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The dehydration of 11~-hydroxy-l-methyl-5~-pregnane-3,20-dione yielded both the A9(11)- and All-ll-methyl steroids. 
Employing these olefinic intermediates, the chemistry of C-ring altered steroids has been investigated. The structures of 
many of these products were elucidated by their NMR spectra and an interesting unshielding effect of allylic systems mas 
observed. 

Among recent reports on the reaction of methyl- 
lithium with 11-keto s t e r ~ i d s z ~ , * ~ J  the preparation 
of 1 lp-hydroxy-1 l-methyl-5p-pregnane-3,20-dione 
(I), a potent central nervous system depre~sant ,~  
was described. Prompted by the marked biological 
properties of this compound, the present work was 
undertaken as part of the continuing investigation 
of 11-alkylated steroids. 

By the method of Drake, Fonken, and Howard6 
(N-bromoacetamide-pyridine-sulfur dioxide) 1 lp- 
hydroxy-ll-methyl-5p-pregnane-3,20-dione (I) was 
dehydrated giving a mixture of 11-methyl Ag(ll)- 
5p-pregnene-3,20-dione (11) and 11-methyl- A"- 
5p-pregnene-3,20-dione (111). The composition of 
this mixture was established by NMR spectroscopy 
as roughly 85% of the (11) and 15% of the 
All-pregnene (111). 

Ozonolysis of the above mixture of the olefins 
yielded 46% of a neutral tetrone (IV) in addition to 
3% of a polyketo acid (IVa) which was character- 
ized only by its infrared spectrum. The 9,ll-seco- 
tetrone (IV) gave upon treatment with base the 
expected aldol products (V and VI) characterized 
by a variety of chemical and physical methods 
including XMR, ultraviolet, infrared, and X-ray 
unit cell determination. While the isomeric triones 
V and VI differed in their physical constants and 
NMR spectra, they could not be distinguished. 
The other somewhat more remote possibilities for 
the structure of aldol products [structures (VII) 

(1) This paper was presented a t  the nllchigan-Toledo-Soii~ Bend 
iMeeting-in-Mimature of the American Chemical Society, February 
27, 1960. Since the origmal presentation of this paper, the chemistry 
of some 5~- l l -me thy l  steroids has appeared [J. Elks. J .  Cham. Soc., 
3333 U960)I. 

@)(a) H. J. Ringold, E. Batres, and J. A. Zedric, Tetrahedron, 4, 165 
(1958); (b) G. 9. Fonken and J. A. Hogg, zbad., 366 (19581. 

(3) G. S. Fonken, J .  Org. Chem., 28, 1075 (1958). 
(4) P. H. Seay (The Upjohn Co.), private communication. 
(5) A. Drake, A. Fonken, and It. R. Howard, British Patent 790,- 

452. 
(6) (a) Harley and Robinson, Trans. Faraday Soc., 48, 847 (1952); 

(b) Robinson and Ainbrose, abzd., 854 (1952); (c) Robinson, Om- 
cuaaaon8 Faraday Soc , 16, 125 (1954). 

and (VIII) ] were incompatible with the ultraviolet 
spectrum of the a,p-unsaturated ketone system 
[XC,',OH 239 mp (log E 4.08)]. Construction of a 
Courtaud Model6 of the isomeric C-homo steroid 
(IX) indicated that the unsaturated ketone system 
of this molecule could not become eo-planar and 
since the ultraviolet and infrared spectra (-ymax 
1715, 1650, and 1625 cm.-l) were normal this 
possibility was unlikely. Further the C-homo 
possibility (IX) appeared highly unlikely since the 
9,ll-secobisketal (XXI) did not undergo aldol 
Condensation. The NMR spectra of the aldol prod- 
ucts, in addition to  the two angular methyl ab- 
sorptions7 a t  9.07 and 8.60 and at  9.12 and 8.62 r,* 
showed methyls on double bonds as close doublets 
a t  8.03 and 8.02 7, respectively. The magnitude of 
the coupling constants (both 1.5 c.P.s.) was indica- 
tive of splitting through a double bond by an ad- 
jacent vinyl hydrogen which was present as a multi- 
plet in the two condensation products a t  4.10 or 
4.19 7, respectively. Structures VII, VIII, and 
IX lacked this configuration and were thus clearly 
eliminated. 

In  addition to the tetrone IT and keto acid IVa 
the 9a,lla-epoxide (X) derived from the original 
olefin was isolated from the ozonization mixture. 
The structure of this compound was established by 
three independent syntheses from the 1 l-methyl- 
A9(l1)-olefin (11) employing separately trifluoro- 
peracetic, chromic acid, and potassium permangan- 
ate as epoxidizing agents, all of which would be ex- 
pected to attack the relatively unhindered backside 
(a-attack) of the molecule. Further evidence for 
this structural assignment was the inactivity of the 
epoxide towards perchloric acid in acetone. (9p,- 
llp-Epoxides are known to open hydrolytically 

(7) For Basic Steroid NMR assignments see J. N. Sohoolery and 
M. T. Rogers, J .  Am. Chem. Soc., 80, 5121 (1958). 

(8 )  These spectra were measured in a Varian A-60 spectrometer 
in CDClr solution. 
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quite rapidly while the corresponding 9cqlla- 
epoxides are slow or unrea~t ive.~)  

When treated with boron trifluoride etherate, the 
epoxide (X) rearranged sterospecifically to give in 
high yield a single new isomer. Such an acid- 
catalyzed rearrangement of the ga l l  1 a-epoxide (X) 
would initially be expected to  occur by electro- 
phillic attack on the epoxide oxygen by boron tri- 
fluoride (Xa) followed by axial openingl0V1l of the 
complex with concerted shift of the electron pair 
from either the 8,9 or 9,10 bond to the 11-position 
with the formation of a new ketone a t  C-9 to  give 
1;rione XI or XII. The infrared spectrum of the 
boron trifluoride rearrangement product exhibited 
an abnormally low carbonyl absorption associated 
with the new ketone a t  1683 cm.-' (CHCls). A 
model compound, the bicyclo [4.3.1 Idecan-10-one 
derivative (XIII) prepared by the method of 
Stork and Untch,12 also exhibited an abnormal 
carbonyl frequency at  1685 cm.-' (neat). If the 
transition states leading to the formation of XI or 
XI1 resemble the products, then models indicate 

(9) H. Heyman and L. F. Fieser, J .  Am. Chem. Soc., 73, 5252 (1951). 
(10) H. B. Henbest and T. I. Wrigley, J .  Chem. SOC., 4569 (1957). 
(11) D. H. R. Barton, Espwimtia,  6, 316 (1950). 
(12) G .  Stork and K. Untch, private communication. 

H 
XI 

H 
XI1 

that XI* would be the transition state of lower 
energy since XI1 contains an energetically unfavor- 
able trans fusion between two five-membered rings. 
Based on the above considerations, structure XI 
has tentatively been assigned to the rearrangement 
product .I8 

Treatment of the bicyclotrione (XI) with ethyl- 
ene glycol and p-toluenesulfonic acid in refluxing 
benzene afforded the biscyclic ethylene acetal 
(XIV) in which it was apparent from the infrared 
spectrum (C=O at 1677 cm.-l) that the new ketone 
had not reacted. This bisketal was converted 
readily to the original bicyclotrione XI upon mild 
acid hydrolysis. 

In  an effort to test the tentative structure XI, an 
attempt was made to  exchange the possibly enoliz- 
able hydrogen a t  C-8 for deuterium. Bredt's rule14 
would eliminate the possibility of enolization of the 
bridgehead hydrogen a t  C-8 of trione XI. More 
recently Prelog16 demonstrated by the synthesis of 

(13) The NMR specrtrum which showed an intact pregnane side 
chain and three other methyl groups did not distinguish between 
structures XI and XII. 

(14) J. Bredt, Ann., 396,26 (1913); ibid., 487,l (1924). 
(15) V. Prelog, M. M. Wirth, and L. Rurioka, Helv. Chim. Acta, 29, 

1425 (1946). 
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2-methylbicyclo [12.4.1]octadec-l-ene-18-one that if 
the ring system is sufficiently large, bridgehead 
double bonds (Le.,  cyclic trans double bonds) are 
indeed possible. In  keeping with the proposed 
structure both the bisketal (XIV) and the bicyclo- 
[4.3.1]decan-lO-one (XIII) failed to  incorporate 
deuterium on prolonged reflux in alkaline deutero- 
ethanol. 

XI11 

Treatment of the 1l-methyl-A9(l1)-pregnene (11) 
with N-bromoacetamide in aqueous acetone under 
acid or neutral conditions in an effort to prepare 
the corresponding bromohydrin gave unexpectedly 
a new alcohol which did not contain bromine. 
While this product would be expected to be an 
allylic alcohol, it could neither be oxidized by acti- 
vated manganese dioxide nor by sodium dichro- 
mate. Thus, the new hydroxyl group was neither 
a t  C-12 nor attached to the methyl group a t  C-11. 
The remaining possibilities arising by direct allylic 
halogenation and hydrolysis or by simple allylic 
rearrangement of the primary product were the All- 
9-01 (XVa), As-11-01 (XVb) and Ag(11)-8-01 (XVc). 
The NMR spectrum of the new alcohol clearly 
showed that a methyl group and no hydrogen 
atom was attached to the double bond systems. 
Structures XVa and XVb lacked this structural 
feature; therefore, XVc is the N3.4 product. 

0' w I1 

0 
H xvc 

It was of interest to note the deshielding of the 
11-methyl hydrogens by the introduction of the 
allylic hydroxyl group (XV vs. 11). This downfield 
shift of about 0.35 r was observed in several ex- 
amples of allylic hydroxyl or halogen systems and 
may be due to a form of hyperconjugation such as 

H H CH 

which decreases the electron density in the double 
bond. This effect has been observed in 17-hydroxy- 

20-ketopregnanes and in several 6-substituted 3- 
keto-A4 8teroids.l6 

Employing a large excess of catalyst the tetra- 
substituted 11-methyl-A9(")-pregnene (11) was 
reduced to the saturated diol XVI; assuming back- 
side addition of hydrogen a t  C-9 and C-11, the 
methyl group a t  C-11 would have the p-configura- 
tion. This diol was in turn oxidized to llp-methyl- 
5p-pregnane-3,20-dione XVII. 

Dehydration of 118-hydroxy-11-methyldp-preg- 
nane-3,20-dione1 bis(cyc1ic ethylene acetal) 
(XVIII) with N-bromoacetamide-pyridine-sulfur 
dioxide6 gave after chromatography on Florisil an 
intractable gum. Hydrolysis of the ketal functions 
of this material gave a mixture of unsaturated 
diones which when crystallized slowly gave two 
crystal types. These crystals were separated by 
hand and on repeated recrystallization gave both 
the pure ll-methyl-A1l-(III) and ll-methyl-Ag(ll) 
diones (11). 

Subsequently, the ll-methyl-AQ(ll)-bisketal 
(XIX) was prepared from 1 l-methyl-A9(l1)-dione 
(V). Ozonolysis of this bisketal (XIX) in ethyl 
acetate gave principally the 11-methyl-9,ll-ozonide 
(XX) (characterized by its carbon hydrogen analy- 
sis and infrared spectrum as well as its ability to 
liberate iodine from an acid sodium iodide solution). 
Formation of stable ozonides from hindered double 
bonds are well k n o ~ v n . ~ ~  The isolation of the ozo- 
nide from the bisketal (XIX) contrasts with the 
formation of the 9,ll-seco derivative I V  on oniza- 
tion of the parent dione (11) and may result from 
running the former compound in neutral and the 
latter compound in an acidic solvent. In  fact, a 
small amount of the 9,ll-secodione (XXI) was 
isolated from the ozonization of the ketal (XIX). 
As mentioned above, this material, in which the 3- 
and 20-keto groups were protected as their ketals, 
did not undergo aldol condensation under condi- 
lions identical to those employed with I1 and this 
fact lent further support to the Structure of thc 
aldol Condensation products. 

I 1  - 
I11 
+ 

XVIII  X I X  

+ 

xx XXI 

(18) These shifts will be the subjeot of a fuhue publioation. 
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Experimental1s 
Il-Methyl-58-pregn-9( 1 l)-ene-3,20-dione (E).-llp- 

€Zydroxy-ll-methyl-5~-pregnane-3,20-dione8 (I) (110 g., 
0.27 mole) was dissolved in 500 ml. of dry pyridine and 
treated with 51 g. (0.27 male) of N-bromoacetamide (NBA) 
for 15 min. a t  room temperature. The solution was then 
chilled to ice temperature and a stream of sulfur dioxide gas 
passed over the reaction mixture until the deep red color 
produced was bleached to a light yellow. The resulting solu- 
tion was poured into 4 1. of ice water and the product 
allowed to  crystallize giving 105 g. of crude crystalline solid. 
This material wm recrystallized from ethyl acetate-petro- 
leumether (b.p. 50-70') giving25.1 g., map.  142-146', anda 
second crop, 15.5 g., m.p. 123-159'. An analytical sample 
was obtained by several recrystallizations from ethyl ace- 
tate-petroleum ether (b.p. 50-70'), m.p. 143-144'; [CY]D 
129' (acetone); NMR, 7.89 (21-H), 8.17 (ll-CHB), 8.56 
(19-H), and 9.47 T (18-H). 

Anal. Calcd. for CnHazOz: C, 80.44; H, 9.83. Found: 
C, 80.68; H, 9.94. 

1 l-Methyl-5~-pregn-ll-ene-3,ZO-dione (III).-A sample 
of the crude dehydration product (above) was crystallined 
slowly (several weeks) from pure ethyl acetate and two dif- 
ferent crystalline materials (prisms and bars) were separated 
by hand. The higher melting compound (111) was recrys- 
tallized from ethyl acetate for analysis, m.p. 171.8-178.5' 
(Kofler). The infrared spectrum of this material was con- 
siderably different from that of the Ag(")-dione (11), ex- 
hibiting a t  C = C  absorption at  1625 cm.-'; NMR, 4.02 
(12-H), 7.89 (21-H), 8.17 (11-CHS), 8.94 (19-H), and 9.34 T 

Anal. Calcd. for C22H3202: C, 80.44; H, 9.83. Found: 
(18-H). 

C, 80.03; H, 9.70. 
ll-Methvl-9.ll-seco-58-~re~nane-3.9.11,20-tetrone (IV).- . .  I 

A sample & 2.6 g. (7.5 mmoles) of l1-methyl-58-pregnl9( 11)- 
ene-3,20-dione was dissolved in a mixture of 50 ml. of ethyl 
acetate and 30 mi. of glacial acetic acid. The solution was 
chilled to - 10' and ozone passed in a t  the rate of 0.3 "ole/ 
min. for 50 min. (15 mmoles). At the end of this period 10 
ml. of water and 2 ml. of 30% hydrogen peroxide was added 
and the resulting solution allowed to stand over a week-end 
at  room temperature. The solution was diluted with 3 
volumes of water and 50 ml. of ether added. The reaction 
mixture was washed free of acetic acid with water, followed 
by dilute sodium hydroxide solution. Upon acidification of 
the basic extract a small amount of white solid precipitated 
(78 mg., 3%) which was identified m an acid by its infrared 
spectrum, vmsx 3380 and 1705 trailing to a shoulder a t  1640 
cm.-'. 

The neutral ozonolysis product, contained in the ethet ex- 
tract, was dried over sodium sulfate and the solvent dis- 
tilled, yielding a light brown oil. This material was chro- 
matographed on 150 g. of Florisil. Fractions eluted with 
10% acetone-petroleum ether yielded a small amount of 
white crystalline material and a colorless oil neighing 1.3 g. 
(46%). The infrared spectrum of this oil (vmax 1720 cm.-', 
broad and very strong) ~7a.s consistent with the tetrone 
structure. Owing to  the physical state of the product, it 
was not characterized further. 

Products of the Aldol Condensation of 11-Methyl-9,ll- 
seco-5p-prep;nane-3,9,11,20-tetrone (V and VI).-A solution 
of 1.3 g. of 11-methyl-9,l l-sec0-6/3-pregnene-3,9,11 ,a- 
tetrone in 10 ml. of methanol was treated with 3 d. of 25% 
sodium methoxide for 3 hr. The solution was diluted with 
several volumes of water and the organic pmduct extracted 
into ether. After washing several times with water and dry- 

(17) P. %Bailey, Chem. Rei)., S8, 925 (1958). 
(18) The NMR spectra were measured except where noted with a 

Varian 4300-2 spectrometer in deuterochloroforrn solution operating at 
40 Mc. and calibrated against internal tetramethylsllane using the 
audio frequency side band technique [J P. Arnold and  W. E. Packnrd, 
J .  Chem. Pkya. ,  19, 1608 (1951)l. Clieinical shifts are expressed in 
t a u  units. 

ing over sodium sulfate, the ether solution wm evaporated to 
dryness yielding a semicrystalline oil; yield 650 mg. (53%). 
This material waa adsorbed onto 65 g. of Florisil. 

Acetone (10%) in petroleum ether eluted a white crystal- 
line material, m.p. 181-187O dec. The combined fractions 
were recrystallized for analysis from ethyl acetate-petro- 
leum ether giving colorless diamond shaped crystals,'$ m.p. 
188.8-190.6". The infrared was consistent with the assigned 
structure (V or VI) X ~ ~ ~ 6 a H  239 m p (log E 4.08), [ u . ] ~ ~ ~ ' ~  
-71' vmax 1715, 1650, and 1625 cm.-', NMR* 9.12, 8.62 
(18- and 19-H), 8.03 (CH&=CIE doublet, J = 1.5 c.p.5) 
and 4.19 7 (vinyl H, quartet). 

9mZ. Calcd. for CnH300s: C, 77.1'5; H ,  8.83. Found: 
C, 77.10; H,  8.12. 

Earlier fractions employing the same solvent system 
yielded upon recrystallization from ethyl acetate-petroleum 
ether a small amount of crystalline material, m.p. 148.2- 
150.0'. Admixture with the above material exhibited a 
considerable meltin point depression. The isomeric trione 
(VI) exhibited XEf$' 239 mp (log e 4.08), vmax 1715, 1650, 
and 1725 cm.-', [ a ] ~  +32', NMR: 9.07, 8.60 (18- and 19- 
H), 8.02 (CHs--C=CH doublet J = 1.5 c.p.5.) and 4.11 T 

(vinyl H,  quartet). 
Anal. Calcd. for C22H383: C, 77.15; H, 8.83. Found: 

C, 77.17; H, 8.87. 
Oxidation of I1 with Trifluoroperacetic Acid.-To a solu- 

tion of 2.0 g. of I1 in 100 ml. of methylene chloride was 
added 50 g. of disodium hydrogen phosphate and then with 
vigorous stirring oa. 18 mmoles of trifluoroperacetic acid 
(freshly prepared) in 10 ml. of methylene chloride. The 
mixture was stirred for 1 hr. a t  room temperature when 100 
ml. of water was added. The methylene chloride solution 
was separated, washed once with water, and dried (NazSOd), 
filtered, and evaporated to dryness. The product w~hs 
taken up in hot ethyl acetate and allowed to crystallize giving 
480 mg., m.p. 181-192". Three recrystallizations from ethyl 
acetate afforded 17~-hydroxy-ll-methyl-9cr,lla-epoxy-5~- 
androstan-3-one 17-acetate (XXII), m.p. 204-207', vmsx 
1740 sh., 1723, and 1695 cm.-'. 

AnaE. Calcd. for C~H3204: C, 73.30; H,  8.95. Found: 
C, 73.31; H, 8.61. 

The mother liquors were combined, evaporated to dryness, 
and chromatographed on 50 g. of Florisil. 

A 5y0 acetone-petroleum ether mixture eluted 290 mg. 
(14%) of a white solid. Four recrystallizations from ethyl 
acetate afforded 1 l-methyl-ga,l la-epoxy-58-pregnane- 3,20- 
dione (X), m.p. 168-169', vlnaX 1710 sh., 1703, 1675 sh. 
and 1650 cm.-lsh. 

Anal. Calcd. for C22H3203: C, 76.70; H, 9.36. Found: 
C, 76.56; H,  9.14. 

Ozonization of II.-A large quantity (40 9.) of I1 was 
ozonized m described earlier. Chromatography on 2 kg. of 
Florisil afforded 3 g. (eluted with 8% acetone in petroleum 
ether) of a solid. Recrystallization of this material from 
ethyl acetate gave an epoxide whose infrared spectrum and 
melting point (167-169') were identical with the epoxide 
(X). Admixture with an authentic sample showed n o  melt- 
ing point depression. 

Permanganate Oxidation of 11.-To a solution of 2 g. of I1 
in 200 ml. of 957G acetic acid, 80 ml. of a 5% potassium per- 
manganate solution was added dropwise at  10'. After 1 hr. 
in an ice bath the reaction mixture was treated with 6.4 g* 
of sodium bisulfite ih 30 ml. of water followed by 400 ml. 
of water. The aqueous solution wae extracted three timw 
with 100-ml. portions of ether. The combined ether ex- 
tracts were washed with sodium bicarbonate solution, dried 
(NaSO,), decanted, and evaporated to dryness under re- 
duced preasure. The resulting yellow oil wae adsorbed 
onto 100 g. of Florisil and eluted with 10% acetbne- 

( le )  A angle crystal X-ray study w a s  earned out by J .  W. Shell of 
The Upjohn Co. This compqund waa found to crystallice u1 the 
ortborhombiosyste? witb uaitoell dimensisns, a = 11.53 i.: b = 20 32 
A , ,  and B = 8.04 A, The unit cell oonteins 4 molecules (d = 1.208) 
and is coneintent with either qtructiirr V nr  VI 
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petroleum ether to give 350 mg. of a solid. Recrystal- 
lization from petroleum ether-acetone, followed by ethyl 
acetate gave X (50 mg.) identical by m.p. 168-169' (no 
depression in melting point when admixed with an au- 
thentic sample) and infrared spectrum to the epoxide X 
obtained above. 

X second material eluted with 8Yc acetonepetroleum ether 
and recrystallized from pet,roleum ether-acetone to  yield 120 
mg. of prisms, m.p. 204-210", containing a hydroxyl group 
by infrared analysis. An additional recrystallization af- 
forded 8-hydroxy-1 l-methyl-5p-pregn-9( 11 )-ene-3,20-dione 

Anal. Calcd. for CZ2H320a: C, 76.70; H, 9.36. Found: 
C, 76.92; H ,  9.60. 

Chromic Acid Oxidation of 11.-A 1.0-g. sample of I1 was 
dissolved in 10 ml. of glacial acetic acid and treat.ed with a 
solution of 750 mg. of chromic anhydride in 10 ml. of 90% 
acetic acid overnight a t  room temperature. The semisolid 
material which precipitated on dilution with 200 ml. of 
water collected and recrystallized from ethyl acetate- petro- 
leum ether to give 50 mg. of a \yhite crystalline solid, m.p. 
158-162', whose infrared spectrum was identical with t'hat 
of the previous isolat.ed epoxide X.  

Attempted Acid Hydrolysis of 1 l-Methyl-ga, 1 la-epoxy- 
Sp-pregnane-3,Zo-dione (X).-A 50-mg. sample of X was 
dissolved in 5 ml. of warm ethanol and 1 ml. of 0.8 S per- 
chloric acid. The solution after standing at  room tempera- 
ture overnight, xas  warmed briefly on the steam bat,h and 
was diluted with water to  give 10 mg. (80% recovery) of 
starting material X, m.p. 161-166'. 

4,1l-Methanocyclopenta[h] benzocyclononane-8,13-dione, 
1,2,3,3a,6a,7,8,9,10,10a-decahydro-1-(l-oxoethyl)-l0ap,- 
lla,lZap-trimethyl (XI).-A solut'ion of 200 mg. of epoxide 
(X) in 20 ml. of benzene and 3 ml. of ether cont.aining a few 
drops of boron t,rifluoride et,herate was allowed to stand 3.5 
hr. a t  room temperature and n'as then washed *-it,h sodium 
bicarbonate solution and water, dried (XazSOa), and ad- 
sorbed onto 10 g. of Florisil. Fractions eluted with a 10% 
acetone-petroleum ether mixture contained 132 nig. (75%) 
of a trione. Recrystallization from petroleum ether-acetone 
afforded an analyt,ical sample of an isomeric trione (XI),  
m.p. 189.5-192' (Kofler), infrared, umaX 1700, 1683, (ratio 
2 : l )  and 1638 em.-'; XMR: 7.94 (21-H), 8.3% (Il-CHs), 
8.59 (19-H) and 9.247 (18-H). 

Anal. Calcd. for CzzH3202: C, 76.70; H ,  9.36. Found: 
C, 76.90; H, 9.33. 

Deuterium Exchange with Bicyclo[4.3.l]decan-1O-one, 7- 
Morpho1ino.-A 1.0-g. sample of the bicyclo ketone (XIII)  
dissolved in 5.0 ml. of deuteroethanol containing about 200 
mg. of sodium ethoxide and the solution heated to reflux for 
72 hr. The cooled solution was diluted with 5 ml. of deu- 
terium oxide and the product extracted into methylene 
chloride. The extracts were washed three times with satu- 
rated sodium chloride solution, dried over sodium sulfate, 
and the solvent removed under reduced pressure. The 
residual brown guin was dist,illed through a short path still 
(105'/75 p )  giving a colorless liquid whose infrared spectrum 
was identical with that, of t.he starting material. 

Anal. Calcd. for CI~HZ~OSX: C, 70.85; H,  9.77; N, 
.?.go. Found: C, 70.25; H,  9.73; N, 5.88. 

Anal. Calcd. for CI4Hzl0~?rTD2: Excess D, 8.72. Found: 
Excess D, 0.28. 

Preparation of the 3,ZO-Bis(cyclic Ethylene Acetal) (XIV). 
-The trione (XI)  (380 mg., 1.1 mmoles) waa heated to re- 
flux in 30 ml. of benzene containing 2 ml. of ethylene glycol 
and a few milligrams of p-toluenesulfonic acid employing a 
water trap. After 18 hr. the solution wm cooled and washed 
consecutively wit'h sodium bicarbonate solution, water and 
saturated sodium chloride solution, dried over sodium sul- 
fate, and adsorbed onto 20 g. of Florisil. Acetone (2%)- 
petroleum ether eluted the bisketal which wa8 recyrstallized 
once from petroleum ether for analysis, m.p. 180.2-183.8" 
(Kofler); vmaX 1677 cm.?. 

(XV). 

Anal. Calcd. for CHH,OO~: C, 72.19; H, 9.32. Found: 
C, 71.88; H, 9.23. 

Hydrolysis of XIV.-A sample of pure XIV (35 mg.) in 4 
ml. of acetone and 2 ml. of 1 K sulfuric acid stood overnight 
a t  room temperature and then diluted with water to give 
large needles, 20 mg. (73%). Recrystallization from ace- 
tone-water afforded XI, m.p. 188-190", identical by infrared 
spectrum with the sample described above. 

Deuterium Exchange of XIV.--il 100-mg. sample of XIV 
in 2 ml. of deuteroethanol (lOO~o) in which ca. 100 mg. of 
pure sodium had been dissolved, was heated to reflux for 
about 72 hr. The solution was diluted with 2 ml. of 99.87% 
deuterium oxide. The product was allowed to crystallize 
as short, colorless needles which were collected by filtration, 
washed with 1 ml. of deuterium oxide, and dried t o  give 95 
mg. (95%), m.p. 178-183'. This material was recrystallized 
once from petroleum ether for analysis giving 75 mg., m.p. 
180-181.5' (Kofler). 

Calcd. for CzsHtoOs: C, 72.19; H, 9.32; D,  0 00. 
Found: C, 72.22; H,  9.40; D,0.00. 

8-Hydroxy-1 l-methyl-Sp-pregn-9( 1 l)-ene-3,20-dione 
(XV).-To a solution of 330 mg. (0.001 mole) of Il-methyl- 
5p-pregn-9( Il)-ene-3,20-dione (11) in 25 ml. of acetone was 
added a solution of 274 mg. of X-bromoacetamide (0.002 
mole) in 6 ml. of water. After a short induction period, the 
solution became light orange and was allowed to stand over- 
night a t  room temperature in the dark. The solution which 
wm treated with sodium bisulfite solution t o  destroy the ex- 
cess hypobromite afforded colorless needles upon addition 
of water. The crude product, 180 mg., m.p. 187.5-196.0", 
contained a fractional amount (2.95yC) of bromine which 
was not entirely removed by recrystallization from ethanol- 
water. It was then treated with zinc in 955% ethanol con- 
taining two drops of acetic acid. The product which pre- 
cipitated on the addition of water was free of bromine and 
exhibited an infrared spectrum virtually identical to that of 
the material before the zinc treatment; m.p. 208-212.8' 
dec.; umsz 1722, 1645, and 900 em.-'; XMR: 7.81 (11- 
CH3), 7.92 (21-H), 8.54 (19-H), and 9.46 T (18-H). This 
material wm identical to the minor product obtained from 
the potassium permanganate oxidation of I1 above. 

Anal. Calcd. for C22H3203: C, 76.92; H, 9.60. Found: 
C, 76.63; H,  9.79. 

Dichromate Oxidation of XV.-Asolution of XV (200 mg., 
0.58 mmole) in 1 ml. of glacial acetic acid and 200 mg. of 
sodium dichromate dihydrate in 1 ml. of glacial acetic acid 
were mixed, shaken overnight a t  room temperature, chilled 
in the refrigerator, and then poured over ice and water. 
The product was collected, dissolved in methylene chloride, 
and chromatographed on 15 g. of Florisil. No a,@-unsatu- 
rated ketone was detected by ultraviolet. Only starting 
material and a new alcohol, m.p. 154-156', were isolated. 
The new alcohol is tentatively considered to be an epoxide 
since it contained an additional atom of oxygen and exhibited 
only end absorption in the ultraviolet. 

11,5-Methyl-5,5-preg11ane-3,20-dione (XVII).--A 1.0-g. 
sample of ll-methyl-5p-pregn-9( Il)-ene-3,2O-dione in 100 
ml. of acetic acid containing 5.0 g. of platinum oxide was 
shaken overnight in an atmosphere of hydrogen a t  about 40 
p.s.i. The catalyst was collected on a Celite bed and the 
filtrate evaporated to  dryness under reduced pressure. The 
residual gum, which gave a very weak tetranitromethane 
teat, was taken up in 25 ml. of acetic acid and treated with 
1 .O g. of chromic acid in 5 ml. of 90% acetic acid for 1 hr . 
The reaction mixture was poured over ice and water and 
the product extracted with methylene chloride. The com- 
bined extracts were washed with sodium bicarbonate solu- 
tion, water and dried (NaSO,) and evaporated to dryness 
zn vacuo. The solid residue was adsorbed onto 50 g. of Florisil 
and eluted with 10% acetone-petroleum ether to give 907 
mg. (90%) which was recrystalbed four times fram petro- 
leum ether for analysis, m.p. 155-1565', Y,.,, 1710 sh. and 
1703 em.-'. 

Bnal. 
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And.  Calcd. for CnHuOs: C, 79.95; H, 10.37. Found: 
C, 80.51; H, 10.80. 

1 1-Methyl-Sp-pregn-Q( 1 1 )-ene-3,20-dione-3,2O-bis( cyclic 
Ethylene Acetal) (=).-A solution of 5.0 g. (0.0158 mole) 
of ll-methyl-5p-pregn-9( ll)-ene-3,20-dione (11), 50 mg. of 
p-toluenesulfonic acid, and 5 ml. of ethylene glycol in 70 
ml. of benzene was heated to  reflux overnight and the water 
collected in a Dean-Stark water separator. The reaction 
mixture was cooled, washed with sodium bicarbonate solu- 
tion, water, and dried (N&SO,), evaporated to about 10 
ml., and adsorbed onto 225 g. of Florisil. Fractions eluted 
with 2% acetone-petroleum ether contained 5.52 g. (83.5%) 
of crude bisketal. Crystallization from petroleum ether af- 
forded 4.1 g. (68%) of colorless prisms, m.p. 132-135". 
A portion of this material was recrystallized once for analysis, 
m.p. 134-135'. 

Anal. Calcd. for Cz6H4004: C, 74.96; H, 9.68. Found: 
C, 75.15; H, 10.13. 

Ozonization of 1 1-Methyl-Sp-pregn-Q( ll)-ene-3,20-dione, 
Bis( cyclic Ethylene Acetal).-A solution of 11-methyl-5p- 
pregn-9( 1 l)-ene-3,20-dione-3,20-bis( cyclic ethylene acetal) 
(5.52 g., 0.013 mole) in 100 ml. of ethyl acetate was treated 
at  -20" to 10" over a 20-min. period with 1.33 g. (0.0277 
mole) of 20/, ozone in oxygen. The solution was diluted 
with 100 ml. of t-butyl alcohol and 1 ml. of 30% hydrogen 
peroxide in 10 ml. of water and was allowed to  stand over- 
night a t  room temperature. The resulting solution ww ex- 
tracted with ether and the combined ether extracts washed 
consecutively with water, 5% alkali solution, water, and 

dried over anhydrous sodium sulfate. The basic extracts 
were acidified and yielded a negligible amount of solid. The 
dry ether solution was evaporated under reduced pressure 
and the residue chromatographed on 250 g. of Florisil. A 
5y0 acetonepetroleum ether mixture eluted 1.578 g. of a 
crystalline ozonide, several recrystallizations from petroleum 
ether gave colorless prisms, m.p. 149-151'. This material 
liberates iodine from acid potassium iodide solution. The 
infrared spectrum is compatible with the assigned structure 
and exhibits a multitude of absorption bands in the G O  
region. 

Anal. Calcd. for CzeH4oO~: C, 67.21; H, 8.68. Found: 
C, 67.08; H, 8.80. 

Further elution with &lo% acetone in petroleum ether 
afforded 2.771 g. of a gum whose infrared spectrum wm con- 
sistent with that of the expected dione XXI; Y~~~ 1720 cm.-' 
(very strong and broad). This material was not character- 
ized further since it could not be crystallized. 
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Sodium borohydride reduction of 3-ethyl-1,Pdimethyl- and 4-ethyl-l,3-dimethylpyridinium halides ( I )  has given good 
yields of the tetrahydropyridines (11). Quaternization of I1 with p-methoxybenayl chloride and Stevens rearrangement of 
the resultant 111 with phenyllithium leads in part to the 2-p-methoxybensyltetrahydropyridines (IV) which have also been 
prepared from I via the Freund reaction (using p-methoxyhenaylmagnesium chloride) and subsequent sodium borohydridc 
or catalytic reduction. Cyclization of IV with 48% hydrobromic acid results in the formation of diastereoisomeric (at 
C-9) benaomorphans (V, VI) in a ratio of about 10: 1, respectively. Also isolated in low yield in the cyclization of IVh was an 
isomeric compound which may have the indano rather than the tetrahydronaphthaleno type structure. Compounds Va and 
Vb have been converted to open nitrogen analogs (VIIa and VIIb desired also for pharmacological study), and Va has been 
degraded to l-ethyl-7-methoxy-2-methylnaphthalene (VIII). Both V and VI are potent analgesics, VIa (racemate) ex- 
ceedingly so, with about forty times the activity of morphine. 

I n  previous communications2 i t  has been shown 
that 3,4-lutidine and 3,4diethylpyridine may be 
converted to corresponding diastereoisomeric (at 
C-9) pairs of 5,9-dialkyl-6,7-benzomorphans by the 
Grewe morphinan synthesis or by a more practi- 
cable sequence involving the Stevens rearrange- 
ment.' More recently1 we have demonstrated 
unequivocally that the 5,g-dialkyl groups of the 

predominant isomers (designated a) are in cis 
juxtaposition for the hydroaromatic ring. The 
ratio of CY to 0 (lesser) isomer was approximately 
12 : 1 in the dimethyl series and 8 : 1 with the diethyl 
homologs.4 I n  contrast to  the dimethyl series, the 
CY and /3 diethyl compounds exhibited pronounced 
infrared spectral differences which could be utilized 
in their separation and identificationn2 Further 

(1) Paper XXIII, 9. E. Fullerton, E. L. May, and E. D. Becker, 

(2) (a) J. H. Ager and E. L. May, ibrd.. 17, 245 (1962). (hi E. L. 

(3) E. M. Fry and E. L. May, ibid., 26,2592 (1961). 

(4) Aa noted before (ef. ref. 2) these dialkylbenzomorphans possess 
J .  Ow.  Chem. 97, 2144 (1962). marked neuropharmaoologic properties and show a pronounced 

separation of activity and physical dependence capacity in animal 
May and J. H. Ager, ibid., 21,1432 (1959). species. Peak analgeRic activity and thereapeutic ratio were ehown 

by the p-diethyl compound. 


