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ture. The product was taken up in petroleum ether (b.p.
60-68°) and chromatographed on Florisil.% Elution with
petroleum ether (b.p. 60-68°) gave a product which af-
ter methanol crystallization weighed 1.2 g. and showed
only a single band at 3520 em.~! This product was
designated as VIa. The analytical sample from methanol
gave m.p. 177-182°; [«]% —82.5°, infrared spectrum shows
bands at 3520 (bonded hydroxyl), 1736 (acetate), 990, 925,
and 855 cm. ! (spiroketal side chain).

Anal. Caled. for CpeH,O5: C, 73.38; H, 9.77. Found: C,
73.39; H, 9.91.

20a-Hydrozy- 228-O-cyclopseudosarsasapogenin acelate
(VIb). Elution of the Florisil chromatography column, de-
scribed under VIa above, with benzene gave a small quantity
of a mixture in the early fractions. Continued elution with
benzene and then chloroform gave a produect which on crys-
tallization from petroleum ether (b.p. 60-68°) yielded 1.6 g.
of VIb with only one hydroxyl band at 3605 em.~! The an-
alytical sample from petroleum ether (b.p. 60-68°) gave m.p.
192-197°; lel% + 32.4; infrared spectrum shows bands at
3605 (nonbonded hydroxyl), 1735 (acetate), 988, 925, 910,
872 cm. ™1 (spiroketal side chain).

Anal. Caled. for CpHeOs: C, 73.38; H, 9.77. Found: C,
73.08; H, 9.95.

Conversion of V1a to VIb. To a solution of 0.1 g. of VIain 5
ml. of methanol was added 1 ml. of glacial acetic acid. The
solution was allowed to stand overnight at rocm temperature.
The product was isolated by ethereal extraction in the usual
manner. Infrared examination showed an almost complete
conversion to VIb; about 5-109, VIa was present. Similar
treatment of VIb gave only unchanged starting material.

ARCED.224-0-Sarsasapogenin acetate (VIIa), To a solution
of 1.2 g. of VIa in 30 ml. of pyridine cooled in an ice bath was
added 0.07 ml. of thionyl chloride. The solution began to
darken immediately. After 5 min., the reaction product was
diluted with water and given the standard ether extraction,
yielding 0.6 g. of crude VIIa. The analytical sample was
crystallized from methanol, m.p. 181-183°%; [a]% —85°,
infrared spectrum shows absence of hydroxyl bands at 3080,

and presence of bands at 1670, 895 (C==CH,), 1737 (ace-
tate), 986, 922, 852 ¢m. ! (spiroketal side chain).

(25) Mention of trade names does not signify recom-
mendation over similar equivalent products.
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Anal. Caled. for CogHy04: C, 76.27; H, 9.71. Found: C,
76.29; H, 9.80.

Conversion of V1Ia to VIa. A solution of 0.2 g. of VIIa and
0.11 g. of osmium textroxide in 6 ml. of benzene and 0.14 ml.
of pyridine was stored in the dark at room temperature
for 12 days. Work-up proceeded as in reference 5b compound
IT1. Infrared examination of the crude product showed two
hydroxyl groups at 3620 and 3515 cm.”! consistent
with formation of 20e, 218-dihydroxy-22a-0-sarsasapogenin
acetate. The total crude product was dissolved in 0.3 n.l. of
pyridine to which was added 0.15 g. of p-toluenesulfonyl
chloride. The mixture was heated briefly on the steam bath
and then allowed to stand overnight at room temnerature.
After standard work-up the residue was treated with lithium
aluminum hydride and reacetylated as in reference 5b, con-
version of I1I to I. Crystallization from methanol gave 0.04 g.
of VIa.

Catalytic hydrogenation of VIIa. A sample of 0.1 g. of VIIa
was catalytically hydrogenated in the presence of 5%
palladium on charcoal as described under the preparation of
IV. The product obtained was exclusively the known cyclo-
pseudosarsasapogenin acetate, !t VIIIb, Catalytic hydrogena-~
tion under similar conditions in the presence of a trace of
pyridine (1 drop) gave only unchanged VIIa, as did substitu-
tion of palladium—caleium carbonate for palladium-charcoal
catalyst (no pyridine added to ether).

Dehydration of VIb. A sample of 1.6 g. of VIb was dehy-
drated with 0.1 ml. of thionyl chloride as described under the
preparation of VIIa. Crystallization of the crude product
gave 0.7 g. of a crystalline mixture. The produet could not
be separated by chromatography on Florisil. Infrared analy-
sis of the mixture showed absence of hydroxyl bands and pres-
ence of bands at 3080 and 1672 indicative of the presence

of C=CH,. Spiroketal bands were present but in a manner

indicating that a mixture of two spiroketal types might be
present. This was confirmed by [a]% values ranging from
—40° to —20° in various experiments indicating an approxi-
mately equal mixture of VIIa and the desired VIIb.

Hydrogenation of mizture of VIIa and VIIb. A sample of
0.1 g. of the above mixture was catalytically hydrogenated
with 5% palladium charcoal in ether as described under the
hydrogenation of VIIa. The exclusive product was cyclo-
pseudosarsasapogenin acetate, VIIIb.
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Chemistry of the Spiroaminoketal Side Chain of Solasodine and Tomatidine.
V1.! The Beckmann Rearrangement of the Oximino Derivatives
YOSHIO SATO anp NOBUO IKEKAWA?
Recetved July 12, 1961
The oximes of the pseudo derivative “B”’ of solasodine and tomatidine undergo an “abnormal” Beckmann rearrange-

ment to vield amidonitriles which can be hydrolyzed to the respective 38,168-dihydroxy-5-bisnorcholenic and allobisnor-
cholanic 22 — 16-lactones. Alternatively, the lactones can be obtained from the rearrangement and hydrolysis of the 23-

oximino alkamines.

In the course of our studies of the so-called
pseudo derivatives “B"” of solasodine,® ITa, and

(1) For previous papers of this series see J. Org. Chem.,
26, 1945 (1961).

(2) Formerly Visiting Scientist, National Institutes of
Health: precent address, Institute of Physical and Chemical
Research, Bunkyo-ku, Tokyo, Japan.

tomatidine,* IIb, obtained from the treatment of
the respective steroidal alkaloids, Ia and Ib, with

(3) Y. Sato, H. G. Latham, Jr., and E. Mosettig, J. Ory.
Chem., 22, 1496 (1957).

(4) Y. Sato, H. G. Latham, Jr., and N. Ikekawa, J. Org.
Chem., 25, 1962 (1960).
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a solution of zine chloride, acetic anhydride, and
acetic acid mixture, the effects of nitrous acid upon
these derivatives (IIa and IIb) were investigated.
With nitrous acid the pseudo derivatives ITa and
IIb, form the Cs oximino derivatives ITla and
IIIDb, respectively, in good yields. Support for the
assignment of this formulation is derived from the
spectral data AGLC* 2.8,0, i,3.05 u, OH; 578 u,
0 —Ac; 6.15 w, —N=C—C=N, A\GIHOH 9395
myu (log ¢, 4.08) as well as from their elemental
analyses and chemical transformations. When
compound IITa or ITIb is treated with p-toluene-
sulfonyl chloride in pyridine it readily suffers
rupture of the Cy;—Cy; bond affording, after treat-
ment with water, the cyanoamide derivative IVa
or IVb (A\Sac®, 2.90 p, NH; 4.44 y, C=N; 5.77 p,

O—Ac; 5.95, 6.65 u, HN—CO—). The course of
the reaction is viewed as departure of the hydroxyl
or its acylated counterpart with its pair of electrons
accompanied by a shift of the C:;—Cy electron
pair to form the nitrile and the resulting cation
combining with water to form the amide (III —

V).

£OH N

VIa. VIb VIIa. VIIb

N
OAc OAc OAc H
e

IVa. IVb
As, Cgs-D
Cs-a, CQ(,-L

VIIIa VIIIb. R=H
IXa. IXb. R=Ac

Thionyl chloride in benzene-chloroform as a
medium also proved effective in promoting this
rearrangement. This cleavage of the imino oximes
is another instance of the so-called abnormal
Beckmann rearrangement observed to occur in the
a-diketone monooximes,>® a-hydroxy ketone ox-
imes,” tertiary ketone oximes,® 9,10-dihydro-9,10-
(11-ketoethano)anthracene oxime,? spiroketox-
imes,® and 5-nitroso-6-aminopyrimidines.!! Ap-
parently the rearrangement of our compounds
proceeds almost exclusively in the abnormal
manner with these reagents. However, smaller
amounts of what we believe to be normal rear-
rangement products were isolated along with the
abnormal products when glacial acetic acid!?
was used as the medium for the rearrangement.

That the product from these rearrangements is a
cyanoamide derivative was confirmed by conversion
of IVa and IVD to the lactones, 33,168-dihydroxy-
5 - bisnorcholenic 22—16 - lactone?® (VIIIa) and
34,168 - dihydroxyallobisnorcholanic 22—16 - lac-
tonel* (VIIIb), respectively, by solvolysis with
methanolic alkali. The ease in obtaining the un-
saturated lactone VIIIa in good yields makes this
method a most convenient route for the preparation
of this rather inaccessible lactone,

(5) A. Werner and A. Piguet, Ber., 37, 4295 (1904).

(8) A. F. Ferris, J. Org. Chem., 25, 12 (1960).

(7) A. Werner and Th, Detscheff, Ber., 38, 69 (1905).

(8) R. E. Lyle and G. G. Lyle, J. Org. Chem., 18, 1058
(1953).

(9) 8. Wawzonek and J. V. Hallum, J. Org. Chem., 24,
364 (1959).

(10) R. K. Hill and R. T. Conley, J. Am. Chem. Soc.,
82, 645 (1960).

(11) E. C. Taylor, C. W. Jefford, and C. C. Cheng,
J. Am. Chem. Soc., 83, 1261 (1961).

(12) Subject of a forthcoming publication.

(13) Y. Sato and N. Ikekawa, J. Org. Chem., 25, 786
(1960).

(14) R. Tschesche and A. Hagedorn, Ber., 68, 1412
(1935).
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Acetylation of ITla, I1Ib with acetic anhydride
and pyridine at low temperature (5°) affords the
stable oxime acetates Va and Vb (A,?,I;Ifh 5.62 u,
=N—0Ac"; 5.78 u, OAc; 6.13, 6.20 u), which
revert readily to the original oximes either by
chromatography over alumina or warming with
aqueous acetic acid (9097).

Treatment of IIIa or IIIb with methanolic
alkali effects cyclization as in the pseudo compounds
“B"%4 to yield the C;; oximes of solasodine, VIa,
or tomatidine, VIb. Interestingly, acetylation
(acetic anhydride—pyridine, 5°) of these oximes,
VIa or VIb, resulted in a concomitant occurrence
of the abnormal Beckmann rearrangement (VI —
VII) to produce the imino nitriles VIIa and VIIb.

N—/(;H ltﬁ
S C
c (-
N N
o 0N
H
VI VI

The infrared spectra of these compounds are
characterized by the appearance of a band at 4.45
p (—C=N) and 588 u (>C=N—).

Upon hydrolysis with aqueous acetic acid, they
are easily converted to the corresponding lacténe
IXa and IXb obtained previously from IVa and
IVDb. The foregoing transformations illustrate some
of the interesting and versatile reactions of the
spiroaminoketal system present in these alkaloids.

EXPERIMENTAL!®

23-Oximinopseudosolasodine “B” (IIla). A solution of
sodium nitrite prepared from 15 g. of the salt and 4 ml. of
water was added dropwise to a solution of pseudosolasodine
“B’’3 consisting of 800 mg. of the compound and 12 ml. of
acetic acid. After standing overnight, the reaction mixture
was poured on ice and made alkaline by addition of ammo-
nium hydroxide. The product crystallized as plates (730 mg.,
869,) from acetone-hexane and melted at 201-203°, [«]%
+25° (chloroform). Its infrared spectrum (chloroform)
exhibited bands at 2.80, 3.05 x (OH); 5.78 » (O—Ac); 6.15 »

|
(=N=C~—C=N-—). The compound displayed an ultra-
violet absorption maxima at 232.5 mu (log ¢, 4.08) in ethanol.

Anal. Caled. for CuHO0sNa: C, 70.69; H, 8.80; N, 5.32.
Found: C, 70.70; H, 8.88; N, 5.72.

The acetyl ester of the oxime 11Ia (Va) was prepared by
allowing 280 mg. of IlIa to stand in 3 ml. of pyridine and
1.5 ml. of acetic anhydride overnight at 5°. The product,
which was poured on ice and collected, crystallized from
ether-hexane to yield 262 mg. of needles of m.p. 151-153°,
[a)2® +10.5° (chloroform), A2255°% 223 my, (log ¢, 4.20), 303

(15) H. Bredereck, A. Wagner, D. Hummel, and H.
Kreiselmeier, Chem. Ber., 89, 1532 (1956).

(16) Melting points were taken on the Kofler block and
are uncorrected. Microanalyses were performed by the
Microanalytical Services Unit of this laboratory under the
direction of Mr. Harold G. McCann. The infrared spectra
were taken on the Model 21 Perkin-Elmer Infrared Spec-
trometer by Mr. H. K. Miller and Mrs. A. H. Wright of
this Laboratory. “Woelm’’ alumina grade 1 was used as
adsorbent for chromatography unless otherwise stated.
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mpu (log ¢ 2.31); ASE 562 u (=N—O0Ac); 5.78 » (OAc);
6.13, 6.20 u.

Anal. Caled. for CyHyOsNa: C, 69.69; H, 8.51; N, 4.93.
Found: C, 69.40; H, 8.38; N, 5.07.

Hydrolysis of the omime acetate Va. Va (28 mg.) was dis-
solved in 2 ml. of 909, acetic acid and warmed on the water
bath for 30 min. The product (22 mg.) which ecrystallized
from acetone-hexane as plates melted at 201-204° and was
identical with respect to melting point, mixture melting
point and infrared spectra, with a sample of IIIa. Chroma-
tography of Va over alumina (Woelm, Grade II) also afforded
IIla in good yields.

23-Ozximinopseudotomatidine “B’’ (1IIb). To a solution of
940 mg. of pseudotomatidine “B’ in 15 ml. of acetic acid
was added dropwise, a solution of sodium nitrite prepared
from 1.7 g. of the salt in 5 ml. of water. After standing at
room temperature overnight, the solution was poured on ice
and made alkaline by addition of aqueous ammonia. The
compound, which was erystallized from acetone-hexane,
formed plates (845 mg.) and melted at 205-208°, [«]% +32°
(CHCly), ASZ°H 939 5 mu (log ¢, 4.08). Tt exhibits the same
principal infrared absorption bands as ITIa.

Anal. Caled. for CyH,OsN,: C, 70.42; H, 9.15; N, 5.30.
Found: C, 70.54; H, 9.17; N, 5.13.

The acetyl ester of the oxime IIIb (Vb) was prepared from
85 mg. of IIIb in 2 ml. of pyridine and 0.8 ml. of acetic
anhydride in the same manner as with the corresponding
solasodine series. The compound crystallized from ether-
hexane to yield 80 mg. of needles, m.p. 157-159°, [a]%
+14.5 (chloroform), AS2°K 223 myu (log ¢, 4.16), 303 my
(log ¢, 2.28), ACEO 562 u (N—OAc); 5.78 u (OAc), 6.13,
6.20 u.

Anal. Caled. for CuuHsOsNa: C, 69.44; H, 8.83; N, 4.91.
Found: C, 69.20; H, 8.70; N, 4.75.

The Beckmann rearrangement of I11a (IVa). (a) To 100 mg.
of ITla in 2 ml. of pyridine was added 120 mg. of p-toluene-
sulfonyl chloride in 3 ml. of pyridine and - the mixture was
allowed to stand overnight at room temperature. The
reaction mixture was poured on ice and the product crystal-
lized from acetone-hexane. Plates (94 mg.) of m.p. 221-224°,
[a]%? +21° (chloroform), ASEC" 2.89 u (NH); 4.44 u (C=N);
5.77 u (OAc); 5.95 u (—CONH—) were obtained. An ana-
lytical specimen melted at 222-224°,

Anal. Caled. for CuHyO:sN2: C, 70.69; H, 8.80; N, 5.32.
Found: C, 70.88; H. 8.89; N, 5.33.

(b) To a solution of 37 mg. of IIla in 1.5 ml. of benzene-
chloroform mixture (1:1) was added 0.1 ml. of thionyl
chloride reagent while the mixture was being cooled in ice.
After standing overnight at room temperature, the reaction
mixture was poured on ice. Ten milliliters of 1N sodium
hydroxide was then added and the precipitate extracted with
chloroform. The product which crystallized from acetone-
hexane, m.p. 221-224°, was identical with IVa obtained by
procedure (a). IITa remained unchanged when allowed to
stand overnight in a solution of 29, hydrogen chloride in
acetic acid.

Beckmann rearrangement of IIIb (IVb). To a solution of
300 mg. of IIIb in 4 ml. of pyridine was added a solution of
360 mg. of p-toluenesulfonyl chloride in 6 ml. of pyridine.
The mixture was allowed to stand overnight and poured on
ice. The product which crystallized as plates (287 mg.) from
acetone-hexane melted at 185-188°. An analytical sample
melted at 188-189°, [&]%® +32.5° (chloroform), ASE'?
2.90 » (NH); 4.43 u (C=N); 5.77 ¢ (OAc); 5.95 u (—CO-
NH—).

Anal. Caled. for CaH,O:N,: C, 70.42; H, 9.15; N, 5.30.
Found: C, 70.24; H, 9.25; N, 5.32.

38,16B-Dikydrozy-5-bisnorcholenic acid 22—>16-lactone
(VIIIa). IVa (47 mg.) was refluxed with 109, potassium
hydroxide in methanol (20 ml.) for 6 hr. After partial con-
centration ¢n vacuo, water was added and the resulting mix-
ture acidified with 6N hydrochloric acid. The product
crystallized from aqueous methanol as needles (29 mg.)
m.p. 225-227°, [a]3® —86° (chloroform).
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Anal. Caled. for CpnHs0;5: C, 76.70; H, 9.36. Found: C,
76.51; H, 9.61.

The acetate of VIIIa prepared in the usual manner (pyri-
dine-acetic anhydride) afforded needles from acetone-hexane
of m.p. 212-215°, It agreed in melting point, mixture
melting point, and infrared spectrum, with an authentic
specimen of the compound prepared in another manner.!?

38,16B-Dihydroxzybisnorallocholanic acid 28—16-lactone
(VIIIb). The cyanoamide, IVb (100 mg.), was refluxed with
109, potassium hydroxide in methanol (30 ml.) for 6 hr.
The product was worked up in the same manner as deseribed
above for VIIIa. It crystallized as needles (62 mg.) from aque-
ous ethanol and melted at 232-236°. Recrystallization
raised the m.p. to 235-236°, [a]y —43° (chloroform).
The melting point, infrared spectra, and rotation agreed
with an authentic sample of tigogenin lactone.¢

23-Oximinosolasedine (VIa). IITa (360 mg.) was refluxed
with 109, potassium hydroxide in methanol (100 ml.) for 7
hr. After removal of the methanol in vacue, water was added
and the precipitate collected by centrifugation. The com-
pound crystallized from methanol yielding 256 mg. (85%)
of plates m.p. 180-183°, [a]%® —93° (chloroform), Ngaa®°®
231 mu (log € 3.63).

Anal. Caled. for CoH»O3Na: C, 73.26; H, 9.56; N, 6.33.
Found: C, 73.33; H, 9.67; N, 6.26.

When the compound was recrystallized from acetone-
hexane, needles which melted at 194-198° were obtained.
If this substance was recrystallized from ethyl alcohol,
needles of m.p. 161~164° were formed

Anal. Caled. for CyH,O:N:.1/,C:H:OH: C, 72.22; H,
9.72; N, 6.01. Found: C, 71.90; H, 10.04; N, 5.87.

The compound of m.p. 180-183° was converted into
the substance of m.p. 161-164° when recrystallized from
ethanol.

23-Oxziminotomatidine (VIb). Three hundred milligrams of
the oximinopseudo compound IIIb, was refluxed for 7 hr.
with 80 ml. of a solution of 109, potassium hydroxide in
methanol. The product which crystallized from slightly
moist methanol as needles melted at 207-209°, [«]3 —54°
(chloroform), AS2H5°H 231 my (log ¢, 3.70). The substanceis a
hydrate as shown by the analyses.

Anal. Caled. for CypHuO3N..H,O: C, 7009; H, 1002,
N, 6.06. Found: C, 70.00; H, 10.16; N, 5.89.

(17) Y. Sato and N. Tkekawa, J. Org. Chem., 25, 789
(1960).
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After the compound was dried at 150° for 20 hr. 2n vacuo,
the m.p. rose to 234-237°.

Anal. Caled. for CoyHO3Ny: C, 72.93; H, 9.97; N, 6.30.
Found: C, 72.90; H, 10.27; N, 6.60.

Imino niirile, VIIa. A solution of 180 mg. of VIa in 7 ml.
of pyridine and 2 ml. of acetic anhydride was allowed to
stand overnight at 5° and poured on ice. The product
which crystallized from ether-hexane yielded 152 mg. (80%)
of needles, m.p. 145-148°, An analytical sample recrystallized
from the same solvent system melted at 147-150°, [a]%
—6.5° (chloroform), ASEC" 4,55 u (—C=N); 5.78 u (—OAc)
5.88 u18 (—C=N—).

Anal. Caled. for CoH;OsN,: C, 74.64; N, 9.07; N, 6.00.
Found: C, 74.76; H, 9.37; N, 6.20.

Imino nitrile, VIIb. One hundred milligrams of VIb in 1
ml, of acetic anhydride and 3 ml. of pyridine was treated in
the same manner as described above for VIIa. The product
which was crystallized from hexane yielded 86 mg. of prisms
of m.p. 126-128°, [a]%® +1.7° (chloroform); AoET® 4,55 u
(C=N); 5.80 (OAc); 5.88 u (—C=N—).

Anal. Caled. for CesHyOsN2: C, 74.32; H, 9.46; N, 5.98.
Found: C, 74.47; H, 9.56; N, 6.17.

3B-Acetoxy-16B-hydroxy-5-bisnorcholenic 22-»16-lactone
(IXa) from the tmino nitrile, VIIa. A solution of 65 mg. of
VIia in 10 ml. of 909, acetic acid was refluxed for 30 min.
and the solvent removed n vacuo. The residue was dissolved
in methylene chloride and washed with 1N sodium bi-
carbonate solution. After removal of the solvent, the residue,
which crystallized from methanol, yielded 49 mg. IXa,
m.p. 208-212°, By recrystallization from acetone-hexane,
plates of m.p. 212-215° were obtained. The melting point,
mixture melting point, and infrared spectra were identical
with that of the specimen prepared from the acetylation of
the hydrolysis of the cyanoamide, IVa.

38-Acetoxy-168-hydrozybisnorallocholanic 22— 16-lactone
(IXDb) from the imino nitrile, VIIb. VIIb (48 mg.) was
treated in the same manner as reported above for the prep-
aration of IXa. Needles (35 mg.) of m.p. 210-214° were ob-
tained from aqueous ethanol. Recrystallization from the
same solvent raised the m.p. to 216-218°, [a]%Y —48°
(chloroform). Its properties (melting point, mixture melting
point, infrared spectra, and rotation) were in agreement with
an authentic specimen of the acetate of tigogenin lactone.

BerHESDA, MD.

(18) K. Eicherberger, E. Ganz, and J. Druey, Helv.
Chim. Acta, 38, 284 (1958).
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Spectra of Eschscholtzxanthin and Other Carotenoid Pigments
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The spectra in the visible region and the chromatographic behavior show that the twelve double bonds of eschscholtzxan-
thin oceur in one conjugated system. The infrared spectra indicate that this xanthophyll is a derivative of sym-dehydro-g-

carotene (dehydroretrocarotene) with a central single bond.

In 1938, eschscholtzxanthin, a remarkably labile
dihydroxy carotenoid with twelve all-frans double
bonds, was isolated from the golden yellow petals
of the California poppy.! In 1948 Karrer and
Jucker? proposed that eschscholtzxanthin is g

(1) H. H. Strain, J. Biol. Chem., 123, 425 (1938).

(2) P. Karrer and E. Jucker, Carotinoide, Birkhiuser,
Basel, 1048,

dihydroxy-v-carotene even though the absorption
maxima of y-carotene occur at wave lengths some
10 my shorter than those of the poppy xantho-
phyll.1=% In 1951, Karrer and Leumann* postulated

(3) H. H. Strain, Leaf Xanthophylls, Carnegie Institution
of Washington, Publ. No. 490, Washington, D. C., 1938.

(4) P. Karrer and E. Leumann, Helv, Chim. Acta, 34, 445
(1951).



