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Crystal Structure of lsozygosporin A p-Bromobenzoate 
By (Miss) Y. Tsukuda and H. Koyama," Shionogi Research Laboratory, Shionogi €t Co. Ltd., Fukushima-ku, 

Osaka, Japan 

The crystal structure of the t i t le compound (111) has been determined by three-dimensional X-ray diffraction 
methods from diffractometer data. The crystals are orthorhombic, a = 22.535. b = 12-332, c = 13.91 7 8,Z = 4, 
space group, P212121. The structure was solved by heavy-atom and three-dimensional Fourier methods, and 
refined by least-squares calculations to a final R of 0.098 for 231 8 independent observed reflexions. The absolute 
configuration was determined by the anomalous dispersion method. 

ZYGOSPORIN A, a cytotoxic antibiotic, which was 
isolated from the culture filtrate of Zygosporium 
Mnsonii, is a crystalline solid of empirical formula 
C,,H,,O,N. From the results of our preliminary X-ray 
analysis of isozygosporin A 9-bromobenzoate (111) and 
various chemical information, Minato assigned the 
formulae (I) to zygosporin A and (11) to isozygosporin A. 
Zygosporin A (I) is identical with the structure sug- 
gested * for cytochalasin D. 

1 S. Hayakawa, T. Rlatsushima, T. Kimura, H. Minato, and 

Y .  Tsukuda, M. Matsumoto, H. Minato, and H. Koyama, 
K. Katagiri, J. A?ztibiotics, 1968, 21, 533. 

Chem. Comwt., 1969, 41. 

We now describe a further X-ray analysis of the 
structure (111), including the determination of the 
absolute configuration. 

EXPERIMENTAL 

Crystals of isozygosporin A fi-bromobenzoate (m.p. 242- 
245 "C) from isopropyl alcohol are colourless prisms elong- 
ated along the b axis. Precession and Weissenberg photo- 
graphs were taken with Cu-K, ( A  = 1.5418 %.) radiation; 

3 H. Minato and  M. Matsumoto, J .  Chenz. SOC. ( C ) ,  1970, 38. 
4 D. C. Aldridge and W. B. Turner, J .  Chem. SOC. ( C ) ,  1969, 

923. 
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space group and the unit-cell dimensions were determined 
from the precession photographs and on the automatic 
diff ractometer. 

Crystal Data.-C,,H,,BrNO,, C,H,O, M = 751, Ortho- 
rhombic, a = 22-535 f 0.004, b = 12.332 f 0.002, c = 
13.917 f 0.002 A, U = 3867 A3, D, = 1.281 (by flotation), 
2 = 4, D, = 1.289, F(000) = 1576. Space group, P2,2,2, 

In this way 3606 independent reflexions were recorded, of 
which 2318 had counts sufficiently above background for 
use in the subsequent analysis. All the intensities were 
corrected for Lorentz and polarization factors, and the 
structure amplitudes derived. No absorption corrections 
were applied since the specimen was considered to be 
sufficiently small (0.30 x 0.30 x 0.30 mm). 

TABLE 1 
Final fractional atomic co-ordinates and anisotropic thermal parameters (all 

X 

4134( 1) 
4877(4) 
5832(5) 
6811(7) 
6696(4) 
6961(4) 
6670(5) 
56 52 (4) 
4123 (6)  
4704(5) 
4023(6) 
4646 (6) 
4770(5) 
4836 (6) 
5 3 67 (6) 
56 18 (6) 
6099(6) 
6650(6) 
7 165 (6) 
7233(6) 
6734( 5) 
641 8( 6) 
6094(6) 
659 5 (5) 
6295(6) 
6082(6) 
3664(6) 
3076(8) 
2899(9) 
2338( 12) 
19 12 (8) 
2067( 10) 
2 62 8 (7) 
4327 (7) 
4477(8) 
7830(7) 
6832(7) 
6033(9) 
6499(11) 
6 105(7) 
5599( 6) 
5614(7) 
5168(9) 
4711(7) 
46 8 9 (8) 
5131(7) 
3141(9) 
2839( 11) 
2257( 11) 
3 1 74 ( 1 6) 

Y 
-8231(1) 
- 6 186 (7) 
- 65 7 1 (8) 
- 8237( 12) 
-6063(9) 
- 4579(8) 
- 6 125( 10) 
- 3090( 7) 
- 6362( 7) 
-6633( 10) 
- 4606( 12) 
- 4280( 11) 
- 470 1 ( 1 2) 
- 5922 (13) 
-6260(9) 
-6339(11) 
- 5732 ( 10) 
- 542 6 ( 12) 
- 6770( 16) 
-6007( 12) 
- 6 178 (10) 
-4187(13) 
- 3746( 11) 
- 4150( 10) 
- 3785( 10) 
- 47 2 9 ( 10) - 3695 (1 2) 
-3850(13) 
-3798( 15) 
- 4049( 17) 
-4249(23) 
- 4360(23) 
-4074(20) 
-4302( 14) 
-6620(16) 
-6245( 16) 
-3358(12) 
- 76 14 ( 1 7) 
- 7787( 19) 
-5154(13) 
-6859( 13) 
- 6336( 14) 
- 7065 ( 14) 
- 7268( 16) 
- 68 1 O (  16) 
-6034(17) 
- 6813( 16) 
-7096(22) 
- 7353( 31) 
-6815(41) 

2 

7213(1) 
2906(7) 
- 16(7) 
598( 14) 

4362 (7) 
5142(6) 
6296( 7) 
1844( 7) 
2096(8) 
2342(9) 
1351 (1 1) 
988 ( 1 0) 

-47(13) 
1(10) 

1909( 10) 

606(10) 
1268 (8) 

1864(9) 
2520( 13) 
3386( 10) 
4132( 10) 
4502 (1 2) 
3644(10) 
3 2 63 (8) 
2 386 ( 1 0) 
1737 (9) 
1662( 14) 
20 1 6 ( 16) 
2939(21) 
324 1 ( 1 8) 
2597 (22) 
1643 (20) 
1325( 17) 

-776(12) 
- 379( 14) 
3881 (12) 
4950( 10) 

38(15) 

5899( 10) 
6222(9) 
7083 (9) 
7398( 13) 
6 7 7 8 ( 14) 
5901(16) 
5637(12) 
269O( 15) 
3450( 19) 
3 3 8 6 ( 2 9) 
4183(27) 

- 6221 2 1) 

deviations in parentheses 
B22 

112( 1) 
49(7) 
71(8) 

7 3 (9) 
80(8) 

llO(13) 

96( 11) 
38(6) 
30(7) 
50( 10) 
86(13) 

54(12) 
71(14) 

49(10) 

40(9) 

9(7) 

E& 
1 12 (1 8) 
56(12) 

56(13) 
62(11) 

25(9) 

41 (9) 
48(9) 
36(9) 
72(13) 
63(12) 

11 O (  16) 
137( 17) 
2 1 9 ( 34) 
166(33) 
209(26) 
91(16) 
97(16) 

126(18) 
51(10) 

93(22) 
61(12) 
82(13) 

1 10( 17) 
69(16) 
75(18) 

121(16) 
1 1 5 ( 20) 
198(22) 
139(29) 
2 16 (53) 
5 6 8 (80) 

109(19) 

A s  

W 6 )  
72(7) 

220(20) 
67 (6) 
63(6) 

74(6) 
66(7) 
36(7) 
W 9 )  
4 w  

61(9) 
66(9) 
2 W )  
68(9) 
28(7) 

43P) 

124( 1) 

(il(6) 

11 6(  13) 

103(13) 

;;I;;) 
52(8) 
43 ( 7) 
53(8) 
39(7) 

102( 14) 
142( 17) 
161 (25) 
164( 2 1) 
166(32) 
165 (2 6) 
117(20) 
77(11) 

104( 14) 
66( 10) 

106( 14) 
17 6 (28) 

62(8) 

42(8) 
36(6) 

:;[;i) 
104(14) 
109(18) 
64( 11) 

217(19) 

32 8 (44) 
189(37) 

90(21) 

x lo4),* with estimated standard 

813 
- 20( 1) 

17(7) 

--6(7) 
7(6) 
4(7) 

-26(6) 

- 12( 15) 

- 16(6) 
- 19(6) 

1(9) 
21(7) 

13(7) 

27(7) 
- 3 w  

11(9) 

36(8) 

-16(11) 
- 4(10) 

-25(7) 

- 17(13) 

-22(7) 

- 19(8) 
23(10) 

6(7) 
6(8) 

-11(11) 
-27(7) 

- 32( 13) 
-43(19) 
-21(16) 
- 108(30) 
--61(26) 
- 64(20) 

4(11) 
29(14) 
30( 11) 

16(14) 
42(21) 

19(9) 

2(9) 
-9(8) 
23(9) 
- 2( 12) 
- 6( 14) 
- 60( 16) 
-32(13) 

67(20) 

68(42) 
111(50) 

- 12(22) 

* In the form: T = exp{- (&h2 + /322k2 + Pa3Z2 + 2&$k + 2/3,,hl + 2B2,kZ)). 

(Dg, No. 19) from systematic absences: lz00 when h is odd, 
OK0 when k is odd, 001 when 1 is odd. Mo-K, radiation, 
A = 0.7107 A ;  p(Mo-K,) = 11-80 cm-l. 

The three-dimensional intensity data were collected on a 
Hilger and Watts automatic four-circle diffractometer 
Y 290 controlled by a PDP 8 computer. Integrated 
intensities were measured for 8 < 27.5" by the 8-28 scan 
technique using Mo-K, radiation and a scintillation counter 
(with a zirconium filter and pulse-height analyser). Each 
reflexion was integrated in 80 steps of intervals of O-OlO. 

Structure A naZysis.-The position of the bromine atom 
was determined from three Harker sections of the three- 
dimensional Patterson synthesis as x = 0.075, y = 0.180, 
z = 0-220. A first set of structure factors was calculated 
for 23 18 reflexions, and the related three-dimensional 
Fourier synthesis was summed with phases based on the 
bromine atom alone. The initial R was 0.46, and the 
positions of 19 atoms were assigned from this electron- 
density distribution. The other atom positions were 
successively derived within seven subsequent Fourier 
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refinements, and H was reduced to 0.35. The locations of 
40 hydrogen atoms (except those of isopropyl alcohol) have 
been determined from a difference-Fourier synthesis. 

A t  this stage, several cycles of least-squares refinement 
were carried out with the use of IBM 1620 programmes.5 
The final block-diagonal refinement with anisotropic tem- 
perature factors reduced R to 0.098 for the 2318 reflexions. 

H 

All observed intensities were included in the refinement 
with equal weight and those of magnitude less than twice 
the background count (the unobsexved reflexions) were 
excluded6 B-Values of all hydrogen atoms were fixed 
at 1.923 As. 

Observed and calculated structure amplitudes are listed 
in Supplementary publication No. SUP 20314 (6 pp., 1 
microfiche) .* The atomic scattering factors were taken 
from ref. 7. The final positional and thermal parameters 
with their estimated standard deviations are given in 
Tables 1 and 2. 

The bond distances and valency angles are given in 
Table 3, together with their estimated standard deviations 
computed from the least-squares residuals. The molecular 
packing arrangement along the b axis is illustrated in 
Figure 1. All intermolecular distances were calculated and 
the most significant contacts (<3-60 A) are given in Table 4. 

Absolute Configurution.-In the final stage of the analysis 
the absolute configuration of the molecule was determined 
by the anomalous dispersion method.8 The differences 
between I,(hkZ) and I,(hkl) were measured visually from 
rotation photographs about the b axis, taken with Cr-K, 
radiation ( A  = 2.2909 A). Structure factors were calcu- 
lated for all the hkl and hkl reflexions, with a scattering 
factor for the bromine atom of the form: fBr =fBr + 
Af'xr + i A f " ~ ~ ,  when ArBr = -0.6 and Af"gr = 2.7. The 

* For details of Supplementary Publications see Notice to  
Authors No. 7 in J. Chem. SOC. (A), 1970. Issue No. 20 (items 
less than 10 pp. will be supplied as full size copies). 

G. S. D. King, 1620 Least-squares refinement programme 
ERA 302, 1963. 

A. J. Duning and V. Vand, A d a  Cryst., 1969, A ,  25, 489. 
' International Tables for X-Ray Crystallography,' vol. 3, 

* J. M. Bijvoet, A. F. Peerdeman, and A. van Bommel, 
Kynoch Press, Birmingham, 1962, pp. 201-207. 

Nuzture, 1061, 168, 271. 

TABLE 2 
Final fractional hydrogen atomic co-ordinates ( x 1 03) with 

standard deviations in parentheses, and isotropic 
temperature factors 

Atom X Y z B/& 
-246(8) 171(7) 1.923 
-687(8) 233(7) 1-923 

1.923 
1.923 

;[:;\ 382(4) 
H(C3) 381(4) 

618(4) - 448( 8) -23(7) 1.923 
105(7) 1.923 
86(7) 1.923 

;[E;f{ 521(4) 
H(C6a) 678(4) 

234(7) 1.923 
161(7) 1.923 
280(7) 1.923 

674(4) 
H(C9)a 701(4) 

-676(8) 212(8) 1.923 H(C9)b 745(4) 
H(C10) 722(4) -418(8) 324(7) 1.923 
H(Cl3) 630(4) -319(9) 338(7) 1.923 
H(C14) 642(4) -467(8) 369(7) 1.923 

-347(8) 267(7) 1.923 H(C16) 497(4) 214(7) 1.923 

H(C16)b 360(4) - 298 ( 8) lOl(7) 1.923 
H(C18) 323(4) -363(8) 337(7) 1.923 
H(C19) 226(4) -403(8) 388(7) 1.923 

276(7) 1.923 H(C20) 167(4) -431(8) 
H(C21) 178(4) - 447 (8) 123(7) 1.923 
H(C22) 272(4) -41 6(9) 72(7) 1.923 

544(4) 

- 490( 8) 
H(C3a) 462(4) - 344( 8) 

- 679(9) 
-472(8) 

600(4) - 63 l(7) 
-486(8) 
- 647 (8) 

H(C16)a 394(4) -320(8) 

H(C23)a 440(4) - 476( 8) - 134(7) 1.923 
H(C23)b 387(4) -448(8) -66(7) 1.923 
H(C23)c 427(4) - 349( 8) -81(7) 1.923 

-27(7) 1.923 H(C24)b 463(4) -740(8) 
H(C24)a 412(4) -668(8) -69(7) 1.923 

H(C26)a 806(4) -643(8) 336(7) 1.923 
H(C26)b 781(4) -690(8) 426(7) 1.923 
H(C26)c 797(4) - 466(8) 432(7) 1.923 
H(C26)a 715(4) - 364(8) 631(7) 1.923 

636(7) 1.923 H(C26)b 667(4) -281(8) 
462(7) 1-923 H(C26)c 696(4) - 2 73 ( 8) 

H(C28)a 691(4) - 826(9) -43(7) 1.923 
H(C28)b 642(4) - 823(9) -106(7) 3.923 

-96(7) 1.923 H(C28)c 662(4) - 706 ( 8) 
761(7) 1-923 H(C31) 696(4) -617(8) 
804(7) 1.923 H(C32) 616(4) - 7 23 ( 8) 

H(C34) 436(4) -696(8) 547(7) 1-923 
-673(8) 496(7) 1.923 H(C35) 612(4) 

TABLE 3 
Interatomic distances (A) and angles ("), with standard 

deviations in parentheses 
(a) Bond distances 

C ( 1 )-C ( 1 5a) 1 -66 7 ( 1 8) C(6a)-C(16a) 1-673(20) 
C( 3)-C(3a) 1.666( 21) C( 8)-C (9) 1,627 (2 1) 

1-640(24) E[%z(yi) 1*663(20) 
1.647(22) 

C(lO)-C(26) 1*648(23) 
E[%z( 1 -662 (23) 
C(3a)-C(16a) 1-641(20) 

1.610( 22) C( 1 l ) -C(  12) 1.606( 2 1) 
C(12)-C(13) 1*608(21) 
C(12)-C(26) 1-619(22) 

~ ~ ~ ~ ~ ~ ~ ! 3 )  1.612(24) 
1.528(20) 
1.670( 18) C(14)-C(16) 1.470(18) :[%$${ 1.491(19) C(16)<(16a) 1.649(19) 

N (2)-c( 1) 1*379(16) N (2)-C( 3) 1.41 4( 1 9) 

0(2)-C(6) 1.41 8 (1 8) 0 (6)-C (1 2) 1.462 (1 8) 
0(7)-C(16) 1.399(16) 

E[%xt!4) 1-346(19) 

0 (l)--C(l) 1.190( 16) 0 (4)-C( 1 1) 1.177 (1 7) 

(i) Skeleton of the molecule 

C(6)-C(6) 

1.298(24) C( 7)-C (8) 1 -306 (20) 

(ii) p-Bromobenzoate group 
BrC(33)  1-866( 18) C( 30)-C ( 3 5) 1 * 356 (2 2) 
0(6)-C(29) 1.313(18) C(31)<(32) 1.421 (26) 
0 (6)-C( 29) 1.1 90( 1 9) C( 32)< (33) 1-3 74 (27) 
C(29)<( 30) 1-507(2 1) C( 33)-C ( 34) 1 * 348 ( 30) 
C(30)-C(31) 1*338(20) C(34)-C(36) 1-432(27) 
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TABLE 3 (Continued) 

(iii) Phenyl group 
C( 16)-C( 17) 1-458(25) 
C( 17)-C ( 1 8) 1 -350 ( 3 6) 
C ( 1 7)-C (22) 1 -426 (30) 
C ( 1 8)-C ( 1 9) 1 -3 7 6 (36) 

(iv) O-Acetyl group 
1*361(24) ~ ~ ~ ~ > [ ~ ~ ) )  1.206(28) 

(v) Isopropyl group 
0 ( 1’)-C ( 1’) 1 - 3 10 (34) 
C(1’)-C(2’) 1-361(37) 

(b) Valency angles 
C( 6)-0 (2)-C( 27) 
C ( 1 2)-0 (6) -C (2 9) 
C ( 1 )-N (2)-C (3) 
0(1)-CU)-N(2) 
O( l ) - C (  1)-C( 16a) 
N (2)-C( 1)-C( 16a) 
N( 2)-C( 3)-C( 3a) 
N (2)-C( 3)-C( 16) 
C( 3a)-C (3)-C( 16) 
C (3)-C (3a)-C (4) 
C( 3)-C( 3a)-C( 15a) 
C (4)-C (3a)-C ( 16a) 
C (3a)-C (4)-C( 5) 
C( 3a)-C(4)-C( 23) 
C (S)-C (4)-C (2 3) 
C (4)-C (5)-C( 6) 
C( 4)-C( 6)-C( 24) 
C (6)-C (6)-C (24) 

0 (2)-C ( 6)-C (6a) 
C (5)-C (6)-C (6a) 
C(6)-C(6a)-C( 7) 
C (6)-C (6a)-C ( 15a) 
C(7)-C( 6a)-C( 16a) 
C (6a)-C (7)-C (8) 
C (7)-C( 8)-C( 9) 
C( 8)-C( 9)-C( 10) 

0(2)-C(6)--C(5) 

C(9)-C( 10)-C( 1 1) 
C( 9)-c ( 1 0)-c (25) 
C( 11)-C( 10)-c(25) 

C( 10)-C( 1 1)-C( 12) 

0 (4)-C( 1 1)-C( 10) 
0(4)-C(ll)-C(l2) 

O(6)-C( 12)-C( 11) 
O(5)-C( 12)-C( 13) 
O(6)-C( 12)-C(26) 

C( 1 1)-C ( 1 2)-C( 26) 
C( 13)-C( 12)-C( 26) 

C( 11)-C( 12)-c(13) 

117-8(12) 
119.6(11) 
116.8(11) 
125.6 ( 12) 
127*2(11) 
107.1 (10) 
106*3(11) 
113*9(13) 

112.3( 11) 
105.6( 11) 
113.2( 11) 
107-7(13) 
113*3(12) 
1 14 .q  13) 

125-l(14) 
122.7 (16) 
108.8(11) 
106.6( 11) 
1 14.6 ( 1 1) 
112*6( 11) 
108.0 ( 1 1) 
11 8-O( 10) 
125.2 (1 2) 
1 2 7 q  13) 
112*8( 13) 

109.6 ( 13) 
108.1(12) 

12 1-8 (1 3) 
117*9( 11) 
106*4( 12) 
105*0( 11) 
114*2( 12) 
104.5 ( 12) 
112.9( 12) 
112*7( 13) 

1 1 1 *2 ( 12) 

112.0(12) 

11 1.1 (12) 

12 0.2 ( 1 2) 

C( 19)-€(20) 
C( 20)-c( 2 1) 
c (2 l)-c (22) 

C(27)-C(28) 

C ( 1 ’)-C( 3’) 

C( 12)-C( 13)-C( 14) 
C( 13)-C( la)<( 16) 
0 (7)-C( 16)-C( 14) 
0 (7)-C( 16)-C( 16a) 
C(14)-C( 16)-C(l6a) 
C( l)-C( 15a)-C(3a) 
C( l ) -C(  16a)-C( 6a) 
C( 1)-C( 15a)-C( 16) 
C (  3a)-C (1 5a)-C( 6a) 
C( 3a)-C( 16a)-C( 16) 
C( 6a)-C( 16a)-C( 16) 
C (3)-C ( 1 6)-C( 1 7) 
C( 16)-C( 17)-C( 18) 
C ( 1 6)-C ( 1 7)-C (22) 
C ( 18)-C ( 1 7)-C( 22) 
C( 1 7)-C ( 1 8)-C ( 1 9) 
C ( 1 8)-C ( 19)-C (20) 
C( 19)-C( 20)-C( 2 1) 
C( 20)-c (2 1)-c (22) 
C( 17)-C(22)-C(21) 
O( 2)-C( 27)-0 (3) 
0(2)-C(27)-C(28) 
0(3)-C(27)-C(28) 
0 (6)-C( 29)-0 (6) 
0 (6)-C( 29)-C (30) 
0 (6)-C( 29)-C( 30) 
C(29)-C(30)-C(31) 
c (2 9)-c (30)-c (35) 

C( 30)-C( 3 1)-C( 32) 
c ( 3 1 )-c ( 32)-c ( 3 3) 
Br-C( 33)-C( 32) 

C( 32)-C( 33)-C( 34) 

0 ( 1 ’)-c ( 1 ‘)-c (2’) 

c (2’)-c ( 1 ’)-c (3’) 

C( 3 1)-C( 30)-C(36) 

BFC (3 3)-C (34) 

C (3 3)-C (3 4)-C ( 3 6) 
C( 30)-C( 36)-C( 34) 

0 (1’)-C( 1’)-C( 3’) 

(c) Bond distances associated with hydrogen positions 
0 (7)-H ( 0 7 )  
N (2)-H (N2) 
C( 3)-H (C3) 
C(3a)-H(C3a) 
C ( 4)-H (C4) 
C (6)-H (C6) 
C( 6a)-H(C6a) 
C (7)-H (C7) 
C( 8)-H(C8) 
C( 9)-H (C9) a 
C( 9)-H (C9) b 
C( 1 0)-H (C10) 
C( 1 3)-H (C13) 
C ( 14)-H (C 14) 
C( 15)-H (C 15) 
C( 16)-H (C16) a 
C( 16)-H (C16)b 
C( 18)-H (C 18) 
C(19)-H(C19) 
C (2 0)-H (C2 0) 

0.92( 10) 
0-98( 10) 
1*02(10) 
1*02( 10) 
1.00 ( 10) 

1-0 1 ( 10) 

l.OO(10) 

1*02( 10) 
0.90 (1 0) 

0.91 (10) 

1.00 ( 10) 
0.91 (11) 

0-96( 10) 

0.96 (10) 
0.86(10) 

0*86( 10) 

0.88(10) 

1-04( 10) 
1.18(11) 

O.SO(l0) 

C(21)-H (C2 1) 
C( 22)-H(C22) 
C (23)-H (C23) a 
C (23)-H (C23) b 
C(23)-H(C23)~ 
C (24)-H (C24) a 
C( 24)-H (C24) b 
C(25)-H(C25)a 
C (25)-H (C2 6 )  b 
C(25)-H(C26)~ 
C( 26)-H (C26) a 
C (2 6)-H (C2 6) b 
C (2 6)-H (C26) c 
C( 2 8)-H (C28) a 
C( 28)-H(C28) b 
C(28)-H(C28) c 
C (3  1)-H (C3 1) 
C (32)-H (C32) 
C( 34)-H (C34) 
C ( 35)-H (C36) 

1*343(37) 
1*384(41) 
1.394(30) 

1*419(36) 

1*320(46) 

12 6.2 ( 1 3) 
127.1 (12) 
11 1.6 ( 10) 
108*7( 11) 
113-8(10) 
104.0 (1 1) 
110.4(10) 
109-2( 10) 

1 0 9.2 ( 1 0) 

113-7(13) 
126*7( 19) 
11 7-6( 19) 
11 6*3( 18) 
1 2 3 * 8 (23) 
120*0(26) 
118*6(21) 
120.9 (23) 
118*8(22) 
1 19.7 ( 1 8) 
110*6(18) 
129*6(21) 
1 2 6-6 ( 1 4) 

1 2 3.3 ( 1 4) 
120*0( 13) 
1 2 0 q  13) 
119-3( 15) 
122.4(15) 
1 1 7.1 ( 1 6) 
116*0(14) 
122*3( 14) 
121*5( 17) 
119.1 (1 8) 
119*9( 17) 
120.9 (28) 
104.9 (26) 
132-0(31) 

112-6(10) 

111.0( 11) 

11 1*0( 12) 

0.87 ( 10) 
0*87( 11) 

1-08( 10) 
0.99 ( 10) 

0*99( 10) 
0*90(10) 
0.98(11) 
0*93(10) 
0*97( 11) 
1 -0 8 ( 1 0) 
0.96 (1 0) 
0*94( 10) 

1- 13 ( 10) 
0-84( 11) 
1*03( 11) 

0*92( 10) 
0-96(10) 

1 -0 1 ( 1 0) 

1-00( 10) 

1*00(10) 

results (see Table 5 )  unanimously indicated that the para- 
meters of Table 1 represent the right-hand co-ordinate 
system. 

TABLE 4 

Intermolecular distances (G3.60 A) 

Br - - C(29I’) 3.582 O(7) * - - O(1’”) 3.220 
O(1) - * * C(15II1) 3.247 0 ( 7 )  - * * C(3’V) 3.406 
O(4) - * * C(16I’l) 3.478 C(13) * - * O(1’”) 3.482 
O(6) * * * C(9”) 3.535 C(23) - - - C(33v) 3.600 
O(6) * * * C(2’II) 3.494 C(24) - - * C(32’) 3-519 
X(2)-H * * * O(1’) 2.971 0(1) - * - H-0(7”‘) 2.655 

The roman numerals as superscripts refer t o  the  following 
cquivalent position relative to the reference molecule at  x ,  y, z :  

Br - - O ( 6 9  3.51 1 O(7) - - * C(1V) 3.439 

I x , y ,  2 - 1 I V l - x , - J + y , + - z  
v l - - x , * + y , * - z  

VI Q - x, -1 - y, Q + 2 
I1 g 4- x ,  -8 - y,  1 - ,” 

I11 1 - x ,  -3 1- y ,  g - 3 

TABLE 5 

Deterinination of the absolute configuration 
(Cr-K, radiation) 

it k I IF,(hkZ)12 IF,(hRZ)I* Io(hkZ) I,(hkZ) 
6 1 3  8082 7157 > 
7 1 1  7938 9604 < 
8 1 4  900 428 > 
9 1 4  1339 985 > 

10 1 1 606 432 > 
12 1 1 1128 967 > 

DISCUSSION 

The present X-ray analysis has established the com- 
plete structure, including the absolute configuration, of 
isozygosporin A P-bromobenzoate. The absolute con- 
figuration of the molecule, (E,E)-(3S,3aR,4S,6S,6aR,- 
lOS, 12R, 15R, 15aR)-6-acetoxy-3-benzyl-12-(~-bromo- 
benzoyloxy) -3,3a,4,5,6,6a,9,10,12,15-decahydro-l5- 
hydroxy-4,10,12-trimethyl-5-rnethylene-1H-cyclo- 
undeca[d]isoindole-l,11(2H)-dione, is illustrated in 
Figure 2. 

The skeleton of the molecule consists of a five- 
membered ring A, a six-membered ring B, and an eleven- 
membered ring c. For the most part the corresponding 
bond distances are not significantly different from 
expected values.1° The mean values of the bond dist- 
ances for the various types of bonds are calculated to be 
1.534 for C-C single bonds, 1.396 for C-N single bonds, 
1.426 for C-0 single bonds, 1.316 for C=C double bonds, 
and 1.183 A for C=O double bonds in the skeleton of the 
molecule. Two or three differences which appear to be 
significant in the terms of the estimated standard 
deviations are more likely to indicate a slight under- 
estimation of errors. 

The deviations from the best plane through the 
various atom groups are in Table 6. Ring A is a 
slightly distorted envelope and ring B has a distorted 
boat conformation with atoms [C(5), C(6), C(3a), 
C(15a)l in the plane. In order to obtain detailed 
information on the molecular shape and conformational 
features, the displacements from the plane through 

9 C. K. Johnson, 1965, ORTEP, A Fortran thermal-ellipsoid 
plot program, Oak Ridge National Laboratory, Tennessee. 

10 L. E. Sutton, Chem. SOC., Special PubZ., 1966, NO. 18. 
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1 
FIGURE 1 The view of the  structure looking down the  b axis (b axis down) 

TABLE 6 
Equations of planes, and in square brackets displacements 

of the atoms (A)] from the mean planes: XI Y, and 
2 are orthogonal co-ordinates (A) 

Plane (I) : 
C (30) - (3 5) 0.5127X - 0.7602Y - 0.39872 = 8.6078 

[C(30) -0.01, C(31) 0.00, C(32) 0.00, C(33), 0.00, C(34) -0.02, 
C ( 3 5 )  0-03, Br  0.01, O(5) 0.15, O(6) -0.42, C(29) -0.121 

Plane (11): 
C( 17)-(32) 0.2322X - 0.9683Y + 0.09192 = 6.4438 

IC(17) -0-02, C(18) 0.01, C(19) -0.02, C(20) 0.04, C(21) 
-0.04, C(22) 0.03, C(16) 0.011 

Plane (111) : 
C(1), N(2), C(15a), 

and  0(1) 
0-0769X - 0.6826Y - 0.72662 = 3.0920 

[C(1) 0.00, N(2) 0.00, C(l5a):0.00, 0(1)  O-OO] 

--- Plane (IV): 
C(4)-(6), and  0.5627X - 0.0047Y - 0.82662 = 6.1226 

C(24) 
[C(4) 0.00, C(5) 0.01, C(6) 0.00, C(24) O*OO] 

Plane (V) :  
C(lO)-(l2), and 0.6605X + 0.0623Y + 0.74892 = 14.0643 

0 (4) 

Plane (VI) : 

[C(lO) 0.00, C(11) 0.01, C(12) 0.00, O(4) O*OO] 

0 ( 2 ) ,  0 ( : 3 ) ,  C(27), 0.6626X + 0.2758Y $- 0.69622 = 6.5205 
and  C(28) 

[ 0 ( 2 )  0.00, O(3) 0.00, C(27) 0.00, C(28) 0.001 

C(4), C(6a), and C(15) in the skeleton of the molecule 
were calculated, and are shown in Figure 3. The 

FIGURE 2 4 perspective view of the  molecule 

y-lactam ring A is cis-fused to  the six-membered ring B, 
and the junction between ring B and ring c is trans. 

The mean values of the angles are calculated to be 
107.7" for ring A and 111-3°11 for the ring B. The 

l1 J. B. Lambert, R. E. Carhart, P. W. R. Corfield, and  J. H. 
Enemark, Chew. Comm., 1968, 999. 
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various torsion angles in ring c were calculated and are TABLE 7 
listed in Table 7. The mean value Of the angles at the 'The torsion angles (0) in the eleven-membered ring 

FIGURE 3 Displacements from thc  plane through C(4), 
C(6a), and  C(15) in  the  skeleton of the molecule 

C(7)=C(8) and C(13)=C(14) double bonds is 126.5", while 
the other mean C-C-C bond angle in ring c is 112-7". 

The O-acetyl side-chain and the isopropyl alcohol mole- 
cule are planar. Two oxygen atoms at  C(11) and C(12) 
are on the same side, and the other oxygen atom at C(15) 
is on the opposite side of ring c. Two methyl groups at 
C(10), and C(12) are both gauche to O(14) and the group 
of atoms C(l) ,  C(3a), C(6a), C(15), and C(15a) is tetra- 
hedral (109.3"). The hydrogen atoms at  the C(7)=C(8) 
double bond are trans and the hydrogen atoms at the 

System 
C ( 6 4 4  ( 7) -C (8)-C (9) 
C (7)-C( 8)-C( 9)-C( 10) 
C (8)-C( 9) -C( 1 O ) - C (  1 1) 
C(9)-C( 10)-C( 1 l)-c( 12) 
C( 10)-C( 11)-C( 12)-C( 13) 
C(11)-C(12)-C(13)-c(14) 
C( 12)-C(13)-C( 14)-C(16) 
C( 13)-C(14)-C(16)-C( 16a) 
C ( 1 4 ) 4 (  16) -C( 15a)-C (6a) 
C( 16)-C( 1Sa)-C( 6a)-C( 7) 
C( 154-C( 6a)-C( 7)-C( 8) 

Angles 
177.7 
- 90.9 

73.2 
- 130.8 

66.3 
76.4 

136-2 
- 69.4 

62.0 
- 119.0 

- 174.9 

'I'he most significant intermolecular distances are 
N(2)-H * - O(1') 2.971 A, and 0(1) - H-O(7n1) 
2.655 A, and these represent typical hydrogen bonds. 
The packing is efficient with several contacts approaching 
the sum of the van der Waals radii; the shortest contact, 
excluding hydrogen atoms, is 3.224A for 0(1) - * C(161K1). 
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H. Nakai for technical assistance. 

other C(13)=C(14) double bond in ring c are also trans. [1/1632 Received, 23rd August, 19711 


