HETEROCYCLES, Vol. 34, No. 10, 1992

THE STRUCTURES OF TWQ ISOMERIC N-FORMATES FROM
3-0-ACETYLSOLASODINE
-1 a a
Genjiro Kusano, ' Chika Sekimoto, Mayumi Abe,
a a a
Yasuko In, Birofumi Ohishi, Toshimasa Ishiéa,

b
and Norio Aimi

a) Osaka University of Pharmaceutical Sciences,
2-10-65 Kawal, Matsubara, Osaka 580, Japan
b) Faculty of Pharmaceutical Sciences, Chiba

University,1-33 Yayci-cho,Chiba 260, Japan

Abstruct--~-- The structures of two isomeric
N-formates, I 1 ) and 11 | 2 ), prepared from
O~acetylsolasodine, were determined by X-ray
crystalographic analyses, and the isomerism
between them was shown to be caused by the epi-

merization at C-22 during the formylation.

Solascdine, a common Solanum alkaloid, has been known to provide two N-for-
mnyl derivatives, whose isomerism was proposed to be due to restricted rota-
tion of the C#N partial double bond of the amide,l nitregen inversion,2

and an epimerization at C-22.3

In this report, X-ray crystalographic ana-
lyses of Q-acetyl-N-formylsolasodine isomers I (1 ) and IT ( 2 } led us
to the conclusion that the isomerism is due to an epimerization at C-22.
Solasodine, { 22R,25R )-22-§-spirosol-—5—en—BB-ol,4 is known to be terato-
genic in contrast to tomatidine, ( 225,258 )—22—§f5pirosolan—38-ol.5 Since
a mixture of the isomeric N~formylsolasodines showed teratogenic activity,
6,7

a definitive structural determination was sought for both the N-forma-

tes to establish the relationships of molecular structures of the Solanum
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alkaloids and their teratogenic activity.B

RESULTS AND DISCUSSION

Upon treatment with acetic-formic anhydride in chloroform at room tempera-
ture, O-acetylsclasocdine yielded twe isomeric N-~formates, I ( } ) , mp 203
- 205°, C30H45NO4, and 1T ¢ g ), mp 194 - 196°, C30H45NO4. I and IT were
identical to the previocusly reported N-formates after comparison of thin
layer chromatography {( tlc ) and lH—nuclear magnetic resonance ( nmr ) spe-
ctra.2 lH—Nmr signals due to N-formyl groups and N-methylene groups of I
and II were identical with those of the major isomer { 3 ) and the minor

4 )} of diformysolascdines,respectively, reported by W. Gaffield et al. 3

Therefore, the structures of I and II should be same with those of the for-
mer and the latter except the 3f-0-acyl groups.

The crystals of I and II were grown in an ethyl acetate solution as color-
less plates and were found suitable for X-ray analysis. The‘crystal data
are summarized in Table I. The structures were solved by a direct method
with the aid of the program SHELXS-86 and then refined by the least-sguares
methed. The final R-factors were 4.99% for 2504 observed reflections for I
and 6.37% for 2455 for II. The structures of I and II are illustrated in
Figure 1 by an ORTEP drawing. Thus, the structures of I and II were conc-
luded to be { 22R,25R }-N-formyl-22~N-spirosol~5-en-38-yl acetate and ( 228,
25R })-N-formyl-22-N-spirosol-5-en-38-yl acetate. The torsional angles con-
cerning the sterecchemistry at C-22 and the rings E and F ( Table II )
showed 22R for I and 22S for II, and deformed rings for E and chair forms
for F.

This conclusion is same to that proposed by W. Gaffiela et gl.3 Analyses

13C and 1H—nmr spectra of 3 and 4 led to this conclusion,

of mass spectra,
also proposing that the preferred ring F conformations of 3 and 4 possess
twist-boat by the conformational-analysis and other considerations as shown
in Figure 3. It is notable that this X-vay analysis showed that the ring

Fs of I and II adopt chair-like conformation as shown in Figure 2,
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It is also notable that the ring E of I possesses half-chair, while that of
I1 twist conformation. The level ( g } of each atom of the ring E from the
best plane calculated according to the plane equations is shown in Figure 4.
The equations were obtained from the results of the X-ray crystalographic
analysis as follows :
0.19178 X + 0.72677 Y - 0.65957 Z - 3.09891 = 0 for I,

- 0.16240 X + 0.89402 ¥ - 0.41757 Z + 3.50285 = ¢ for II.
The computer drawing of the stereostructures of 1 and II shows that the
rings A, B, € and D are superimposable, while the rings E and F not. These
observations suggest that strain due to interaction between C-21 methyl and
N~formyl group for I and C-21 methyl and C-23 methylene group for II may be
relieved by adopting a.half—chair form for the ring E in I and a twist form
in II.
According to the hypothesis that steroidal alkaloids bearing a basic nitro-
gen atom in the ring F, with bonding capablities o to the steroid plane are
teratogens, the isomer I may be a principle of the teratogenicity recogni-

zed with a mixture of isomeric N-formylsclasodines.

c“%?%r ; > 1(1) CHyCOO I {2

vigure 2. Molecular Structures of I and II
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a
Figure 4. The level { A ) of each atom of ring E

from the best plane.

Table I, Crystal Data of I ( 1 ) and II ( 2

Compound I(1) II (2)
Molecular Formula C30H45N04 C30H45NO4
Crystal System monoclinic ortherhombic
Cell Constants
a (A} 17.9430(2) 35,1700(7)
b 6.6560(1} 10.2680(9)
c 11.4750(1) 7.4900(3)
v (a%) 1357.4(3) 2704.0(26)
Space Group P21 P212121
Z Value 2 4
Dx g/em t 1.1835 1.1878
X-ray A ( CuKa ) 1.5418 1.5418

F{0O0DOD) 528 1056
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EXPERIMENTAL

Melting points were measured on Yanagimoto micromelting point apparatus and
uncorrected. The nmr spectra were determined with Varian Gemini-200 and
Variaﬁ XL-300 spectrometers with tetramethylsilane as the internal standard
and the chemical shift are expressed in § values. Mass spectra were taken
on a JEOL JMS-DX 300 mass spectrometer.

The preparation of O-acetylsclascdine N-formates I {( 1 ) and II ( 2 )

O—Acetylsolasodine'( 1.0 g, 2 m mel )lo was dossolved in CHCl3 { 30 ml )
and newly prepared acetic-formic anhydride { 6 ml, 40 m mol, not titrated }
was added to the solution dropwise under cooling in an ice-bath. After
stirring for 30 min at room temperature, water ( ca. 20 ml ) and then scdi-
um carbonate { powder, until no bubbling co, ) were added to the reactich
solution under cooling in ice-bath. The CHCl3 solution was washed with
water three times and dried over Nazso4 overnight. After removal of the
drying reagent and evaporation of the sclvent under vacuc, the residue was
subjected to flash chromatography on Kieselgel H ( 50 g, ¢ 33 x 180 mm )
with hexane-AcOEt ( 8 : 1 ) to provide I { 1 ) 155 mg, IX | g } 127 mg and
their mixture 675 mg. The first product I, mp 203 - 205°. Ms: m/z 495(M+),
c

o] Nmr ( CDC13)ppm: § 8.42 ( 1H,s,N-CHO }, 5.34( 1H,d,J=6 Hz ,H-6 ),

30845N% -
4.56 ( lH,m,H-3 ), 4.18 ( 1H,dd, J =12 Hz,J,=2 Hz, H-26eq. ), 4.15 { 1H,ad,
3,=15 Hz,J,=7 Hz, H-16 ), 2.27 ( 1H,dd, J,=0,=12 Hz, H-26ax. }, 1.99 ( 3,

s, COCH 1.13 { 3H,4,J=7 Hz, H-27 }, 1.00 {( 3H,s, H-19 }, 0.89 ( 3H, 4,

30
J=7 Hz, H-21 ), 0.80 ( 3H,s, H-18 ). Nmr{ pyr—d5 Yppm: & 4.40 ( 1H,dd,J1=

13 Hz,J2=3 Hz, H-26eqg. ), 4.16 ( 1H,dd, Jl=8.5 Hz, J2=15 Hz, H=-16 ), 2.39
{ 1H,44, J1=J2=13 Hz, H-26ax. ). The second product II, mp 194 - 196°, Ms:
m/z 495 ( MYy, CqolyNO, . Nmr( CDC1,)ppm: 6 8.62 ( 1H,s, N-CHO ), 5.35{ lH,

4, J=6 Hz, H-6 }, 4.58 ( 1H, m, H-3 ), 4.27 ( 1H, 44, J1=6 Hz, J2=15 Hz, H-

16 }, 3.85 ( 1H, dd, J.=14 Hz, J2=3 Hz, E-26eq. }, 3.11 ( 1H, d4, J1=l4 Hz,

1

J,=7 Hz, H-26ax. }.

2
Collection of the Crystal Data and Intensity Data

The crystals of I and II were grown in an AcQEt solution as colorless
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plates. The lattice constants and intensity data were measured on a Rigaku
AFC-5-diffractometer with graphite monochromated Cu Ka radiation ( A =
1.5418 5 ). The crystal data are summarized in Table I. A total of 2504
independent reflections for I and 2455 for II were measured in an w - 28
scan mode to 20 max = 130° at 18°C. The intensities were corrected for the
Lorenz and polarization effects.

Crystal Structure Analysis

The structures were solved by a direct method with the aid of the program
SHELXS5~86 and then refined by the least-squares method. The parameters
were refined including the coordinates and anisotropic thermal parameters
for all nenhydrogen atoms ( Table III for I, Table IV for II }. Ideal
positions of hydrogen atoms, calculated on the basis of stereochemical con-
siderations, were verified on a difference Fourier map and refined isotro-
pically. The UNICS programs were used for crystallographic computation.

Semiemperical Energy Calculations

The total energy variations of I and II as a function of torsien angle 6
were calculated by the CNDG/2 method. Table II shows torsional angles con-
cerning the stereochemistry at €-22 and the conformation of the rings E-~F.

Table II. Torsional Angles { ° ) and Standard Deviaticns
Concerning the Stereochemistry at C-22 and Ring E and F.

Angles Angles
Eond I I Bond I I
C14 - C15 - C16 - ¢17 20.613) 22.0{4) CH - €13 - €17 - c20 -147.8(3)  -148.9(1)
C14 - €15 - C16 - 03 136.143) 138.4(4) 03 -0C22 -C23 -2 66.9(3) - 60.8(4)
€15 - €16 - €17 - Ci3 7.9(2) 7.7(3} C20 - C22 - H28 - (26 -178.4(3) 174.0(4)
C15 - €16 - €17 - C20 134.2(3) 132.0(4) C20 - €22 - H28 - (29 - 17.1(03) - 3.4(5)
03 -¢C16 - €17 - Gt3 SMLT2) -113,3(3) 023 - €22 - H28 - €26 52.6(3) - 57.7{4)
03 -¢16 - C17 - Cc20 15.1(2) 11.0(3) 023 - C22 - H28 - C29 =145, 104) 124.9(6}
C15 - C6 - 903 - C22 -185.7(3)  -153.1(8) 03 - C22 - N2B - (25 - B4.4(3) 61.304)
C17 - C16 - 03 - Cc22 - 38.5(2) - 3.9(8) 03 - C22 - N28 - (29 96.9(4)  -116.1(5)
C13 - €17 - C20 - C21 - 99.4(3)  -104.9(4) €20 - €22 - 03 - C16 45.2(2) A4, 3(4)
C13 - C17 - C20 - €22 127.2(3) 129.3(4) €23 - €22 - 03 - C16 163.2(3) - 77.1(4)
C16 - €17 - €20 - ©21 144, 913) 10.2(4) M28 - 022 - 03 - [16 - 718.2{2} 185. 40
CI6 - €17 - €20 - ¢22 11.4(2) 14.4(4} €22 - €23 - €24 - (25 53.643) - 55.1(5)
Ci7 - €20 - €22 - C23 ~-148.3(3) 84.8(4} €23 - C24 - C25 « (26 - 52.8(0) 54.4(%}
CT7 - C20 - €27 - W28 8.0(3}  -149.3(4) €23 - €24 - C25 - €27 175104 - 13.1(5)
Ct7 - C20 - €22 - 03 - 33.9(2) - 34.9(3) C24 - G25 - C26 - N28 53.1(3) - 92.9(5)
€21 - €20 - €22 - ¢23 79.2(3) - 38.8(4) 027 - €25 - C26 - N28 178.0(4) 13.205)
€21 - €20 - C22 - N28 - 48.5(3) 87.1(4) €25 - C26 - N2§8 - 22 - 55.3(3}) 57.8(%)
C21-C20 -C22 - 03 -166.4(3) ~158.5(4) €25 - C26 - N28 - C29 M2 A 124605
C2¢ - C22 - €23 - C24 177.8(3) -175.6(5) €22 - K28 - (29 - 04 -172.6(6)  -179.5(8)
N28 - €22 - €23 - C24 - 51.0¢3) 55.044) €26 - N28 - 29 - 04 - 11.6{4) 3.2(8)
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Table 111, Positional { x10% ) and Thermal Parameters ( A% )
of I for Non-hydrogen Atoms with Their Standard Deviations
in Parentheses.

AlQw x v z Bedl.
4] 690212} 83811(8) 1500(3) 4.5 (1)
c2 Ti77(2) 8529(8) 4617(3) 4.5 (2]
3 6043(2) 6960(7) 3857(3) 4.4 ()
c3 9241(2) 5366(9) 3983(4) 55 (2)
c3" 10069(2) 56601(1) 4941(5) 7.0 (3}
cd 7749(2) T346(8) 2883(3) 4.8 (2)
] 65896(2) T263(06} 2397(3) MERED
C6 5934(2) 6091(7) 1612(3) 4.3 0
c7 5692(2) ATy 135113) 4.4 {1
831 5278(2) 7303(6) 1914(2) R
<9 566212) 7891(5) 3188(3) 3.3 0
¢10 5494(2) 8606(6) S211(3) 3.5 {1
£11 5199(2) 9259(7) J8B7(3) 4.2 (1)
c12 43561(2) 8641(T) 3800(3) 10 0
13 3995(2) 3424(5} 25241(2) 32
C14 4466(2) 6910(5) 1946(2) 32
c15 39761(2) 6316(6) 187(3) L7
C16 3205(2) 617705} H181(3) MR
c17 3216(2) 731805} 2351(2) 33
[3H] 394812} 10493(6) 1934(3) 3.9 (1
c19 G932(3) 10818(7) 281204) 5.3 (2)
c20 2475(2) 35281(6) 21701(3) 330
4] 2062(2) 3823107) 3249(3) 4.6 (2)
22 2036(2) 7635(5) 1032(3) 39N
€23 1542(2) 9185(06) 329(3) 4.1
czd 112502) 834607y - 828(3) 47 (2]
(25 682(2) 647508} - B36(3) 4.6 (2)
C26 1201(2) 4956(7) 69(3) 1.4 {0
c27 314(2) 550001} 17734 b7 12
N28 1599(2) 581504} 1167(2) 35N
c29 1697(2) A624(7} 212003) ot
o 8462(1) T065(h) 3951030 hoh (1)
02 3820102} ST 389314} 4.1 (N
3 2633(1) T147(G) 57012) 5.06(8)
04 139812} 3¢1014) 2224(3) 6.7 (2)
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L]
Table 1Y¥. Positional { x104 } and Thermal Parameters { AZ ]
of 1I for Non-hydrogen Atoms with Their Standard Deviations
in Parentheses.

Atow X ¥ z Bagq.
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c18 227 () 680(5) 6082(%) 6.2
€19 8555 (1) 1194(6) 635049) 6.313)
c20 6476 (1} 1781(5) §162(6) 4.9(2)
2 6326 (2} 212016} 3284(7) 6.4(2)
£22 6187 (1) 1902(5) 6720(7) 4.9(2)
€23 8922 (1) 3081¢5) G513(7) h.o412)
€24 668 (2} 3201(6) 8177(8}) 6.3(3)
£25 ba45 () 1993(7) 3563(9) 5.9(3)
C26 5105 (2} 843(7) BT14(7} 5.413)
c27 3112 (2) 180509} 7170(1) 9.9(5)
N28 5952 (1) 756(4) 7049(6) 5.3(2)
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