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TABLE I11 
ULTRAVIOLET ABSORPTIOX DATA OF SEVERAL FUSED S-TRIAZOLE SYSTEMS 

SolventD A,,,, mp (log sj------------ 

3-Methyl-s-triazolo[4,3-a]pyridine E 209 244 (sh) 249 (sh) 252 (sh) 258 262 268 288 

2-Methyl-s-triazolo[2,3-a]pyridine C 217.5 273 281 ( i )  294 ( i )  

s-Triazolo [4,3-a] pyrimidine E 209 213 (sh) 250 26ti(sh) 298 

s-Triazolo [2,3-a] pyrimidine E 208 273 

s- Triazolo [4,3-b] pyridazine' b 240 305 

3 -Phenyl-s-triazolo [4,3-a]pyridine C 221 243 287 5 

2 -Phenyl-s-triazolo [2,3-a] pyridine C 244 5 252.5 281(i) 292.5 306 

(4.38) (3.14) (3.26) (3.30) (3.39) (3.41) (3.47) (3.47) 

(4.58) (3.57) (3.52) (3.20) 

(4.04) (3.98) (3.20) (3.08) (3.31) 

(4.50) (3.56) 

(4.22) (3.81) 

(4.23) (4.16) (3.97) 

(3.73) 
(4.56) (4.56) (3.88) (i)  (3.58) 

a E = 957, ethanol; C = cyclohexane. * Solvent not given. S. Takahayashi, J .  Pharm. SOC. Japan, 76, 765, 1296 (1956). 

B. Trichloroacetonitri1e.-A mixture of the amine (0.62 g., 
0.005 mole), aluminum chloride (0.8 g., 0.006 mole), and tri- 
chloroacetonitrile (3  ml.) was heated in a sealed tube a t  180" for 
5 hr. Extraction of the resulting solid material with ethanol gave 
a colorless, crystalline product (0.91 g.) which separated from 
aqueous ethanol as colorless needles, m.p.  91-92", This product 
was identified as 2,4,6-tri(trichloromethyl)-s-triazine (lit.12 m.p. 
91-92') by no depression in the mixture melting point and by 
identical infrared spectra. 

Anal. Calcd. for C&IC&: C1, 16.6; S ,  9.7. Found: C1, 
16.8; N,9.4. 

I t  was not possible to isolate any further products from the 
reaction mixture. 

Attempted Reaction of 2-Amino-3,6-dimethylpyrazine with 
Ethyl Acetimidate Hydrochloride.-A mixture of the amine (0.6 
g., 0.005 mole), ethyl acetimidate hydrochloride'3 (0.6 g., 0.005 

(12) A. Weddige, J .  p r a k t .  Chem., [2]28, 188 (1883). 
(13) 8.  LM. YicElvain and J. W. Nelson, J .  A m .  Chem. Soc., 64, 1825 

(1942). 

mole), and ether was heated under reflux for 10 hr. The insoluble 
material was collected by filtration, and the filtrate evaporated 
to dryness. The residue (0.45 9 . )  consisted of unreacted 2- 
amino-3,6-dimethylpyrazine. The insoluble material was dis- 
solved in water; the solution was made basic with aqueous sodium 
hydroxide. K O  further compounds were obtained by extracting 
this solution with ether. Condensation was not effected by 
changing the solvent to a more polar one with a higher boiling 
point or by the use of longer reaction periods. 

3 ,s  ,6-Triphenyl-s-triazolo [4,3-a] pyrazine .-Phosphorus pent- 
oxide (35 g.)  and orthophosphoric acid (17 ml.) were heated 
together on a titeam bath for 3 hr. N-Benzoyl-2,3-diphenyl-6- 
hydrazinopyrazine2 (3.8 9.)  was added and the reaction mixture 
was heated a t  150" for 3 hr .  After cooling, water was added 
carefully and the solid material collected and recrystallized from 
ethanol. 3,5,6-Triphenyl-s-triazolo[4,3-a]pyrazine (3.0 g., 83%) 
separated as colorless needles, m.p. 240-241'. 

Calcd. for C2aHleN4: C, 79.3; H ,  4.6; N ,  16.1. Found: 
C, 79.0; H,4 .6 ;  N ,  16.2. 

Anal. 
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The olefins 3 and 4, produced by modified syntheses, were hydrogenated to a single compound, 5 .  This sapo- 
genin was converted to the unsaturated ketone 12a and the lactone 11 by degradation of the side chain. At- 
tempted ozonolysis of the pseudo-sapogenin 6 yielded in part the C-20 hydroxy derivatives 17 and 18; these are 
postulated to have arisen from an epoxide intermediate ( 15). 

The intricacies of the structural elucidation, stereo- 
chemical and synthetic problems3 pre- 
sented by the C-nor-D-homo steroids and their more 
elaborate derivative alkaloids have stimulated a great 
deal of chemical research. -4 further incentive to 
these studies is provided by the strong hypotensive ac- 
tivity of some of these molecules, notably protovera- 
trine and its close  relative^.^ The intriguing aspects 
of these conipnunds led us to investigate a practicable 

(1) (a) L. Fieser and  M. Fieser, "Steroids," Reinhold Publishing Carp., 
New York, X .  Y . ,  1959, p. 867; (b) K. A. Jaeggi, E .  Weiss, and T. Reich- 
stein, Helu. Chim. Acta. 46, 694 (1963), and references cited there. 

(2) Inter alza, D. Lf Bailey, D. P.  G. Hamon, and W. S. Johnson, Tetra- 
hedron Letters, 55;2 (1963); H. Mitsuhashi and Y .  Shimiau, Tetrahedron, 19, 
1027 (1963); S. Okuda and K. Tsuda. Chem. Ind .  (London), 512 (1961). 

(3) P. W. Schiess, D. M. Bailer, and W. S. Johnson, Tetrahedron Lettera, 
549 (1963); R.  A. Barnes and hl. Sedlak, J .  O r g .  Chem., 2'7, 4562 (1962). 

(4) See L. C. Weaver, W. R. Jones, and S. M .  Kupchan, J .  Pharm. Sci. 
61, 1144 (1962), and references cited there. 

route to some of their sinipler  analog^.^ Three for- 
nially similar rearrangenients recorded in the literature6 
provide an excellent method for synthesis of the basic 
skeleton starting from hecogenin, an abundantly avail- 
able sapogenin. Projected degradation of the sapo- 
genin side chain of t'he resultant C-nor-D-homo deriva- 
tive would lead to molecules such as the unsaturat'ed 
ketone 12, in turn serving as intermediates to a variety 
of etiojervane derivatives.' These compounds would 

(5) (a) H. Mitsuhashi, K .  Shibata, T. Sato,  and Y .  Shimizu [Chem. 
Pharm. Bull. (Tokyo), 12, 1 (1964jI have reported work along similar lines: 
(b) S. Sf. Kupchan and S. D. Levine [ J .  Am.  Chem. Soc., 86, 701 (1964)l 
have recently described derivatives of this general type. 

(6) (a) R.  Hirschmann, C. S. Snoddy, J r . ,  C. F.  Hiskey, and N. L. Wend- 
ler, i b i d . ,  '76, 4013 (1954); (b) J. Elks, G. H. Phillips, D. A .  H. Taylor, and 
L. J. Wyman, J .  Chem. Soc., 1739 (1954); (c) R. Anliker, 0. Rohr, and H. 
Heusser, Hela. Chim. Acta, 38, 1171 (1955). 

(7) The  designation "etiojervane" will be used to  describe 17aa-methyl-C- 
nor-D-homo-18-nor-5a,l2a-androstane. Cf. J. Fried and A. Klingsberg, 
J .  Am.  Chem. Soc., 76, 4934 (19531, and ref. 5b. 
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CHART I 

l a , R = R ' =  H 
b, R = COCMes; R'= H 
C, R = COCMe3; R '  = OM8 
d ,  R, R ' =  COCMen 

+ 10 21 

CH2 CH3 

5 a , R = H  
b , R = A c  
C ,  R = COC6H.j 

4 a , R = H  
b ,R=Ac  \ c ,  R = COCsHs 

3 a , R = H  
b , R = A c  

be possible precursors to the natural products, would 
have potential biological interest , and would furnish 
answers to some of the stereochemical uncertainties in 
this area. 

The exocyclic olefin 36 was chosen as the first syn- 
thetic target. The initial step in its preparation was the 
conversion of hecogenin to rockogenin (la). Of a 
number of reagents investigated, two led to stereo- 
specific preparations of rockogenin (la) : potassium- 
alcohol and lithium-ammonia* reductions afforded 
rockogenin containing 5-10~o and 3-5770, respectively, 
of the 12a-epimer. Lithium tri-t-butoxyaluminohy- 
dridega or sodium borohydride-sodium hydroxidesb 
yielded much larger amounts of 12-epirockogenin. The 
subsequent steps in the literature preparation of olefin 3 
were modified by use of the selective formation of the 
C-3 monopivalate of rockogenin (lb). The correspond- 
ing mesylate (IC) on treatment with base led to the 
exocyclic olefin 3a (Chart I) in yields comparable with 
those published. 6a, 

Simultaneous investigation of the production of the 
endocyclic olefin 4 provided an alternate (and preferred) 
synthetic route. The original preparationJ6 involving 
the treatment of hecogenin-p-toluenesulfonylhydrazone 
with sodium ethylene glycolate, was simplified and im- 
proved by the substitution of potassium hydroxide as 
the base. An over-all yield of 65% of the olefin 4a 
from hecogenin was obtained. The modified reaction 
condition also provided a new crystalline diol (C~H4405) 
of uncertain structure; no All-tigogenin was found 
however. 

Reduction of the olefin 3 over a palladium catalyst 
proceeded readily to give a dihydro compound ( 5 )  in 
which the exocyclic methylene group had been reduced 
and the side chain left intact. With the endocyclic 

(8) J. W. Huffrnan, D. M ,  Alabran, and T. W. Bethea, J .  Ore.  Chem.,87, 
3381 (1962). 

(9) (a) 0. H. Wheeler and J. L. hlateos, Chem. Ind. (London), 395 (1957); 
J. Fajkos, Collection Czech. Chem. Commun.. 84,  2284 (1959). (b) W. J. 
Adanis, D. N. Kirk,  D. K. Patel, V. Petrow,  and I. A .  Stuart-Webb, J .  
Chem. SOC.,  870 (1955); cf. ref. 6a and 6b for lithium aluminum hydride 
reduction of hecogenin. 

isomer 4 as substrate the same conditions gave a slow, 
erratic reduction. Use of platinum oxide proceeded 
too far, effecting hydrogenation of the sapogenin side 
chain in agreement with results reported earlier.6b 
Rhodium-alumina catalyst however, effected the 
smooth addition of 1 equiv. of hydrogen to provide 
in high yield the same saturated compound ( 5 )  obtained 
from reduction of the exocyclic olefin. 

All of the asymmetric centers common to compounds 
3-5 and hecogenin (carbon atoms 5 ,  8, 9, 10, 14, 16, 
20, 22, and 25) have the same stereochemistry, since 
these centers would undergo no changes in the reactions 
used to produce compound 5 from hecogenin. The 
same reasoning applies to the configuration of C-17 in 
3, 5,  and hecogenin. Two configurations, those a t  C-12 
and C-17a, remain in doubt, although the former has 
been assigned previously on mechanistic grounds.60,10 
The stereochemistry at C-17a could not be predicted 
from inspection of the molecular models ; hydrogenation 
might occur from either face of the olefin 4 since t,he 
molecule is planar." This geometry is a result of a 
modified boat conformation of ring D imposed by the 
adjacent cis-fused &membered rings. 

Pseudomerixation of the saturated sapogenin 5 
was most successfully accomplished by a short treat- 
ment with octanoic anhydridel2 or with acetic anhy- 
dride-methylamine hydrochloride. l 3  Less satisfactory 
in the pseudomerization of 5 was the use of acetic anhy- 
dride at 18Ool4 or lactide.15 The product, the non- 
crystalline pseudo-diester 6c, was oxidized to the 
keto ester 9 with chromic acid and this in 
turn was cleaved to the unsaturated ketone 12 
with base or acetic acid, following the procedures well 

(IO) A t  this point the C-12a and C-l7aa assignments must be regarded 
However, a forthcoming publication will cite rotatory dis- as tentative. 

persion data supporting these configurations. 
(11) Cj. ref. la ,  p. 876. 
(12) A.  F. B. Cameron, R. M. Evans, J. C. Hamlet. J. S. Hunt.  P. G. 

(13) D. N. Kirk and V. Petrow, i b i d . ,  2091 (1961). 
(14) M. E. Wall and S. Sa rota,  Tetrahedron, 10, 238 (1960); M E. Wall, 

H. E. Kenney, and E. 9. Rothman, J. Am. Chem. SOC., 77, S665 (1955). 
(15) K. H. Hauptmann and K. Zeile, German Patent 1,086,352. 

Jones, and A. G. Long, J .  Chem. Soc., 2807 (1955). 
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6 a , R = H  
b, R=CO(CH*)oCHs 
c, R=Ac 

7 

CH3 CH3 .1 
CHa CH3 

*O, 
OCOR 

9 loa, R = H  
b, R=Ac 
c, R = O  

.c r,r;;““ 
R 

12a, R = O H  
b, R=Ac 
c, R=O 13 

CII3 CH3 

JYf 14 

worked out in the degradation of the normal sapo- 
genins. l 4  Chroniatography of the mother liquors of 
the unsaturated ketone 12a revealed that  the isonieric 
(A1’) or epimeric (C-13@ methyl) ketones had not been 
formed in detectable amounts. A separate treatment of 
pure 12a in methanolic base produced neither of these 
ketones nor the C-16 niethoxy derivative. Oxidation 
of the C-3 hydroxyl to the ketone (12c) proceeded 
nornially. (See Chart 11.) 

Pseudomerization with acetic anhydride-pyridine 
hydrochloride yielded approximately 30Oj, of a new 
component (8) besides a normal amount of the ex- 
pected olefin 6c. Evidence for the presence of this coni- 
pound was obt.ained by inspection of the oxidation 
products of the crude pseudo-sapogenin. A lactone (1 1 , 
Amax 5.65 p )  was isolated which contained an  additional 
acetyl group. Reinoval of this acetyl group with base 
occurred readily, yielding a new lactone (14) which 
contained no extra hydroxyl group; this result is best 
explained by postulating the starting material to have 
an acetyl function on the carbon atoni adjacent to the 
lact’one carbonyl. The lactone ring itself can be reason- 
ably formed only from a C-16 hydroxyl and a C-22 
carboxyl group. la  Thus the acetyl group is attached a t  
C-20. The second lactone (14) on further base treat- 
ment yielded an  isomeric lactone (loa), presumably the 
more stable epinier of its precursor. The pair was 
readily interdistinguishable by a shift in the n.1n.r. 
doublet attributable to the secondary methyl group 

(16) The pregn-16-en-20-ones react readily to give the  (2-16 methoxyl  
derivatives [ D .  F. Fukushima and  T. F. Gallagher, J .  A m .  Chem. Soc., 7 3 ,  
196 (1951): G .  P. RIueller. R. E. Stobaugh. and R. S. Winniford, tbzd . ,  76. 
4888 (195311. 

(17)  W. G .  Dauben and G. J. Fonken, i b i d . .  76, 4618 (1954). 
(18) The structure  and stereochemistry of similar lactones in normal 

steroids h a s  been rigorously defined. I t  should be noted, however, t h a t  they 
arise by a different pathway (oxidation of a n  olefin analogous to 7 ,  no t  8 ) .  
See D. H. Gould, H. Staeudle. and E.  R .  Hershberg. ibid., 74, 3685 (1952). 

adjacent to the labilizing lactone carbonyl. Since 
10, 11, and 14 are formed through planar inteniiediates, 
logical assignment of configuration of the pair of epi- 
mers 10 and 14 on niechanistic grounds is precluded. 
However, inspection. of the molecular models shows a 
C-21-C-18 interaction when the C-21 methyl group 
is in the @-position. On this basis and by analogy to 
the normal steroids,1g the unstable isomer 14 is assigned 
the @-configuration. 

The origin of lactone 11 and its precursor 8 is clearly 
a result of the effectiveness of acetic anhydride-pyridine 
hydrochloride (as contrasted to, e . g . ,  octanoic anhydride) 
in causing acylation and its concomitant double-bond 
isomerization. Little double-bond migration (to coni- 
pound 7) is seen without c-20 acetylation as indicated 
by the relative absence of lactones 10 or 14 before base 
treatment. It is of interest to compare the forniation 
of the acetyl lactone 11 with the normal steroids where 
acetylation occurs to an appreciable extent only with 
niore potent catalysts and the product is a C-23-acetyl 
derivative.*O The saturated lact’one 10 was converted 
to its C-3 keto derivative and then by broniination- 
dehydrobromination to the unsaturated ketone 13 with- 
out unusual event. 

The use of ozone was investigated as an  alternative 
to chroniic acid cleavage of the double bond in the 
pseudomerization product (as prepared by the acetic 
anhydride-pyridine hydrochloride method). One equi- 
valent of ozone was smoothly absorbed and the zinc- 
acetic acid method was used to reduce the “ozonjde.” 
That the ozonlysis had not proceeded by siniple cleav- 

(19) J. W. Corcoran and H. Hirschmann,  [ibid., 78,  2325 ( l956)]  have  
described t h e  marked instability of t h e  C-21P methyl  g roup  in the lactone 
derived f rom tigogenin. 

(20) K. Rowden, I. hf .  Heilbron, E. R. H. Jones. and n. C. L. \Veedon, 
J .  Chem. SOC.,  39 (1946): J. A .  Zderic, L. Cerrantes,  and h f .  T. Galvan. .I 
A m .  Chem. Soc., 84, 102 (1962): see also ref.  12 a n d  18. 
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CHART I11 

CHzOR 
6b - 

15a, R = H  
b, R = A c  

I 
CHa C H ~ O H  rn 
17a, C-3 OH 

b, C-3 OAC 

L 

16 

1 
CH3 CH3 

--.OR irko 
18a, C-3 O H  R = H 
b, C-3 OAC; R = H 
C ,  C-3 OAC; R = A c  

CH3 CH3 e; 20 

! !2 

-OH 
19 

age of the double bond was made clear when the stand- 
ard base treatment failed to give the expected amount 
of the desired unsaturated ketone 12 (less than 15% 
was formed). Instead the major crystalline coiii- 
ponent was a new compound (17a) containing a ter- 
tiary hydroxyl group (inert to standard acetylation 
conditions) and an intact sapogenin side chain (as sug- 
gested by elemental analysis and spectral data). Al- 
though direct chromic acid oxidation of 5 failed to pro- 
duce 17a, epoxidation of the pseudo-diol 6a did produce 
this material. By analogy to the epoxidation of other 
pseudo-sapogenins,Z1 compound 17 can be forniulated 
as a C-2Oa hydroxy sapogenin. 

Further attempts to convert the ozonolysis product 
to the unsaturated ketone 12 involved acid treatment 
and also a inore vigorous reduction with zinc in acetic 
acid (followed by base treatment) ; these methods gave 
no additional 12a. The expected yield of unsaturated 
ketone (12) was obtained only when the ozonized niate- 
rial was oxidized with chroniic acid (followed by base 
treatment). Chromatography of the entire product 
yielded fractions containing lactone 10a (35%), un- 
saturated ketone 12a (2.5yc), and a new crystalline 
compound (18a). Two plausible explanations can 
account for the increased yield of the unsaturated 
ketone 12a in this manner. The first is that  a portion 
of the starting material escaped reaction during the 
ozonolysis and was transformed to the keto ester 9 only 
after chromic acid oxidation. This explanation is un- 
likely because of the excess ozone present in the homo- 
geneous reaction mixture; it becomes more unlikely 
when it is noted that the ozonolysis product, on base 
treatment and acidification, yielded no detectable 5a, 
a necessary product of any unreacted 6. A preferred 
interpretation of the experimental results is that a part 
of the pseudo compound 6 was transformed to an oxida- 
tion state lower than that  of the keto ester 9 ;  only on 
further oxidation would the C-20-C-22 bond cleavage 
becomr complete. The nature of this intermediate is 
discussed below. 

The third crystalline component (18a) of the above 
reaction sequence was a y-lactone (A,,, 5.65 p )  con- 
taining a tertiary hydroxyl (inert to normal acetyla- 
tion). A proof of structure was accomplished by reduc- 

(21) XI E Wall. H. A Walens. and F T TSson. J Org C h e m ,  26, 5054 
(1961) 

tion of the lactone (Ma) with lithium aluminum hy- 
dride to the tetrol 19, cleavage with periodate to the 
hydroxy ketone 20, and dehydration to the known ke- 
tone 12a. Synthesis of the hydroxylactone 18 by 
oxidation of the lactone 10 failed. However, epoxida- 
tion of the pseudo compound 6b followed by chromic 
acid treatment gave the desired product (although in 
lorn yield). The epoxide 15 in the acidic chromate 
solution, presumably undergoes epoxide opening, par- 
tial dehydration (to 16), and oxidation of the resulting 
exocyclic double bond.22 

The C-20 hydroxylated by-products 17 and 18 may 
arise from the same intermediate responsible for the 
increased yield of keto ester 9 on chromic acid oxida- 
tion of the ozonolysis product. Attempts to isolate 
this material failed and thus verification of its struc- 
ture by routine analytical procedures was not possible. 
However, its structure may be surmised from its de- 
rivatives, 17 and 18 as well as the unsaturated ketone 
12a. This intermediate necessarily has a C-20 oxygen 
substituent and an intact C-20-C-22 bond. The most 
probable compound of this type is the epoxide 15.23 
This epoxide, synthesized by routinez1 perbenzoic acid 
treatment of the pseudo-sapogenin 6, has been denion- 
strated to form the compounds 17 and 18 under the 
same conditions used to produce them from the ozonoly- 
sis product. The final product expected, the unsatur- 
ated ketone 12a, also could be produced from the ep- 
oxide 15 in the same manner and yield as formed from 
the ozonolysis product, namely by chromic acid oxida- 
tion and base treatment. The rupture of the C-20-C-22 
bond in the epoxide 15 represents direct chromate oxi- 
dation of the epoxide or its derivative glycol (formed by 
oxide opening in the acidic medium). Thus, although a 
portion of the pseudo-sapogenin is cleaved with ozone, 
an  appreciable amount does not undergo carbon-carbon 
rupture, but is postulated to form the epoxide 15 in- 
stead . 2 4  

(See Chart 111.) 

(22) Precedent for facile dehydration of the C-22 hydroxyl group and 
oxidation of the resulting olefin is provided by H. Hirschmenn and F. R. 
Hirschmann, Tetrahedron,  3, 242 (1958). 

(23) Epoxide formation by reaction of ozone with hindered olefins is an  
occasional occurrence. See, e , g , ,  K. Tanabe, R. Takasaki. and R .  Hayashi, 
Chem. PhaTm. Bull. (Tokyo), 9, 7 (1Q61), and references cited there. 

(24) A more quantitative investigation of the ozonolysis of pseudo- 
sapogenins was possihle in the normal steroids and will be presented in a 
future communication. 
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Experimentalz5, 26 

Metal-Alcohol.-A solution of 
300 g. of hecogenin in 0.5 1. of tetrahydrofuran and 2.5 1. of 2- 
propanol was heated to 60" with stirring under a slight positive 
pressure of nitrogen. Potassium metal bars (ca .  12 g.  each) 
were introduced to this solution at 5-10-min. intervals until 16 
bars (180 g.) had been added. (The reactidn mixture became 
homogeneous after addition of the first 3 bars.) After a total of 
2 hr. ,  the addition of metal was complete and the solution was 
heated at, reflux an additional 15 min. The reaction mixture 
was diluted slowly with 1 1. of *50% aqueous acetic acid and t.hen 
poured with stirring into 6 1. of water. The resulting crystal 
mass was filtered, washed with water, dried, and recrystallized 
from aqueous ethanol, yielding 280 g.  of rockogenin ( l a ) ,  m.p.  
210-213", A",: 2.75 p (no carbonyl absorption); lit.@ m.p. 
209-21 1 O. Analysis by thin layer chromatography showed the 
crude product to contain 5-10% of the 12a-isomer. 

Metal-Ammonk-A solution of 10 g.  of hecogeninin 150 
ml. of tetrahydrofuran was added to 150 ml. of t-butyl alcohol 
and 300 ml. of ammonia, causing rapid precipitation of the 
hecogenin. Lithium wire (4  9 . )  was added to the suspension. 
The mixture was stirred for 3 hr.  and 1 ml. of methanol was added 
dropwise to decompose the excess metal. The reaction was 
diluted with water and sufficient hydrochloric acid to acidify 
the mixture. The resulting precipitate was collected on a filter 
and washed with water, yielding 10.0 g.  of rockogenin, m.p.  
185195".  Analysis of this material by thin layer chromatog- 
raphy showed the presence of 3-5Y0 of the 12a-isomer. 

Lithium Tri-t-butoxya1uminohydride.-To a stirred solu- 
tion of .55 g. of lit,hium tri-t-butoxyaluminohydride in 0.7 1. of 
tetrahydrofuran a t  5 "  was added 43 g. of hecogenin. After 
being stirred a t  ambient, temperature for 20 hr. ,  the mixture 
was poured into 2 1. of ice-water containing excess acetic acid. 
The product was isolated by chloroform extractionz7 yielding 38 
g. of material. A4nalysis of the product by thin layer chromatog- 
raphy indicated that it contained 15-257, of the 12a-isomer, the 
remainder being the 12B-derivative l a .  

D . Sodium Hydroxide-Sodium Borohydride .-Hecogenin 
(50 g.) in boiling methanolic sodium hydroxide was treated with 
a sodium hydroxide-sodium borohydride mixture as described 
by Adams, et After 2 hr., the product was isolated by  dis- 
tillation of half the methanol and dilution with aqueous acetic 
acid. The product was filtered and dried. Analysis of the 
product by thin layer chromatography indicated a 6 :4  ratio of 
C-128-C-12a-isomers. 

Rockogenin 3-Pivalate (1 b).-The crude rockogenin (280 g. ,  
m.p. 210-213" as obtained from the potassium-alcohol reduction) 
was dried by toluene azeotrope and was dissolved in 2.5 1. of 
pyridine. Pivaloyl chloride (82  g., a 57, excess) was added and 
the solution was heated a t  100" for 2 hr.  The solution, concen- 
trated to a 1..5-1. volume, was diluted with 1 1. of water, and the 
product was isolated by extraction with benzene. The washed 
and dried extract was concentrated to a 2-1. volume and allowed 
to stand at room temperature for 18 hr.  The resulting precipi- 
ta te  was collected on a filter yielding 31.9 g.  of crystals, m.p. 276- 
280'. Recrystallization of a portion of this material from meth- 
ylene chloride provided pure epirockogenin 3-pivalate (C-12a- 
isomer of Ib ) ,  m.D. 207-289', A,,, 2.72 and 5.81 p, [ a ] ~  -42". 

Anal. Calcd. for C32H520s: C, 74.37; H ,  10.14. Found: 

Two additional crops were obtained: 68 g., m.p. 253-25i0, 
[ a ] D  -56"; and 84 g., m.p.  248-251", [Q]D -59". Recrystal- 
lization of a portion of this material from acetone gave the pure 
rockogenin 3-pivalate ( I b ) ,  m.p.  255-257", AmSx 2.75 and 5.82 M, 

Reduction of Hecogenin A. 

B. 

C. 

e, 74.20; H ,  9.97. 

[ a ] D  -60". 

(25) We wish to thank Dr. R. T. Dillon and staff for the spectra and an- 
alyses reported and Dr. E. G. Daskalakis and staff for the chromatonraphy 
described. We are indebted to Mr. Ivar Laos for competent technicel 
assistance. 

(26) Infrared spectra were determined in chloroform, ultraviolet spectra 
in methanol. and rotations in chloroform (1%). Petroleum ether refers to 
the fraction with b . p  63-88'. Melting points are uncorrected. N.m.r. 
spectra were determined in deuteriochloroform on a Model A-60 spectrom- 
eter, Varian Associates, Inr., at 60 Mc., using tetramethylsilane as an 
internal standard ( A "  = 0 0.p.s.) .  

(27) 'The normal extraction procedure involved washing a solution of the 
reaction product with water and aqueous potassium bicarbonate (for acidic 
reactions), drying the extract over anhydrous magnesium sulfate, and con- 
centrating under reduced pressure (temperature less than 50O). 

Anal. Found: C, 74.61; H ,  10.41. 
If an excess of pivaloyl chloride was used under the same 

conditions rockogenin 3,12-dipivalate ( I d )  was formed. Re- 
crystallization from petroleum ether and from methylene chloride- 
methanol gave the analytical sample, m.p.  240-246', A,,, 5.80 

Anal. Calcd. for C37HB006: C ,  73.96; H, 10.07. Found: C, 
73.69; H ,  10.03. 

Rockogenin 3-Pivalate 12-Mesylate (IC).-To 32.1 g. of the 
crude 3-pivalate l b ,  m.p.  246-254', was added 200 ml. of pyri- 
dine, and the resulting mixture was stirred at room temperature 
for 10 min. The insoluble 12a-isomer (1.1 g. ,  m.p.  275280') 
was removed by filtration, and the filtrate, cooled to 5 " ,  was 
treated with 20 ml. of methanesulfonyl chloride. The solution 
was allowed to warm slowly to room temperature. After 18 hr.  
the solution was cooled and treated slowly with dilut,e sodium 
bicarbonate. The resulting granular precipitate was filtered 
and washed with water, giving 34.7 g. of mesylate IC,  m.p.  134- 
137". Recrystallization from methylene chloridemethanol 
caused some decomposition as evidenced by the resultant acidity 
of the mother liquors and the lowered melting point of the prod- 

Anal. Calcd. for C33H5407S: C, 66.63; H ,  9.15. Found: 
C ,  66.60; H ,  9.18. 

In  subsequent runs the crystalline material was used without 
recrystallization. The base-catalyzed rearrangement of this 
material to the exocyclic olefin 3a and the subsequent acetyla- 
tion to give C-3 acetate (3b) proceeded in the manner described 
by the earlier workers6 and in comparable yields. 

Rearrangement of Hecogenin p-Toluenesulfony1hydrazone.- 
T o  a solution of 130 g. of potassium hydroxide in 2 I .  of ethylene 
glycol (or diethylene glycol) a t  45" was added 130 g.  of hecogenin 
p-toluenesulfonylhydrazone (2) ,  m.p.  26G263°.6 The mixture 
was stirred with heating in an inert atmosphere. Evolution of 
nitrogen started at 80" causing some foaming. When the tem- 
perature had reached 160" (in about 45 min.), the heating was 
discontinued and the solution was cooled to room temperature. 
The cooled reaction- mixture was poured into 6 1. of water with 
stirring. The resulting solid, separated by filtration and washed 
with water, was dissolved in 2 1. of methylene chloride. The solu- 
tion was washed with water until neutral; the solvent wag distilled, 
being replaced with 1 1. of acetonitrile. Filtration of the cooled 
solution afforded 59 g.  of 17a-methyl-C-nor-D-homo-18-nor- 
S a ,  12a,22a-spirost-I7( 17a)-en-38-01 (4a), m .p . 108-1 18 O ( 6.57, ) . 
The product was solvatfed, resulting in a broad melting point, 
lit. m.p. 113-123"b* and 120-125°.eb ( In  some runs itwasneces- 
sary to concentrate the methylene chloride extract t o  dryness 
and to triturate the residue with hot petroleum ether; a varying 
amount of insoluble crystalline material, hecogenin, was sepa- 
rated by filtration, the filtrate providing the olefin 4a as described 
above.) Chromatography of 3.9 g.  of the mother liquors of this 
reaction provided additional endocyclic olefin 4a (0.7 g. )  plus a 
noncrystalline contaminant (1.1 9 . )  eluted with 2% ethyl ace- 
tate in benzene. In  this chromatogram neither these fractions 
nor any others contained All-tigogenin as seen from the lack of 
olefinic protons in their n.m.r.  spectra. Later eluates (107, 
ethyl acetate in benzene) yielded 0.30 g.  of hecogenin (identifi- 
cation by infrared correlation). Elution with 40% ethyl acetate 
in benzene gave 1.4 g. of material, which was crystallized and 
recrystallized from acetone to give a pure compound of unknown 
structure, m.p.  231-234", Amax 2.75 p ,  [ a ] D  16". 

Anal. Calcd. for C27H4405: C ,  72.26;  H ,  9.89. Found: C ,  
72.36; H ,  9.91. 

This material formed an amorphous diacetate on treatment 
with acetic anhydride in pyridine at room temperature or a t  100"; 
Amax 5.78 p (no hydroxyl). The molecular weight was 543 as 
determined in methylene bromide by the Rast method. 

Anal. Calcd. for C3,H48O7 (533): C ,  70.56; H ,  8.88. Found: 
C,  70.93; H ,  8.92. 

This unknown was stable to hydrogenation with palladium- 
acet,ic acid and to  refluxing hydrochloric acid in ethanol. The 
oxidation products from chromic acid-acetone treatment were 
noncrystalline. That  this compound was not initially present 
was ascertained by chromatography of the starting material 
( hecogenin). 

17a-Methyl-C-nor-D-homo-1 8-nor-Sa, 12a ,22a-spirost-l7( 17a)- 
en-38-01 Benzoate (4c).-The alcohol 4a (22 9.)  in 1,50 ml. of 
pyridine and 15 ml. of benzoyl chloride was heated a t  100" for 
20 min. The solution was cooled, diluted with 25 ml. of water, 
and heated at 100" for 30 min. The solution was diluted fur- 

I r ,  [ a ] D  -61". 

uct, m.p.  128-130", Am,, 5.82 p ,  [ a ] D  -54". 
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ther with water and the product was extracted with c h l o r o f ~ r m . ~ ~  
The crystalline residue was recrystallized from chloroform- 
methanol, yielding the benzoate 4c, 8.3 g., m.p.  240-243", and 
12.7 g. ,  m.p.  240-244". The analytical sample was obtained by 
recrystallization from acetone, m.p.  247-248", A,,, 5.82 p .  

Anal. Calcd. for C3,H4&,: C ,  78.72; H ,  8.94. Found: C ,  
78.69; H, 9.24. 

l7ap-Me thyl-C-nor-D-homo-l8-nor-5cu, lZa,ZZcu-spirostan-3P- 
01 Acetate (5b) .  A.  Reduction of the Exocyclic Olefin 3b.- 
A mixture of 9.12 g. of theolefin acetate3b, m.p. 205-220", and 8 
g. of 5% palladium-charcoal catalyst in 500 ml. of acetic acid 
absorbed 1 equiv. of hydrogen in a 6 hr. period.28 The filtered 
solution was concentrated to dryness. The resulting residue 
was dissolved in methylene chloride and crystallized from meth- 
anol and then from acetonitrile yielding 4.4 g.  of the acetate 5b, 
m.p.  17<5-17i0. Recrystallization of a portion from methylene 
chloride-methanol yielded a pure sample, m.p. 179-181 ', A,,, 
5.72 p ,  [ a ] D  -112O. 

Anal. Calcd. for CZ&BO,: C, 75.94; H ,  10.11. Found 
C ,  76.01; H ,  10.01. 

A major component of the mother liquors was seen to be the 
endocyclic olefin 4b, separated by chromatography on silica; i t  
was shown by a separate experiment to be a contaminant of the 
starting material which had not undergone reduction under these 
conditions. 

Reduction of the Endocyclic Olefin 4b.-A solution of 
200 g. of the olefin acetate 4bBR (m.p. 14G14.5') in 900 ml. of 
acetic acid and 25 g.  of 5% rhodium on alumina were shaken in 
an atmosphere of hydrogen at 45'. One equivalent of gas was 
absorbed in 7 hr. The catalyst was filtered and was washed with 
benzene to remove the crystallized product. The combined 
filtrates on concentration to dryness (rotary st,ill) yielded a 
crystalline residue which was dissolved in methylene chloride 
and decolorized with charcoal. Replacement of the methylene 
chloride with methanol afforded 165 g.  of crystals, m.p.  177- 
183", and 9.4 g., m.p. 173-177' (87%), identical in the infrared 
and n.m.r.  with the above material (5b).  Chromatography of 
the mother liquors on silica afforded a small amount of starting 
material, eluted from silica immediately after the product 5b with 
0.5yc ethyl acetate in benzene. S o  isomeric saturated compound 
could be detected. In  other runs, slower reductions made neces- 
sary addition of fresh catalyst to complete t,he reaction. I t  was 
also determined that mixtures of the exocyclic olefin and the 
endocyclic isomer were hydrogenated smoothly to the single 
saturated acetate 5b in the presence of rhodium-alumina cata- 

In  earlier attempts to produce the saturated compound 5b 
from the endocyclic benzoate 4c, 5% palladium on charcoal in 
acetic acid was used as catalyst. The reduction was very slow, 
several changes of catalyst being insufficient to effect complete 
hydrogenation. Raney nickel catalyst a t  2000 p.s.i. and 100' 
in ethanol caused no reduction. 

17a~-Methyl-C-nor-D-homo-18-nor-5cu,lZ~,ZZ~-furostan- 
38,26-diol (dihydro derivative of 6a).-A solution of 0.48 g.  
of compound 4a in 60 ml. of acetic acid was stirred with 0.10 g.  
of platinum oxide in an atmosphere of hydrogen. After 20 hr. 
2 mole equiv. of hydrogen gas had been absorbed. The catalyst 
was filtered and the solvent was evaporated. The residue was 
hydrolyzed in methanol containing aqueous potassium hydroxide 
and the resulting product was chromatographed on silica. 
Recrystallization of the material eluted with ethyl acetate 
in benzene from ether-petroleum ether afforded the pure di- 
hydro derivative of 6a, m.p.  139-141", A,,, 2.74 p .  

Anal. Calcd. for C2?&03; C ,  77.46; H,  11.08, Found: c ,  
77.30, H,  11.22. 

17ap-Methyl-C-nor-D-homo-18-nor-5~, lZa,22a-spirostan-3P- 
01 (5a).-A solution of 0.32 g. of the acetate 5b in 10 ml. of 
methanol and 2 ml. of 10% aqueous potassium hydroxide was 
heat,ed a t  reflus for 1 hr. Dilution of the reaction mixture with 
water gave a precipitate which was collected on a filter, washed 
with water, and dried in a stream of air. Recrystallization of 
the product from methylene chloride-methanol gave 0.17 g.  
of the alcohol 5a as a methanol solvate, m .p .  155-158'; on 
occasion a second crystalline form, m.p. 172-174", was ob- 
tained. Recrystallization of this material from acetone-petro- 
leum ether gave an unsolvated sample, m.p. 148-151°, Amax 2.75 
p ,  [a111 - 4 9 O .  

B. 

lyst. 

~~ 

(28 )  We are indebted to Mr. W. M. Selby and staff  f o r  the hydrogenations 
in this xork .  

Anal. Calcd. for C,&aO,: C ,  77.83; H, 10.65. Found: 
C ,  78.05; H ,  10.85. 

An alternate preparation of this compound entailed direct 
hydrogenation of the olefin 4a as described for the preparation of 
5b. 

The benzoate was prepared with the method used in the prepa- 
ration of 4c. The product was recrystallized from methylene 
chloride-methanol to give 17ap-methyl-C-nor-D-homo-i8-nor- 
5a, lZa,ZZ~-spirostan-3~-01 benzoate (5c), m.p.  155-158O, A,,, 
5.82 p, [ a l ~  -14'. 

Anal. Calcd. for C34H1804: C, 78.42; H ,  9.29. Found: 
C, 78.57; H ,  9.40. 

Side-Chain Degradation of the Saturated Acetate 5b. A. 
Pseudomerizati0n.-The saturated acetate 5b (134 9.)  in 105 ml. 
of octanoic acid and 80 ml. of acetic anhydride was heated to 
240' over a 15-rnin. period and between 240 and 260" for 20 
min.'* The volatile components were allowed to distil during 
this time. The reaction mixture was cooled and diluted with 0.5 
1. of ether, 200 ml. of water, and excess 105,L aqueous potassium 
hydroxide. The solution was stirred vigorously a t  room tem- 
perature for 20 min. to hydrolyze the anhydride. The layers 
were separated and the organic layer was washed twice with 
wat'er, twice with dilute potassium hydroxide, and again with 
water. The solution was concentrated to  dryness yielding 170 
g. of a mobile oil. A portion (1.8 g.) of this material, chro- 
matographed on 130 g. of silica, afforded 0.80 g.  of the non- 
crystalline pseudo-diester 6b on elution with 1% ethyl acetate in 
benzene. 

Oxidation.-To a solution of the crude pseudo-diester 6b 
(167 g.)  in 1 1. of acetic acid and 1 1. of ethylene dichloride a t  
-5' was added over a 20-min. period a solution of 90 g.  of 
chromic acid in 0.8 1. of 90% aqueous acetic a ~ i d . 1 ~  The mix- 
ture was stirred for an additional hour at' 0" and then was treated 
slowly with 100 g. of sodium bisulfite in 0.4 1. of water. The 
solution was diluted with 1 1. of water and extracted with ether. 
The extract was washed three times with water and, without 
drying, was concentrated to dryness (rotary still, temperature 
less than 60"). The product was dissolved in ether and filtered. 
The filtrate was washed with aqueous potassium bicarbonate, 
dried, and concentrated, yielding 174 g.  of a mobile oil con- 
taining the keto ester 9. Chromatography of 2.4 g. of this mate- 
rial on 150 g. of silica afforded, by elution with 2% ethyl ace- 
tate in benzene, 0.10 g.  of the unsaturated ketone 12a, m.p.  145- 
148", identical with an authentic sample (see below). This was 
a result of partial chain cleavage that had occurred during the 
isolation. KO other crystalline products were isolated, 

Elimination of the Side Chain.-A solution of 174 g.  of 
the keto ester 9 in 1.3 1. of t-butyl alcohol and 0.5 1.  of 2070 
aqueous potassium hydroxide was stirred a t  the boiling point in a 
nitrogen atmosphere for 90 min. The organic solvent was dis- 
tilled; the resulting mixture was diluted with water and ex- 
tracted with ether three times. The extract was washed thor- 
oughly with water and dried. An aliquot was concentrated to 
dryness and was shown to contain approximately 45% of the 
unsaturated ketone 12a [A,,, 237 m p  (log c 3.89)]. On con- 
centrating the total solution to 200 ml. and cooling, the solu- 
tion deposited 29.4 g. of crystals, m.p.  164-168'. Pure 17-acetyl- 
138-etiojerv-16-en-36-01 (lZa)' was obtained by recrystallization 
from ether; m.p.  165-168"; Amax 2.75, 6.02, and 6.12 p ;  Amax 
237mp(loge4.05);  [ a ] ~  +54". 

Anal. Calcd. for C21H3202: C ,  79.70; H, 10.19. Found: 
C, 79.58; H,  10.39. 

17-Acety1-13~-etiojerv-16-en-3p-o1 acetate (12b) was prepared 
by treatment of the alcohol 12a with acetic anhydride-pyridine at 
100" for 10 min. The product, recrystallized from acetone- 
petroleum ether, had m.p.  143-145', Amax 236 mp (log e 4.06). 

Anal. Calcd. for C23H3403; C, 77.05; H ,  9.56. Found: C, 
77.34; H ,  9.81. 

Additional unsaturated ketone could be obtained from the 
semicrystalline mother liquors (39 g.)  by triturating with a 
minimum volume of ether; the resulting crystals (8.8 9 . )  were 
filtered and recrystallized from acetone-petroleum ether to yield 
4.9 g. of 12a, m.p. 164-166', Amax 237 mp (log c 4.02). Chro- 
matography of the mother liquors on silica afforded first, eluted 
a t  570 ethyl acetate in benzene, the starting sapogenin 5a (infra- 
red comparison). Further elution with the same solvent pro- 
vided the unsaturated ketone 1Za. The ultraviolet spectra of 
several of the nearby chromatographic fractions showed no shift 
in maxima implying the absence of isomeric unsaturated ketones. 

N o  crystalline products were found. 
B. 

C. 
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Small amounts of lactone were found in these fractions as indi- 
cated by a weak band a t  5.65 p in the infrared. 

A separate experiment, designed to test the stability of 12a 
to methanolic base ( 1 -  and 18-hr. reflux periods), showed a small 
amount of deconjugation of the double bond (weak infrared 
maximum a t  5.85 p )  but no formation of C-16 methoxyl (no 
n.m.r. signal near 200 c.p .s. ). 

The side chain of the keto ester 9 could also be eliminated by 
boiling in acetic acid for 6 hr., providing directly the acetate 12b 
in yield comparable with that from the above procedure. The pure 
unsaturated ketone 12b underwent no change in boiling acetic acid 
after 5 hr. 

17-Acetyl-13~-etiojerv-16-en-3-one (12c).-Alcohol 12a ( 1  .O 9.) 
was oxidized with an excess of 4 N chromic acid solutionz9 a t  room 
temperature for 10 min. After the addition of 2 ml. of 2-propanol 
the solution was diluted with water and extracted with ethyl ace- 
tate.z7 The extract yielded a crystalline residue, recrystallized 
from acetone-petroleum ether to give the pure diketone 12c, 
m.p.  114-5"; A,,, 5.85, 6.02, and 6.14 p ;  A,,, 235 mp (log c 

Anal. Calcd. for C2,H3002: C ,  80.21; H ,  9.62. Found: 
C, 80.34; H ,  9.67. 

Other Pseudomerizations. A. Methylamine Hydrochloride- 
Acetic Anhydride.I3.-A solution of 4.0 g. of Sa and 1.4 g. of 
methylamine hydrochloride in 4 ml. of pyridine and 8 ml. of 
acetic anhydride was heated a t  reflux for 2.5 hr. The product, 
after isolation, showed none of the starting material to be present. 
Oxidation and side-chain elimination followed the procedure as 
described above and yielded 1.9 g. of product; the intensity of 
the maximum a t  237 mp (log e 3.81) corresponded to a 407, 
over-all yield of 12a. The infrared spectrum showed little 
lactone (5.65 p ) .  

Acetic Anhydride.14-The acetate Sb (10.0 g.) in 50 ml. 
of acetic anhydride and 0.1 ml. of acetic acid was heated a t  180" 
in a glass-lined pressure vessel for 25 hr.  The standard work-up, 
oxidation, and elimination of the side chain gave a final product 
shown by ultraviolet spectrum to contain 357, of unsaturated 
ketone 12a; a new impurity was also present as evidenced by 
secondary absorption a t  270 mp. The infrared showed a 5.65-p 
(lactone) band of medium intensity. 

C. Lactide.-Lactide30 ( 1 1  g., m.p. 126-128') and the ace- 
tate 5b (3.50 b. )  were heated a t  240-245" under nitrogen for 8 
hr.I5 The product was saponified, acetylated with acetic anhy- 
dride-pyridine, oxidized, and saponified in the routine manner, 
yielding a product containing l5YC of the unsaturated ketone 12a 
(by  ultraviolet analysis). The same sequence was run also with 
the addition of a little acetic anhydride, a change that did not 
improve the yield. 

D . Acetic Anhydride-Pyridine Hydrochloride .-A solution 
of 72 g. of the saturated acetate 5b in 700 ml. of acetic anhydride 
and 28 g. of pyridine hydrochloride was heated at reflux for 9 
hr.  and then was poured into 1 1. of hot (80:) water with efficient 
stirring. (A 6-hr . reflux period was insufficient as seen by direct 
isolation of crystalline starting material a t  that  time.) The 
product was isolated by benzene extractionQ7 and a portion was 
chromatographed on silica; fractions eluted with 3Y0 ethyl ace- 
tate in benzene yielded amorphous material having an n.m.r. 
signal a t  134 c.P.s., characteristic of the C-20 acetyl group (see 
below). The remainder of the pseudo-sapogenin mixture was 
submitted to the standard chromic acid oxidation and base- 
catalyzed elimination as described above. The resulting mix- 
ture was shown by ultraviolet analysis to contain 30'g of the 
desired material, 12a. 

2-( 3p,l6p-Dihydroxy-ZO-acetyl- 13p-etiojervan-17p-y1)propanoic 
Acid Lactone (1 1 ). A. Ozonolysis.-The crude pseudo-diacetate 
6c (7.7 g . ,  prepared by the acetic anhydride-pyridine hydrochlo- 
ride method) in 60 ml. of methylene chloride containing 2 ml. of 
pyridine was saturated with ozone a t  -70° ,  approximately 1 
mole equiv. being absorbed. To the resulting light blue solut- 
tion was added 5 g. of zinc dust and 5 ml. of acetic acid in 5 ml. 
of methylene chloride. The mixture was stirred in an ice bath 
for 40 min. and then was filtered. The filtrate was washed with 
water and aqueous potassium bicarbonate, dried, and concen- 
trated, yielding 8.8 g. of foam (preparation A). A portion (1.9 
g.) of this material was chromatographed on 150 g. of silica. 

4.05); [ a ] ~  +85". 

The product was not investigated further. 
B. 

(29) C. Djerassi, R.  R. Engle, and A .  Bowers, J .  Org. Chem., 31, 1547 
(1956). 

(30) The lactide, obtained from Clinton Corn Processing Co. ,  Clinton, 
Ohio,  was freshly recrystallized f rom carbon tetrachlorideacetone. 

Elution with 2% et,hyl acetate in benzene afforded 0.32 g. (307,) 
of crystalline material, recrystallized from methylene chloride- 
methanol to give 0.18 g. of the pure lactone 11, m.p.  225228"; 
Amsx 5.62 and 5.78 p :  AU 88 (C-21 CHI),  121 (C-3 OAc), and 

Anal. Calcd. for C26H3~05: C, 72.52; H ,  8.90. Found: 
C, 72.24; H ,  8.70. 

Lithium aluminum hydride reduction of this compound gave 
an amorphous tetrol, stable to periodic acid. 

Later eluates (10% ethyl acetate in benzene) afforded 0.74 g.  
of an amorphous solid, AmSx 2.80 and 5.75 p, Au 234 and 239 
(C-26 CHzO) c.p.s. The remainder of the material was not 
eluted from the silica even though acetone was used as eluent. 

Several attempts were made to transform preparation A into 
the unsaturated ketone 12a. (For base treatment, see below.) 
These included treatment of the material in refluxing acet'ic acid 
for 20 hr. or in refluxing methanol containing a little concentrated 
hydrochloric acid for 2 hr. The product contained no appreci- 
able unsaturated ketone (ultraviolet and infrared analyses). 
Also, treatment of preparation A with granular zinc in refluxing 
acetic acid for 2 hr., followed by treatment with aqueous potas- 
sium hydroxide in refluxing t-butyl alcohol, gave as the only 
crystalline product the lactone 10a (see below), m.p. 21&225O, 
in 5% yield, identical in the infrared with the material described 
below. 
B. Chromic Acid Oxidation.-The pseudo compound 6c 

(9.2 g., prepared by the acetic anhydride-pyridine hydrochloride 
method) was oxidized in ethylene dichloride a t  - 10" with chromic 
acid in 90% acetic acid as described for the preparation of 9. 
A portion (3.3 9 . )  of the result'ing product (8.0 9.) was chro- 
matographed on 150 g. of silica. Elution with 2% ethyl acetate 
in benzene provided 0.41 g. of material containing essentially 
pure acetyl lactone, identical in the infrared with the lactone 11. 

Increasing the pseudomerization reaction time to 23 hr.  did 
not increase the proportion of the intermediate 8 as evidenced 
by this oxidative analysis. 

17a4 - Methyl- C -nor-D-homo-l8-nor-5cr, 120,22cr-spirostan-3~,- 
200-diol (17a). A. Ozonolysis.-The unpurified ozonolysis 
product (3.9 g. of preparation A) in 40 ml. of t-butyl alcohol was 
stirred and heated to reflux under nitrogen with a solution of 8 g. 
of potassium hydroxide in 14 ml. of water. After 2 hr. the solu- 
tion was cooled, diluted with excess aqueous acetic acid, and 
extracted with methylene ch l~ r ide .~ '  The extract yielded 2.2 g .  
of foam, Amax 235 mp (log e 3.30) (corresponding to no more than 
15% of unsaturated ketone 12a), which was chromatographed 
on 120 g. of silica. Elution with 5% ethyl acetate in benzene 
gave 1.26 g. of crystalline material, recrystallized from acetone 
to  yield 0.24 g.  of analytically pure 17a, m.p. 178-181", Amax 
2.70 and 2.80 p .  

Anal. Calcd. for C27H4104: C ,  74.95; H ,  10.25. Found: 
C ,  74.83; H ,  10.12. 

Acetic anhydride-pyridine a t  100" produced a monoacetate, 
recrystallized from methanol to give pure 17ap-methyl-C-nor-D- 
homo- 18-nor-Sa, 120 ,2 20-spirostan-3p, 200-diol 3-acetate ( 17 b ) , 
m.p. 225-228". 

Anal. Calcd. for C29H1605: C,  73.38; H ,  9.77. Found: C, 
73.57; H ,  9.73. 

The hydroxy compound 17a was labile to methanolic hydro- 
chloric acid (4  hr. a t  reflux) yielding a mixture with a spectral 
characteristics [A,,, 239 mp (log E 3.63), Amax 6.02 p]  similar to  
an anhydrogenoic 

The remainder of the material eluted from the column was 
noncrystalline, showing only poorly defined bands for unsatu- 
rated ketone and lactone groups in the infrared spectra. 

B. Perbenzoic Acid Oxidation.-A solution of 1.8 g. of the 
crude pseudo-diester 6b in 60 ml. of t-butyl alcohol and 15 ml. 
of 10% aqueous potassium hydroxide was stirred a t  reflux for 20 
hr. The solution was diluted with water and the alcohol was 
distilled. Extraction of the product with benzenez7 afforded 
1.45 g. of oil. The entire sample in 100 ml. of benzene was 
treated with 1.2 mole equiv. of 0.4 M perbenzoic acid solution. 
After 15 min., 15 g. of calcium hydroxide was added to the soh -  
tion and the resulting mixture was stirred for 20 min. The 
filtered solution was concentrated to dryness and the residue, 
1.15 g. of an amorphous material, was chromatographed on 90 g .  
of silica. A total of 0.66 g. of material, eluted with 10% ethyl 
acetate in benzene, was recrystallized from acetone yielding 0.35 

137 (C-20 COCHa) c.P.s.; [ a ] ~  17". 

(31) See ref. l a ,  p. 817. 
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g. of lustrous plates, m.p .  176-178", identical in the infrared with 
pure 17a. 

Chromatography of the pseudo-diol 6a on alumina (Merck 
chromatographic) gave a single crystalline component which was 
recrystallized from acetone-petroleum ether to yield pure 17ap 
meth yl-C-nor-D-homo- 1 S-nor&, 12a, 2Og,22a-spirostan-3p-o1 (the 
cyclopseudo derivativea2 corresponding to 5a), m.p.  155- 
157". 

Anal. Calcd. for C27H4403: C, 77.83; H, 10.65. Found: 
C, 78.02; H ,  10.54. 

Treatment of this material in boiling ethanol containing con- 
centrated hydrochloric acid gave the C-20a-isomer Sa (by infra- 
red correlation). 

Acid 
Lactone (10a).-To a solution of 7 . 2  g. of preparation A (the crude 
"ozonide") in 50 ml. of acetic acid and 80 ml. of ethylene di- 
chloride a t  5' was added a solution of 3.0 g.  of chromium tri- 
oxide in 10 ml. of water over a 20-min. period. After an addi- 
tional 20 min. a t  ambient temperature, there was added 100 ml. 
of 36y0 aqueous formaldehyde. The solution was stirred for 40 
min., diluted with water, and the product was isolated by ex- 
traction with ethylene d i c h l ~ r i d e , ~ ~  yielding 8 g.  of oil (prepa- 
ration B) .  A portion (2  9.) of this material was chromatographed 
on 160 g. of silica. Elution with 27, ethyl acetate in benzene 
afforded 0.38 g.  of mat'erial; recrystallization from methylene 
chloride-methanol gave 0.23 g. of the pure acetyl lactone 1 1 ,  
m-p.  224-226", identical in the infrared with an authentic sample. 
Also eluted from this column, a t  57, ethyl acetate in benzene, 
was 20 mg. of the hydroxy lactone 18a, m.p. 273-278" (satis- 
factory infrared correlation). 

A solution of 4.4 g. of preparation B in 100 ml. of t-butyl alcohol 
was stirred with 10 g. of potassium hydroxide in 25 ml. of water a t  
reflux under nitrogen for 2 hr. The crude product (2.1 g.),  
isolated by ethylene dichloride ex t r ac t i~n ,~ '  showed that the 
desired ketone 12a was present in a 25% over-all yield from 5b. 
Chromatography of the product on 70 gc of silica gave first, by 
elution with 10% ethyl acetate-benzene, 0.64 g. of the crude 
unsaturated ketone. Recrystallization gave readily 0.18 g. 
of 12a, m.p. 155-16i0, identical with an authentic sample in the 
infrared. The next product, 0.96 g., was eluted with the same 
solvent and was purified by recrystallization from methylene 
chloride-acetone, ,yielding 0.23 g. of material, m.p. 224-227". 
Further recrystallization from acetone gave the analytical sample 
of loa, m.p. 225-227', Amax 2.75 and 5.75 p .  

Anal. Calcd. for C22H3401: C, 76.26; H, 9.89. Found 
C, 76.43; H ,  9.65. 

The acetate was prepared with acetic anhydride-pyridine a t  
100" for 20 min. Dilution of the reaction mixture and recrystal- 
lization of the precipitate from cyclohexane, gave pure 2-(3p- 
acetoxy-l6P-hydroxy-134-etiojervan-l7B-yl)propanoic acid lactone 
( lob) ,  m.p. 192-194'; Amax 5.67 and 5.78 p ;  AU 48 ('2-19 CH,), 
54 and 61 ((3-18 CH,), 75 and 83 (C-21 CHI) c.p.5.; [a]= -39". 

Anal. Calcd. for C2iHosOa: C, 74.19; H ,  9.34. Found: 
C, 74.04; H ,  9.07. 

Barbier-Wieland degradation of the lactone failed, probably 
owing to the inability of the intermediate diphenyl carbinol to de- 
hydrate properly. 

2-(3p, 16~,20~-Trihydroxy-l3~-etiojervan-l7~-yl)propanoic Acid 
Lactone (18a). A .  Ozonolysis.-Elution of the chromato- 
graphic column (from the preceding experiment) with 20% ethyl 
acetate in benzene afforded a total of 0.18 g. of semicrystalline 
material. Recrystallization from methyl ethyl ketone and ethyl 
acetate gave the pure lactone 18a, n1.p. 301-305'; A",: 2.85, 
3.03, and 5.68 p .  

Anal. Calcd. for C22H340r: C ,  72.89; H ,  9.45. Found: 
C, 72.73; H ,  0.35. 

Treatment of the lactone in refluxing acetic acid with zinc dust 
for 6 hr. led to no change. 

2-( 3@-Acetoxy-l6~,20a-dihydroxy- 13p-etiojervan-l7~-yl)pro- 
panoic acid lactone (18b) was prepared with acetic anhydride- 
pyridine a t  100" and had m.p. 272-276" after recrystallieation 
from acetone-petroleum ether. 

Anal. Calcd. for C21H3806: C, 71.25; H, 8.97. Found: C,  
71.39; H,  8.99. 

B .  Perbenzoic Acid Oxidation. Five grams of the pseudo 
compound 6b in 200 ml. of benzene a t  20" was treated with 2 g .  
of m-chloroperbenzoic acid. After a total of 45 min., 20 g. of 

2-( 30, 16pDihydroxy- 130-etiojervan- 170-y1)propanoic 

(32) J. R. Ziegler, W. E. Rosen, and A .  C. Shabica, J .  Am. Ckem. Soc., 77, 
1223 (1955): see also ref. la, p.  825. 

calcium hydroxide was added to the solution and the resulting 
mixture was stirred for 20 min. The solution was filtered and 
concentrated to dryness yielding 5 g.  of the crude epoxide 15. 
This product, in 20 ml. of ethylene dichloride and 20 ml. of 
acetic acid, was cooled to 0".  -4 solution of 2.5 g. of chromic acid 
in 25 ml. of 90% aqueous acetic acid was added over a 5-min. 
period. The mixture was stirred a t  5" for 30 min. and a t  am- 
bient temperature for 30 min. Sodium bisulfite ( 5  9. )  in 20 ml. 
of water was added and the product was isolated by ether ex- 
traction.27 Trituration of the residue with petroleum ether gave 
0.35 g. of the hydroxy lactone 18a, m.p. 260-268", identical 
in the infrared with the authentic sample. 

The mother liquors were chromatographed on silica, but af- 
forded no additional lactone. The total product was recombined 
in 80 ml. of t-butyl alcohol containing 10 ml. of 10(% aqueous 
potassium hydroxide. The mixture was stirred a t  the boiling 
point for 3 hr., then cooled, and diluted with water. Extraction 
with benzenez7 afforded 1.8 g. of an oil which was chromato- 
graphed on 100 g. of silica. The fractions eluted with 27,  ethyl 
acetate in benzene yielded 0.52 g. of the unsaturated ketone 12a, 
identical in t'he infrared with an authentic sample. 

2-(3p,20a-Diacetoxy-l6fl- hydroxy-13petiojervan-170-yl)pro- 
panoic Acid Lactone (18c).-The lactone 18a, in acetic anhydride 
containing a little p-toluenesulfonic acid, was heated a t  80" for 4 
hr., providing the diacetate 18c. This compound was recrystal- 
lized from acetone-petroleum ether to yield the pure material, 
m.p.  211-213", A,,, 5.59 and 5.72 p .  

Anal. ' Calcd. for Cz6H3&: c, 69.93; H ,  8.58. Found: C, 
69.81; H ,  8.64. 

Reduction of the diacetate 18c with calcium in liquid ammonia 
led to amorphous products lacking lactone absorption in the 
infrared. 

2-(3p, 16~,20~-Trihydroxy-13~-etiojervan-l7~-yl)propanol ( 19). 
-A solution of 0.33 g. of the lactone acetate 18b in 30 ml. of tetra- 
hydrofuran was added to a solution of 0.70 g. of lithium alum- 
inum hydride in 30 ml. of boiling tetrahydrofuran. After 20 
hr. the solution was cooled and 4 ml. of water was added cau- 
tiously followed by the addition of l ml. of 10% aqueous potas- 
sium hydroxide. The solution was filtered through Super-cel 
and the filter cake was washed well with hot ethanol. The 
filtrate was concentrated to dryness. The resulting product 
was washed with chloroform and the remaining insoluble mate- 
rial was taken up in 30 ml. of boiling ethanol. A small amount of 
inorganic salts was removed by filtration, and the filtrate was 
concentrated and diluted with a little water. The resulting 
product was 0.11 g. of the pure tetrol 19, m.p. 238-243', A,".", 
3.03 p .  

Anal. Calcd. for C22H3804: C, 72.09; H ,  10.45. Found: C, 
72.16; H, 10.35. 

17~-Acetyl-13~-etiojervan-3~,16~-diol (20).-To a slurry of 80 
mg. of tetrol 19 in 3 ml. of methanol and 0.5 ml. of pyridine was 
added a solution of 0.10 g. of periodic acid in 1 ml. of water. 
The solution became homogeneous within 10 rnin.; after 30 min. 
it was diluted with water yielding 70 mg. of crystalline material. 
Recrystallization of this compound from aqueous acetone af- 
forded 60 mg. of the hydroxy ketone 20, m.p. 16&164", Amax 
2.75 and 5.89 p ,  Av 132 c.p.5. (COCH3). 

Anal. Calcd. for C21H3403: C ,  75.40; H ,  10.25. Found: C, 
75.44; H, 10.40. 

Treatment of this compound in methanol containing aqueous 
potassium hydroxide a t  room temperature for 10 min. gave in 
good yield the unsaturated ketone 12a, identical in the infrared 
with the authentic sample. 

Base Cleavage of the Acetyl Lactone 1 1  .-A solution of 0.30 
g. of the acetyl lactone 1 1  in 30 ml. of t-butyl alcohol and 5 ml. 
of 10% aqueous potassium hydroxide was stirred a t  reflux under 
nitrogen for 2 hrs. The solution was cooled and diluted with 2% 
aqueous hydrochloric acid. The resulting crystal mass was filtered 
and washed with water yielding0.25 g. of crystals, m.p. 208-212'. 
Recrystallization from acetone gave 0.16 g. of lactone, n1.p. 211- 
213'. To obtain an n.m.r. spectrum of t,his chloroform-insoluble 
material the acetate was prepared from acetic anhydride-pyr- 
idine. Recrystallization of 90 mg. of acetate gave 70 mg., m.p.  
182-185O. Careful fractional crystallization from cyclohexane 
gave pure 2a-( 38-acetoxy-16p-hydroxy- 13p-etiojervan-170-y1)pro- 
panoic acid lactone (14), m.p. 198-201"; Amsx 5.65 and 5.79 p ;  
AV 48 and 55 (C-18 CHI) ,  49 (C-19 CH3), and 73 and 79 (C-21 CHI) 
c.p.5. 

Anal. Calcd. for Cz4Has0p: C, 74.19; H, 9.34. Found: C, 
74.02; H ,  9.47. 
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Increasing the period of reflux with base to  18 hr. gave 0.34 g. 
of product, m.p.  212-235", from 0.40 g. of the acetyl lactone 11. 
The entire product was acetylated, giving 0.33 g., m.p.  178- 
182". The n.m.r.  spectrum of this material showed no distinct 
peaks for the C - 2 h  methyl, but only shoulders on the major 
peaks a t  75 and 83 C.P.S. Recrystallization from cyclohexane 
gave readily the pure C-20p methyl compound identical in the 
n.m.r.  and infrared with authentic lob.  

2-( 16p-Hydroxy-3-keto-13p-etiojervan-17p-yl)propanoic Acid 
Lactone (10c).-A slurry of 1 .O g. of hydroxy lactone 10a in 50 
ml. of acetone was treated with 1.0 ml. of 4 N chromic acidz9 in 
a water bath at  20". The crystals dissolved immediately and a 
green gum precipitated. After a total of 4 min. the solution was 
diluted with 5 ml. of methanol followed by water. The resulting 
precipitate was collected on a filter and was recrystallized from 
acetone-petroleum ether to yield 0.75 g. of the pure ketolactone 
IOc, m.p.  183-186", Amax 5.68 and 5.85 p,  [ a ] D  -13". 

Anal. Calcd. for C22Ha203: C, 76.70; H, 9.36. Found: C, 
76.52; H,  9.34. 

2-( 16B-Hydroxy-3-keto- 1 36-etiojerv- 1 -en- 1 7B-yl )propanoic Acid 
Lactone (13).-A solution of 0.40 g. of the ketolactone 10c 

in 20 ml. of acetic acid was treated with a drop of hydrogen 
bromide in acetic acid and then with a solution of 1 .O mole equiv. 
of 0.23 M bromine in acetic acid solution. The bromine, added 
dropwise over a 3-min. period, was consumed immediately. 
The solution was diluted with water and the resulting crystalline 
precipitate was collected on a filter and washed with water, yield- 
ing 0.47 g. of crude bromide, m.p. 175-183", Amax 5.64 and 5.78 

The bromo ketone (0.45 9.)  was dissolved in 20 ml. of dimethyl 
formamide to which was added 10.0 g. of magnesium oxide. 
The mixture was heated a t  reflux for 90 min. and then cooled 
and diluted with excess aqueous hydrochloric acid. The mixture 
was extracted with benzene, washed three times with water 
dried, and concentrated to dryness. The residue, 0.37 g., was 
chromatographed on 30 g. of silica. Fractions eluted with 5% 
ethyl acetate in benzene were combined and recrystallized from 
acetonepetroleum ether to yield the unsaturated lactone 13 as 
an acetone solvate, m.p.  175-180", Xmax 5.67 and 5.97 p ,  Amax 
233 mp (log t 3.98). 

Anal.  Calcd. for C25H3604: C, 74.96; H,  9.06. Found : C, 
75.28; H, 8.84. 

P .  
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Coronopilin, the sesquiterpenoid lactone of Ambrosia psilostachya DC., undergoes an acid-catalyzed dehydra- 
tion-rearrangement that provides additional evidence for the structure assigned to it, and demonstrates the 
"abnormal" placement of the angular methyl group a t  C-5. 

The structure of coronopilin (I), the major sesqui- 
terpenoid constituent of Ambrosia psilostachya DC., 
has been established by Herz and Hogenauer,' who 
showed that coronopilin is a dihydroparthenin. We had 
isolated coronopilin a t  about the same time from A. 
psilostachya and from Franseria dumosa Gray, and had 
reached the same conclusion regarding its structure, but 
on grounds that were quite different and which provide 
additional evidence concerning certain features of the 
chemistry of this compound. 

In  view of the results of Herz and Hogenauer we need 
not describe the properties of coronopilin further than 
to say that a combination of analytical, spectrometric, 
and chemical diagnostic procedures established that 
coronopilin is a perhydroazulenic lactone that contains 
a cyclopentanone ring, an alp-unsaturated 7-lactone 
with an exocyclic methylene group, and a hydroxyl 
group that is resistant to acylation and to chromic acid 
oxidation. The n.m.r. spectrum confirms the pres- 
ence of a quaternary methyl group and a methyl group 
attached to  a secondary carbon atom. The n.m.r. 
spectrum showed that the structure of coronopilin was 
that of the "abnorinal" type typified by ambrosin. 
These observations, coupled with reasonable inferences 
drawn from considerations of the numerous congeners 
of the type that are now known, left only the location 
of the hydroxyl and carbonyl groups in doubt, although 
their location as in I was regarded as likely. 

Although Herz and his co-workers3 record the failure 
of attempts to dehydrate coronopilin, treatment of the 
compound with acetic acid containing a small amount 

(1) W. Herz and G. Hogenauer. J .  Org. Chem., 46, 5011 (1961). 
( 2 )  W. Herz, M. Miyazaki. and Y .  Kishida, Tetrahedron Lettera, NO. 3, 

(3) W. Hem. H. Watanabs, M. Miyazaki, and Y. Kishida. J .  A m .  Chem. 
82 (1961). 

Sdc. ,  84. 2601 (1962). 

of sulfuric acid resulted in our hands in its smooth con- 
version in about 50% yield into a carboxylic acid with 
the composition of a monodehydration product of 
coronopilin. This compound, coronopilic acid, showed 
an intense ultraviolet absorption a t  310 nip (log t 4.22) 
and formed a deep brown-red dinitrophenylhydrazone. 
It was clearly a dienone, showing that not only had the 
hydroxyl group of coronopilin been renioved, but an 
additional double bond had been introduced with con- 
comitant opening of the lactone ring. The new di- 
enone system was isolated from the exocyclic methylene 
grouping of the lactone and of the acid, for the latter 
retained the characteristic absorption niaximum of an 
alp-unsaturated acid a t  203 nip (log e 4.10) and could 
be converted into a pyrazoline (methyl ester) by the 
action of diazomethane. Ozonolysis of coronopilic 
acid yielded 35% of the theoretical amount of formal- 
dehyde, and a Kuhn-Roth determination showed 1.74 
C-linked methyl groups. 

The unusual opening of the lactone ring under acidic 
conditions was taken as an indication that the hydroxyl 
group of coronopilin was located in such a position 
as to  be uniquely involved in this reaction. Since this 
hydroxyl group was tertiary, and because the methyl 
group a t  C-10 was known (by n.ni.r.) to  be attached to  a 
secondary carbon atom, only two positions for the hy- 
droxyl group could be considered-C-1 and C-7-and, 
because the exocyclic methylene grouping of corono- 
pilic acid was separate from the dienone system, posi- 
tion 7 was ruled out of consideration. 

The first interpretation of the rearrangement that 
must have occurred during the dehydration reaction 
was that  the opening of the lactone ring mas acconi- 
panied by the migration of the methyl group from C-5 
to  C-6 (11), but it is now known that the structure of 
coronopilic acid is 111. 


