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Fig. 2. An ORTEP (Johnson, 1970) stereodrawing showing the 
crystal packing. View is down the b axis. 
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Abstract .  C29H40 O l I .H20,  Mr = 5 82.7,  orthorhombic, 
P212~2 ~, a = 9.663 (5), b = 11.723 (1), c = 

• 25.626 (3) A, Z = 4, V-- 2902.9 A 3, D x = 
1-33 Mg m -s, A.(Cu Kt~) = 1.5418 A, # = 0.9 mm -l, 
F(000) = 1248, T =  295 K, final R for 2273 observed 
reflections is 0.077. Cryptosin contains deoxyglucose, a 
steroid group and a lactone ring. The glucopyranose 
ring assumes a chair conformation. The steroid group 
shows the presence of an epoxy group unlike in other 
cardioactive compounds such as strophanthidin and 
digitoxigenin. The A/B and C/D ring junctions are cis 
as in other cardioactive steroids. The molecules pack in 
a network which contains three distinct hydrogen 
bonds. 

* IUPAC name: 3fl-(D-deoxyglucopyranosyloxy)- 1 lfl, 14fl- 
dihydroxy-7,8-epoxy- 12-oxo-5fl-card-20(22)-enolide. 

0108-2701/87/081562-03501.50 

Introduction. Cryptosin - a new glycoside - was 
isolated from the leaves and in vitro cultured cells of the 
milkweed, Cryptolepis buchanani Roem. & Schult. at 
the Department of Biochemistry in our Institute. The 
compound demonstrates cardioactive properties 
(Venkateswara, Sankara Rao & Vaidyanathan, 1985). 

The X-ray analysis was undertaken in view of its 
medicinal importance and also because there was some 
uncertainty regarding its actual chemical structure, 
particularly in the number of oxygens present (Fig. 1). 

Experimental. Needle-shaped crystals were grown by 
evaporation of acetone solutions. Unit-cell parameters 
and space group were obtained from rotation and 
Weissenberg photographs. The cell parameters were 
refined by least-squares calculations from 21 high-angle 
reflections collected on a CAD-4 diffractometer. Cu Ka 
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intensity data were collected up to a 0 limit of 70 ° using 
a crystal 0.19 × 0.013 × 0.025mm in the oJ-20 
scan mode. 2273 independent reflections out of 3162 
were considered observed [IFol>3o(IFol)]. Two 
strong reflections monitored periodically during data 
collection showed crystal stable to X-rays, with 
variations less than 6%. The minimum and maximum h, 
k, l values are 0,11; 0,14 and 0,31 respectively. Lorentz 
and polarization corrections were applied. Absorption 
correction was not applied (~ -- 0.9 mm-~). The struc- 
ture was solved by direct methods (Main, Fiske, Hull, 
Lessinger, Germain, Declercq & Woolfson, 1980). 
Structure factors were normalized using least-squares 
straight line through Debye curve. Steroid group was 
located in the E map with highest CFOM of 2-83. The 
remaining non-H atoms were located from successive 
difference Fourier maps. The H atoms, except for those 
of the hydroxyl groups (O'3H, O'4H, O'6H and 
O l lH),  were either located from difference Fourier 
maps or fixed wherever possible from geometrical 
considerations. Block-diagonal least-squares refinement 
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Fig. l. (a) Chemical structure of cryptosin as known before X-ray 
analysis. Dotted lines indicate four possible positions for two 
hydroxyls. Molecular formula: C29H44010 . (b) Chemical struc- 
ture of cryptosin after X-ray analysis and atomic numbering. 
Molecular formula: C29H40011  . The compound has 11 oxygens 
instead of the ten previously proposed. The presence of an epoxy 
group in the steroid nucleus was totally unexpected before the 
analysis. 

(Shiono, 1965) using the Cruickshank (1961)weighting 
scheme gave a final R of 0.077 and wR of 0.112. The 
function minimized was ~w( tFo lK- IFc l )  2, where 
w = ( a  + blFol + ClFo 12) with a=2Fmin=6 .81 ,  b =  
1.0 and e=21Fmax=0.01.  S = 4 . 2 6 .  Scattering fac- 
tors for non-H atoms were taken from Cromer & 
Waber (1965), for H atoms from Stewart, Davidson & 
Simpson (1965). Maximum shift/e.s.d, for non-H atoms 
was 0.26, and 0.54 including H atoms. The minimum 
and maximum residual electron densities in the final 
difference Fourier map were -0 .35  and 0 . 3 6 e A  -3. 
The high value of R may be due to the rather poor 
quality of the crystal (which was, however, the best 
available). 

D i s c u s s i o n .  Atomic coordinates are in Table 1;* bond 
lengths are listed in Table 2. A schematic diagram of 
the molecule with atomic numbering is shown in Fig. 
1 (b). A stereoview of the cryptosin molecule is shown in 
Fig. 2. 

Pyranose ring. Cryptosin contains hexose sugar 
(deoxyglucose) commonly found in cardioactive 
glycosides (Elderfield, 1945; Reichstein & Weiss, 1962; 
Overend & Stacey, 1953). The glycosidically bound 
sugar is believed to play a vital role in promoting 
cardiotonic activity (Schmid, Uehlinger, Tamn & 
Reichstein, 1959). The two endocyclic C - O  bonds 
C ' 1 - O ' 5  and C ' 5 - O ' 5  are nearly equal [1.551(14), 
1.543 (11) AI. The anomeric C' 1-O3 bond 
[1.418(11)A] is much shorter than the C'1--O'5 
bond. The conformation about the exocyclic C ' 5 - C ' 6  
bond is gauche-trans with torsion angles O ' 6 - C ' 6 -  
C ' 5 - O ' 5  = 86.5 (10) ° and O ' 6 - C ' 6 - C ' 5 - C ' 4  = 
--151.4 (9) ° . 

The glucopyranose ring assumes a chair conforma- 
tion with C'4 and C'I  displaced from the C ' 2 -  
C ' 3 - C ' 5 - O ' 5  plane by 0.676 (9) and -0 .652  (9)A 
respectively. Cremer & Pople (1975) puckering 
parameters are Q = 0.562 (3) A, 0 = 6 . 1  (4) ° and 
~0= 169 (3) °. The distortion from the perfect chair 
form is towards B3, o geometry (Stoddart, 1971). 

Steroid group. The steroid group consists of four 
rings, labelled A, B, C and D (Fig. 1 b). Interestingly the 
atoms C7, C8 and 07  form an epoxy group (Fig. lb), 
unlike in other cardioactive compounds such as 
strophanthidin (Gilardi & Flippen, 1973) and digitoxi- 
genin (Karle & Karle, 1969). Interior angles of the 
epoxy group have a mean value of 60.0 °. 

The presence of a hydroxyl group at C 11 and C 14 
and a carbonyl oxygen at C 12 are features which seem 

* Lists of structure factors, anisotropic thermal parameters, 
H-atom parameters, bond and torsion angles, mean-plane cal- 
culations and hydrogen-bond distances have been deposited with 
the British Library Document Supply Centre as Supplementary 
Publication No. SUP 43789 (28 pp.). Copies may be obtained 
through The Executive Secretary, International Union of Crystal- 
lography, 5 Abbey Square, Chester CH 1 2HU, England. 
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to be characteristic of cryptosin as they are not present 
in related compounds such as strophanthidin and 
digitoxigenin. The A/B and C/D ring junctions are cis 
as in other cardioactive compounds. 

Table 1. Fractional coordinates (x 10 4) and equivalent 
isotropic temperature factors (× 10) with e.s.d.'s in 

parentheses 

Beq = ~ ~~i ~ j f l i j a r  ay . 

x y z Beq(A 2) 
C I 7250 (9) 1765 (7) 180 (3) 30 (2) 
C2 8209 (10) 891 (7) -51 (3) 33 (2) 
C3 7914 (9) -317 (7) I 01 (3) 29 (2) 
C4 7650 (9) -414 (7) 686 (3) 30 (2) 
C5 6600 (8) 452 (8) 892 (3) 29 (2) 
C6 6335 (9) 236 (9) 1469 (3) 38 (2) 
C7 7482 (9) 647 (7) 1813 (3) 30 (2) 
C8 8507 (7) 1488 (6) 16 l0 (3) 20 (2) 
C9 8398 (8) 1970 (6) 1063 (3) 24 (2) 
C l0 7024 (8) 17 l0 (7) 770 (3) 26 (2) 
Ci I 8746 (9) 3238 (6) 1127 (3) 29 (2) 
C 12 10230 (8) 3318 (6) 1320 (3) 23 (2) 
C13 10713 (7) 2663 (6) 1799 (3) 20 (1) 
C 14 9938 (8) 1480 (6) 1860 (3) 23 (2) 
Cl5 10913 (8) 647 (6) 1635 (3) 27 (2) 
C16 12340 (9) 1041 (7) 1831 (4) 36 (2) 
C 17 12288 (7) 2311 (7) 1723 (3) 27 (2) 
Cl8 10416 (8) 3460 (7) 2263 (3) 28 (2) 
C 19 5834 (I0) 2517 (9) 913 (3) 41 (2) 
C20 13344 (9) 3025 (7) 1983 (3) 27 (2) 
C21 14282 (9) 2713 (7) 2333 (3) 32 (2) 
C22 15261 (10) 3654 (7) 2432 (3) 32 (2) 
C23 13663 (9) 4217 (7) 1829 (4) 37 (2) 
03 6689 (6) -666 (5) -189 (2) 29 (l) 
07 7412 (6) 1868 (5) 1964 (2) 30 (1) 
O11 8685 (8) 3894 (6) 658 (2) 45 (2) 
O12 11045 (7) 3933 (5) 1087 (3) 43 (2) 
O14 9841 (6) 1180 (4) 2398 (2) 28 (1) 
022 16266 (7) 3733 (6) 2718 (2) 44 (2) 
0 '22 14849 (6) 4555 (5) 2140 (2) 37 (2) 
C' i 6582 (1 l) --1867 (8) --241 (3) 41 (2) 
C'2 7747 (7) -2377 (6) -457 (2) 19 (1) 
C'3 8029 (9) -1998 (8) -975 (3) 35 (2) 
C'4 6853 (9) -2360 (7) -1335 (3) 30 (2) 
C'5 5516 (9) -1857 (7) -1140 (3) 32 (2) 
C'6 4427 (6) -2316 (7) -1452 (2) 20 (1) 
0 '3  9431 (13) -2516 (17) -1116 (5) 143 (6) 
0 '4  7108 (6) -1977 (6) -1848 (2) 34 (1) 
O'5 5258 (11) -2137 (10) -560 (3) 81 (3) 
0 '6  3275 (13) --1635 (15) -1510 (5) 118 (5) 
OW 7024 (21) -4910 (17) -204 (8) 182 (9) 

Table 2. Bond lengths (A) 

C I - C 2  1.503 (12) C13-C17 
C I - C I 0  1.528 (10) C14-O14 
C2-C3 1-496 (12) C 14-C 15 
C3-O3 1.456 (10) C15-C16 
C3-C4 1.526 (11) C16-C17 
C4-C5 1.529 (12) C 17-C20 
C5-C6 1-520 (11) C20-C21 
C5-C 10 1-563 (12) C20-C23 
C6-C7 1.496 (12) C21-C22 
C7-O7 1-484 (10) C22-O22 
C7-C8 1.491 (11) C22-O'22 
C8-C9 1.515 (10) C23-O'22 
C8-C 14 1.524 (10) O3-C'1 
C8-O7 i.463 (9) C' I -C '2  
C9-C I 1 1.532 (10) C' 1-O'5 
C9-C 10 1.556 (11) C '2-C '3  
C 10-C 19 1-533 (12) C '3-C '4  
CI 1-Oi 1 1.429 (10) C '3-O'3  
C I I - C  12 1.519 (12) C '4-O '4  
C 12-O12 1-223 (10) C '4-C '5  
C 12-C 13 1.522 (10) C '5-C '6  
C 13-C 18 1.540 (10) C '5-O'5  
C13-C14 1-584 (10) C '6-O'6  

1.589 (10) 
1.426 (8) 
1.475 (1 I) 
1-538 (12) 
1.516 (12) 
1.478 (1 l) 
1.328 (1 l) 
1.484 (12) 
1-476 (12) 
1.220 (1 l) 
1.354 (10) 
l.nSl (l I) 
1.418 (ll) 
1.389 (12) 
1.551 (14) 
1.427 (10) 
• 523 (12) 
• 528 (17) 
• 412 (9) 
• 505 (12) 
• 426 (10) 
• 543 (I 1) 
• 378 (16) 

/C 4 
Fig. 2. S te reov iew a long  a o f  c ryp tos in  [d rawn b y  the  p r o g r a m  

PLUTO (MotherweU & Clegg,  1978)]. 

Lactone ring. Of the two endocyclic C - O  bonds, 
C22-O'22  [1-354 (10)A] is much shorter than C23-- 
0 '22  [1.451(11)  A]. The torsion angle C 1 3 - C 1 7 -  
C20-C21  is 120.9 (9) ° which may be compared with 
those found in strophanthidin ( -110 .9  and 84.9 ° for 
the two independent molecules in the unit cell) and 
digitoxigenin (76.20). 

Hydrogen bonding and molecular packing. There is a 
single water molecule per asymmetric unit, weakly 
hydrogen bonded to Ol l  [OW...Oll, 3.07(1)A]. 
Cryptosin packs in a network which contains three 
distinct hydrogen bonds (see deposited Table of 
H-atom distances). 

We acknowledge financial support from DST and 
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