
100 C t l H t 3 N O 4  A N D  C12HI5NO4 

1770 measured reflections 
1443 independent  reflections 
930 observed reflections 

[I _> 2.0o-(/)] 

3 standard reflections 
frequency:  60 min 
intensity variation: 6% 

Refinement 

R = 0.0478 
wR = 0.0545 
S- -  1.22 
930 reflections 
154 parameters  
Isotropic H atom refined 

using [U- -  U(carrier 

atoms) + 0.02 A z] 

w = 1.0/[o'2(F) + 0 .002F 21 
Extinction correction: none 
(A/or)max = 0.487 [C(2) U331 
Apmax = 0.234 e ~ - 3  
Apmt. = - 0 . 2 1 7  e A - 3  
Atomic  scattering factors 

f rom SHELX76 

Table 3. Fractional atomic coordinates and equivalent 
isotropic thermal parameters (A2) for compound (II) 

Ueq = l/3(trace of the orthogonalized Uij matrix). 

x y z Ueq 
O(1) 0.5181 (7) 0.0983 (2) 0.3856 (7) 0.071 (2) 
0(3) 0.4599 (5) 0.0603 (2) 0.0763 (7) 0.054 (2) 
0(6) 0.0867 (6) 0.0610 (2) -0.0054 (8) 0.073 (2) 
O(16) 0.4184 (6) 0.3500 (2) 0.3925 (7) 0.060 (2) 
N(8) 0.4305 (6) 0.1461 (2) 0.0959 (7) 0.043 (2) 
C(2) 0.4743 (9) 0.1018 (2) 0.2053 (11) 0.050 (2) 
C(4) 0.3869 (10) 0.0746 (3) -0.1276 (10) 0.056 (2) 
C(5) 0.2123 (10) 0.0462 (3) -0.1627 (11) 0.062 (3) 
C(7) 0.3621 (10) 0.1335 (2) -0.1210(10) 0.060(3) 
C(9) 0.4303 (8) 0.1975 (2) 0.1780 (9) 0.042 (2) 
C(10) 0.5203 (8) 0.2099 (2) 0.3626 (9) 0.047 (2) 
C(ll) 0.5191 (8) 0.2605 (2) 0.4407 (8) 0.046 (2) 
C(12) 0.4327 (8) 0.2993 (2) 0.3310 (9) 0.043 (2) 
C(13) 0.3443 (9) 0.2877 (2) 0.1391 (10) 0.051 (3) 
C(14) 0.3431 (8) 0.2372 (3) 0.0653 (9) 0.044 (2) 
C(15) -0.0908 (11) 0.0409 (3) -0.0372 (15) 0.089 (3) 
C(17) 0.4951 (11) 0.3643 (3) 0.5887 (11) 0.069 (3) 

Table 4. Geometric parameters (A, °)for compound (II) 
0(! ) -c(2)  1.187 (8) N(8)--C(9) 1.417 (7) 
O(3)--C(2) 1.345 (8) C(4)--C(5) 1.484 (10) 
o(3)--c(4) 1.442 (8) c(4)--c(7) 1.522 (9) 
o(6)--c(5) 1.4o4 (9) c(9)--c(10) 1.376 (8) 
o(6)--c(15) 1.408 (9) c(9)--c(14) 1.396 (9) 
o(16)--c(12) 1.361 (7) C(ll)--c(10) 1.389(7) 
o(16)--c(17) 1.4o9 (8) c(12)--c(11) 1.367 (8) 
N(8)--C(2) 1.368 (8) C(13)--C(12) 1.406 (9) 
N(8)--C(7) 1.494 (8) C(14)--C(13) 1.377 (9) 

C(2)--O(3)--C(4) 111.7 (5) O(6)--C(5)--C(4) 108.7 (6) 
C(5)--O(6)--C(15) 113.6 (6) N(8)--C(7)--C(4) 101.5 (5) 
C(12)--O(16)--C(17) 118.0 (5) N(8)--C(9)--C(14) 119.5 (5) 
C(2)--N(8)--C(7) 111.2 (5) N(8)--C(9)--C(10) 121.7 (5) 
C(2)--N(8)--C(9) 126.0 (5) C(10)--C(9)--C(14) 118.8 (5) 
C(7)--N(8)--C(9) 122.5 (5) C(9)--C(10)--C(I 1) 121.0 (5) 
O(1)--C(2)--O(3) 122.9 (5) C(10)--C(11)--C(12) 120.2 (5) 
O(1)--C(2)--N(8) 127.7 (6) C(I 1)--C(12)--O(16) 125.9 (5) 
O(3)--C(2)--N(8) 109.4 (6) C(13)--C(12)--O(16) 114.4 (5) 
O(3)--C(4)--C(5) 109.0 (6) C(I 1)--C(12)--C(13) 119.7 (5) 
O(3)--C(4)--C(7) 105.8 (5) C(12)--C(13)--C(14) 119.6 (5) 
C(5)--C(4)--C(7) 112.9 (6) C(9)--C(14)--C(13) 120.7 (5) 

The structures were solved with SHELXS86 (Sheldrick, 1985) 
and refined with SHELX76 (Sheldrick, 1976) by full-matrix 
least squares. The XRAY76 program (Stewart et al., 1976) was 
used for geomet ry  analysis. The ORTEP program (Johnson, 
1965) was used to obtain the stereoscopic representations of  the 
molecules  and crystal packing. 

JW thanks the National Foundation for Scientific Re- 
search (Belgium) for financial support. The authors are 
indebted to Drs Koenig and Jarreau, Delalande Research 
Center - Synth6labo Group, for providing the samples and 
helpful discussion. 

Lists of structure factors, anisotropic thermal parameters, H-atom coor- 
dinates and complete geometry have been deposited with the British Li- 
brary Document Supply Centre as Supplementary Publication No. SUP 
71392 (19 pp.). Copies may be obtained through The Technical Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CH 1 
2HU, England. [CIF reference: DU 1028] 
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Abstract 
The crystal structure of cyclo-(n-Thr-D-Val-g-Pro-Sar- 
N-u-MeVal-OThr), C23H39N506.HC1.MeOH.H20 is re- 
ported. This cyclic pentapeptide lactone represents one 
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of the two peptide units of actinomycin and is a 16- 
membered depsipeptide. The backbone adopts a fiat con- 
formation similiar to that found for an analogous N- 
protected pentapeptide lactone by Mauger, Stuart, Ferretti 
& Silverton [J. Am. Chem. Soc. (1985), 107, 7154-7163]. 

Comment 
Actinomycins (Waksman & Woodruff, 1940; Brock- 
mann, 1960) are naturally occurring, very toxic antibi- 
otics with outstanding antibacterial and cytostatic proper- 
ties. They consist of two pentapeptide lactone rings which 
are linked by a 2-amino-4,6-dimethyl-3-oxophenoxazine- 
1,9-dicarboxylic acid chromophore via amide bonds to 
the threonine residues. The chromophore intercalates be- 
tween guanine/cytosine pairs of the DNA double helix 
thus inhibiting the DNA-dependent RNA synthesis. In 
solution, the single-peptide lactone ring can adopt two 
completely different conformations designated with A 
and C (Lackner, 1972). The A type (in acetone) is very 
similar to the conformation found in the actinomycin 
D molecule (Ginell, Lessinger & Berman, 1988) or in 
actinomycin/deoxyguanosine complexes (Jain & Sobell, 
1972; Takusagawa, Dabrow, Neidle & Berman, 1982). It 
is characterized by two c/s amide bonds Val-Pro and 
Pro-Sar and the absence of intra-annular hydrogen 
bonds. The C type (in moist chloroform) contains only 
trans amide bonds and is apparently stabilized by an in- 
tramolecular hydrogen bond N--Hval"" "O=Csar (Lack- 
ner, 1975). 

The crystal structure of one peptide molecule is shown 
in Fig. 1. All bond lengths and angles are within the nor- 
mal range for small cyclic peptides (Hossain & van der 
Helm, 1978; Mauger, Stuart, Highet & Silverton, 1982; 
Karle, Gibson & Karle 1970; Karle, 1978, 1979, 1981). 
All peptide bonds are essentially planar, the Thr-Val and 
Sar-MeVal are trans, the Val-Pro and Pro-Sar are cis. 

C192 

f 

C~-/n C4 C 4 o ~  C3b 

Fig. 1. Structure of  the title compound showing 50% probability dis- 
placement ellipsoids. The H atoms and the solvent molecules are 
omitted for clarity. 

The conformation of the present structure is very similar 
to that found in the N-protected peptide lactone with N- 
methyl-L-alanine instead of N-methyl-L-valine (Mauger, 
Stuart, Ferretti & Silverton, 1985). In both cases the A 
conformation is observed. The peptide crystallizes as the 
hydrochloride with one methanol molecule and one water 
molecule in the asymmetric unit. The extensive hydrogen 
bonding is shown in Fig. 2. Bond lengths and angles of all 
hydrogen bonds are summarized in Table 3. The dimen- 
sions of all hydrogen bonds are comparable with values 
given by Jeffrey & Saenger (1991). The water molecule 
is three-coordinated. The C1- ion is four-coordinated with 
one hydrogen bond to the minor component of the disor- 
dered methanol molecule. The strong hydrogen-bonding 
pattern is presumably essential for the crystallization of 
the pentapeptide. 

N2b 

~02m 
c~ 

Fig. 2. Hydrogen-bonding pattern in the crystal. 

Experimental 
Crystal data 

C23H39NsO6.HCI.- 
CH3OH.H20 

Mr -- 568.11 
Orthorhombic 
P21212t  
a = 11.004 (3) Ak 
b = 13.482 (4) ,~, 
c = 19.935 (2) ,~ 
V = 2957.5 (12) ,~3 
Z = 4  
Dx = 1.276 Mg m -3 

Data collection 

Stoe Siemens four-circle 
diffractometer 

Profile data from 20/w scans 
Absorption correction: 

none 
7076 measured reflections 
5195 independent reflections 
4852 observed reflections 

[t > 2a(t)] 

Mo Ka radiation 
A = 0.71073,4, 
Cell parameters from 56 

reflections 
0 = 10- 12.5 ° 
# = 0.181 mm -~ 
T = 153 (2) K 
Plates 
1.00 x 0.80 × 0.40 mm 
Colourless 

Rint = 0 .0241 

0max = 24 .98  ° 

h : - 13 ~ 13 
k = - 16 ~ 16 
l = -23 ~ 23 
3 standard reflections 

frequency: 90 min 
intensity variation: none 
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Refinement 

Ref inemen t  on F 2 

R[F > 4t r (F) l  = 0 .0334 
wR(F 2) -- 0 .0892 

S - -  1.065 
5193 ref lect ions  
406 parameters  
Ca lcu la ted  we igh t s  

w = l / [ t r2(F  2) + (0 .0482P)  2 

+ 0 .8536P]  
where  P = (/7, 2 + 2F2)/3 

mpmax = 0.264 e A -3 
mpmin = -0.231 e A -3 
Extinction correction: none 
Atomic scattering factors 

f rom International Tables 
for Crystallography ( 1992, 
Vol. C, Tables  4.2.6.8,  
6.1.1.4) 

Abso lu te  conf igura t ion:  
F lack  (1983) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (A2) 

1 . • 
Ueq = 5 ~ai~ajUijai  aj ai.aj .  

x y z Ueq 
CI 0.86113 (5) 0.38978 (4) 0.51491 (3) 0.03771 (15) 
OIS 0.1348 (2) 0.09497 (14)  0.58555 (9) 0.0419 (4) 
O2M -0.0290 (7) 0.2198 (5) 0.6446 (3) 0.0232 (12) 
C2M 0.0060 (9) 0.3213 (7) 0.6404 (5) 0.030 (2) 
02M' 0.0298 (6) 0.3184 (6) 0.6277 (4) 0.0266 (15) 
C2M' - 0.0228 (13) 0.2213 (8) 0.6279 (6) 0.025 (2) 
CI 0.5845 (2) 0.10385 (14 )  0.64123 (10)  0.0195 (4) 
Ol 0.63537 (12)  0.10834 (10)  0.69555 (6) 0.0241 (3) 
NI 0.7230 (2) 0.23305 (12)  0.60434 (9) 0.0226 (4) 
C1A 0.6391 (2) 0.15466 (14)  0.57998 (10)  0.0214 (4) 
CIB 0.7073 (2) 0.07790 (15)  0.53787 (10)  0.0230 (4) 
OIGI 0.79494 (12)  0.03554 (10)  0.58398 (7) 0.0231 (3) 
CIG2 0.7713 (2) 0.1204 (2) 0.47687 (11)  0.0343 (5) 
C2 0.3469 (2) 0.02095 (14)  0.72347 (10)  0.0206 (4) 
02 0.24634 (12 )  0.04766 (11)  0.70199 (7) 0.0270 (3) 
N2 0.48410 (14)  0.05128 (12)  0.62850 (8) 0.0207 (3) 
C2A 0.4395 (2) -0.02421 (14 )  0.67490 (10)  0.0203 (4) 
C2B 0.3773 (2) -0.10925 (14)  0.63630 (10)  0.0259 (4) 
C2GI 0.3526 (2) -0.1946 (2) 0.68483 (13)  0.0379 (5) 
C2G2 0.4521 (2) -0.1454 (2) 0.57702 (11)  0.0342 (5) 
C3 0.5267 (2) -0.09341 (14 )  0.82455 (9) 0.0218 (4) 
03 0.44953 (13) -0.15274 (11)  0.84434 (8) 0.0356 (4) 
N3 0.37391 (15 )  0.02887 (12)  0.78820 (8) 0.0240 (4) 
C3A 0.4946 (2) 0.01583 (14)  0.81899 (10)  0.0222 (4) 
C3B 0.4778 (2) 0.0597 (2) 0.89015 (12)  0.0378 (5) 
C3G 0.3643 (3) 0.1204 (4) 0.8863 (2) 0.0341 (13) 
C3D 0.2860 (2) 0.0711 (2) 0.83619 (11)  0.0332 (5) 
C3G' 0.3492 (5) 0.0654 (10) 0.9026 (3) 0.034 (3) 
C4 0.7737 (2) -0.09325 (13)  0.71500 (9) 0.0190 (4) 
04 0.70556 (12) -0.14303 (10 )  0.68008 (7) 0.0254 (3) 
C4A 0.7406 (2) -0.06619 (14)  0.78726 (10)  0.0209 (4) 
N4 0.63886 (14) -0.12558 (11)  0.81047 (8) 0.0208 (3) 
C4N 0.6636 (2) -0.23183 (14)  0.81806 (11)  0.0294 (5) 
C5 0.8306 (2) -0.05866 (14)  0.57239 (10)  0.0226 (4) 
05 0.79912 (14) -0.10574 (1 I) 0.52464 (7) 0.0318 (3) 
N5 0.88197 (14) -0.06071 (12 )  0.69293 (8) 0.0210 (3) 
C5A 0.9216 (2) -0.09074 (14 )  0.62587 (10)  0.0223 (4) 
C5B 0.9553 (2) -0.20151 ( 1 5 )  0.61866 (11)  0.0279 (4) 
C5GI 1.0487 (2) -0.2118 (2) 0.56275 (1 I) 0.0340 (5) 
C5G2 1.0030 (3) -0.2448 (2) 0.68326 (13)  0.0461 (6) 
C5N 0.9585 (2) 0.0060 (2) 0.73164 (11)  0.0340 (5) 

Table 2. Geometric parameters (,~, o) 
CI--OI 1.220 (2) C3--O3 1.232 (2) 
CI--N2 1.337 (2) C3--N4 1.338 (3) 
CI--CIA 1.523 (3) C3--C3A 1.519 (3) 
N1--CIA 1.485 (3) N3--C3A 1.474 (3) 
CIA--CIB 1.529 (3) C4--O4 1.224 (2) 
CIB--OIGI 1.450 (2) C4--N5 1.343 (2) 
CIB--C1G2 1.517 (3) C4--C4A 1.530 (3) 
OIGI--C5 1.349 (2) C4A--N4 1.452 (2) 
C2--O2 1.240 (2) C5--O5 1.195 (2) 
C2--N3 1.329 (3) C5--C5A 1.525 (3) 
C2--C2A 1.532 (3) N5--C5A 1.463 (2) 
N2--C2A 1.460 (2) 

OI--CI--N2 125.0 (2) C2--N3--C3A 
OI--CI--CIA 120.5 (2) N3--C3A--C3 
N2--CI--CIA 114.3 (2) O4--C4--N5 
NI--CIA--CI 107.6 (2) O4--C4--C4A 
O2--C2--N3 120.8 (2) N5--C4--C4A 
O2--C2--C2A 119.4 (2) N4--C4A--C4 
N3--C2--C2A 119.8 (2) C3--N4--C4A 
CI--N2--C2A 121.8 (2) O5--C5--OIG1 
N2--C2A--C2 110.31 (15) O5--C5--C5A 
O3--C3--N4 119.5 (2) OIGI--C5--C5A 
O3--C3--C3A 119.5 (2) C4--N5--C5A 
N4--C3--C3A 120.9 (2) N5--C5A--C5 

C 1 --N2--C2A--C2 92.6 (2) N3--C3A--C3--N4 
C2--N3--C3A--C3 -77.1 (2) N4--C4A--C4--N5 
C3--N4--C4A--C4 - 112.2 (2) C IA--CI--N2--C2A 
C4--N5--C5A--C5 58.2 (2) C2A--C2--N3--C3A 
N1--CIA--CI--N2 162.5 (2) C3A--C3--N4--C4A 
N2--C2A--C2--N3 - 112.5 (2) C4A--C4--N5--C5A 

126.6 (2) 
110.9 (2) 
122.4 (2) 
121.4 (2) 
116.2 (2) 
110.6 (2) 
126.8 (2) 
123.5 (2) 
126.6(2) 
109.8 (2) 
118.2 (2) 
111.4 (2) 

138.4 (2) 
- 165.4 (2) 

162.0 (2) 
12.4 (3) 

- 1.8 (3) 
175.7 (2) 

Table 3. Hydrogen-bond geometry (,~, o) 

D H A D--H D--H- • .,4 
N 1 H IA O3 i 0.90 (2) 154 (2) 
N 1 H 1B O2M" 0.90 (2) 146 (2) 
Nl HIC C! 0.90 (2) 159 (2) 
N2 H2 Cl iii 0.91 (3) 173 (2) 
O2M H2M OIS 0.82 (1) 143 (5) 
O2M' H2M' CI ~v 0.84 ( 1 ) 169 (5) 
OIS H 1SA 02 0.88 (2) 170 (3) 
OIS HISB CI iii 0.88 (2) 164 (3) 

Symmetry codes: (i) 1 - x, y + ½, ~ - z; (ii) x + 1, y, z; (iii) x - ½, ~ - y, 
1 - z; ( i v )  x - 1, y ,  z. 

The pept ide  iactone (Fischer,  1982) was  syn thes i zed  f rom 
the te t rapept ide  H-D-VaI-L-Pro-Sar-L-MeVai-OH ( B r o c k m a n n  
& Lackner ,  1968) and  its condensa t ion  wi th  (Z)-L-threonine fol- 
lowed  by the cyc l iza t ion  o f  the (Z)-pentapept ide  wi th  acetyl  
chlor ide  and  imidazole .  H y d r o g e n o l y t i c  depro tec t ion  o f  the 
(Z)-pept ide lac tone y ie lded  the hyd roch lo r ide  o f  the free cy-  
c lopept ide.  E lementa l  ana lys i s  for  C23H39N506.HCI: ca lcula ted  
C 53.32, H 7.78, Ci 6.84, N 13.53%; found  C 53.33, H 7.76, 
CI 6.75, N 13.46% (amorphous  sample) .  Fur ther  detai ls  o f  the 
synthes i s ,  N M R  spec t roscopic  data  and  confo rma t iona l  proper-  
ties in solu t ion  will  be publ i shed  e lsewhere .  P la te -shaped  crys-  
tals were  g rown  f rom d i i sopropy le the r /2 -p ropano l /me thano l  at 
277 K. 

A s ingle  crystal  was  m o u n t e d  on the tip o f  a glass  fibre, 
coa ted  wi th  an inert  oil and  rapid ly  coo led  to 153 K to prevent  
so lvent  loss. Data  were  col lec ted  wi th  a learnt-profi le  m e t h o d  
(Clegg,  1981). The  s t ructure  was  so lved  by direct  m e t h o d s  us ing  
SHELXS90 (Sheldr ick,  1990) and  ref ined on F 2 by  fu l l -mat r ix  
leas t -squares  t echniques  us ing  SHELXL92 (Sheldr ick,  1992). 
All  n o n - H  a toms  were  ref ined anisotropical ly .  H a toms  invo lved  
in br idg ing  h y d r o g e n  bonds  were  ref ined f reely  wi th  d is tance  re- 
s t raints  for  O - - H  and  N - - H  bonds .  The  other  H a toms  were  in- 
c luded  at ca lcu la ted  pos i t ions  and  ref ined us ing  a r iding model .  

The  C 3 G  a tom o f  the prol ine was  disordered.  Two  pos i t ions  
were  ref ined wi th  d is tance  restraints  for  the 1 - - 2  and  1 - - 3  dis- 

tances  to occupanc ie s  o f  0.65 and  0.35. The  me thano l  mo lecu le  
was  f o u n d  to be d isordered.  In the a l ternat ive  locat ion  (45%),  
the pos i t ions  o f  the C and  the O a toms  are app rox ima te ly  ex- 
c h a n g e d  thus  enab l ing  a h y d r o g e n  bond  f rom the O - - H  to the 
CI. This  part  o f  the s t ructure  was  ref ined wi th  d is tance  restraints  
for  the C - - O  bond  and  r ig id-bond  restraints  (Rollet t ,  1970; Hir- 
shfe ld ,  1976; T rueb lood  & Duni tz ,  1983), as well  as s imi la r i ty  
restraints  for  the aniso t ropic  d i sp l acemen t  pa ramete r s  for  ne igh-  
bour ing  a toms.  
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Data collection: DIF4 (Stoe & Cie, 1988a). Cell refinement: 
DIF4. Data reduction: REDU4 (Stoe & Cie, 1988b). Pro- 
gram(s) used to solve structure: SHELXS90 (Sheldrick, 1990). 
Program(s) used to refine structure: SHELXL92 (Sheldrick, 
1992). Molecular graphics: SHELXTL-Plus (Sheldrick, 1991). 
Software used to prepare material for publication: SHELXL92 
(Sheldrick, 1992). 

Acta Cryst. (1994). C50, 103-106 

Structure of 2-(1-Acetoxy-2-fluoropropyl)- 
N-t ert-butylbenzenesulf onami de 
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Abstract 
The structure of the title compound, C15Hz2FNO4S 
[2-(N-tert-butylsulfamoyl)-a-( 1 -fl uo roet h yl)benzyl 
acetate], has been determined from a single-crystal 
X-ray diffraction study. The torsion angles C(7)--  
O(1)--C(10)--O(2) [2.5(3) c] and C ( I ) - - S - - N - -  
H(N) [ -62 .6  (2)~], and an intramolecular hydrogen 
bond between the N atom and 0(2) [2.979 (4)A] 
stabilize the structure. The structure analysis con- 
firms opposite configurations at C(7) and C(8). The 
absence of close contacts less than 3.269(4) A 
[C(ll)...F] shows that the molecules are bound by 
van der Waals forces. 

Comment 
Sulfonamides have long been known in organic 
chemistry and have found extensive use in industrial 
and agricultural chemistry (March, 1985). Since the 
discovery (Levitt, 1977) of 2-substituted sulfonamide 
derivatives as highly active sulfonylurea herbicides 
having a low use rate, high degree of selectivity and 
excellent environmental safety, a number of sulfon- 
amide compounds with 2-substituents have been 
widely investigated (Levitt, 1991). To date, the vari- 
ous known sulfonamide substituents are of relatively 
simple type and those with chiral centers have not 
been reported at all. In our research program, we 
have synthesized the title compound (I), which was 
an intermediate in the synthesis of a new herbicide 
(Kim, 1992), but faced some difficulties in clarifying 
the relative configuration of two chiral centers with 
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