol VI. 
T ~ i o l  VI ior~ned a diacetate VIa, and was easily oxidized to 12P-methyl-12a-hydroxy- 
pregnane-3,20-dioile (VII),  t l l i~s establishing the tertiary nature of the 12-hydroxy group. 
The assign~nent oi configuration of the 12-methyl group will be substantiated in a follow- 
ing paper. I t  is in disagreerne~lt wit11 the assignment of configuration made by Levine 
and Wall (10) and Bladon and McA4eeltin (11), ~ 1 1 0  transfol-med hecogenin to "12a- 
methyl-12P-l~ydroxy tigogenin". 

Because of the considerable interest in steroid l~ormone analogues containing allcyl 
and other substituents in the steroid nucleus (see, e.g. 10, 11, 12), we decided to transform 
12~-metl~yl-12a-l~ydroxypregnane-3,20-dio1e (VII) into the closely related 12P-methyl- 
12a-hydroxyprogesterone (VIII).  This was readily achieved by brornination in position 4, 
followed by clehydrobro~nination (13). The progesterone analogue thus obtained did not 
exhibit any notable progestational, androgenic, diuretic, hypotensive, or anabolic 
properties." 

2Biological tcsts were carried out by Dr. C. I. Clzappel and Dr. Clara Rc.~cse, Ayerst, AlcKenna and I lnrriso,~,  
!llo?ztreal. 
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Reduction of Sa:,l2a:-Diacetoxypregnan-20-one (la) in Ether 
A solution of the diacetate Ie (14) (30.0 g, 0.0717 mole, m.p. 122-123') in absolute 

ether (500 ml) was added with stirring to a solution of lithium alu~ninurn hydride (33 g) 
in absolute ether (1500 1111). The reaction mixture was heated under reflux for 1 hour and 

3All the melting points were corrected. 
'Only the best yields were reported. 
SThe conzmercially aoailable ~ L Z L N I ~ I L Z L ~ ~ ~  oxide (Woelm) was used. 
OThe microanalyses were carried out by Dr. Alfred Bernhardt, Germany. 
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left a t  room temperature overnight. The excess lithium aluminum hydride \iras destroyed 
by adding ethyl acetate (175 inl) and then 2 N sulphuric acid (450 ml). The solvents 
were removed by distillation and the reaction inixture extracted with chloroform. The 
chloroforin layer was washed with 5% sodium bicarbonate solution, water, saturated 
sodium chloride solution, and dried over magnesium sulphate. 

Repeated crystallizations fro111 chloroform gave the 20a-alcohol I1 (8.902 g, :37.0y0), 
lll.p. 225-22G0, [aIDz9 46' (C 0.59 in CI-IC13). The  substance was slightly hygroscopic. 
Crystallizatioil from acetone did not change the melting point. Calcd. for C211-13603: 
C 74.98%, H 10.78%. Found: C 74.94%, I1 10.66%. 

Crystallization of the inother liquors froin acetone gave the 200-alcohol I11 (3) (11.260 
g,  16.8%), 1n.p. 236-238', [ff]D2' 34' (c 0.78 in CIIC13). 

Calcd. for C?lH3603: C 74.98, H 10.78%. Found: C 74.84, 1-1 10.61%. 

Redz~ction of Sa,lba-Dihydroxypregnan-90-one ( I )  i n  Ether 
A solution of the diol I (14) (1.414 g, 0.00423 mole, m.p. 168-172'; crude product 

obtained by alkaline hydrolysis of the diacetate Ia) in absolute ether (200 1111) was added 
with stirring to a solution of lithium aluminum hydride (1.5 g) in absolute ether (100 1111). 
The reaction mixture was worlced up as  described above. The yields of 20a-alcohol 11, 
m.p. 225-22G0, and of 200-alcohol II1,in.p. 236-23g0, were 65.5% and 10.5% respectively. 
The alcohols were identified by nlixed melting point and comparison of I.R. spectra. 

Reduction of Sa,lba-Dihydroxypregnan-90-one (I) i n  Tetrahydrofuran 
A solution of the diol I (2.635 g, 0.00789 mole, n1.p. 168-172', crude product obtainecl 

by alkaline hydrolysis of the diacetate la) in absolute tetrahydrofuran (200 1111) was 
added dropwise, with stirring, to a solution of lithium aluminum hydride (3.0 g) in 
absolute tetrahydrofurail (250 ml). The reaction mixture was worlced up as  described 
above. The yields of the 20a-alcohol 11, m.p. 225-226', and of 200-alcohol 111, m.p. 
236-238', were 58.5% and 27.2y0 respectively. The identity of the alcohols was confirmed 
by inixed melting point and superimposability of I.R. spectra. 

Reduction of Sa,lba-Diacetoxypregnan-20-one ( la )  i n  Tetrahydrofz~ran (9) 
A solution of the diacetate Ia (30.9 g, 0.0739 mole, 111.p. 122-123") in absolute tetra- 

hydrofuran (200 n ~ l )  was reduced with lithium aluminuin hydride (36 g) in 1500 ml of 
absolute tetrahydrofuran (3). Chloroforin extraction afforded 21.1 g (85% yield) of the 
crude product. Separation of the triols, as described above, afforded 2.40 g of the 20a- 
trio1 I1 (rn.p. 221-224', 9.5% yield), and 17.3 g of the 200-trio1 I11 (111.p. 231-233', 
69.7% yield). 

Sa, l  ba,bOa- Triacetoxypregnane (IIa)  
Triol I1 (130 mg, lll.p. 225-226') was heated under reflux for 1 hour in pyridine (3 nil) 

and acetic anhydride (1 ml). The  reaction mixture was worked up as  usual and afforded, 
on crystallization from ether-hexane, the triacetate IIa,  n1.p. 147-148', [aIDz8 95' (c 0.73 
in CI-IC13). 

Calcd. for C27H4206: C 70.09%, H 9.15%. Found: C 70.27%, 1-1 9.20%. 

Sa,Iba,bO0- Triacetoxypregnane ( I I Ia )  
Triol I11 (130 rng, m.p. 23-38') was treated as  described above. Crystallization of 

the crude product from ether-hexane yielded the triacetate I I Ia  (3), n1.p. 201-20z0, 
[aIDz8 127' (c 0.81 in CHC13). The melting point was not depressed upon adinixture.with 
an authentic sample7 and the I.R. spectra were identical. 

?Kindly sz~pplied by Dr. C. R. Engel, Deparhne?~t of Clzen~istry, Lava1 U?~iversity, Quebec. 
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Preg~zur~e-3,1~,3O-trio.rze ( I  17) 
In parallel runs, a solution of triol I1 and of triol I11 (300 ing) in acetic acid (15 1111) 

was treated with a solution of chronrium trioxide (300 mg) in 3 ml of 90% acetic acid a t  
room temperature for 20 ]lours. Extractioil and crystallizatioi~ gave in each case an 
80-90yo yield of IV (15), 1n.p. 203-205'. The identity of the samples in both cases 
was confirmed by mixed melting point and superimposability of I.R. spectra. 

3a,l2a,ROb-Trihydroxypregnane Sa,2OP-bis-Methyl Sz~ccinate (IIIb) 
To  a solution of the triol I11 (4.38 g) in pyridine (40 inl), succinic anhydride (10.2 g) 

was added. The reaction mixture was heated a t  90' on a water bath for 4 hours, and left 
overnight a t  room temperature. I t  was diluted with ice-cold water (1500 1111) and left 
for 1 hour. The solution was extracted wit11 ether, washed with 2 N sulphuric acid, 
and twice with water. The ethereal extract was clried over magnesium sulphate. Upoil 
evaporation of the solvent to 250 inl, 4.054 g of the bis-hemisuccinate, m.p. 188-18g0, 
crystallized. 

Crystallizatioil of mother liquors from acetone-hesane afforded 2.192 g, n1.p. 188-189'. 
Iiecrystallization for analysis raised the m.p. to 190-191' (1n.p. 182-184' (3)). 
Calcd. for C2'JH4409: C 64.91yo, 1-1 8.26%. Found: C 64.79y0, I3 8.35y0. 
-4 solution of the bis-hemisuccinate (6.152 g) in ether (1500 1111) was inethylated with 

an excess of diazomethane i l l  ether. One crystallization from ether-hexane afforded 
5.855 g of IIIb (3), 1n.p. 9G-97', [ff]D" 97' (c 0.97 in CI-IC13). Crystallization of the 
mother liquors gave 0.257 g of IIIb, lll.p. 94-95' (yield 84y0). 

3a,2O~-Di/~ydroxy~regnan-lR-one bis-Methyl Succinate (Vb) 
Oxidatioil with chromium trioxide in acetic acid of tlle bis-methyl succinate IIIb 

(6.025 g) afforded 5.971 g of the lreto bis-methyl succinate Vb (3), 1n.p. 112-113', [ffIDz9 
110' (C 0.91 in CHCln). 

3a,ROP-Dihydroxypregnan-12-one (V) 
T o  a solution of the keto bis-methyl succinate Vb (10.0 g) in inethanol (700 inl) and 

water (100 1nl) was added potassiuill carbonate (12.5 g) and the mixture was refluxed 
for 17 hours. The major part of the methanol mas distilled off in oac~~o.  The reaction 
mixture was worlred up as usual and on crystallization from acetone-hexane, 2.868 g of 
the hydrosy lretone V, m.p. 221-222", was obtained. The I.R. spectrum of the mother 
liquors showed that the hydrolysis was not complete. The mother liquors were further 
hydrolyzed with 5% methanolic potassium hydroxide for 8 hours a t  reflux temperature 
and worlred u p  as  usual. Crystallization from acetone-hexane afforded 3.044 g of the 
hydroxy ketone V, m.p. 220-222' (yield 96y0). 

A portion of the hydroxy lretone V was crystallized twice fro111 acetone-hexane for 
analysis, 111.p. 222-223', [ff]D2' 131' (c 0.95 in CIIC13). 

Calccl. for C211-13403: C 75.41, 1-1 10.24. Found: C 75.20, 1-1 10.06. 

3a,2OP-Diaceto:cypregnan-12-one (Va) 
A solution of the hydroxy lretone V (400 ing) in pyridine (10 n11) and acetic anhydride 

(10 1111) was kept in a water bath a t  90' overnight. Ether extraction gave 511 mg of crude 
product. One crystallization from ether-hexane yielded 416 mg of the lretone Va, 111.p. 
136-137". Crystallization of mother liquors afforded 53 ing of Va, m.p. 135-136' (yield 
93%). 
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A portion of ketone Va was crystallized twice from ether-hexane for analysis, n1.p. 
136-137', [ f f ] ~ ~ '  179" (C 1.09 in CHC13). 

Calcd. for C36H2805: C 71.73, I1 9.15. Found: C 71.91, H 9.25. 

12/3-il~ethyl-Sa,12a,20/3-trihydroxypregnane ( VI)  
To 200 ml of an ethereal solution of methyl magnesium iodide (from 270 mg of mag- 

nesium and 0.7 ml of methyl iodide) was added with stirring 575 mg of the ketone Va, 
dissolved in 200 ml of absolute ether. The  reaction mixture was refluxed for 20 hours. 
A solution of ammonium chloride (10 g) in water (200 ml) was added to the reaction 
mixture. I t  was then extracted with ether and the organic solution washed with water 
until neutral. The ethereal extract was dried over magnesium sulphate. On evaporating 
the major part of the ether, crystals of the triol VI (110 mg, m.p. 213-214') were obtained. 
Crystallization of mother liquors afforded 98 mg of the triol VI, m.p. 210-213". 

Recrystallizations from aqueous methanol and methanol raised the m.p. to 213-215') 
[aIDm 39" (c 0.88 in CHC13). 

Calcd. for C22H3803: C, 75.37, H 10.92. Found: C 75.21, H 10.92. 
The mother liquors were acetylated and the resulting oil (435 mg) chronlatographed on 

alumina (4.5% water). The hexane-benzene (4:l) fractions consisted mainly of the 
unreacted ketone. Hexane-benzene (1:l) fractions were collected and on crystallization 
from hexane gave 73 mg of the diacetate VIa, m.p. 119-121". The illother liquors on 
crystallizatioll from hexane afforded 15 mg of the diacetate VIa, m.p. 119-121". 

A portion of the diacetate VIa was crystallized twice from hexane for analysis, m.p. 
122-124", [a]DZ9 78" (c 1.01 in CHC13). 

Calcd. for CzsHe206: C 71.86, H 9.74. Found: C 71.66, H 9.99. 
The nlother liquors of the hexane-benzene (1:l) fractions and the renlainder of the 

fractions of the chromatogram afforded upon alkaline hydrolysis and crystallization 
from ether-hexane 71 mg of the triol VI, m.p. 208-210" (yield 73y0). 

12/3-~~~etl~yl-l2a-hydroxy~regnane-S,2O-done (VI I )  
Chromium trioxide (490 mg) in goy0 acetic acid (5 ml) was added with stirring to a 

solution of the triol VI (750 mg) in acetic acid (50 ml) and left a t  room temperature 
overnight. Ether extraction afforded 723 mg of the crude hydroxy ketone VII,  m.p. 
184-186". One crystallization from acetone-hexane gave 663 mg of the hydroxy ketone 
VII,  n1.p. 187-188". Crystallization of mother liquors afforded 15 lng of VII,  m.p. 186- 
187" (yield 92%). 

A portion of the hydroxy ketone VII was crystallized twice from acetone-hexane for 
analysis, m.p. 187-188", [a]D2' 10zO, (c 1.05 in CHC13). 

Calcd. for C22H3403: C 76.25, H 9.89. Found: C 76.10, H 9.87. 

12/3-Methyl-l2a-lzydroayprogesterone (VI I I )  
A solution of bromine (141 mg) in acetic acid (9.4 1111) was added to a solution of the 

hydroxy ketone VII (300 mg) in acetic acid (10 ml) with stirring. After 5 minutes, the 
reaction mixture was poured into ice-water (500 ml), and extracted with ether. The  
organic layer was washed with water and dried. There was obtained 395 1ng of an  oil 
which resisted crystallization. 

The crude brolno ketone was dehydrobron~iilated according to the method of NIcGuckin 
and Icendall (13). The crude product (240 mg of oil) on crystallizatio~l from ether- 
hexane afforded 125 lng of the progesterone derivative VIII ,  m.p. 140-150". Repeated 
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crystallizations gave 97 rng of analytically pure VIII ,  111.p. 152-153', [ c Y ] ~ ~ ~  182' (C 1.01 
in CI-IC13), 239 imp, ( 6  17300), v",:," 1710 cm-I (20-ketone), 1680 cmL1, 1620 ~ 1 1 1 - ~  

(A4-3-ketone). 
Calccl. for C Z ? I - I ~ ~ O ~ :  C 76.68, 1-1 9.37. Found: C 76.40, 1-1 9.40. 
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