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and recrystallized from ethyl acetate-ethanol, m.p. 122' 
dec. 

Anal. Calcd. for C~HzbNnO.2CaHaN207: C, 45.76; H, 
4.55; N, 15.81. Found: C, 46.00; H, 4.84; N, 15.52. 

Conversion of jamaidine to d-lupanine. A mixture of 100 
mg. of janiaidine and 1 g. of phosphorus pentoxide was 
heated for 6 hr. at 170-180° under nitrogen. It was then 
cooled to room temperature and ice water was added to de- 
compoxe the phosphorus pentoxide. The resulting solution 
was made strongly basic with potassium hydroxide and 
extracted with chloroform. The extract was dried, the sol- 
vent was evaporated, and the residue was submitted to  
evaporative distillation in high vacuum (0.01 mm.). A color- 
less oil (45 mg.) was obtained. The infrared spectrum carbon 
tetrachloride showed a band at 3021 em.-' (-CH=CH-) 
and no hydroxyl absorption. The oil was dissolved in ab- 
solute ethanol and hydrogenated a t  room temperature and 
atmospheric pressure in the presence of 10% palladium- 
charcoal catalyst. The solution took up the calculated 
amount of hydrogen in 5 min. After another 15 min., during 
which no more hydrogen was absorbed, the catalyst waa re- 
moved by filtration and the solution was evaporated. Two 
evaporative distillations of the residue yielded 35 mg. of 
thick colorless oil, [a]& 4-78.5 (c 0.35, ethanol); the re- 

ported6 rotation of d-lupanine is [.I]? +79.5. The infrared 
spectrum of the product was identical with that of an au- 
thentic sample of dl-lupanine. A picrate, m.p. 180-183' was 
prepared; the reported6 melting point of d-lupanine picrate 
is 185'. 
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Treatment of tomatidine with acetic anhydride yields an acetylated A*-tetrahydropyridylallopregnane and a diacetyl- 
amino-5aJ2O( 22)furostene derivative. With a zinc chloride-acetic anhydrideacetic acid solution tomatidine affords a A'- 
tetrahydropyridylallopregnane derivative. The chemistry of these compounds is discussed. 

In  the previous papers of this series, solasodine 
and its derivatives were subjected to a series of 
reactions which revealed the interesting and inter- 
related chemistry of the spiroaminoketal system 
present in these alkaloids. Tomatidine has now 
been exposed to a similar series of reactions and, 
as expected, behaves in an analogous manner. 
The acetic anhydride treatment of tomatidine3 
(I. R = H) yields the crystalline 26-aminodiacetyl- 
5a-furost-20(22)en-3/3-01 acetate (11) and an amor- 
phous component which affords crystalline 111. 
The oxidation and subsequent removal of the 16B- 
aminodiacetyl ester side chain of I1 to A1*-allo- 
pregnenolone (VI. R = H) have previously been 
reported.3 The oxidative degradation to 38- 
acetoxyallopregnenolone (VI. R = Ac) of the 26- 
aminoacetyl derivative V which is readily obtained 
from I1 by chromatography on an alumina column 
or from the acid catalyzed isomerization of 0 , N -  
diacetyltomatidine (Ia. R = Ac) has similarly 

(1) For Drevious papers of this series see J. Org. Chm., _ _  
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been de~cribed.~ The reversion of V to I1 can be 
effected by treatment of V with a solution of acetic 
anhydride and pyridine. 

The above mentioned amorphous residue, ob- 
tained from the acetic anhydride treatment of 
tomatidine, possesses an ultraviolet absorption 
band at  236 my (log E ,  3.92) and characteristic 
infrared absorption bands at  5.78, 5.98, and 6.07 
p .  These data are in close agreement with those ob- 
tained for the analogous product from solasodine5 
and are consistent for the assignment of an a,& 
unsaturated acetylamino function6n7 to this com- 
ponent. This is supported by the correct elemental 
analysis4 (for structure 111) as ~ w l l  as by the fol- 
lowing transformation. Hydrolysih of the amor- 
phous mass with hydrochloric acid in acetic acid 
yields the crystalline acetylamino ketone IV as in 

(4) See Part I, Y. Sato, N. Ikekawa, and E. Mosettig, J .  

(5) See Part 11, Y. Sat0 and N. Ikekawvn, J. Org. Chem., 

(6) G. Rosenbrantz, 0. Mancera, F. Sondheimer, and C. 

(7) R. Griot and T. Wagner-Jauregg, Helu. Chim. Acta, 

Org. Chem., 25,  783 (1960). 

25, 786 (1960). 

Djerassi, J. Org. Chem., 21, 520 (1956). 

42, 121, 605 (1959). 



NOVEMBER 1960 CHEMISTRY OF THE TOMATIDINE SIDE CHAIN 1963 

the case of the solasodine de r iva t i~e .~  The A2- 
tetrahydropyridines are known for their ease of 
hydrolysis to acylamino ketones.8 Finally, the 
amorphous substance afforded crystalline I11 when 
seeded with a crystalline sample of I11 prepared 
by treating tomatidine with a solution of zinc 
chloride, acetic anhydride, and acetic acid mixture 
and reacting the resultant so-called pseudotomati- 
dine “B” with acetic anhydride in pyridine. 
Product I11 thus prepared by this alternate route 
proved to be identical with I11 obtained from the 
amorphous substance. 

The site of unsaturation in I11 is most probably 
located a t  the AZ2-position since the NMR spec- 
t r ~ m g * ’ ~  indicates vinyl proton absorption. This 
would fulfil.1 the requirements of a A22-structure but 
not the a1 ternate A20(22)-formulation. Endocyclic 
double bonds are recognized generally to possess 
greater sta,bility than their exocyclic homologs.’l 

Since pseudotomatidine “B” (VIII) exhibits 
the same prominent infrared spectra bands (5.76 
p ,  OAc; 5.99 p, -C=N--; hydrochloride, 4.0, 
4.94, 5.88 p ;  perchlorate, 5.90 p ) I 2  and undergoes 
the same reactions as pseudosolasodine “B”,’3 
it is regarded as its counterpart and accorded 
the formulation VIII. Treatment of VI11 with 
methyl iodide gives the methiodide IX which with 
alkali yields the N-methyl derivative X.I4 The 
latter conversion can be reversed by addition of 

(8) A. Lipp, Ann.,  289, 173 (1896); A. Lipp and E 
Widnniann, Ber., 38, 2471 (1905). 

(9) Peak assignment a t  71 C.P.S. (relative to benzene). 
J. N. Shoolery and M. T. Rogers, J .  Am. Chem. Soc., 80, 
5121 (1958) give a range of 71 to 78 C.P.S. (corrected from 40 
to 60 meg.) for the vinyl protons of a A22 bond. Spectra 
were measured in deuterochloroform solution a t  0.1M con- 
centration on a Varian 60 meg. NMR spectrometer (4300-C) 
with tetramchhylsilane as internal and benzene as external 
standards. We are deeply indebted to Dr. L. Cohen of this 
Institute for the measurements and interpretation of the 
NMR spectra of these compounds. 

(10) Proton resonance shift (69 c.P.s.) was also observed 
for the analogous product obtained from solasodine.6 Since 
the reaction of acetic anhydride with solasodine proceeds 
most likely in the same manner as with tomatidine, the A*2- 
position appears as the most tenable one for the correspond- 
ing unsaturated tetrahydropyridyl derivative obtained from 
solasodine. The structure proposed for the amorphous 
product after removal of the AZ2 compound seems doubtful 
since shifts were observed (63 c.P.s., Cg proton, and 76 
c.P.s., C23 proton) indicating the presence of A6 and AZ2 un- 
saturation in the molecule. Studies of the remaining amor- 
phous component, after removal of the N-acetyl-A22(2a)- 
derivative, of both solasodine and tomatidine are being con- 
tinued. 
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(13) Y. Sato, H. G. Latham, Jr., and E. Mosettig, J .  Org. 
Chem., 22, 1*96 (1957). 

(14) The double bond in S is probably endocyclic (AZ2) 
rather than A20(22)  as depicted previouslyla for the solasodine 
analog. Oxidation of X has never yielded any significant 
amounts of ~~P-acetoxy-A1e-allopregnene-20-one as would be 
expected of :L compound with a Am(22)-bond. 

hydrogen iodide. Interestingly IX or X can be con- 
verted to N-methyltomatidine (XI) by vigorous 
treatment with alcoholic alkali. Similarly tomati- 
dine (I) is regenerated when an alcoholic solution 
of VI11 is vigorously refluxed with base. Milder 
saponification yields first the 3-alcohol of VIII. 
The N-acetylated derivative of VIII, (111) has 
also been found to undergo conversion to tomati- 
dine by prolonged treatment with alcoholic base. 
The catalytic reduction (platinum oxide, acetic 
acid) of VI11 and the subsequent hydrolysis of the 
resulting dihydro derivative forms predominantly 
the higher melting isomer of dihydrotomatidine’j 
(XII). 

Analogous to 0,N-diacetylsolasodine, l6 the acid 
catalyzed isomerization of 0,N-diacetyltomatidine 
(Ia) with hydrochloric acid in methanol leads to 
the formation of 26-acetylamino-22-methoxy-5ar- 
furostan-3P-01 acetate (VII) which can readily 
be converted to the 26-acetylamino-20(22)furo- 
stene derivative V by refluxing with glacial acetic 
acid. The formation of VI1 is attributed to the nu- 
cleophilic attack of niethoxide ion on C-22.I6 In  
the presence of aqueous acetic acid VI1 is easily 
transformed into the corresponding 22-hydroxy 
compound VIIa. 

EXPERIMENTAL17 

Treatment of tomatidine ( I )  with acetic a n h y d r i d ~ . ~ ~ ~  A mix- 
ture of 500 mg. of tomatidine and 30 ml. of acetic anhydride 
was refluxed vigorously for 3 hr. The excess reagent was re- 
moved in uacuo and the oily residue crystallized from metha- 
nol-water. The 26-aminodiacetyl derivative I1 amounted to 
230 mg. (35%). The mother liquor was evaporated to dry- 
ness and the residue chromatographed on alumina. Frac- 
tions eluted with benzene-ether (1: 1) consisted principally 
of 0,N-diacetyltomatidine (68 mg., 11 yo). Subsequent elu- 
tions with ether yielded 98 mg. (15%) of an amorphous com- 
ponent which displayed the following spectra: 236 
mp (log E, 3.92); A:::” 5.78 p (acetoxy), 5.99, 6.08 p. When 
this amorphous substance was dissolved in hexane-ether and 
seeded with I11 resulting from the interaction of pseudoto- 
matidine “B” with acetic anhydride and pyridine (see be- 
low), 53 mg. of crude crystals (m.p. 148-167’) were ob- 
tained. Upon recrystallization from hexane, plates, m.p. 
169-172”, [ala. +190”, A:$’’ 236 mp .(log E, 3.88) 
were secured. It agreed in melting point, mixture melting 
point, rotation, and infrared spectrum with a sample of I11 
prepared from the acetylation of pseudotomatidine I‘B” 

(VIII). The oily mother liquor, after removal of crystalline 
111, displayed an infrared spectrum similar to I11 and pos- 
sessed an ultraviolet absorption maximum a t  234 mp (log E, 
3.85) and rotation of +78” (CHC1,). 

(15) Y. Sat0 and H. G. Latham, Jr., J .  Am.  Chem. SOC., 
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The last fractions of the chromatogram eluted with ether- 
methanol (O.5y0) afforded 214 mg. (35%) of the pseudo de- 
rivative V. 
Pseudotomatzdzne "B" (VIII). To 1 g. of tomatidine was 

added 35 ml. of a zinc chloride solution (prepared by dis- 
solving 8 g. of zinc chloride in a mixture of 70 ml. of acetic 
anhydride and 30 ml. of glacial acetic acid) and the solution 
allowed to stand overnight. The reaction mixture was then 
poured into ice water. After standing for 30 min., ammonium 
hydroxide uas  added to the mixture until alkaline. The 
copious precipitate was crystallized from aqueous methanol 
to yield 900 mg. of crude crystals which when twice recrys- 
tallized from aqueous acetone melted at 132-136', [a]? 

hydrochloride, 4.0, 4.94, 5.88 p ;  perchlorate, 5.90 p. 
Anal Calcd. for C T ~ H U O ~ N :  C, 74.51; H, 9.88. Found: 

C, 74.62; H, 9.80. 
3~,16~-Dzacetoxy-dO-(d'-Az~- N-acetyl-5'-methyltetrahydro- 

pyridyl)-6a-pregnane (111). A solution of 180 mg. of pseudo- 
tomatidine "€3" (VIII) in 2 ml. of pyridine and 1.5 ml. of 
acetic mhrdride a a s  allowed to stand overnight a t  room 
temperature and poured into ice water. The product which 
crystallized as plates (180 mg.) from hexane melted a t  166- 
170'. Rrcn stallization from the same solvent gnve a prodiict 

+6.5' (CHCI,), A:::' 5.76 p (OAC); 5.99 p (-C=K-). 

of m.p. 170-172", [a]'$ +190" (CHCl,), X ~ ~ ~ " " "  236mp (log 
E, 3.90). 

Anal. Calcd. for C33Hj1O5N: C, 73.16; H, 9.49. Found: C, 
73.18; H, 9.66. 

Forty milligrams of the above N-acetyltetrahydropyridyl 
derivative I11 was refluxed with 10 ml. of methanolic potas- 
sium hydroxide (10%) for 13 hr. The product which was re- 
crystallized from methanol-water melted a t  199-203" and 
proved to be tomatidine (melting point, mixture melting 
point, and infrared spectrum). 

3~,16~-Diacetoxy-16-acet~laniznccholestan-22-me (IV). A 
solution of 80 mg. of I11 in 0.6: ml. of 3LV hydrochloric acid 
and 3 ml. of acetic acid mas 311o~ed to stand for 50 min. a t  
room temperature and poured on ice. After addition of 
ammonia water to the solution, the product was chromato- 
graphed on alumina. The ether-methanol (1%) eluate 
yielded 44 mg. of crystals (from acetone-hexane) which 
melted at 126-130°, A:?' 2.88 p (N-H), 5.77 p (OAc and 

287 mg (log E, 1.91). 

70.48; H, 9.40. 

ner also yields IV. 

CO), 5.98, 6.57 p (HN-Ac), [a17 +13" (CHC13). A : ~ ~ s o H  

Anal. Calcd. for C33H&,S: C, 70.80; H, 9.54. Found: C, 

Hydrolysis of the amorphous substance in the same nian- 
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Methiodide of pseudotomatidine "B" (IX). One hundred 
milligrams of pseudotomatidine "B" (VIII) with 10 ml. of 
acetone and 1 ml. of methyl iodide were placed in a sealed 
reaction flask and allowed to stand a t  room temperature for 
68 hr. Upon concentration and addition of hexane, slightly 
yellowish granular crystals were obtained (72  mg.). They 
melted at 252-255'. 

Anal. Caled. for C32&0&1: C, 59.90; H, 8.17. Found: 
C, 60.10; H, 8.09. 

J17hen the salt was dissolved in methanol and the solution 
made basic by dropwise addition of sodium carbonate solu- 
tion (ST), W-methylpseudolomatidine (X) was obt'ained. 
Recrystallized from aqueous acetone, the compound crystal- 
lized as rods and melted a t  151-153', 5.80, 6.08 p. 
When a solution of X in ether is treated with an alcoholic 
solution of hydriodic acid, it reforms the methiodide (IX). 

Anal. Caled. for C32H5101N: C, 74.81; H, 10.01. Found: C, 
75.11; H, 10.19. 

lC'-lllethyltolnatidine (XI). Sixty milligrams of X-methyl- 
pseudotomatidine "B" (X)  was refluxed for a period of 7 hr. 
\yith 14 ml. of methanolic potassium hydroxide (570), 
concentrated in, ~ ~ u c u o  and water added to the residue. The 
precipitate \v:ts twice recrystallized from aqueous acetone. 
It formed p1:ttes which melted at  218-220'; its infrared 
spectrum somewhat resembled tomatidine in the finger 
print, region, 2.78, 10.25, 10.43, 11.00, 11.30, 11.45 p. 

-anal. Calcd. for CzsH&S: C, 78.27; H, 11.03. Found: C, 
78.10; H, 10.78. 

When the methiodide IS  \\as Ilsed ill place of S, SI was 
1ikeTTise obtained. 

Hydrolysis of pseudotorro2idirLe ' .H"  (VIII). (a). (With 2yi 
methanolic potassium hydroxide). A solution of 400 mg. of 
pseudotomatidine "R" (VIII) in 40 ml. of methanolic potas- 
sium hydroxide ( 2 ( ' ; )  \ yap  refluxed for 45 min.> concent'rated, 
and water added. The product (330 mg.), m.p. 100-107°, was 
chromatographed on neutral a,lumina, and the fraction (189 
mg.) eluted with lcl: methanol in ether afforded rectangular 
plates which melted at  157.5-161', [a]? +21" (CHCl,), 
after recrystallization from aqueous methanol. Its infrared 
spectrum (CIIC13) displayed bands at  2.78 p (OH), 5.78 p 
(Oilc), 5.98 p (-C=N-). It is the 3-alcohol of VIII. 

Anal. Calcd. for C29H4703S: C, 76.10; H, 10.35. Found: 
C, 76.26; H, 10.21. 

(b). (With 5 5  methanolic potassium hydroxide). A solu- 
tion of 90 mg. of VI11 in 10 ml. of methanolic potassium hy- 
droxide (5y0) was refluxed for 3 hr. The reaction mixture was 
partially concentrated and water added until precipitation 
x a s  induced. The substance (70 mg.) crystallized from 
aqueous methanol and melted a t  201-204". I t  agreed in 
melting point, mixture melting point, and infrared spectrum 
with an authentic sample of tomatidine. 

Reduction of VITI. Four hundred milligrams of VI11 were 
dissolved in i ml. of glacial acetic acid and reduced over 100 
mg. of platinum oxide catalyst under atmospheric pressure. 
The absorption of gas ceased with the uptake of 1 mole 
equivalent of hydrogen. After removal of the catalyst by fil- 
tration, the filtrate n-as made alkaline with addition of am- 
monia vater 3.nd the copious precipitate subjected to chroma- 
tography on alumina after drying. The fractions eluted wit.h 
benzene and with ether gave 225 mg. of crystalline product 
which melted a t  110-115" when crystallized from ether. 

Anal. Calcd. for C31H5104N: C, 74.21; H, 10.25. Found: 
C, i3.51; H, 10.26. 

Although it's elemental analysis was not quite satisfactory, 
136 mg. of the above dihydro derivative R ~ S  subjected to 
hydrolysis by refluxing with 15 ml. of methanolic potaesium 
hydroxide (5%) solution for 2 hr. The crude product myhich 
weighed 112 mg. was chromatographed over alumina. The 
early fractions (ether-methanol (0.576) eluate) gave a small 
amount (18 mg.) of the lox melting dihydrotomatidine X 
m-hile the fractions eluted viith 2% and lo  methanol in ether 
yielded 46 mg. of the high melting dihydrotomatidine B 
(m.p. 231-234'). The compound was identical in respect to 
melting point, mixture melting point, and infrared spectrum 
with an authentic specimen of dihydrotomatidine B,lj 
(XII). 

Anal. Calcd. for C27H4i02PI:: C, 77.64; H, 11.34. Found: C, 
i7.31; H, 11.06. 

0,N-Diacetyltomatidine with hydrochloric acid in methanol. 
A mixt,ure of 250 mg. of 0,N-diacetyltomatidine (TA), 15 ml. 
of methanol, and 0.2 ml. of 6N hydrochloric acid was allowed 
to stand for 15 min. a t  room temperature. The reaction mix- 
ture was made alkaline with 0.2 ml. of concd. ammonia 
xater, partially concentrated, and diluted with water. The 
product v"as chromatographed over alumina. The ether- 
methanol (0.5%) eluate gave 185 mg. (73y0) of the 22- 
methoxy compound VII, m.p. 141-144" (acetone), [cy]'," 

Anal. Calcd. for C32H53O5K: C, 72.27; H, 10.05. Found: C, 
72.36; H, 10.07. 

d6-drriinoacetyl-~cy-furo~t-d0(28)-en-S~-ol acetate (V).  h 
solution of 48 mg. of the 22-methoxy derivative, VII, in 3 ml. 
of glacial acetic acid was refluxed for 30 min. iZfter removal 
of the solvent i'n vacuo, the residue was crystallized from 
acetone-hexane to yield the pseudo derivative 1' which 
melted a t  128-131". It agreed in properties (melting point, 
infrared spectrum) with an authentic sample of V. 

Conversion of V to 11. Twenty-eight milligrams of the 
pseudo derivative V was dissolved in a mixture of 0.5 ml. of 
pyridine and 0.25 ml. of acetic anhydride and refluxed for 1 
hr. The excess reagents m-ere removed in z'acuo and the resi- 
due dissolved in ethanol. Water was added to incipient tur- 
bidity and the mixture allowed to stand. The compound 
which formed (20 mg.) was recrystallized from aqueous eth- 
anol and melted a t  98-101". I t  proved t o  be identical (melt- 
ing point, and infrared spectrum) with I1 obtained directly 
from the acetic anhydride treatment of tomatidine. 

W,4 cetylamino-22- hydrox y-5cy-jurostan-d~-ol acetule 
(VIIa). A solution of the 22-methoxy compound, VII, (80 
mg.) in aqueous acetic acid (5 ml. of 80%) was allowed to 
stand for 2 hr. a t  room temperature. It was taken up in 
ether and the ethereal solution washed with vater, dilute 
sodium bicarbonate solution, and again with Kater. The 
product recovered from the ethereal extract was chromato- 
graphed over alumina. The ether-methanol (27; )  eluate 
afforded 56 mg. of VIIa, m.p. 119-123" (acetone-hexane), 

Anal. Calcd. for C31H5lOeS: C, il.91; H, 9.93. Found: C, 

-59" (CHCla). 

-27' (CHC13). 

72.15; H, 10.02. 
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