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The lithium aluminum hydride-aluminum chloride reduction of solasodine affords a new C-22 isomeric diol which can be 
converted into C-25DJ solanidan-3-one, by reduction to the dihydrodiol, oxidation t o  the carbinol amine, and reduction. 

The reduction of tomatidine (I) yields a pair of 
C-22 epimeric dihydrotomatidines (IIIA and IIIB) 
which by oxidative cyclization and subsequent re- 
duction have been converted into the respective 
C-22 isomeric C-25L solanidan-3-ones (VI and 

The reduction of solasodine (11), on the other 
hand, either catalytically (hydrogen-platinum 
oxide-acetic acid4 or with lithium aluminum hy- 
dride6 has so far yielded only one (VA or IVA) of the 
two possible C-22 isomers. The dihydrodiol A F A ) ,  
thus obtained in the above catalytic reduction or 
from the reduction of IVA, has likewise been con- 
verted into an isomeric C-25D1 solanidan-3-one 

Recently we have investigated the aluminum 
chloride catalyzed lithium aluminum hydride re- 
duction7 of solasodine and have found that this 
procedure yields the hitherto unobtainable C-25D1 
C-22 isomeric diol B (IVB) in about 14% yield. 
The major product (76%) in this reduction is the 
known dihydrosolasodenol6 (IVA) obtained exclu- 
sively in the conventional litfhium aluminum hy- 
dride reduction of solasodine. For comprison pur- 
poses the yields of the 3,16diols obtained from 
tomatidine and solasodine by the various reduction 
methods are tabulated in Table I. The new iso- 
meric diol B (IVB) can be acetylated under usual 
conditions (pyridine-acetic anhydride, room tem- 
perature, sixteen hours) to yield the 0,N-diacetyl 
derivative, IVa, leaving the 16-hydroxyl function 
unacetylated. This behavior is analogous to that ob- 
served in the case of dihydrotomatidine "B" (IIIB),* 
the corresponding diol from tomatidine, and is 
attributed to the shielding effect of ring F in the 
side chain (see IIIB or IVB). Oxidation with 

VII) . 

(VIII)! 
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TABLE I 

Dihydro- Dihydro- 
WaGdinc! A tomatidine B 

(IIIA), % ( I W ,  % 
(M.P. 194.5- (M.P. 230- 

195.50) 2,730) 

Lithium aluminum hydride 
Lithium aluminum hydride- 

aluminum chloride 
Catalytic reduction (Pt- 

HOAc) 

Lithium aluminum hydride 
Lithium aluminum hydride- 

aluminum chloride 
Catalytic reduction (Pt- 

HOAo) 

80 108 

18 70' 

3545 30-35' 

Dihydro- Dihydro- 
solasodenol A solasodenol B 

(IVA), % ( I W ,  % 

265') 225 ") 
(M.P. 261- (M.P. 221- 

87 1 8  

'76 14 
85-90 (5,gdihydro- 

solasodanol, VA) 

Kiliani's reagentg in acetone converts IVa to the 
16-oxo derivative IVb. The reduction of the A5 
bond in diol IVB affords the new C-22 isomeric 5,6- 
dihydrodiol VB which like its parent compound 
fails to acetylate a t  C16. The oxidation of VB with 
Kiliani's reagent followed by reduction (palladium- 
charcoal, ethyl acetate) of the carbinolamine leads 
to the formation of a new C-25D1 C-22 isomeric 
solanidan-3-one (IX). Thus the preparation of I X  
completes the set of the four possible C-22 and C-25 
isomers of solanidan-3-ones. The properties of 
these isomers and the derived alcohols are sum- 
marized in Table 11. 

One may rationalize the formation of the pre- 
dominant diol A by envisaging a mechanism such 
as proposed by G a y l ~ r d ~ ~ ! ~ ~  for cleavage of the 

-N-C-0- grouping, with an Gttack occurring 

from the top of Cn with attendant inversion. 

I I  

I 

(8).Upon re-examination of the lithium aluminum hydride 
reduction of solasodine, we have found a very small amount 
(ca. 1%) of the isomeric dihydrosolasodenol (IVB) present. 
The major component IVA amounted to 87%. In the cat& 
lytic reduction (platinum oxide-acetic acid) we were unable to 
isolate any C-22 isomeric 5,6-dihydrosolaaodanol (VB). 
In these reductions the yields generally ranged from 86 to 
00%. 
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TABLE 11 

C-25L122-isosolanidnn- 
3-one (Vl) l a  

C-25LI22-isosol:~ician- 
3p-01 

Solanidan-3-one (VIU 

Solanidnn-3p-ol 
C-25D,2L-isosolanidan- 

C-251),22-isosolanidan- 

C-25D,solanidan-3-one (IX) 
C-25D,solanidan-3~-01 

3-one (VIII)  

30-01 

206-208 

108-203" 
192-195 

2 17-2 19 

146-147 

154-157 

180-194 

(2 10-213) 

156-158 

$32 

+ 12 
$43.5 

+27 

+ 49 

$27 + 55 
+40 

The resulting diol A (or dihydrodiol) will then 
possess structure IV-4 (or VA) with its hydrogen 
a t  Czz projected downward and in the subsequent 
cyclization to Ctz isosolanidan-3-one, (VIII), be 
oriented to  the rear, as shown conformationally in 

(9) A solution of 53 g. of chromium trioxide and 80 g. of 
sulfuric acid in 400 g. of water. 

(10) A report [F. C. Uhle and F. Sallmann, J. Am. C h .  
Soc., 82, 1190 (19SO)l of the synthesis through another route 
of 22,25-isosolanidine, its dihydro and dihydrooxo deriva- 
tives appeared recently. Since the physical constants of their 
dihydro and dihydrooxo derivatives were not in agreement 
with our data, a thorough study of these compounds was 
made. By subjecting their dihydrooxo isosolanidine t,o gas 
chromatography,'* it was found that ita chromatogram was 
resolved into two peaks despite the fact that the compound 
possessed a sharp melting point (m.p. 164-166"). I n  con- 
trast, all of our solanidan-Sones indicated homogeneity of 
by possessing uniform single peaks. Comparison of the 
infrared spectra of the various isomers led us to conclude that 
Uhle and Sallman's so-called dihydrooxoiso derivative was 
in fact a mixture of C-25L solanidan-3-one (m.p. 102-195', 
VII) and C-25D, solanidan-&one (m.p. 156-158', IX). A 
synthetic mixture (1 : 1) confirmed the above observations. 
I t  agreed in all respects (m.p., mixture melting point, infrared 
rpectrum, gas chromatography, and optical rotation) with 
tile properties of the compound prepared by the above 
itut,hors. A synthetic mixture of the alcohols derived from 
VI1 and IX also agreed in infrared spectra with their BO- 
called dihydro 22,25-isosolanidine. Apparently epimeriza- 
tion occurs during the course of their cyclization. 

(11) A comprehensive gas chromatographic survey of 
these isomers and various other derivatives of solasodine 
2nd tomatidine is scheduled to appear shortly in a communi- 
cation to this journal. 

(12) see Acknowledgment. 
(13) Thc term "iso" is used to dcsignate epimers hnving 

an oppositc configuration n t  C-22 from that of solanidine of 
natural origin. 

(14) Erroneously reported 213-216' in ref. (3). 
(15) N. G. Gaylord, R~duction wifh  Caplez  Metal 

Hydrides, Interscience Publishers, Inc., New York, New 
York, p. 816 (1956). 

(16) Alternatively, coordination with the oxygen atom is 
conceivable. See W. Gerrard et nl., J. C h a .  SOC., 2144 
( 1960). 

IVa. R = 4 H  
IVb. R==O 

Figure 1 

X. The epimeric dihydrodiol B having structure 
VB would by cyclization lead to solanidan-%one 
(IX) of conformation XI. 

X XI 

Support for the above structure is reinforced by 
the appearance in the infrared spectra of a distinct 
band of medium intensity a t  3.6 pI7  in the solani- 
dane derivatives. This is attributed to a system 
bearing a lone pair of electrons on the nitrogen 
atom trans, to an adjacent tertiary C-H bond. 
All of the derivatives of the solanidane series 
(C-25D and C-25L) examined so far exhibit this 
absorption band while the corresponding C-22 is0 
compounds lack this prominent band.l8 An une- 
quivocal confirmation of the configuration a t  C?2 
must, however, await further studies. 

EXPERIMENTAL" 

Reduction of solasodine. (a) With lithium aluminum hydride. 
A solution of solasodine (270 mg.) in ether (50 ml.) was 
added with stirring to a mixture of lithium aluminum hy- 
dride (0.9 9.) and ether (50 ml.) while t.he reaction mixture 
was cooled in an ice bath. The stirring of the mixture was 
continued for 1 hr. followed by a 2-hr. period of refluxing. 
The excess reagent was decomposed by the cautious addition 

(17) F. Bohlmann, Angew. Chem., 69, 641 (1957). 
(18) A weak band of less prominence appears a t  3.6 p 

in some of the C-22 is0 compounds derived from tomatidine 
when taken in carbon disulfide. 
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of moist ether. After the addition of excess sodium hydroxide 
solution (2.V), the ethereal laycr was removed and the 
aqlJeous layer repeatedly extracted with methylene chloride 
containing 0.57? of methanol. The residue from the com- 
b i n d  extracts was subjected to chromatography over alu- 
minx (Grade 11). The fraction eluted with ether-methanol 
(0.5%) yielded 230 mg. of dihydrosolasodine A (IVA) and a 
subsequent eluate (5y0 methanol in ether) afforded 8 mg. of 
buhstance presumed to be a mixture of diols A (IVA) and B 
(IVB) as judged from its infrared spectrum. 

(b) W i t h  lzthium aluminum hydr idealuminum trichloride. 
Anhydrous aluminum trichloride (17 g.) in ether (150 ml.) 
was added to a mixture of lithium aluminum hydride (5 9.) 
and ether (150 ml.) while cooling in an ice bath. A solution of 
solasodine (1.25 g.) in ether (180 ml.) was then added drop- 
wise with stirring to the above reducing agent over a period 
of 30 min. After an additional hour of stirring (ice bath), the 
mixture was refluxed for 2 hr. The reaction mixture was then 
worked iip as in the manner described above. The ethereal 
laycr and the combined methylene chloride extracts yielded 
1.14 g. of crude product. Crystallization from methanol 
give 0.806 g of dihydrosolasodine Ab (TVA) of m.p. 257- 
262'. The mother liquor was concentrated to dryness and 
chromatographed over alumina (Grade 11, 20 g.). A further 
crop (141 mg.) of diol A was obtained from the ether- 
methanol eluate (total yield 760/0). The later fractions 
of the chromatography (5% methanol in ether) yielded 172 
mg. (140/0) of the Czz isorneric diol B (IVB) which crystal- 
lized as plates from aqueous methanol and melted a t  218- 
222". An analytical samDle melted at  221-225'. [al? . - . _  
-51" (chlorofor~n). 

Found: C. 77.86: H. 11.05; N. 3.62. 
Anal .  Calcd. for C27HrsO2N: C, 78.02; H, 10.91; N, 3.37. 

Reduction of isomeric dihydro-A6-solasodsn-~~-ol (IVB) to 
dih ydrosolasodan-J~-ol (VB). Dihydrosolasodenol B (IVR, 
182 mg.) was dissolved in 8 ml. of glacial acetic acid and re- 
duced over 60 mg. of platinum dioxide. One mole equivalent 
of hydrogen was absorbed over a period of 2 hr. After re- 
Ir.nval of t,hc catalyst, the filtrate was rmde alkaline with 
diliite sodium hydroxide solution and the precipitate crys- 
tallized from aqueous acetone. The dihydrodiol (VB, 164 
rg.) crystallized as needles, m.p. 197-203'. The analytical 
specimen melted a t  200-205', [a]'~ + 10' (chloroform). 

.4nal. Calcd. for C27H1702N: C, 77.64; H, 11.34; N, 3.35. 
Found: C, 77.88; H, 11.43; N, 3.09. 

The 0,N-diacetyl derivative of VB, Le., N-acctyldihydro- 
solnsodan-3p-01 acetate, was prepared in the usual manner 
\+ith acetic anhydride and pyridine. It melted at  228-232' 
and pnssessed strong infrared absorption bands (carbon 
disulfide) at 2 . 9 7 ~  (OH) and a t  5.76, %OB$ (OAe). 

Anal. C'alcd. for C3LHb104N: C, 74.21; H, 10.25. Found: 
C, 74.33; H, 10.19. 

Acetylation of dihydrosolasodenol (IVB) to N-ucetyldihydm 
A6-sola.soden-3~-ol acetate (IVa). IVB (90 mg.) m s  al- 
lowed to stand with pyridine (3 ml.) and acetic anhydride 
( 2  ml.) a t  room temperature overnight. The product was 
Crystallized from aqueous acetone, plates, map. 239-242", 
[a]:; -59' (chloroform), A:: 2.97 p (OH); 5.75, 8 . 0 7 ~  
(3-OAc). 

(19) Melting points were taken on the Kofler block and 
are iincorrected. Microanalyses were performed by the 
Mimxnalytical Services Unit of this Laboratory under the 
direction of Mr. Harold G. McCann. The infrared spectrr: 
were taken on the Model 21 Perkin Elmer Infrared Spec- 
trometer by Kr .  H K. Miller and Mrs. Anne H. Wright of 
this Laboratory. "Woelm" neutral alumina grade I wm 
used as ahsorbent for chromatography unless otherwise 
noted. 

Anal .  Calcd. for CslHl~OIN: C, 74.51; H, 9.88; N, 2.80. 
Found: C, 74.85; H, 10.32; K, 3.19. 

Ozidation of IVa to IVb. Iiiliani's solution (0.0s ml.) was 
added dropwise to a solution of IVa (50 nig.) in acetone (10 
ml.). After 10 min. a few drops of 3N sodium hydroxide so- 
lution wag added to the reactaLts and the greenish colored sed- 
iment removed by filtration. Water was added to the filtrate 
and the precipitate collected and dried. Chromatography of 
this crude oxidation product over alumina and elution with 
0.5% methanol in ether yielded 35 mg. of the 160x0 deriva- 
tive IVb, needles (ether-hexane), m.p. 181-183', [a] a. 
-202" (chloroform), A?: 5 . 7 5 ~  (OAc and C16 ketone); 
8 . 0 7 ~  (OAc). 

Anal .  Calcd. for CplH4704N: C, 74.81; H, 9.52. Found: 
C, 74.95; H, 9.35. 

When the above compound (10 mg., IVb) was refluxed 
with a solution of 3N potassium hydroxide (0.2 ml). and 
methanol (2 ml.) for 20 min. and the product crystallized 
from acetone-hexane, needles of m.p. 233-238" were ob- 
tained. I ts  infrared spectrum (ahloroform) possessed bands 
a t  2.77, 2 . 9 0 ~  (OH); 5 . 7 5 ~  (Smembered ring ketone); 6 . 1 3 ~  

I 
(-N--C-CHs). 

0 
II 

Conversion of VB to C-bSD, solanidan-%one (IX). To a 
solution of the isomeric dihydrodiol, (VB, 155 mg.) in 20 ml. 
of acetone, there was added dropwise 0.42 ml. of Kiliani's 
solution to the mixture and allowed to stand for 10 min. a t  
room temperature. Several drops of water tr'ere then added 
to the contente of the flask and the greenish sediment which 
settled to the bottom removed by filtration. The filtrate waa 
concentrated to about 5 ml. in vacuo and slowly diluted with 
sodium hydroxide solution. The crystalline substance 
(needles), which formed, wm collected and thoroughly 
washed with water. The crude dried oxidation product was 
then hydrogenated over 10% palladium-charcoal in 8 ml. of 
ethyl acetate. In 70 min., 8 ml. (calcd. 8.5 ml.) of hydrogen 
was absorbed. When the product was chromatographed over 
alumina, the ether eluate afforded 100 mg. of C-25D, solani- 
danone, IX, which crystallized as rods from aqueous acetone 
or ethyl acetate, m.p. 152-156'. An analytical specimen 
melted at 156-158O, [a]': +55" (chloroform), A:? 
3.59, 5.83+ Under gas chromatography only B single uniform 
band was observed. 

Anal .  Calcd. for CnHraON: C, 81.55; H, 10.90; N, 3.52. 
Found: C, 81.73; H, 11.08; N, 3.76. 

The alcohol of IX, C-b5D, solanidan-3p-01, was prepared by 
the lithium aluminum hydride reduction of I X  in ether. 
The compound waa obtained from the 0.27, methanol-ether 
eluate fraction of the alumina chromatography. It melted a t  
189-194' (from acetone-hexane), [a] 

Anal .  Calcd. for Cz7HlrON: C, 81.14; €1, 11.35. Found: C, 
81.01; H, 11.46. . 

The alcohol of VIIP, C-Z5D, ZZ-isosolanidan-3p-ol, was also 
prepared by the lithium aluminum hydride reduction of 
VIII. The compound, after chromatography, crystallized 
as plates from methanol, m.p. l54-157', [a]? +27O (chloro- 
form). 

Anal .  Calcd. for C27HI~ON: C, 81.14; H, 11.35; N, 3.51. 
Found: C, 81.33; H, 11.56; N, 3.81. 

Acknowledgment. The authors are deeply in- 
debted to Dr. E. C. Horning and W. J. A. Vanden 
Heuvel of the h'ational Heart Institute for in- 
valuable aid rendered them in running gas chroma- 
tograms of these compounds. 
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