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Fig. 2. Projection de la structure sur le plan (00 l). 

Tableau 6. Principaux contacts intermoldculaires 

homologue entrainent une dim6risation de la molecule. 
La coh6sion cristalline est a s su r& en outre par  des 
forces de van der Waals  (Tableau 6). 

Bien que cette mol6cule possede un encha~nement 
de type a ry loxypropanolamine  ( A O P A ) ,  sa com- 
paraison ~ des mol6cules a propr i&& //-blo- 
quantes  (L+ger, Gadre t  & Carpy ,  1980) montre  une 
conformat ion tout fi fait diff6rente. En particulier 
l 'angle diedre C ( 8 ) - C ( 9 ) - C ( 1 3 ) - N ( 1 2 )  vaut  ici 
244 (1) ° alors que dans les compos& +voqu6s il est 
toujours voisin de 180 °. Les premiers r&ul ta ts  de 
l '&ude pharmacologique confirment que la mol&ule  ne 
poss~de pas de propr i&& ~sympa tho ly t iques ,  mais 
qu'elle est par  contre dou& d'une activit6 anorexig~ne 
de type amph&amine .  

Code de sym&rie: (i) x,y,z; (ii) 2 - x, -1 - y, -zz (iii) 1 + x,y, z: 
(iv) l - x , - y , l - z .  

N(12i)...N(14 ii) 2,97(1),4, N(12i)...H(141 ii) 1,95(4),/~ 

N(12i)...H(141ii)-N(14 ii) 168 (4) ° 
C(13i)...O(10 iii) 3,31(1)A H(131i). . . O(10 iii) 2,41(5)~ 

C(13i)-H(131t) .. .O(10 t") 147 (4) ° 
C(8+) .. .C(6 "i) 3,59 (2)/~ H(8 li) .. .C(6 iii) 2,74 (4)/~ 
O(7~) ...C(16 iv) 3,56(1) O(7+) ...H(160 ~') 2,57 (4) 
O(10~) ...C(16 ~v) 3,28(1) O(10~) ...H(160 ~') 2,89 (4) 
C(16i).-.O(15 ~) 3,36 (2) H(160~) ...O(15 ~) 2,54 (4) 
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Abstract. C27H41NO3, M r = 427.63,  or thorhombic ,  
P21212 ], a = 14 .978(3) ,  b = 21 .486 (5 ) ,  c = 
7 .478 (1) A, V = 2406.6 (6) A 3, Z = 4, d c = 1.180 Mg 
m -3, 2 (Cu  Ka) = 1.54178 A, ~t = 0 .505 mm -~. 
Full-matrix least-squares refinement (nonhydrogen 
atoms anisotropic, H atoms isotropic) based on 1988 
reflexions led to a final R of 0.064.  The steroidal 
alkaloid exists in a fully extended conformat ion with all 
ring junctures  trans-fused. The C(17)  //-side chain 

* To whom correspondence should be addressed. 

0567-7408/82/030966-04501.00 

contains a 4-methyl- l -pyrrol ine moiety ra ther  than the 
six-membered heterocyclic ketone proposed originally. 

Introduction. Solamaladine is one of  the minor 
alkaloids present in the green berries of Solanum 
hypomalacophyllum Bitter. It was  obtained by column 
chromatography  on silica gel of  a crude extract,  the 
least polar fractions being eluted with chloroform to 
yield solamaladine,  m.p. 451 -453  K. Based on spectro- 
scopic and chemical evidence, a 4-keto-tomatillidine 
structure (I) was suggested for solamaladine (Usubil- 
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Table 1. Posithgnalparameters (× 104, for H x 103) 

For nonhydrogen atoms Ueq = (U, I U U ),/3 (standard deviations 
22 2 33 

0.2-0.4/~2 x 10 ). 

U~./U 
x y z (A 2 x 102) 

c(1) 4522 (3) 862 (3) 2559 (5) 6.0 
C(2) 3507 (3) 902 (3) 2297 (7) 7-1 
C(3) 2987 (3) 507 (2) 3608 (7) 7.1 
0(3) 2063 (2) 641 (2) 3448 (5) 8.6 
C(4) 3332 (3) 626 (2) 5478 (6) 6.2 
0(4) 2822 (2) 795 (2) 6653 (5) 8.4 
c(5) 4315 (2) 544 (2) 5746 (5) 5.2 
C(6) 4591 (3) 594 (3) 7698 (6) 6.5 
C(7) 5594 (3) 493 (2) 7880 (5) 6.2 
c(8) 6123 (2) 949 (2) 6701 (4) 4.4 
c(9) 5832 (2) 875 (2) 4733 (4) 4.3 
C(10) 4810 (2) 1008 (2) 4487 (4) 4.7 
C(ll)  6427(2) 1250(2) 3451 (4) 4.9 
C(12) 7430(2) 1144(2) 3751 (4) 4.8 
C(13) 7692 (2) 1275 (2) 5679 (4) 4.4 
C(14) 7123 (2) 845 (2) 6871 (4) 4-6 
C(15) 7541 (3) 898 (2) 8729 (4) 5.5 
C(16) 8542 (3) 1007 (2) 8355 (5) 6.0 
C(17) 8636 (2) 1069 (2) 6289 (4) 5-0 
C(18) 7554 (3) 1963 (2) 6096 (5) 5.7 
C(19) 4583 (3) 1675 (2) 4955 (7) 6.3 
C(20) 9439 (2) 1478 (2) 5780 (6) 6.0 
C(21) 10245 (3) 1224 (2) 6799 (6) 6-1 
C(22) 10649 (3) 1619 (2) 8223 (6) 6.0 
C(23) 11362 (3) 1375 (2) 9476 (6) 6.6 
C(24) 11732 (3) 1978 (2) 10196 (6) 6.6 
C(25) 10939 (4) 2426 (2) 9972 (7) 7.0 
N(26) 10399 (3) 2177 (2) 8477 (5) 6.7 
0(27) 10573 (2) 725 (1) 6464 (6) 8.2 
C(28) 12550 (5) 2194 (4) 9167 (9) 9-0 
C(29) 9656 (4) 1466 (4) 3773 (7) 8.4 
H(la) 482(3) 117(3) 179(6) 9.1 (8) 
H(lb) 412 (2) 44 (2) 230 (5) 4.5 (7) 
H(2a) 335 (2) 75 (3) 110 (7) 8.8 (8) 
H(2b) 331 (3) 133 (2) 249 (5) 5.9 (8) 
H(3) 307 (3) 5 (2) 334 (7) 6.6 (8) 
H(5) 449 (3) 11 (2) 541 (6) 6.7 (9) 
H(6a) 428 (3) 27 (2) 840 (6) 7.7 (8) 
H(6b) 445 (3) 102 (2) 814 (5) 6.6 (8) 
H(7a) 575 (3) 7 (2) 747 (6) 5.2 (8) 
H(7b) 578 (3) 57 (2) 913 (6) 6.4 (8) 
H(8) 600 (2) 137 (2) 708 (5) 6.8 (8) 
H(9) 592 (3) 43 (2) 440 (5) 6.1 (9) 
H(I la) 654 (2) 170 (2) 356 (5) 3.7 (6) 
H(llb) 651 (3) 110 (2) 222 (5) 7.5 (7) 
H(12a) 777 (3) 143 (2) 299 (5) 5.9 (8) 
H(12b) 758 (3) 70 (2) 351 (6) 4.7 (9) 
H(14) 714 (2) 40 (2) 649 (4) 2.9 (7) 
H(15a) 745 (4) 50 (3) 938 (9) 8-4 (7) 
H(15b) 728 (3) 126 (2) 937 (7) 8.0 (9) 
H(16a) 889 (3) 64 (3) 877 (8) 8.8 (8) 
H(16b) 873 (3) 140 (2) 893 (7) 8.3 (9) 
H(17)* 880 (2) 68 (2) 563 (4) 4.5 (8) 
H(18a) 772 (3) 208 (2) 746 (8) 7.4 (2) 
H(18b) 696(3) 210(2) 586(7) 6.1 (10) 
H(18c) 799 (3) 223 (2) 526 (6) 6.1 (10) 
H(19a) 470 (9) 189 (6) 387 (25) 21.9 (49) 
H(19b) 474 (6) 183 (4) 597 (14) 13.4 (27) 
H(19c) 395 (5) 170 (3) 510 (10) 11.2 (20) 
H(20) 929 (2) 192 (2) 609 (6) 5.4 (9) 
H(23a)* 1181 (4) 114(2) 879(8) 8.1 (9) 
H(23b) 1108 (4) 112 (2) 1042 (6) 5.6 (10) 

Table 1 (cont.) 
U 

x 3' z (A 2 × 10 ~) 
H(24)* 1195 (4) 195 (3) 1146 (7) 9.8 (9) 
H(25a)* 1046 (3) 288 (3) 1005 (6) 8.0 (9) 
H(25b)* 1128 (5) 226 (3) 1090 (6) 9.2 (9) 
H(28a) 1286 (5) 250 (4) 946 (10) 11.2 (21) 
H(28b) 1301 (4) 194 (3) 934 (I0) 9.2 (19) 
H(28c) 1238 (5) 219 (3) 809 (11) 9.7 (19) 
H(29a) 970 (4) 99 (3) 345 (9) 9.5 (17) 
H(29b) 1013 (4) 170 (3) 364 (9) 9.0 (14) 
H(29c) 927 (4) 171 (2) 313 (9) 8.5 (15) 

* Hydrogen positions initially calculated. 

laga, 1973); however,  a revised structure was proposed 
for tomatil l idine (II) by Kusano,  Takemoto ,  Sato & 
Johnson  (1976). They demonstra ted by synthesis that  
the side chain of  tomatil l idine contained a 4-methyl- 
1-pyrroline moiety rather  than 5-methyl-3,4,5,6-tetra- 
hydro-4-pyridinone.  The revision suggests the structure 
of  solamaladine should be modified to (III); however,  
an X-ray structure of  solaphyllidine obtained from the 
same plant  showed the side chain to contain the 
six-membered heterocyclic ring proposed originally for 
structure (I) (Usubillaga, Seelkopf, Karle,  Daly  & 
Witkop,  1970). The 4-keto function in solamaladine 
made it difficult to synthesize from available starting 
materials,  and an X-ray  analysis was initiated to 
confirm the structure of  solamaladine and the related 
tomatill idine alkaloids. 

Ho (I) (II) ( 

A crystal  of  dimensions 0.15 x 0 .10  x 0 .60  mm 
was selected for X-ray  analysis. All data  were collected 
on a Syntex P21 diffractometer  by the 0 : 2 0  scanning 
technique using a variable scan speed and a graphite 
monochromato r .  Room-tempera ture  lattice parameters  
were refined by a least-squares procedure using 15 
reflexions whose angles were measured by a centering 
routine associated with the diffractometer.  Systematic  
absences were consistent with space group P212~2 ~. A 
periodically moni tored reflexion showed no significant 
change in intensity. Of  the 2416 independent  reflexions 
measured (20 < 140°),  1988 had intensities greater 
than 2a( I ) .  Lorentz and polarizat ion correct ions were 
applied but no absorption corrections were made. 

The direct-methods program MULTAN78 (Main, 
Lessinger, Woolfson,  Germain  & Declercq, 1978) was 
used to calculate phases for the 308 [El values greater 
than 1.40. The phase set with the highest combined 
figure of  merit was selected, and the E map  calculated 



968 S O L A M A L A D I N E  

with these  phases  revealed  the posi t ions  o f  30 non-  
h y d r o g e n  a toms.  A l t e rna te  leas t -squares  and  dif ference 
Four ie r  ca lcula t ions  yie lded the coord ina t e s  o f  the 
miss ing heavy  a tom and mos t  o f  the H a toms .  
Add i t iona l  H - a t o m  posi t ions  were  calcula ted.  Three  
reflexions showing  significant  s econda ry  ext inc t ion  
were  omi t t ed  f rom the ref inement .  Ful l -mat r ix  least- 
squares  re f inements  c o n v e r g e d  to an R o f  0 . 0 6 4  where  
R = ~]1 F o I - IF c l ~ l F  o I The  funct ion  min imized  in 
the re f inement  was  2_w(IFoi - IFcl) z where  w = 1/o( I )  
was de t e rmined  f rom coun t ing  statistics. 

A final difference m a p  showed  no peak  larger  than  
0 .35  e / k  -3 and  the average  sh i f t /e r ror  dur ing  the  final 

Table  2. Interatomic distances (A)  

C(1)-C(2) 
C(2)-C(3) 
C(3)-C(4) 
C(3)-O(3) 
C(4)-C(5) 
C(4)-O(4) 
C(5)-C(6) 
C(5)-C(10) 
C(6)-C(7) 
C(7)-C(8) 
C(8)-C(9) 
C(8)-C(14) 
C(9)-C(10) 
C(9)-C(11) 
C(10)-C(l)  
C(10)-C(19) 
C(I 1)-C(12) 
C(13)-C(18) 

1.535 (6) 
1.512 (7) 
1.512 (7) 
1.419 (5) 
1.498 (5) 
1.220 (5) 
1.521 (6) 
1.558 (5) 
1.523 (6) 
1.538 (5) 
1.543 (4) 
l 520 (5) 
1 568 (5) 
1 538 (5) 
1 537 (5) 
1 515 (5) 
1 536 (5) 
1 524 (5) 

C(12)-C(13) 
C(13)-C(14) 
C(13)-C(17) 
C(14)-C(15) 
C(15)-C(16) 
C(16)-C(17) 
C( 17)-C (20) 
C(20)-C(2 i) 
C(20)-C(29) 
C(2 I)-C(22) 
C(21)-O(27) 
C(22)-C(23) 
C(23)-C(24) 
C(24)-C(25) 
C(25)-N(26) 
C(22)-N(26) 
C(24)-C(28) 

1.521 
!.541 
1.550 
1.528 
1.543 
1.557 
!.539 
1.528 
1.535 
1.490 
1.206 
.514 
.508 
.539 
.480 
.271 
.519 

cycle o f  re f inement  was  0 .17 .  A t o m i c  sca t ter ing  fac tors  
and  the real and imag ina ry  con t r ibu t ions  to the 
a n o m a l o u s  d ispers ion  were  ca lcula ted  by the  X R A Y  
sys tem (Stewart ,  Mach in ,  D ick inson ,  A m m o n ,  Heck  & 
Flack,  1976). A t o m i c  posi t ional  p a r a m e t e r s  are given 
in Table  1 while in te ra tomic  dis tances ,  va lence  angles  
and tors ion  angles are given in Tables  2, 3 and 4.* 

* Lists of structure factors and thermal parameters have been 
deposited with the British Library Lending Division as Supplemen- 
tary Publication No. SUP 36358 (19 pp.). Copies may be obtained 
through The Executive Secretary, International Union of Crystal- 
lography, 5 Abbey Square, Chester CH 1 2HU. England. 

Table  4. Torsion angles (o) 

1-2-3-4 48.3 (6) 5-6-7-8  55.8 (5) 
2-3-4-5  -54.0 (5) 6-7- 8--.9 57.4 (4) 

(4) 3-4-5-10 60. i (4) 7-8-9-10 59.6 (4) 
(5) 4-5-10--i -58.6(4) 8-9 10-5 -57.6(3) 
(5) 5--i0-1- 2 57.3 (5) 9 i0 5 6 57.1 (4) 
(5) 10-1-2-3 -53.7(6) 10--5- 6-7 -57.3(5) 

(6) 8-9-11 12 49.7 (4) 13-14- 15-16 --32.0 (4) 
(5) 9-..11-.12-13 -55.1(4) 14-15-16-17 4.8(4) 
(5) 11-12-13-14 57.4(4) 15-16 17 13 23.7(4) 
(6) 12-13-14-8 -60.7(3) 16 17 13- 14 -42.0(3) 
(7) 13-14-8-9 56.5(3) 17-13-14- 15 46.1(3) 
(6) 14-8-9- ii -48.9 (4) 

(5) 0(3)-3-4-0(4) 2.5 (5) 22-23- 24--25 25.4 (4) 
(6) 29-20- 21-0(27) - 53.9 (5) 23- 24-25-N(26) 26.4 (4) 
(6) 17-20-.21--O(27) 68.7 (5) 24- 25-N(26)-22 15.8 (5) 
(7) 29-20-21-22 124.5(5) 25-N(26) 22- 23 1-7(5) 

17-20-21-22 - 113.0(5) N126) 22 23 24 --18.5(5) 
(6) O(27)-21-22-23 10.3 (5) 
(5) O(27)-21-22--N(26) 171.2 (5) 
(9) 20- 21-22-23 171.3 (5) 

20-21-22 N(26) -7.2 (5) 

Table  3. Valence angles (o) 

C(2)C(1)C(10) 112.7 (3) 
C(1)C(2)C(3) 113.3 (4) 
C(2)C(3)C(4) 109.2 (4) 
C(2)C(3)O(3) 109.5 (4) 
C(4)C(3)O(3) 112.1 (4) 
C(3)C(4)C(5) 116.1 (3) 
C(3)C(4)O(4) 120.2 (4) 
C(5)C(4)O(4) 123.7 (4) 
C(4)C(5)C(6) 112.8 (3) 
C(4)C(5)C(10) 108.2 (3) 
C(6)C(5)C(I0) 114.0 (3) 
C(5)C(6)C(7) 110.1 (3) 
C(5)C(10)C(I) 107.6 (3) 
C(6)C(7)C(8) 111-5 (8) 
C(7)C(8)C(9) 109.6 (3) 
C(7)C(8)C(14) 111.5 (3) 
C(9)C(8)C(14) 110.0 (2) 
C(8)C(9)C(10) 111.7 (2) 
C(10)C(9)C(11) 113.4 (2) 
C(9)C(10)C(5) 106.1 (3) 
C(I)C(10)C(9) 110.3 (3) 
C(1)C(10)C(19) 110.3 (3) 
C(5)C(10)C(19) 111.0 (3) 
C(9)C(10)C(19) 111.3 (7) 
C(8)C(9)C(11) 112.1 (3) 
C(9)C(11)C(12) 113.5 (3) 
C(11)C(12)C(13) I11.3 (3) 
C(8)C(14)C(15) 118.0 (3) 

C(12)C(13)C(14) 
C(8)C(14)C(13) 
C(13)C(14)C(15) 
C(14)C(15)C(16) 
C(15)C(16)C(17) 
C(6)C(17)C(13) 
C(7)C(13)C(14) 
C(2)C(13)C(17) 
C(2)C(13)C(18) 
C(4)C(13)C(18) 
C(7)C(13)C(18) 
C(3)C(17)C(20) 
C(6)C(17)C(20) 
C( 7)C(20)C(21) 
C( 17)C(20)C(29) 
C(2 I)C (20)C (29) 
C(20)C(21)C(22) 
C(20)C (21)O(27) 
C(22)C(21)O(27) 
C(21)C(22)C(23) 
C(21)C(22)N(26) 
C(22)C(23)C(24) 
C(23)C(24)C(25) 
C(24)C(25)N(26) 
C(25)N(26)C(22) 
C(23)C(22)N(26) 
C(23)C(24)C(28) 
C(25)C(24)C(28) 

107.1 
114.1 
104.7 
104.2 
106.3 
103.6 
99.4 

117.4 
109.8 
112.8 
109.8 
118.5 
111.4 
106.8 
113.4 
108.4 
!18.3 
122.4 
119.2 
122.2 
121.6 
100.6 
102.4 
106.1 
107.0 
116.2 
112.2 
112.2 

(3) 
(2) 
(3) 
(3) 
(3) 
(3) 
(2) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(4) 
t3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(3) 
(4) 
(3) 
(3) 
(3) 
(4) 
(4) 

2~ 2 R Q  

20 21 
12 18 2 ~  

027 

I 19 ~ 1 6  
2 I0 

Fig. 1. ORTEP drawing of solamaladine with anisotropic thermal 
parameters at the 35% probability level. 

Fig. 2. Side view of solamaladine showing the extended confor- 
mation and the shape of the steroid backbone. 
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Discussion. Fig. 1 is an OR TEP drawing (Johnson, 
1971) of solamaladine while Fig. 2 presents a side view 
of the molecule showing the extended conformation 
and indicates little bending of the steroid skeleton. All 
rings are trans-fused with the six-membered rings 
exhibiting chair conformations and the five-membered 
rings envelope conformations as indicated by the 
torsion angles. An 0 ( 3 ) . . . O ( 2 7 ) ( x -  1,y, z) distance of 
3.178 (5)/k may indicate a weak hydrogen bond; 
however, the hydroxyl H atom could not be located in a 
difference Fourier map. All interatomic distances and 
valence angles are consistent with the structures of 
other steroids. The present analysis confirms the 
side-chain structure in solamaladine as being identical 
to that in the revised structure of tomatillidine and its 
derivatives. 

We would like to thank the Consejo de Desarrollo 
Cientifico y Humanistico, Universidad de Los Andes 
(Grant FA-07), and The Robert A. Welch Foundation 

(P-074) for their financial support. This is FASTBIOS 
contribution No. 79. 
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Abstract. CI2HtjCIN202, M r = 252-70, monoclinic, 
P2~/a, a = 13.340(2), b = 18.769(4), c = 
4.7181 (5) ,~,, fl = 99.53 (2) °, U =  1165.0 (3) ,~3, Z = 
4, D c = 1.44 Mg m -3, F(000) = 528. The final R = 
0.072 for 1529 reflexions. The molecules are held 
together by van der Waals forces. The dihy- 
dropyridazine ring has a half-chair conformation with a 
maximum torsion angle of 37.4 (6) ° at the N - N  bond. 
The diazaquinone ring has an envelope conformation. 

Introduction. A study is being carried out in the 
Departamento de Quimica Org~mica of the Universidad 
Complutense in Madrid to obtain diazapolycyclic 
compounds with quinone structure, which could have 
biological activity, by introduction of substituents in the 
diazaquinonic ring (Lora-Tamayo, Pardo, Soto, Verde 
& Gonzalez, 1980), leading to the synthesis of 
antibacterial compounds (Gomez-Contreras, Lora- 
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Tamayo & Navarro, 1977; Gomez-Contreras & 
Lora-Tamayo, 1979). As part of the study, the structure 
of the title compound (I) has been determined. 
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A crystal of dimensions 0.3 × 0.2 × 0.35 mm was 
used to collect the data on a PW 1100 four-circle 
diffractometer, with graphite-monochromated Mo Kcx 
radiation (2 = 0.71069A). 3454 reflexions were 
measured in the ad20 scan mode. The intensities were 
not corrected for absorption. By the criterion I < 2o(1), 
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