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24. Crystal Structures of ruc-Methyl- 
(3R*, 3aS*, 4R*, 7R*, 7aR*)-7-Acetoxymethy1)-3-benzyl-4,5-dimethyl-l- 

0X0-3a,4,7,7a-tetrahydroisoindo1ine-7a-carboxy1ate1) and 
ruc-8 R*,3aS*,4R*,7R*,7aS*)-3-Benzyl-2-benzyloxycarbonyl-4,5- 

dimethyl-7,7a-(3’-0~0-2’-0xatrimethylene)-3a, 4,7,7a-tetrahydroisoindolin- 
1-one‘) 

by Margareta Zehnder 

lnstitut fur Anorganische Chemie der Universitat Basel, CH-4056 Basel 

(25.XI.80) 

Summary 

The X-ray structures of the compounds 4 and 2 have been determined by 
direct methods and refined by least squares techniques. Crystals of C2,H2,NOS and 
c&H27NO, are triclinic, space groups Pi with lattice parameters a= 13.652 (5)A, 
b= 10.926(3)A, c=7.755(2)A, a =  111.554(4)A, p=85.541(3)A, y =  104.813(4)A, 
and a= 15.394(4)A, b= 9.674 (3)A, c =  8.522 (3)A, a = 11 1.04(4)A, = 93.65 (4)A, 
y = 95.01 (4)A, respectively. 

Introduction. - The cytochalasans are secondary metabolites of microorganisms, 
and in most cases of moulds which exhibit unusual effects on mamalian cells [2]. At 
present 30 members of this family are known. Chemically they are characterized by 
a highly substituted tetrahydroisoindolinone group, to which is fused a macrocyclic 
ring. The latter is either carbocyclic, a lactone or a cyclic carbonate [2]. The unusual 
structures of the cytochalasans represent an exciting and difficult challenge for 
partial and total synthesis. Any approach for the construction of this kind of 
molecules involves two major synthetic problems, namely the formation of the 
bicyclic tetrahydroisoindolinone moiety and the attachment of the macrocyclic ring 
system. 

Schmidlin & Tamm [3] have reported the synthesis of the tetrahydro- 
isoindolinone moiety related to proxiphomin by an intramolecular Diets-A Zder 
reaction to which structure 1 a (C27H27N0,) was tentatively assigned mainly on the 
basis of the 400-MHz-’H-NMR. spectrum. However, the chirality of the quaternary 
C-atom C (9) could not be determined unambigously. Therefore an X-ray analysis 
of this compounds was undertaken. It showed that the relative configuration at 
C(3), C(4), C(5) and C(8) of the synthetic compound was the same as in 

I )  

9 

For the nomenclature s. footnotes 3 and 7 in [l]. 
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Table 3. Bond distances and selected bond angles of structure 4 

atomsa) distance [A] atomsa) distance [A] atomsa) angle ["I 
1.321 ( 5 )  
1.452 (6) 
1.552 (6) 
1.549 (6) 
1.527 (8) 
1.314 (7) 
1.504 (6) 
1.558 (6) 
1.533 (7) 
1.563 (6) 
1.234 (6) 
1.545 (6) 
1.517 (7) 
1.518 (7) 
1.524 (7) 
1.532 (7) 
1.455 ( 5 )  
1.312 (7) 
1.191 (9) 

C(15)-C(16) 
C (14)-0 (3) 
C(14)-0(4) 
O(4)-C( 17) 
C(IO)-C(18) 
C ( 1 8)- C ( I 9) 
C ( 19)-C (20) 
c (20)-C(2 1) 
C(21)-C(22) 
C(22)-C(23) 
C(18)-C(23) 

1.485 (9) 
1.185 ( 5 )  
1.326 ( 5 )  
1.441 (6) 
1.507 (7) 
1.382 (8) 
1.403 (12) 
1.369 (12) 
1.367 (12) 
1.400 (9) 
1.408 (9) 

C (9)- C ( 1 )-N 
C(  I)-N-C(3) 
N-C(3)-C(4) 
C(3)-C(4)-C(9) 
C(4)-C(9)-C( I )  
C(3)-C(4)-C(5) 
C ( 5 )  4: (4)-C (9) 
C(4)-C (9)-C (8) 
C(7)-C(8)-C(9) 
C (6)- C (7)-C (8) 
C (5)-C (6)-C (7) 
C(4)-C(5)-C(6) 
C(I)-C(9)-C( 14) 
C (8)-C (9)- C ( 14) 
O( I)-C( 1)-C(9) 
0 (4)- c ( 1 4)- C (9) 
C(9)-C(8)-C(13) 
C(6)-C(5)-C(I 1) 
C(5)-C(6)-C( 12) 
N-C(3)-C( 10) 
N-C( 1)-O( 1) 

109.8 (4) 
116.1 (4) 
103.9 (3) 
105.9 (4) 
103.6 (3) 
112.0 (3) 
113.0 (3) 
111.9(3) 
110.4 (3) 
120.3 (5) 
116.5 (4) 
108.4 (4) 
109.6 (4) 
110.6 (3) 
123.7 (3) 
110.3 (3) 
112.7 (4) 
116.2 (4) 
120.4 (4) 
112.7 (3) 
126.5 (4) 

~ 

a) Numbering according to Fig. I. 

Table 4. Bond distances and selected bond anples of structure 2 

distance [A] 
1.405 (7) 
1.502 (6) 
1.544 (7) 
1.537 (7) 
1.526 (9) 
1.330 (9) 
1.508 (7) 
1.540 (7) 
1.518 (7) 
1.523 (8) 
1.201 (6) 
1.537 (10) 
1.518 (9) 
1.511 (8) 
1.533 (9) 
1.531 (8) 
1.472 (7) 
1.343 (8) 

atomsa) 
C(  14)-0(3) 
C( 10)-C(15) 
C(15)-C(16) 
C ( 16)-C ( 17) 
C ( 17)-C ( 18) 
C(  l8)-C( 19) 
C ( 19)-C (20) 
C( 15)-c(20) 
N-C(2A) 
C (2A)- 0 (4) 
C(2A)-0(5) 
0 (5)-C (2B) 
C(2B)-C(21) 
C(21)-C(22) 
C(22)-C(23) 
C(23)-C(24) 
C (24)-C (25) 
C(25)-C(26) 
C(21)-C(26) 

distance [A] 

1.197 (6) 
1.511 (7) 

1.384(10) 
1.384 (1 1) 
1.363 (9) 

1.381 (8) 
1.394 (6) 
1.195 (7) 
1.328 (6) 
1.452 ( 5 )  
1.507 (7) 
1.391 (7) 
1.379 (8) 
1.374(11) 
1.377 (9) 
1.388 (9) 
1.379 (9) 

1.393 (7) 

1.397 (9) 

atomsd) 

C(9)-C( I )-N 
C(  I)-N-C(3) 
N-C(3)-C(4) 
c (3)-C (4)-C (9) 
c (4) - c (9)- c ( 1 ) 
C(3)-C(4)-C(5) 
c (5)-C (4)-C (9) 
C(4)-C(9)-C(8) 
C (7)-C (8)-C (9) 
C(6)-C(7)-C(8) 
C(5)-C(6)-C(7) 

C(I)-C(9)-C( 14) 
C (4)-C (5)-C (6) 

C (8)-C (9)-C ( 14) 
O( 1)- C( 1 )- C (9) 
O(3)-C( 14)-C(9) 

C(6)-C(5)-C(I 1) 
C (5)-C (6)- C ( 12) 
N -C ( 3 ) -  C ( 1 0) 
N-C( 1)-0( I )  

C(9)-C(8)-C( 13) 

angle [ "1 
105.3 (4) 
113.2 (4) 
100.6 (4) 
104.3 (4) 
101.9 ( 5 )  
121.9 (4) 
113.6 ( 5 )  
113.6 (4) 
108.9 ( 5 )  
127.2 ( 5 )  
124.1 ( 5 )  
107.4 ( 5 )  
104.2 (4) 
103.6 ( 5 )  
126.8 ( 5 )  
127.8 (6) 
101.8 (4) 
111.8(6) 
115.0 ( 5 )  
109.3 ( 5 )  
127.8 ( 5 )  

a) Numbering according to Fig. 2. 
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proxiphomin, but at C (9) the configuration was different. Thus the product of the 
Diels-Alder reaction possesses the structure rac-(3R*, 3aS*, 4R*, 7R*, 7aS*)-3- 
benzyl-2-benzyloxycarbonyld, 5-dimethyl-7,7a-(3'-oxo-2'-oxatrimethylene)-3a, 4,7, 
7a-tetrahydroisoindolin-1 -onel) (2; G ~ H Z ~ N O ~ ) .  

Schmidlin et al. [ 11 were able to convert the lactone 2 via the hydroxy ester 3 into 
a lactone which was anticipated to have structure l b  with all chiral centres 
corresponding to the configuration of the natural cytochalasans (s. Scheme). 

Scheme 

l a  Z = C ~ H S C H ~ O C O  2 Z=C6H,CH,OCO 
lb  Z = H  

3 R = H  
4 R=Ac 

In order to prove this assumption the 0-acetyl derivative 4 of the hydroxy acid 3 
was subjected to an X-ray analysis as well, proving its structure to be rac-methyl 
(3R*, 3aS*, 4R*, 7R*, 7aR*)-7-acetoxymethy1-3-benzyl-4,5-dimethyl-l-oxo- 
3a, 4,7,7a-tetrahydroisoindoline-7a-carboxylate') (4). 
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Crystallographic Part. - Crystallographic data of structure 4 (C22H27N05) and structure 2 
(C27H27N05) are: triclinic, space group Pi, a =  13.652(5)A, b= 10.926(3)A, c =  7.755(2)A, 
a= 111.554(4)A, /l=85.541(3)A, y =  104.813(4)A, and a =  15.394(4)A, b=9.674(3)A, c=8.522(3)A, 
Q = 11 1.04(4)A, /?= 93.65(4)A, y = 95.01 (4)A, respectively. Intensities of 3644 independent reflexions 

( )C[121 

0[31 

Fig. 2. PLUTO Drawing of structure 2 

1 

\o Stereopair view of structure 4 
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Fig. 4. Stereopair view of structure 2 

for structure 4 and 2812 independent reflexions for structure 2 were collected (H/28 scan) in the range 
2 i 0 < 26” with a Philips-PW-1100 diffractometer equipped with a fine focus molybdenum tube and a 
graphite monochromator (MoK,, i= 0.71069 A). No corrections for absorption were applied. The 
structures were solved by direct methods using the programs MULTAN 78 and SHELX-76 [4]. Scat- 
tering factors for neutral atoms including anomalous dispersion were taken from Cromer et al. [5]. The 
structures yielded 2012 and 2081 reflexions, respectively, with (F0)>20(F0)  which were used in the 
anisotropic refinements. All protons were localized in both cases. Final difference Fourier maps showed 
no electron-density peaks higher than 0.5 e/A3. The final R-indices were 0.067 and 0.062 
(R= I1 FO I - IF, I1 /I FO I ). Atomic positional and thermal parameters of structure 4 and 2 are given in 
Table I and Table 2, while interatomic distances and selected bond angles are listed in Table 3 and 
Table 4. 

Discussion. - Figure I shows a PLUTO2) drawing of the 0-acetyl derivative 4. 
As Schmidlin et al. report [l] 4 is obtained in its desired configuration from the 
lactone 2. The PLUTO plot of 2 is given in Figure 2. Figures 3 and 4 are stereopair 
views of structure 4 and 2, respectively, illustrating the different configurations of 
the molecules in which bond distances and bond angles of the macrocyclic rings 
are practical the same. 

The author is grateful to Professor Ch. Tamm for having suggested this problem 
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