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UV irradiation of N-chlorosoladulcidine (2) in trifluoroacetic
acid, followed by separation and hydrolysis of the obtained
3-O-trifluoroacetates affords (23R)-23-chlorosoladulcidine (5)

and 23,23-dichlorosoladulcidine (7). Similar treatment of N-
chlorotomatidine (9) affords 23,23-dichloro-22-isotomatidine
(12).

In the course of our former work on the syntheses of
steroidal Solanum alkaloids from total-synthetically avail-
able nitrogen-containing pregnane and cholestane deriva-
tivesl?!, we used reactions involving remote intramolecular
free-radical functionalization such as the photochemically
induced Hofmann-Loffler-Freytag cyclization of suitably
substituted N-chloroamines®.. Thereby, (22R,255)- and
(228,25R)-N-chloro-22,26-epimino-Sa-cholestan-3p-o0l  af-
forded, as expected, the solanidane alkaloid demissidine
and its 22,25 stereoisomer, respectively™. In contrast, for
stereochemical reasons the corresponding 225,255 and
22R,25R stereoisomers were unable to undergo the neces-
sary 16 — N-hydrogen abstraction, but gave by C-20/C-22
photofragmentation a mixture of the (20R)- and (20S)-20-
chloro-5a-pregnan-3p-olst>2l, The same type of photofrag-
mentation was observed with the 16-substituted N-chloro-
22,26-epimino-5a-cholestane-3f3,16B-diols possessing differ-
ent stereochemistry at C-22 and C-25, which represent the
ring E opened dihydro compounds of the spirosolane alka-
loids soladulcidine (1) and tomatidine (8)[?. These were
converted into the (20R)- and (20.5)-20-chloro-50-pregnane-
3B,16B-diols!. Under the same conditions, the 20-hy-
droxylated  (20R)-N-chloro-22,26-epimino-5a-cholestane-
3B,20-diols and their 16c- and 16B-hydroxy derivatives
yielded 3B-hydroxy- and 3B,16a-dihydroxy-5a-pregnan-20-
one and 3B-hydroxy-5a-pregn-16-en-20-one, respectivelyl’l.

In this paper we report on the photolysis of the N-chloro-
spirosolane alkaloids themselves. Thus, UV irradiation of
N-chlorosoladulcidine!®! (2) in trifluoroacetic acid, followed
by flash-chromatographic separation and alkaline hydroly-
sis of the obtained 3-O-trifluoroacetates 3, 4 and 6 afforded
besides a 54% yield of soladulcidine!® (1) the C-chlorospiro-
solanes (23R)-23-chlorosoladulcidine (5) and 23,23-dichlo-
rosoladulcidine (7) in yields of 2% and 11%, respectively. In
the same manner, photolysis of N-chlorotomatidine®! (9)
gave besides 41% of tomatidine (8) 23,23-dichloro-22-iso-
tomatidine (12) in 14% yield. Since relatively large amounts

Liebigs Ann./Recueil 1997, 15891592

© VCH Verlagsgesellschaft mbH, D-69451 Weinheim, 1997

of the starting spirosolane alkaloids 1 and 8 are recovered,
the actual yields of compounds §, 7 and 12, calculated on
the basis of the actually consumed alkaloids, are much
higher, i.e. 4% in the case of 5 and 24% in the cases of 7
and 12.

According to HRMS, compound 5§ possesses the elemen-
tal composition C,7H44CINO,, showing in its EIMS the di-
agnostic fragment ions typical for spirosolanes?! as dou-
blets (1 chlorine) at m/z = 148/150 and 172/174 with the
elemental compositions CgH;;CINO and CyH,;CIN,
respectively. On the other hand, the compounds 7 and 12
exhibit the elemental compositions C,;H43ClLNO, and gave
only one of the typical spirosolane fragment ions as a triplet
(2 chlorines) at m/z = 206/208/210 in low relative abun-
dance, with the elemental composition CoH4CI>N. These
results indicate that one and two chlorine atoms, respect-
ively, must be located at the positions C-20 to C-27 of 5, 7
and 12. On the basis of the later discusses NMR data of 5,
7 and 12, these fragment ions are assigned the structures a
and b (in the case of §) or ¢ (in the case of 7 and 12). Other
prominent MS fragment ions are those at m/z = 413 [M*
— HCI] (in the case of 5) or 411 [M* — 2 HCI] (in the case
of 7 and 12), 387 [C,5H4 NO,™ = M*™ ~ C,H;Cl (in the
case of 5) or M™ — C,H,Cl, (in the case of 7 and 12),
respectively], 273 [C,oH,00*] and 152 [CoH ,NO*]. The re-
sults indicate that the fragmentation pattern of the 23-
mono- and 23,23-dichloro derivatives differs considerably
compared to that of the unsubstituted alkaloids soladulcid-
ine (1) and tomatidine (8).

The *C-NMR specira of 1, 5 and 7 (soladulcidine series)
as well as of 8 and 12 (lomatidine series) demonstrate con-
vincingly (Table 1) that the introduced chlorine atom in 5
and the two introduced chlorine atoms in 7 and 12 must be
located at C-23. Thus, the signal for C-23 of soladulcidine
(1) at 3 = 34.1 is shifted to lower field in the monochloro
compound 5 (8 = 65.1) and further still in the dichioro
derivative 7 (6 = 94.3). In the case of the dichloro com-
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pound 12 this signal appears at 8 = 93.3 compared to 8 =
26.7 in the starting tomatidine (8). In a parallel manner,
the corresponding signals of the neighbouring C-24 are also
shifted to lower field from & = 30.3 (1) to & = 41.1 (5) and
8 = 50.8 (7) and from & = 28.7 (8) to § = 48.3 (12), respec-
tively.

Table 1. 13C-NMR chemical shifts (5 values) of compounds 1, 5,
7, 8 and 12 in CDCl4

c 1 5 7 8 12 C 1 5 7 8 12
1 37.037037037.1370 15 32.1 31.8 31.8 32.8 323
2 315315315316 316 16 78.8 80.3 80.7 78.6 81.0
3 713712713713 71.3 17 629 63.1 64.2 62.1 64.2
4 38.2 38.238.2383383 18 16.7 16.4 16.6 17.1 16.7
5 449 448 448 449 449 19 124123 123 125 124
6 28.7 28.6 28.6 28.7 28.7 20 41.3 40.3 37.6 43.1 435
7 323322322324319 21 153174174 16.0 17.8
8 35.1 35.2 35.0 35.1 35.1 22 98.298.299.3 99.4 99.8
9 544543 543 545545 23 341 651943 26.7 93.3
10 35.6 35.5 35.6 35.7 35.7 24 30.3 41.1 50.8 28.7 48.3
11 211210210 21.2 211 25 31.429.7 31.0 31.2 29.8
12 40.3 40.0 40.3 40.3 40.3 26 47.7 46.9 45,5 50.3 48.3
13 409 41.2 41.7 410 41.8 27 19.4 185 17.7 19.4 19.4
14 56.4 56.4 56.2 55.9 56.3

The 'H-NMR signal for 23-H of the 23-monochloro
compound 5 was shown to be a double doublet at § = 4.06
(/ = 3.0 and 4.0 Hz), demonstrating the axial position of
the chlorine (23R configuration).

Contrary to expectations, the dichloro compounds 11
and 12 of the tomatidine series show optical rotation values
([a]lp = —66.8 and ~64.9, respectively) of almost the same
magnitude as those of the 23,23-dichloro derivatives 6 and
7 of the soladulcidine series ([a]p = —58.9 and —60.8, re-
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(miz =172/174)

(m/z = 206/208/210)

spectively). From this it can be assumed that 11 and 12
possess the same 220N stereochemistry as the soladulcidine
derivatives 6 and 7, since the configuration at this centre of
chirality has a pronounced effect on the optical rotation of
spirosolanes differing only in the stereochemistry at C-22
and/or C-25 (molecular rotation contribution A[®]p(22aN
— 22BN) = +300, in comparison to A[{®]p(25R — 255) =
—40)119, This presumed inversion of configuration at C-22
in 11 and 12 (22-isotomatidine structure) puts the originally
equatorially oriented 25-methyl group (C-27) in an axial po-
sition. This is confirmed by the 'H-NMR spectrum with §
= 1.28 for an axial 27-H; in 12 instead of & = 0.85 for the
equatorial one in tomatidine (8) as well as by the equatorial/
axial and equatorial/equatorial coupling of the 25.,-H with
the 26,,-H at 6 = 2.34 and the 26.,-H at 6 = 2.88, respec-
tively, in the case of 12.

As suggested previously for the native spirosolane alka-
loids!'% 1l the inversion of the configuration at C-22 in the
compounds 11 and 12 can be explained by a ring-chain
tautomerism (A — C), proceeding via the corresponding
ring E opened azomethine B. B recyclizes under thermo-
dynamic control to the 22-iso compound C owing to the
strong steric hindrance between the dichloro-substituted C-
23 and the 20-methyl group (C-21). An analogous inversion
of the configuration at C-22 has been reported for (235)-
acetoxy-substituted tomatidine, which also adopts the
(23.5)-23-acetoxy-22-isotomatidine structure [(235,255)-23-
acetoxy-5a,220.N-spirosolan-3p-ol]l2,

The formation of (23R)-23-chloro- (5) and 23,23-dichlo-
rosoladulcidine (7) from N-chlorosoladulcidine (2) can be
explained in terms of a photochemical radical chain mech-
anism (see ref.3l). Thus, UV-induced homolysis of the
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N—CI bond of the chloroammonium ion 2a leads to the
aminium radical ion 2b, which then undergoes intramolecu-
lar hydrogen abstraction via a six-membered cyclic tran-
sition state to give the trigonal C(23) radical ion 2¢. Recom-
bination with chlorine radicals affords the 23-chloroam-
monium ions S5a (23R configuration) and 5b (23S configu-
ration). Generation of the aminium radical ion Sc¢ from 5b,
a second hydrogen abstraction to give the C radical ion 54,
and subsequent recombination lead to the 23,23-dichlo-
roammonium ion 7a. The conversion of N-chlorotomati-
dine (9) into 23,23-dichloro-22-isotomatidine (12) may be
explained analogously, although a 23-monochloro com-
pound could not be isolated in this case.

H Hpy H
o~ N HN:
= " §—%j\ EW\
§—0 — 0 - §—O -
2a 2b 2c
Hcl HH
H?Nt H /s"Nt
t—f —f
H + Cl ——
s/o s/O
5a 5b
HH H Hcl
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Experimental Section

Melting points (corrected): Micro melting point apparatus
PHMK-05 (Wigetechnik Rapido) with digital thermometer DTM
2110 (Thermometerwerk Geraberg). — Optical rotations: Zeiss Pol-
amat A, solvent chloroform. — IR spectra: Zeiss Specord 75 IR.
— 'H-NMR (499.84 MHz) and "*C-NMR spectra (125.70 MHz):
Varian Unity 500, CDCl; as solvent and TMS as internal standard.
The signals were assigned by 'H-'H DQF-COSY, HMBC and
HMQC techniques. — Mass spectra (70 eV): Double focussing
mass spectrometer AMD 402. — Flash chromatography: Silica gel
60, 0.040—0.063 mm (Merck). — Analytical TLC: DC-Alufolien
Kieselgel 60 F,s4(Merck), elution with chloroform/methanol (9:1),
detection with concentrated sulfuric acid at 110°C and UV fluor-
escence or with iodine vapour. — The photolysis was carried out
in a photoreactor fitted with a round-bottomed silica flask and
with a ThU 500 high-pressure mercury lamp (Thelta Elektroappa-
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rate Zella-Mehlis) with a broad-band output (maximum 254 nm)
under argon at room temperature.

Photolysis of N-Chlorosoladulcidine [(25R)-N-Chloro-5a,220.N-
spirosolan-3f-ol, 2]: A solution of 225 mg (0.5 mmol) of freshly
prepared 21 in 6 ml of trifluoroacetic acid was irradiated for 15
min (disappearance of the spot of 2 in the TLC, active chlorine
was no longer detectable by potassium iodide/starch solution). The
reaction mixture was concentrated in vacuo, the residue was treated
with 20 ml of a saturated solution of potassium hydrogen carbonate
and then extracted with chloroform (3 X 25 ml). The extract was
washed with water (2 X 7 ml) and concentrated in vacuo. The resi-
due (235 mg) was subjected to flash chromatography on 24 g of
silica gel (column 40 ¢m, & 2 cm), elution with r-hexane/ethyl ace-
tate (98:2 —» 45:55, total volume 1.2 1, 10-ml fractions), leading to
the isolation of the following compounds: From fractions 22—41
26 mg (9%) of 23,23-dichlorosoladulcidine 3-O-trifluoroacetate (6),
from fractions 42—60 42 mg of a mixture of (23R)-23-chlorosolad-
ulcidine 3-O-trifluoroacetate (4) with compounds 3 and 6, from
fractions 6181 98 mg (38%) of soladulcidine 3-O-trifluoroacetate
(3), and from fractions 100—120 25 mg (12%) of soladulcidine (1).
The above-mentioned mixture of the compounds 3, 4 and 6 was
subjected to flash chromatography once more (same conditions)
and yielded an additional 19 mg (7%) of 6 (overall yield 16%), 9
mg (3%) of the monochloro compound 4 and 12 mg (12%) of 3
(overall yield 50%).

23,23-Dichlorosoladulcidine  3-O-Trifluoroacetate [(25R)-23,23-
Dichloro-3-trifluoroacetoxy-5a,22aN-spirosolane, 6]: Colourless
plates from acetone/n-hexane with m.p. 206—208°C, [a]§ = ~58.9
(c = 0.016), R, = 0.93. — IR (KBr): ¥ = 1765 cm™! (F3-AcO),
1215, 1165 and 1130 (F5C). — MS: m/z (%) = 579/581/583 (28/21/
4) [M*], 507 (11) [M* — 2 HCI], 483 (100) [M* — C,H,Cl,], 468
(8) [483 — CHL,], 369 (15) [483 — F3-AcOH], 206/208/210 (5/3/1)
[CoH,4CLN* = ], 152 (24) [CoH ,NO*].

(23R)-23-Chlorosoladulcidine 3-O-Trifluorcacetate [(23R,25R)-
23-Chloro-3p-trifluoroacetoxy-5a,220.N-spirosolane, 4]: From ace-
tone/methanol colourless needles with m.p. 163—166°C (the MS
showed the product to be contaminated with a small amount of
compound 6), Ry = 0.90. — IR (KBr): ¥ = 1760 cm™! (F5-AcO),
1210, 1165 and 1125 (F5C). — MS: m/z (%) = 545/547 (39/13)
[M™], 530/532 (3/1.2) [M* — CHj], 509 (68) [M* — HCI], 483 (100)
[M* — C,H;Cl], 486 (13) [483 — CHs], 369 (30) [468 — F3-AcOH],
172/174 (52/17) [CoHsCIN*] = b], 152 (61) [CoH,NO™], 148/150
(23/7) [C6H,,CINO™ = a].

Soladulcidine 3-O-Trifluoroacetate [(25R)-3B-Trifluoroacetoxy-
S5a,22aN-spirosolane, 3]: From acetone colourless plates with m.p.
173°C, [a]f = —52.2 (¢ = 0.025), Ry = 0.45. — IR (KBr): v =
1764 cm™! (F3-AcO), 1214, 1166 and 1128 (FiC). — MS: m/z (%)
= 511 (34) [M*], 496 (13) [M* — CH3;), 414 (7) [M* — F3-Ac], 397
(6) IM* — F3-AcOH], 138 (100) [CoH 4N, 114 (83) [C¢H1,NO™).

23,23-Dichlorosoladulcidine [(25R)-23,23-Dichloro-50,22aN-spi-
rosolan-3f-ol, 7]: 20 mg (0.034 mmol) of compound 6 was shaken
with 3 ml of a 2% methanolic solution of potassium hydroxide at
room temp. for 30 min. The solvent was then evaporated in vacuo,
10 ml of water was added, and the mixture was extracted with
chloroform (3 X 10 ml). The extract was washed with water, dried
with anhydrous sodium sulfate, and concentrated in vacuo. The
residue was crystallized from acetone, affording 11.9 mg (71%) of
colourless needles with m.p. 179—183°C, [a]F = —60.8 (¢ = 0.010),
Re = 0.60. — TH NMR: § = 0.64 (m, 1H, 9-H), 0.82 (s, 3H, 19-
H), 0.85 (d, J = 6.8 Hz, 3H, 27-H3), 0.96 (s, 3H, 18-H,), 1.18 (d,
J = 6.8 Hz, 3H, 21-Hj3), 1.38 (m, 1H, 153-H), 1.76 (m, 1H, 17-H),
1.97 (m, tH, 15¢-H), 2.07 (m, 1H, 25-H), 2.38 (m, 2H, 24-H,), 2.61
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(m, 1H, 26,4-H), 2.67 (m, 1H, 26,,-H), 2.80 (dd, / = 6.8 and 6.8
Hz, 1H, 20-H), 3.58 (m, 1H, 3a-H), 4.40 (m, 1H, 160-H). — 3C
NMR: See Table 1. — MS: m/z (%) = 487 (3) [M* =
C,7H,43*"ClLNO, 1]: caled. 487.2612, found 487.2614], 485 (20) M+
= Cy7H3CPCINO, *: caled. 485.2641, found 485.2656], 483 (34)
[M* = Cy;Hys3CLNO,™: caled. 483.2671, found 483.2665], 411
(17) [M* — 2 HCl = CyHyNO,*: caled. 411.3137, found
411.3190], 387 (100) [M* — C,H,Cl, = C,ysHyNO,*: caled.
387.3137, found 387.3105], 273 (9) [Ci19Hy9O™: caled. 273.2218,
found 273.2201], 210 (0.5) [CoH.,’CLLN*], 208 (2)
[CoH 4**CPCINT], 206 (4) [CoH 4P CLNT = ¢: caled. 206.0503,
found 206.0546], 164 (6) [C;oH 4NO™": caled. 164.107S, found
164.1073], 152 (29) [CoH 4NO™: caled. 152.1075, found 152.1053].

(23R )-23-Chlorosoladulcidine  [(23R,25R)-23-Chloro-5a,22aN-
spirosolan-3p-ol, 5]: Obtained by alkaline hydrolysis of 5 mg of
compound 4 as described for the preparation of compound 7 (yield
70%). Amorphous (the MS showed the product to be still contami-
nated with a trace of compound 7), Ry = 0.52. — 'H NMR: § =
0.64 (m, 1H, 9-H), 0.82 (s, 3H, 19-H3), 0.82 (d, J = 6.6 Hz, 3H,
27-H3), 0.96 (s, 3H, 18-H;), 1.18 (d, J = 6.7 Hz, 3H, 21-H;), 1.70
(m, 1H, 17-H), 2.06 (m, 1H, 25-H), 2.60 (dd, J = 11.2 and 10.0
Hz, 1H, 26,,-H), 2.70 (dd, J = 11.2 and 3.6 Hz, IH, 26.,-H), 3.58
(m, 1H, 3a-H), 4.06 (dd, J = 3.0 and 4.0 Hz, 1H, 23.,-H), 4.40 (m,
1H, 160-H). — 13C NMR: See Table 1. — MS: m/z (%) = 451 (6)
[M* = Cy7H4>CINO,*: caled. 451.3031, found 451.3034], 449
(17) (MT = CyHx* CINO,™: caled. 449.3061, found 449.3060],
413 (46) [M* — HCI], 387 (74) [M*™ — C,H3Cl], 273 (16)
[CioH20™], 172/174 (42/14) [CoHsCINT = b], 164 (66)
[CoH 1 NO™*], 152 (100) [CoH;,NOT],  148/150  (36/12)
[CeH CINO™ = a].

Soladulcidine [(25R)-5¢,220N-Spirosolan-3-ol, 1]: The soladul-
cidine, Ry = 0.40, isolated by the above-mentioned flash chroma-
tography and by alkaline hydrolysis of 10 mg of compound 3 (as
described for the preparation of compound 7, yield 85%), was
shown to be identical in every respect with an authentic samplet?).
— 13C NMR: See Table 1.

Photolysis of N-Chlorotomatidine [(255)-N-Chloro-50,22BN-spi-
rosolan-3B-ol, 9]: A solution of 225 mg (0.5 mmol) of freshly pre-
pared 94 in 6 ml of trifluoroacetic acid was irradiated and
worked-up as described above for the photolysis of 2. Upon flash
chromatography on silica gel the following compounds were iso-
lated: From fractions 31-40 50 mg (17%) of 23,23-dichloro-22-iso-
tomatidine 3-O-trifluoroacetate (11), from fractions 48—57 64 mg
(25%) of tomatidine 3-O-trifluoroacetate (10) and from fractions
6289 43 mg (21%) of tomatidine (8).

23,23-Dichloro-22-isotomatidine  3-O-Trifluoroacetate  [(255)-
23,23-Dichloro-3B-trifluoroacetoxy-5a,22a N-spirosolane, 11]:
Colourless cubes from acetone with m.p. 180—183°C, [o}F =
—66.8 (¢ = 0.025), Ry = 0.95. — IR (KBr): v = 1765 cm ™! (F;-
AcO), 1215, 1165 and 1130 (F5C). — MS: m/z (%) = 579/581/583
(37/25/4) [M*], 507 (77) [M* — 2 HCI], 483 (100) [M* — C,H,Cl,],
468 (11) [483 — CHj;), 369 (27) [483 — F3-AcOH]), 206/208/210 (22/
15/2) [CoH4CLN* = ¢, 152 (69) [CoH4NO*].

Tomatidine  3-O-Trifluoroacetate  [(25S)-3B-Trifluoroacetoxy-
50,22BN-spirosolane, 10]: From acetone colourless cubes with m.p.
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161-163°C, [0 = %0 (c = 0.025), R; = 0.60. — IR (KBr): ¥ =
1764 cm~! (F5-AcO), 1214, 1166 and 1128 (F;C). — MS: m/z (%)
= 511 (42) [M*], 496 (14) [M* — CH,), 414 (2) [M* — Fs-Ac], 397
(5) [M* — F5-AcOH], 138 (100) [CoH,sN*], 114 (71) [CsH,NO™].

23,23-Dichloro-22-isotomatidine [(255)-23,23-Dichloro-5a,220.N-
spirosolan-38-ol, 12]: Obtained by alkaline hydrolysis of 21 mg of
compound 11 and worked-up as described for the preparation of
compound 7. The residue was crystallized from chloroform/meth-
anol affording 14 mg (80%) of colourless needles with m.p.
158—160°C, [a]g = —64.9 (c = 0.039), Ry = 0.60. — 'H NMR: §
= 0.64 (m, LH, 9-H), 0.82 (s, 3H, 19-Hj;), 0.97 (s, 3H, 18-H,), 1.24
(d, J = 7.0 Hz, 3H, 21-H3), 1.28 (d, J = 6.5 Hz, 3H, 27-Hy3), 2.34
(dd, J = 11.3 and 2.0 Hz, 1H, 26,,-H), 2.38 (m, 2H, 24-H,), 2.80
(m, 1H, 20-H), 2.88 (dd, J = 11.3 and 3.3 Hz, 1H, 26.,-H), 3.24
(m, 2H, 24-H>), 3.58 (m, 1H, 30-H), 4.46 (m, 1H, 16a-H). — 13C
NMR: See Table 1. — MS: m/iz (%) = 487 (2.5) [M* =
CyHa"CLNO, ], 485 (17) [M* = CapyHy¥CIPCINO, '], 483
(25) [IM* = Cy;Hy3»ClLNO,*: caled. 483.2671, found 483.2633],
411 (100) [M* — 2 HCl = C,;H4NO,": caled. 411.3137, found
411.3132], 396 (11) [411 — CH;s = CysH3NO,™: caled. 396.2903,
found 396.2918], 387 (92) [M* — C,H,Cl, = Cy5sH, NO,™: caled.
387.3137, found 387.3149], 273 (13) [CoH307: caled. 273.2218,
found 2732243, 210 (0.5 [CoH,,’CLN*], 208 (3)
[CoH 4 CIF7CIN ], 206 (5) [CoH143CLNT = ¢ caled. 206.0503,
found 206.0494], 164 (27) [C,(H;4,NO*: caled. 164.1075, found
164.1075), 152 (13) [CoH,NO*: caled. 152.1075, found 152.1081].

Tomatidine [(255)-5a,22BN-Spirosolan-33-ol, 8]: The tomatidine,
R; = 0.59, isolated by the above-mentioned flash chromatography
and by alkaline hydrolysis of 10 mg of compound 10 (as described
for the preparation of compound 7, yield 81%), was shown to be
identical in every respect with an authentic samplel?. — 1*C NMR:
See Table 1.
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