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Abstract. M r = 9 3 7 . 5 ,  triclinic, P l ,  a =  13.562 (2), 
b =  14.492 (2), c - -  7.691 (2)A, ~t= 93.61 (1), f l =  
90.77(1),  7 = 7 1 . 3 1 ( 1 ) ° ,  V = 1 4 2 9 . 1 ( 6 )  A 3, Z = I ,  
D x = 1.089 Mg m -3, ~,(Cu K~t) = 1.54178/~, /~ = 
0.50 mm -1, F(000) = 520, T = 295 K, R = 0.044 for 
4883 reflections. The coexistence of the two isomeric 
acetate molecules in the present complex suggests the 
presence of the corresponding isomers in tylolupenol. 
The molecules have the migrated lupane skeleton. There 
are no unusual bond distances and angles, and no 
intermolecular contacts shorter than the sums of the 
van der Waals radii. 

Introduction. Xu, Wang & Zhao (1983) isolated five 
crystalline substances from the EtOH extract of roots 
of Tylophora kerrii Craib. Infrared, 13C-NMR and mass 
spectral evidence suggested one of them, tylolupenol, 
to be a t:1 mixture of two triterpene alcohols, iso- 
meric with respect to the position of the double bond, 
which could not be separated by silica-gel column 
chromatography. X-ray study of its acetate revealed a 
1 : 1 molecular complex of D:C-friedolup-8-en-3fl-ol 
acetate (molecule A) and D:C-friedolup-9(11)-en-3fl-ol 
acetate (molecule B). Thus, tylolupenol crystals prob- 
ably consist of the corresponding alcohols, tylolupenols 
A and B. 

R 
7 olecule A OcOMe 

R A H 

R OCOMe 
tylolupenol B OH 

Experimental. The title compounds were obtained by 
esterification of tylolupenol, a crystalline substance 
extracted from the roots of Tylophora kerrii Craib. 

Prismatic colorless crystals grown from methanol- 
chloroform solution. Crystal 0.3 x 0.3 x 0.3 mm, 
Rigaku AFC-5UD diffractometer, graphite-mono- 
chromatized CuK~t. Cell dimensions from 20 
angles for 25 reflections (33 ° < 20 < 45°). Intensities 

0108-2701/85/020252-04501.50 © 1985 International Union of Crystallography 
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measured up to 2 0 =  140 ° in h -16 /16 ,  k - 1 7 / 1 7  and l 
0/9. Three standard reflections monitored every 100 
measurements showed no significant variation. 5269 
unique reflections measured, 5005 intensities observed 
with IFol > a,(Fo) , where al(Fo) is the e.s.d, due to 
counting errors. No absorption corrections. Structure 
solved by M U L T A N 7 8  (Main, Hull, Lessinger, Ger- 
main, Declercq & Woolfson, 1978). H atoms located 
on difference density map. Positional parameters of all 
atoms and anisotropic thermal parameters of non-H 
atoms refined by block-diagonal least squares. Tem- 
perature factor of each H atom set equal to the 
isotropic temperature factor of the bonded atom. 
R---0.044, wR = 0.062, S = 1.07 for 4883 observed 
reflections (w4:0).* No significant peaks in final 
difference map, highest peak 0.2 e/k -3. ~w I AFI 2 
minimized, w = 1/tr2(Fo) for I Fcl >_ tr(Fo) and I AFI < 
3a(Fo), w --- 0 otherwise, a(Fo) = [alZ(Fo) + 0.00227 × 
IFol2] ~/2 (Grant, Killean & Lawrence, 1969). Ratio 
of final shift to e.s.d, less than 0.5. Atomic scattering 
factors calculated by Y[a~exp(-bi2-2sin20)] + c 
( i =  1~4) (International Tables f o r  X-ray Crystal- 
lography, 1974). Calculations performed by a 
FACOM M-150F computer at Shionogi Research 
Laboratories. 

Discussion. The atomic coordinates and equivalent 
isotropic temperature factors of the non-H atoms are 
listed in Table 1. Bond distances and angles, none of 
which were unusual, are given in Table 2. Perspective 
views with the atom-numbering systems are shown in 
Fig. 1. The absolute configurations were determined on 
the basis of the fl configuration of the methyl group 
attached to C(10)in lupane. 

The ring junctions A/B,  C/D and D / E  are respec- 
tively trans, trans and cis for molecules A and B. Rings 
A - E  respectively adopt the chair, envelope, envelope, 
chair and envelope conformations in molecule A and 
the chair, skew boat, half-chair, chair and envelope in 
molecule B, though they are more or less distorted. 

The crystal structure is presented in Fig. 2. There are 
no intermolecular contacts shorter than the sum of the 
van der Waals radii and no discrete units of molecules 
A and B bound by prominent intermolecular forces. 

Since molecules A and B were obtained by 
esterification of tylolupenol, their corresponding al- 
cohols probably coexist in tylolupenol. Tylolupenol was 
recently separated by automatic recycling HPLC by 
Kawanishi & Hashimoto (1984), who confirmed the 
structures of the alcohols with spectral evidence. 

* Lists of structure factors, anisotropic temperature factors of the 
non-H atoms, and coordinates of the H atoms have been deposited 
with the British Library Lending Division as Supplementary 
Publication No. SUP 39798 (42 pp.). Copies may be obtained 
through The Executive Secretary, International Union of Crystal- 
lography, 5 Abbey Square, Chester CH 1 2HU, England. 

Biogenetical consideration revealed that tylolupenols 
A and B are members of the migrated lupane 
triterpenoid series. Other types of the migrated lupane 
series, cymbopogone and cymbopogonol (Yokoyama, 
Tsuyuki, Nakamura, Takahashi, Hanson & Mat- 
sushita, 1980), and neolupenol, tarolupenol and their 
corresponding acetates (Ageta, Shiojima, Masuda & 
Lin, 1981), have also been isolated from natural 
sources. 

C(24) 

C(23)C~(22) 

~ ( 2 0 )  
c(~9)1- 

c(11 c(12) X~ ~ c(3o) 

Z 

c, N c,,, h x5 
C ( 3 2 ~  ~c(7) C(24) 

j "(19) L ~  .,,,,~Ct20) 
C(12) C(18).~ ~, C(30) 

0 ( 2 ~  0(1, C ,%C:  14~C,2( )~C(16) 

"~ I ~ '~' r c(~5) 
o(33, c ( ~  c ( ~  ~ (7) 

C(34) (2;(26) 0C(25) 

Fig. 1. Perspective views of the molecules A (upper) and B (lower). 
Hatched circles represent the position of the double bond. The H 
atoms attached to the asymmetric C atoms are also shown. 

Fig. 2. Stereoview of the molecular packing. The view is 
approximately down the c axis. The molecule at the lower left is a 
molecule A, and the next one at the right-hand side is a molecule 
B. 
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Table  

T Y L O L U P E N O L  A A C E T A T E  - T Y L O L U P E N O L  B A C E T A T E  (1/1) 

1. Atomic coordinates (x 104) and equivalent isotropic temperature factors (/~2 × 102) with e.s.d.'s in 
parentheses 

Be q 4 v  \ ' R  8 a = 3x.-,i,c-,jt-,o i. ~/. 

Molecule A 
X y Z Beq 

C(1) 6676 9347 1644 460 (7) 
C(2) 7445 (3) 8376 (3) 937 (5) 517 (8) 
C(3) 8522 (3) 8230 (3) 1647 (5) 463 (7) 
C(4) 8592 (3) 8263 (3) 3635 (5) 409 (6) 
C(5) 7755 (3) 9232 (3) 4311 (4) 369 (6) 
C(61 7765 (3) 9417 (3) 6286 (5) 472 (7) 
C(7) 7114 (4) 10431 (3) 6847 (5) 734 (111 
C(81 6184 (3) 10907 (3) 5807 (4) 387 (6) 
C(9) 5929 (3) 10428 (3) 4347 (4) 372 (6) 
C(10) 6619 (3) 9411 (3) 3655 (4) 368 (6) 
C(I 1) 4945 (3) 10850 (3) 3430 (5) 501 (8) 
C(12) 4141 (3) 11736 (3) 4272 (5) 460 (7) 
C(13) 4629 (3) 12424 (3) 5289 (4) 355 (6) 
C(14) 5374 (3) 11816 (3) 6666 (4) 367 (6) 
C(15) 5884 (3) 12502 (3) 7644 (6) 602 (9) 
C(16) 5082 (4) 13329 (3) 8682 (7) 829 (13) 
C(17) 4116 (3) 13894 (3) 7671 (6) 584 (9) 
C(18) 3743 (3) 13271 (3) 6232 (5) 390 (6) 
C(19) 3073 (3) 14033 (3) 4985 (5) 513 (8) 
C(20) 3391 (4) 14965 (3) 5347 (8) 866 (16) 
C(21) 4255 (4) 14727 (3) 6687 (8) 828 (14) 
C(22) 1888 (3) 14261 (3) 5123 (6) 652 (10) 
C(23) 1551 (4) 13360 (4) 4832 (10) 987 (19) 
C(24) 1313 (4) 15013 (5) 3866 (9) 1043 (181 
C(25) 9683 (3) 8307 (3) 4157 (6) 532 (8) 
C(26) 8482 (3) 7338 (3) 4353 (5) 490 (7) 
C(27) 6107 (3) 8685 (3) 4279 (5) 494 (8) 
C(28) 5238 (3) 12783 (3) 3971 (5) 518 (8) 
C(29) 4786 (3) 11426 (3) 7984 (5) 583 (9) 
C(301 3231 (4) 14319 (4) 9050 (6) 842 (14) 
0(31) 9197 (3) 7282 (2) 955 (4) 557 (6) 
C(32) 9743 (3) 7257 (3) -492 (5) 452 (7) 
0(33) 9780 (3) 7966 (3) -1152 (4) 665 (7) 
C(34) 10313(3) 6220(3) -1117(61 645(10) 

Molecule B 
x y z Beq 

8923 (3) 12259 (3) 3847 (5) 517 (8) 
8072 (3) 13175 (3) 4572 (5) 571 (9) 
8227(3) 14080(3) 3931 (5) 514 (8) 
8217(3) 14111 (3) 1952(5) 505(8) 
9046 (3) 13148 (3) 1236 (5) 434 (7) 
9162 (4) 13098 (3) -759 (5) 642 (111 
9843 (4) 12163 (3) -1546 (5) 735 (121 

10511 (3) 11446 (3) -347 (4) 425 (7) 
9950 (3) 11344 (3) 1216 (4) 379 (6) 
8979 (3) 12167 (3) 1850 (5) 414 (6) 

10268 (3) 10489 (3) 2080 (5) 483 (7) 
1126 (3) 9593 (3) 1421 (5) 423 (7) 
1897 (3) 9816 (3) 184 (4) 371 (6) 
1236 (3) 10485 (3) -1221 (4) 412 (7) 
2009 (4) 10690 (3) -2492 (5) 564 (10) 
2706 (4) 9751 (3) -3431 (5) 682 (12) 
3248 (4) 8911 (3) -2293 (5) 592(10) 
2598 (3) 8825 (3) -688 (4) 413 (7) 
3427 (3) 8192 (3) 551 (5) 445 (7) 

14491 (3) 8260(3) -54  (6) 671 (11) 
14268 (4) 8974 (4) -1445 (6) 704 (12) 
13447 (3) 7121 (3) 656 (5) 514 (8) 
12442 (4) 7055 (3) 1391 (6) 660 (11) 
14343 (4) 6555 (3) 1784 (6) 686 (111 
8551 (4) 14988 (3) 1446 (6) 682 (11) 
7101 (3) 14276 (3) 1253 (6) 663 (10) 
8030(3) 11895(3) 1134(61 612(10) 

12499 (3) 10366 (3) 1314 (5) 473 (7) 
10540 (4) 9978 (3) -2255 (5) 561 (9) 
13507 (4) 7970 (4) -3487 (6) 797 (141 
7404 (3) 14925 (3) 4667 (5) 681 (7) 
7613 (4) 15402 (3) 6082 (5) 600 (10) 
8463 (3) 15226 (3) 6695 (5) 807 (I01 
6660 (5) 16184 (4) 6782 (8) 947 (17) 

C(I)-C(21 
C(I)-C(10) 
C(2)-C(3) 
C(3)-C(41 
C(31-O(3 I) 
C(4)-C(51 
C(41-C(25) 
C(4)-C(26) 
C(5)-C(6) 
C(51-C(I01 

C(2)-C(I ) -C(10)  
C(11-C(2)-C(3) 
C(2)-C(3)-C(4) 
C(2)-C(3)-0(3 I) 
C(4)-C(3)-0(3 I) 
C(3)-C(4)-C(5) 
C(3)-C(4)-C(25) 
C(3)-C(4)-C(26) 
C(5}-C(4)-C(25) 
C(5)-C(4)-C(26) 
C(25)-C(4)-C(26) 
C(4}-C(5)-C(6) 
C(4)-C(51-C( 101 
C(61-C(5)-C(10) 
C(51-C(6)-C(7) 
C(6)-C(7)--C(8) 
C(7)-C(8)-C(9)  
C(7)-C(81-C( 141 
C(9)-C(8)-C(14) 
C(8)-C(9)-C(10) 
C(81-C(91-C(1 I) 
C( 101-C(91-C( I 1 ) 

Table 2. Bond lengths (A) and angles (o) with estimated standard deviations in parentheses 

MoleculeA Molecule B 
• 530 (4) 
.545 (4) 
• 507 (6) 
• 529 (6) 
• 457 (6) 
• 560 (6) 
• 548 (6) 
• 532 (6) 
.526 (6) 
• 560 (6) 

Molecule A Molecule B Molecule A Molecule B Molecule A Molecule B 
.532(6) C(6)-C(7) 1.491 (7) 1-471 (8) C(13)-C(181 1.563(61 1.561 (6) C(181-C(19) 1-559(61 1.560(61 
• 534 (6) C(7)-C(81 1.480 (7) 1.499 (7) C(13)-C(28) 1.531 (6) 1.539 (6) C(191-C(20) 1.553 (8) 1.557 (6) 
-506(6) C(8)-C(91 1.381 (6) 1.471 (6) C(14)-C(15) 1.538(61 1.551 (7) C(191-C(22) 1.537(61 1.551 (6) 
• 525 (6) C(8)--C(14) 1.537 (6) 1.543 (6) C(141-C(291 1.538 (6) 1.554 (7) C(20)-C(211 1.519 (9) 1.496 (7) 
• 456 (6) C(91-C(10) 1.537 (6) 1.527 (6) C( 15)-C(16/ 1.525 (7) 1.529 (8) C(22)-C(231 1.519 (9) 1.516 (7) 
• 559 (6) C(9)-C(11) 1.469 (6) 1.384 (6) C(161-C(171 1.535 (7) 1.527 (8) C(22)-C(24) 1.516 (9) 1.525 (7) 
• 552 (7) C(101-C(27) 1.536 (6) 1.547 (6) C(171-C( 181 1.565 (6) 1.561 (7) O(311-C(321 1-337 (6) 1-329 (7) 
• 549(61 C(111-C(12) 1.508(61 1.504(61 C(17)-C(211 1.527(81 1.548(81 C(32)-O(331 1.190(61 1-195(71 
• 539 (7) C(12)-C(131 1.535 (6) 1.544 (6) C(17)- C(30) 1.557 (7) 1.540 (8) C(321-C(341 1.504 (6) 1.499 (9) 
• 556(6) C(131-C(14) 1.561 (6) 1.568(61 

Molecule A 
I11.5 (2) 
111.3 (3) 
114.8 (4) 
107.9 (4) 
108-4 (4) 
106.2 (3) 
108.3 (4) 
111.3 (4) 
108.9 (4) 
114.8 (4) 
107.2 (4) 
113.2 (4) 
116.9 (4) 
110.5 (3) 
111.6 (4) 
118.3 (4) 
120.9 (4) 
[ 16.9 (4) 
120.3 (4) 
122.4 (4) 
121.1 (4) 
116-5 (4) 

Molecule B 
113.3 (4) 
110-7 (4) 
114.0 (4) 
108.3 (4) 
108.9 (4) 
106.4 (3) 
109.1 (4) 
110.3 (4) 
108.7 (4) 
114.9 (4) 
107.2 (4) 

12.4 (4) 
17.9 (4) 
10-6 (4) 
15.3 (4) 
17.6 (4) 
13. I (4) 
16.2 (4) 
15.6 (4) 

120.0 (4) 
120.6 (4) 
119.4 (4) 

Molecule A Molecule B MoleculeA Molecule B 
C(1)--C(10)-C(5) 106.4(3) 107.3(31 C( 16)-C( 17)-C(18) 115.1 (4) 114.8(4) 
C(11 -C(10)--C(9) 110.7(3) 110-8(41 C( 16)-C(17)--C(21) 114-2(41 114.5(51 
C(1)-C(101-C(27) 110.2(31 109.1 (4) C( 16)-C( 171-C1301 106.0 (41 106.5 (41 
C(5)-C(10)-C(9) 109.3 (3) 108-7 (3) C118)-C( 17)-C(211 103.5 (4) 102.5 (4) 
C(5)-C(101--C(27) 114.1 (4) 114.2(41 C( 18)- C(17)- C(30) 108.7(41 110.0(41 
C(9)--C(10)- C(271 106.1 (3) 106.8(4) C(21)-C(171-C(301 109-1 (4) 108.5(41 
C(9)-C( 11)-C(12) 118.4(41 123.2(41 C( 13)-C(181 -C(17) 115-2(41 115.2(41 
C(I I)-C(12)-C(13) 112.6 (4) 113-3(4) C(13) C(181-C(19) 113.9 (3) 114.1(41 
C(121-C(131-C(14) 107.3(31 107.3(31 C(171-C(~81-C(19) 104.5(31 103.9(41 
C( 12)-C( 13)-C(18) 108.8(31 107.7(3) C(18) --C(19)-C(20) 105.9(41 105-7(31 
C( 121-C(13)-C(28) 107.0(31 106-2(31 C(18) -C(191-C(22) 116.0(41 116.0(41 
C( 14)-C(131-C( 181 109.8(31 110.6(31 C(201-C(191-C(221 111.5(41 112-3(4) 
C( 14)-C(131-C(28) 110-9(31 110.6(31 C( 191-C(201-C(2 I) 107.1 (5) 107.2(41 
C( 181 -C( 131-C(281 113.0(41 114.0(4) C(17) -C(21)-- C(201 105.7(51 104.7(41 
C(8)-C(141-C( 131 111.5(31 110.5(31 C( 191-C(221 C(23) 113-0(41 112.3(41 
C(8)-C(14)-C(15) 112.1 (4) 110.8(41 C(19)-C(221-C(241 111.7(41 111.1 (4) 
C(81-C( 141-C(291 105.3 (3) 107.5 (4) C(23)-C(221-C(24) 109.2 (5) 108.3 (4) 
C(13)-C( 141-C(15) 107.0(31 107.4(4) C(31--0(3 1 )-C(321 117.7(41 118.3(41 
C(13)-C(141-C(29) 112.0(41 111.3(41 O(3 I)-C(32)-O(33) 123.8(41 123.4(51 
C( 151-C(14)-C(29) 109.0(41 109.4(4) O(311-C(32)-C(34) 110-6(4) 111-7(5) 
C(14)-C( 15)-C(16) 111.4(41 111.7(41 O(331 -C(32)-C(341 125.6(41 124.9(51 
C(15)-C(16)-C(I  7) 115.8(41 116.6(51 
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Abstract. C32H36OIs.xH20 (X ca 0.5), Mr(for x =  
0 . 5 ) =  669.64, monoclinic, P21, a =  10.801 (2), b =  
9.277 (2), c =  16.660 (3)A, f l=  105.71 (2) ° , V =  
1607.0 (6)]k 3, Z = 2 ,  D x = l . 3 8 g c m  -3, 2(MoKa) 
= 0.71069 ]k, ~t = 1.0 cm -~, F(000) = 706, T =  293 K. 
R = 0.041 for 3566 observed reflections. The structural 
features determined from chemical and spectroscopic 
studies are confirmed and extended. The molecule is an 
anthracycline analogue containing a permethylated 
a-L-rhamnose moiety. All ring systems show the 
expected conformations, the non-aromatic fused rings 
both being half-chairs. The extended structure, includ- 
ing the partly occupied water, is linked by hydrogen 
bonds. 

Introduction. Elloramycin (I), a new antibiotic pro- 
duced by Streptomyces olivaceus (strain Tii 2353), was 
detected by chemical screening and characterized by 
chemical and spectroscopic methods (Drautz, 
Reuschenbach, Z~ihner, Rohr & Zeeck, 1984). Ellora- 
mycin is an anthracycline-like antibiotic with weak 
antibacterial and antitumour activities; the aglycone 
resembles tetracenomycin C (Weber, Z~ihner, Siebers, 
Schr6der & Zeeck, 1979), and the sugar moiety 
consists of permethylated a-L-rhamnose. We describe 
below the crystal-structure analysis of elloramycin by 
which the total structure of the antibiotic, including the 
relative stereochemistry, is proved. 
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Large, air-stable yellow blocks and plates were 
obtained by diffusion of n-pentane into an acetone 
solution at room temperature. 

Experimental. Crystal 0.6 x 0.55 x 0.4 mm. 5109 
profile-fitted intensities (Clegg, 1981) recorded on a 
Stoe-Siemens four-circle diffractometer. Mono- 
chromated Mo Ka radiation, 20max 55 °, h -14"-,13, k 
0--,12, l 0--'21 and some Friedel opposites with negative 
k. Three check reflections, no intensity change. Rin t 
0.023 for 3913 unique reflections (Friedel opposites 
merged), 3566 with F > 4tr(F) used for all calculations 
(program systems SHELXTL and SHELX84, written 
by GMS). Cell constants refined from 20 values of 40 
reflections in range 20-24 ° . No correction for 
absorption. 

Structure solution by random-start multisolution 
direct methods. Refinement on IFI to R 0-041, wR 
0.043 [all non-H atoms anisotropic; H atoms (except 
OH) included using a riding model with C--H 0.96 A, 
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