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Dehydration of the epimeric hydroxy ketones IV and V with phosphorus oxychloride 
and thionyl chloride in pyridine (6, 7) was unsuccessful. I-Iowever, treatment of the 
hydroxy ketone V with acetic acid, acetic anhydride, and p-toluene sulphonic acid gave 
a 53% yield of the 12-methylene compound VII. I t  had been observed that  the epimeric 
hydroxy ketone IV under similar reaction conditions also affords a 53% yield of the exo 
olefin VI I (2). 

Since A"-dehydroprogesterone exhibits high progestational activity (8), the effect of 
the incorporation of a 12,12a-double bond by introduction of a methylene group a t  Clz to 
the parent hormone seemed a worth-while investigation. Consequently, the progesterone 
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NOTES 379 

analogue VIII (I) was dehydrated with acetic acid, acetic anhydride, and p-toluene 
sulphonic acid to 12-inethyleneprogesterone, VIIIa. A minor product was obtained as 
an oil and i t  was assigned the 1%-acetoxy-12P-methylprogesterone configuration VIIIb 
since its infrared spectrum showed absorption bands characteristic of an acetate group, 
and also because the analogous reaction of 12a-hydroxy-12P-methylpregnane-3,20-dione 
(IV) with acetic acid, acetic anhydride, and +-toluene sulphonic acid gave the exo olefin 
VII and the 12a-acetate IVa (2). 

Preliminary biological tests of the two progesterone analogues VIIIa and VIIIb did 
not exhibit any notable ~ ro~es t a t iona l ,  androgenic, diuretic, hypotensive, or ailabolic 
properties. 

Sa,l2a-Dihyd~ox~pregnan-%0-one 3-Atethyl Succinate ( I b )  (4)  
T o  a solution of the diol I (12.2 g, m.p. 164-167"; crude product obtained by alkaline hydrolysis of 15.0 g 

of the diacetate I a )  in pyridine (125 ml) was added succinic anhydride (32.5 g ) ;  the resulting solution was 
heated a t  90° for 2 hours and left a t  room temperature for 12 hours. The reaction mixture was extracted 
with ether. The organic layer was washed with 2 N hydrochloric acid, water, and then dried over magnesium 
sulphate. The ethereal solution was methylated with diazomethane. Crystallization from acetone-hexane 
afforded 13.427 g of the methyl succinate I b  (4), m.p. 125-127' (yield 84%). 

Ja,lBa-Dilzydrosy-20-pregnanone Ethylene Ketal 3-Methyl Siiccinate ( I I )  
To a solution of 8.99 g of the methyl succinate Ib in absolute benzene (200 ml) was added ethylene glycol 

(30 inl) and p-toluene sulphonic acid (100 mg), and the reaction mixture was heated a t  reflux temperature 
for 12 hours. 'The water that  formed during the reaction was continuously removed. The reaction mixture 
was extracted with ether, the ethereal layer washed with sodium bicarbonate solution and then with water, 
until the washings were neutral, and dried over magnesium sulphate. Repeated crystallizations from ether- 
hexane afforded 3.92 g of broad needles of the ketal 11, m.p. 181-184" (yield 40%). 

Two crystallizations from ether-hexane raised the melting point of I1 to 182-184O, [a1027 57' ( c  1.01 in 
CHC13). Calc. for C ? S H ~ ~ O ~ :  C 68.26, H 9.00; found: C 68.40, H 9.07. 

Sa-Hydrosy-12,20-preg+1a?zdione 20-Etlzylene ICetal 3-~ltetlzyl Sz~cci7zate (111) 
A solution of 3.3 g of the ketal I1 in pyridine (36 ml) was added to a slurry of chromium trioxide (3.2 g )  

in pyridine (32 1111) with stirring and left a t  room temperature for 16 hours (5). The reaction mixture was 
poured into 500 n11 of water and extracted with chloroform. The organic layer was washed with iced 2 N 
hydrochloric acid, 5% sodium bicarbonate solution, and water, until the washings were neutral. The chloro- 
form solution was dried over magnesium sulphate and evaporated to about 40 ml. On addition of 20 in1 of 
hexane, the ketone I11 crystallized a s  needles, 2.404 g, m.p. 239-240". The mother liquors on crystallization 
from inethylene chloride - hexane afforded 0.364 g, m.p. 237-239" (yield 98%). 

Recrystallization of the ketone I11 for analysis did not raise the melting point, 96" ( c  0.78 in CHC13). 
Calc. for C2sH4207: C 68.55, H 8.63; found: C 68.64, I3 8.65. 

Reactio?~ of Methyl Macne.rizrm Iodide with Sa-Hydroxy-l2,2O-preRna1tdio11e 20-Ethylene Ketal 3-Metlzyl . . . - 
~i icc ina te  ( I I I )  - 

T o  300 ml of an  ethereal solution of ~ne thv l  maenesium iodide (from 700 mrr of maenesium and 2.0 1n1 of 
methyl iodide) was added with stirring a soiutio1;of 1.0 g of the'ketone 111 GI benzile,  and the resulting 
mixture was heated a t  reflux temperature for 18 hours. r l  solution of an~monium chloride (20 g )  in water 
(500 ml) was added to the reaction mixture. The usual extraction procedure afforded 930 mg of an  oil. 

'To a solution of the Grignard adduct (930 mg of oil) in 50 ml of acetone was added with stirring 75 mg of 
p-toluene sulphonic acid and the reaction mixture left a t  room temperature for 22 hours. Ether extraction 
afforded 884 mg of an oil. An infrared spectrum analysis of the oil showed a strong absorption band a t  
1707 cin-I (C2o-ketone), and a weak absorption band a t  1725 cm-I (C3-methyl succinate). 

A solution of this oil in 25 ml of 5% methailolic potassium hydroxide was heated a t  reflux temperature 
for 45 minutes. The usual extraction procedure afforded 735 mg of foam. I t  was dissolved in 10 ml of acetic 

'Biological tests were carried out by Drs. C. I .  Chappel and C. Revesz of Messrs. Ayerst, McKeiz?za and 
Harrison Ltd., Montreal, Que. 

2A11 melting points are corrected. 
30nly  ilze best yields obtained 7ilere reported. 
' T h e  conznzercially available alzimini~m oxide (Woelnz) was irsed for chro~natograplzy. 
6The nzicroanalyses were carried out by Dr. A. Bernhardt, Atullreim, Germany, and Dr. C. Daessle, 6767 

Decelles St., Montreal, Que. 

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
 W

IN
D

SO
R

 o
n 

11
/1

4/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



380 CANADIAN JOURKAL O F  CHEMISTRY. VOL. 40. 1962 

acid, and to  it was added with stirring a solution of 250 mg of chrotniuln trioxide ill 3 ~ n l  of 90% acetic 
acid. The reaction mixture was left a t  root11 te~nperature for 12 hours. Ether extraction afforded 740 mg of 
oil, and it was chromatographed or1 23 g of alumina (4.5y0 water). 

The hexane-benzene (1 : l )  eluates on crystallization fro111 acetone-hexane afforded 106 mg of the trione 
VIIa (1, 9), 1n.p. 197-199", identified by ~nixecl melting point and co~nparison of infrared spectra with a n  
authentic sample. Crystallization of nlother liquors from acetone-hexane gave 21 mg, 111.p. 192-197". 

'The first half of the benzene fractions on crystallization from ether-hexane afforded 6'7 mg of the hydroxy 
lcetone V, m.p. 123-124". 

The rest of the benzene eluates and the benzene-ether (9:l, 4:l)  fractions on crystallization fro111 acetone- 
hexane afforded 80 mg of the hytlroxy lcetone IV, m.p. 187-188". Crystallization of mother liquors gave 
29 I I I ~ ,  m.p. 184-187". 

The ether-methanol (9:l)  eluates on crystallization fro111 acetone-hexane afforded 34 mg of needles of 
3a,l2a-dil1ydroxy-l2p-n1ethylpregnan-30-one (VI),  m.p. 225-259". Recrystallization from acetone-hexane 
raised the tue l t i~~g  point to 228-230°, [CZ]D'~ 106" ( c  0.74 in CI-ICh). Calc. for C??1-13~03: C 75.80, H 10.41; 
found: C 75.96, H 10.07. 

Chro~n iu~n  trioxide oxidation of the hydroxy ketone VI (10 nlg) afforded 3 mg of the hydroxy ketone IV, 
m.p. 186-188", identified by ~llixed melting point and comparison of i ~ ~ f r a r e d  spectra with an  a ~ ~ t h e n t i c  
sample (1). 

'Taking into consideration the ~~nreac ted  ketone 111 (isolated as  the trione VIIa),  the yields of 12a-alcohol 
IV and 12p-alcohol V were 25% and 12% respectively. 

12-1Metlzylenepregnan-S,d0-diolle ( V I I )  from 1 2 ~ - ~ l f e t l z y l - 1 2 p - l z y d r o . ~ ' y p r e g ~ z a ~ z - ~ e  ( V )  
'To a solution of 330 mg of the hydroxy ketone V in 25 1111 of acetic acid were added 5 n ~ l  of acetic anhy- 

dride and 330 tng of p-toluene sulphonic acid monohydrate ( lo) ,  and the suspension was stirred until the 
solid dissolved. 'The reaction mixture was left a t  room temperature for 4 hours, then poured into 500 ml of 
iced water. After 30 minutes, the L I ~ L I ~ I  extraction procedure afforded 390 mg of a n  oil vvhich showed 

\ absorption bands in the infrared a t  3080 cm-', 1645 cm-I, 890 cm-I ( /C=CHz) (11); 1755 cm-I, 1218 cm-I 

(417('u)-enol acetate) (12); 1713 cm-I (3-ketone). Under the above reaction col~ditions the A17(2u)-enol acetate 
is knovvn to  be formed (2, 13). The en01 acetate (390 mg of oil) was converted to the Czu-ketone by heating 
a solution of it in 30 ml of methanol and 700 mg of potassiu~il carbonate in  10 ml of water a t  reflux tem- 
perature for 2 hours. Ether extraction allorded 360 mg of product showing no bands a t  1750 cm-I and 1218 
cm-I characteristic of en01 acetates, and it was chromatographed on 10 g of alumina (4.5% water). The  
hexane-benzene (4:1, 1 : l )  eluates containing the olefin VIIG crystallized from ether-hexane as  needles, 
134 mg, 1n.p. 89-90'. Crystallization of mother liquors afforded 33 mg, m.p. 89-90" (yield 53.4'3,). 
11 portion of the olefin VII was recrystallized from ether-hexane for analysis, m.p. 89-90", [CZ]D'~ 133" 

\ 
\ ( c  1.02 in CHCI3), vf$< 3075 cm-I, 1645 an-', 888 cm-I (/C=CII?);  1713 cm-I (3,20-ketone). Calc. for 

Cz?HazO?: C 80.41, H 9.82; found: C 80.18, H 9.84. 
The  benzene and benzene-ether eluates or1 crystallization from acetone-hexane afforded 56 mg of leaflets 

of IVa ( I ) ,  1n.p. 175-176' (yield 15.1%). 

12-111 ethyle?zcprogesterone ( V I I I a )  and 12p-~Metlzyl-12a-acetoxyprogesterone ( V I I I b )  
rlccording to the procedure previously described by us ( I ) ,  900 mg of the hydroxy ketone IV was trans- 

formed to  the progesterone analogue VIII .  Crystallizatio~i froru ether-hexane afforded 330 mg of VlII ,  
1n.p. 152-153". The mother liquors (590 ~ n g )  were chro~natographed on 17 g of alumina (4.5% water). 
'The benzene and benzene-ether eluates 011 crystallizatior~ from ether-hexane afforded 160 mg of the pro- 
gesterone analogue VIII,  1n.p. 152-153". Crystallization of mother liquors afforded 51 mg, m.p. 135-142' 
(yield 61%). 

I n  a solution of the progesterone analogue VIII (475 mg, 1n.p. 152-153O) in 25 rnl of acetic acid and 5 ml 
of acetic anhydride was dissolved 475 mg of p-toluene sulpho~lic acid with stirring. The  reaction mixture 
was left a t  room temperature for 2 hours. Ether extraction afforded 540 mg of an  oil, and it was dissolved 
in 25 ml of methanol. T o  the methanol solution was added 750 mg of potassium carbonate dissolved in 
10 ml of water and the reaction mixture was heated a t  reflux temperature for 2 hours. The usual extraction 
procedure afforded 520 mg of an  oil, vvhich was chromatographed oil 15 g of alumina (4.5% water). The  

GIn our prenious pziblication it was co?zclzided that the conzpoz~nd with 7n.p. 100-101" was the olefin V I I  and 
the co?rzpoz~nd with 7ri.p. 73-7d0 contained mainly tlte exo olefin with probably traces of the endo 01efi)z (2) .  
I t  now seems that all the three forms nzelti?zg at 73-74', 89-90°, and 100-101" are different polyinorplzic forms 
of the olefin V I I  on the basis of the following evidence: A ?nixed melting point of the two forms of olefin V I I  
wzelting at 73-7d0 and 89-90" on  a Kofler block showed the form ?rzelti?zg at 73-74' nzelted at the latter tenzperature, 
but crystallized on  further raising the tetnperature, and tlte whole inass melted at 89-90°. Tlze two forms of olefin 
nzelting at 89-90" and 100-101" were melfed side by side, and the 7,zolten mass was seeded 7aith a crystal of the 
form nzelting at 89-90°, and cooled. Tlze whole mass irrelted at 89-90°. Fz~rtlrernzore, the infrared spectra and the 
rotations of the three forms were identical within experi?)zental error. 
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NOTES 381 

hesane-benzene (4:1, 1 : l )  and benzene elt~ates 011 crystallization froin ether-hexane arforded 121 nig of 
cubic crystals of 12-methyleneprogesterone, VIIIa,' m.p. 104-105" (yield 27%). Two recrystallizations 
from ether-liesa~ie raised the melting point t o  105-10G0, [ f i ] ~ ' ~  180" ( c  0.02 in CHCI,), 240 m p  

(I1-3-ketone). Calc. for CJ?II~C,O~: C 80.91, 1-1 0:25; found: C 80.70, H 0.05. 
The bcn~ene-ether eluates afforded 210 Ing of an oil which resisted crystallization. Its infrared spectrum 

showed absorption bands a t  1727 cm-I (12-acetate); 1705 cm-I (20-ketone); 1675 cm-I, 1617 cm-1 (A4-3- 
ketone). I t  was tentatively assigned the 12p-methyl-1'20-acctoxyprogestcrone configuration VIIIb on the 
11,lsis of its infrared spectrum, and from the analogous reaction that 12p-methyl-12~-hydroxypregnan-3,20- 
dione with acetic acid, acetic anhydride, and p-toluene sulphonic acid gives 1'2~-1netIiyl-12a-acetox~- 
pregriar1-3,20-clio11e as the minor product of the reaction (2). 

ACKNOWLEDGblENTS 

We wish to  express our thanks to the Natioilal Research Council, and i\'Iessrs. Ayerst, 
i\/lcI<enna and I-Iarrison Ltd.  for generous fillancia1 assistance. 

1. G. JUST and R. SAGAKAJAX. Can. J. Chem. 39, 54s (1061). 
2. I<. NAGAI~AJAX and G. JUST. Can. J .  Chem. 39, 1274 (1961). 
:<. E. SCHWEXK. B. RIEGEL. R. B. R'IOFFETT. and E. STAHL. 1. Am. Chen~ .  Soc. 65. 549 (1943). M. 

\ ,  

SOKKIX slid T. RHICH~TEIS. Helv. Chim. Acta, 29, 1218 71946). 
4. CH. R. ENGEL and W. W. Hucu~.*ic. Can. J .  Chem. 37, 2031 (1959). 
5. G. I. Poos, G. E. AKTH, R. E. BEYLER, and I,. H. SAILETT. 1. Am. Chem. Soc. 75, 422 (1063). 
ti. I-'. BLADON and I\'. MCMEEICIN. J .  Chem. Soc. 2191 (1960): 
'7. S. G. LEVINE and M. E. \\TALL.  J .  A~i i .  Chem. Soc. 82, 3391 (1960). 
S. P. HEGNISIL and T. REICHSTISIS. Helv. Chi~n.  Acta. 26. 715 (1013). 1. v o s  E u w  and T. IIBICHSTEIN. , . ~ , "  

Helv. Chim. Acta, 29, 654 (1046). 
9. T. REXCHSTEIS and E. v. AILS. I-Ielv. Chim. rlcta, 23, 747 (1940). 

10. R. B. TURNER. J .  r l~i i .  Chern. Soc. 75, 3489 (1053). 
11. L. J .  BELLAMY. The infrarcd spectra of co~nplex rnoleculcs. John Wiley and Sons, Inc., New York. 

1958. p. 34. 
12. 11. VANDERHAEGHE, E. R.  ~<:Y~ZEYI.:LLENBOGEX, K. DOBRINER, anti T. F. GALLI\GHEK. J .  Am. Chein. 

Soc. 74, 2810 (1052). 
13. P. Z. BEDOUKIAS. J. Am. Chem. Soc. 67, 1430 (1045). C. \V. MARSHALL, T .  H. I<KITCIIEVSKY, S. 

LIEBEKAIAN, a ~ ~ d  ?'. F. GAI~I,AGHER. J .  .Am. Chem. SOC. 70, 1837 (1948). 

PREPARATION OF ALUMINUlM tert-ALKOXIDES 

The  alcohol interchange method for the preparation of aluiniilum allcoxides has been 
nieiltioned by various worliers (1, 2) and was used elegantly by Mehrotra (3, 4) in pre- 
paring pure primary and secondary aluminum allioxides for studying their physical 
properties. I t  was claimed t ha t  repeated attempts to obtain aluminum tert-butoxide and 
alun~inum tert-amyloxide from aluminum isopropoxide by the interchange method failed 
since the third isopropoxide group did not interchange. Steric hindrance was considered 
the main cause for this failure of complete interchange and consequently for steric reasons 
the dimeric nature of these mixed allioxides was proposed through isopropoxide bridges a s  

' T l ~ e  progesterone derivative V I I I a  was obtained in atrother polynzorphic nzodijfcation as needles, ?tz.p 155- 
1 .?fiO . 

"National Research Cozincil of Canada Postdoctoral Fellow. Present address: Chenzistry Department, Panjab 
Unbrersity, Chandigarll-3, India.  
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