
MARILYN M. OLMSTEAD et aL 1525 

C6--C7---C8 130.7 (3) CI---C20---CI 9 130.9 (2) 
C2------C7---C8 108.7 (2) CI---C2(g--C8 II 2.3 (2) 
C7--C8--C20 102.3 (2) CI9---C20--C8 116.8 (2) 

Data collection: Siemens P3 software. Cell refinement: 
Siemens P3 software. Data reduction: XDISK (Siemens, 1991). 
Program(s) used to solve structure: SHELXTL (Sheldrick, 
1994). Program(s) used to refine structure: SHELXTL. Molecu- 
lar graphics: SHELXTL XP. Software used to prepare material 
for publication: SHELXTL XCIF. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: BKI209). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CHI 2HU, England. 
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Abstract 

The structure of the tripeptide hemiasterlin methyl ester, 
C31H48N404, has been determined by X-ray analysis. 
The absolute configuration is based on the chiralities 
determined by other methods for two of the three chiral 
centers. Weak hydrogen bonding influences the solid- 
state conformation. 

i" IUPAC name: methyl 2,5-dimethyl-4-{2-[3-methyl-2-methylamino- 
3-(N-methylbenzo[b]pyrrol-3-yl)butanamido]-3,3-dimethyl-N-methyl- 
butanamido}-2-hexenoate. 

C o m m e n t  
Marine sponges are a rich source of novel peptide 
metabolites that frequently exhibit potent biological ac- 
tivity (Fusetani & Matsunaga, 1993). We have recently 
reported the isolation of the tripeptides hemiasterlin, 
hemiasterlin A and hemiasterlin B, and the tetrapeptides 
criamide A and criamide B from the sponge Cymbastela 
sp. collected in Papua New Guinea (Coleman, de Silva, 
Kong, Andersen & Allen, 1996). One of these pep- 
tides, hemiasterlin, has been isolated previously from the 
marine sponge Hemiasterella minor collected in South 
Africa (Talpir, Benayahu, Kashman, Pannell & Schleyer, 
1994) and a related compound, milnamide A, has been 
reported as being isolated from the sponge Auletta c.f. 
constricta, also collected in Papua New Guinea (Crews, 
Farias, Emrich & Keifer, 1994). The hemiasterlins and 
criamides exhibit potent in vitro inhibition of murine 
leukemia P388 and human solid-tumor cell lines and 
show promising in vivo activity against murine leukemia 
P388 in mice (Coleman et al., 1995). Preliminary inves- 
tigations indicate that the hemiasterlins are antimitotic 
agents that target cellular tubulin in a manner similar 
to the cytotoxic mechanisms of the well known anti- 
cancer drugs vincristine and taxol (Roberge, Anderson, 
Coleman & Andersen, 1995). 

The cytotoxic properties of the hemiasterlins and cri- 
amides make them attractive targets for total synthesis. 
Any synthetic effort towards these cytotoxic peptides 
would benefit from knowledge of the absolute config- 
urations of the component amino acids. Degradative 
analysis carried out as part of the structure elucida- 
tion of the hemiasterlins and criamides isolated from 
Cymbastela sp. showed that the tert-leucine, valine, N- 
methylhomovinylagous valine and arginine residues in 
these molecules all had the L configuration (Coleman 
et al., 1995). Attempts to determine the configuration 
of the methylated tryptophan residues in the hemiaster- 
lins and criamides by hydrolysis or circular dichorism 
analysis were unsuccessful. Fortunately, the methyl es- 
ter of hemiasterlin, (I), gave crystals suitable for X-ray 
diffraction analysis. 
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The results of this X-ray diffraction analysis, which 
are presented below, show that the tetramethylated tryp- 
tophan residue in hemiasterlin also has the L configu- 
ration. The molecular conformation in the solid state is 
stabilized by one weak hydrogen bond and several C g  
H. . .O  interactions (Table 2). Two of the intramolecu- 
lar C - - H . . . O  interactions [involving atoms H(34) and 
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H ( 3 7 ) ]  a re  s t r o n g  e n o u g h  to be  c l a s s i f i ed  as t rue  h y d r o -  

g e n  b o n d s .  T h e  C - - H - . . O  i n t e r a c t i o n s  i n v o l v i n g  the  

H ( 4 )  a n d  H ( 4 3 )  a t o m s  r e p r e s e n t  t he  m o s t  s ign i f i can t  

i n t e r m o l e c u l a r  con t ac t s .  B o n d  l eng ths ,  s u m m a r i z e d  in 

T a b l e  3, a n d  b o n d  a n g l e s  a re  as e x p e c t e d .  

O 4 ' - ~ )  C27 

G" C--S~ 

Fig. 1. A perspective view of the title molecule (minor disordered 
fragment not shown), with 33% probability ellipsoids shown for 
the non-H atoms. The H atoms shown are those which were refined 
or are involved in the hydrogen bonds and C I H - - . O  interactions 
listed in Table 2. 

Experimental 

The synthesis of  the methyl  ester of  hemiasterl in was carried 
out by reaction o f  5 mg of  the isolated hemiasterl in with 
freshly prepared diazomethane solution (Aldrich M N N G -  
Diazomethane Kit) in 0.5 ml of  CH3C1 for 1 h at room 
temperature.  The product was recrystall ized f rom a 1:3 
ace tone/hexane  solution to yield clear colorless rod-like 
crystals. 

Crystal data 

C3~ HasN404 Cu Ka radiation 
Mr = 540.74 A = 1.5418 ,~, 
Orthorhombic Cell parameters f rom 24 
P212121 reflections 
a = 12.2102 (8) ~, 0 = 25.5-44.1 ° 

o 
b = 31.464 (2) .A # = 0.589 m m  -m 
c = 8.368 (2) A T = 294 K 

V = 3214.7 (9) ,~3 
Z = 4  
Dx = 1.117 Mg m -3 
Dm not measured 

Rod 
0.40 x 0.39 x 0.24 m m  
Colorless 

Data collection 
Rigaku AFC-6S diffractom- 

eter 
w-20 scans 
Absorption correction: 

azimuthal scans (North, 
Phillips & Mathews,  
1968) 
Tmin = 0.865, Tmax = 
1.000 

3752 measured reflections 
3752 independent  reflections 

Refinement 

Refinement  on F 
R = 0.0391 
wR = 0.0375 
S = 2.207 
2125 reflections 
370 parameters  

w = lhr2(Fo) 
( A / O ' ) m a x  = 0.03 
Apmax = 0.13 e ,~-3 
A/groin = - 0 . 1 0  e ,~-3 

2125 observed reflections 
[I > 3cr(/)] 

0max = 77.5 ° 
h = - 1 1  ~ 15 
k = - 2 6  ---, 39 
l = - 10 ---, 10 
3 standard reflections 

moni tored every  200 
reflections 

intensity decay: 1.36% 

Extinction correction: 
Zachariasen (1967) type 
II, Gaussian isotropic 

Extinction coefficient: 
0.281 (15) x 10 -5 

Atomic scattering factors 
from International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

Tab l e  1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (1~ 2) 

Ueq = ( I /3 )E ,~ jUi ja  7 a] a,.aj. 

x y z Ueq 
O(l) 0.8394 (3) 0.17722 (9) 0.8203 (4) 0.103 (1) 
0(2) 0.6334 (2) 0.25121 (8) 0.5446 (4) 0.0785 (10) 
O(3)t 0.8680 (7) 0.4247 (3) 0.383 (1) 0.113 (3) 
0(3*)]" 0.819 (2) 0.4382 (7) 0.436 (3) 0.115 (8) 
0(4) 0.7271 (3) 0.4236 (1) 0.2233 (4) 0.110 (1) 
N(I) 0.5499 (3) -0.00649 (9) 0.8720 (5) 0.079 (1) 
N(2) 0.5848 (3) 0.12812 (9) 0.7249 (4) 0.069 (1) 
N(3) 0.7413 (3) 0.1744 (1) 0.5932 (5) 0.063 (1) 
N(4) 0.7889 (2) 0.28401 (9) 0.6184 (4) 0.066 (I) 
C(I) 0.6234 (4) 0.0158 (1) 0.7810 (5) 0.076 (1) 
C(2) 0.6614 (3) 0.0501 (1) 0.8616 (5) 0.064 (1) 
C(3) 0.6070 (3) 0.0493 (1) 1.0156 (5) 0.062 (1) 
C(4) 0.6078 (4) 0.0750 (1) 1.1520 (6) 0.081 (1) 
C(5) 0.5424 (4) 0.0649 (2) 1.2785 (6) 0.096 (2) 
C(6) 0.4764 (4) 0.0293 (2) 1.2756 (7) 0.101 (2) 
C(7) 0.4736 (4) 0.0030 (1) 1.1452 (7) 0.087 (2) 
C(8) 0.5384 (4) 0.0134 (1) 1.0163 (6) 0.071 (l) 
C(9) 0.4949 (4) -0.0453 (I) 0.8230 (7) 0.108 (2) 
C(10) 0.7435 (3) 0.0822 (1) 0.8019 (5) 0.063 (1) 
C( 11 ) 0.8456 (4) 0.0809 ( 1 ) 0.9090 (6) 0.088 (2) 
C(12) 0.7779 (4) 0.0719 (1) 0.6306 (5) 0.085 (2) 
C(13) 0.6899 (3) 0.1274 (1) 0.8092 (5) 0.064 (1) 
C(14) 0.7644 (4) 0.1620 (1) 0.7401 (6) 0.067 (1) 
C(15) 0.5097 (4) 0.1594 (1) 0.7936 (7) 0.107 (2) 
C(16) 0.7948 (3) 0.2100 (1) 0.5154 (5) 0.059 (1) 
C(17) 0.7335 (3) 0.2506 (1) 0.5613 (5) 0.063 (1) 
C(18) 0.8034 (3) 0.2034 (1) 0.3327 (5) 0.063 (1) 
C(19) 0.8655 (3) 0.2410 (I) 0.2602 (5) 0.084 (1) 
C(20) 0.6912 (3) 0.1999 (1) 0.2508 (5) 0.078 (I) 
C(21) 0.8678 (4) 0.1630 (I) 0.2993 (6) 0.087 (2) 
C(22) 0.9073 (3) 0.2839 (I) 0.6525 (6) 0.086 (2) 
C(23) 0.7282 (3) 0.3225 (l) 0.6610 (5) 0.068 (1) 
C(24) 0.7671 (3) 0.3594 (I) 0.5617 (6) 0.076 (I) 
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C(25) 0.7202 (3) 0.3752 (I) 0.4327 (5) 0.065 (1) 
C(26) 0.6164 (4) 0.3587 (1) 0.3629 (6) 0.091 (2) 
C(27) 0.7772 (4) 0.4109 (1) 0.3530 (7) 0.08t (2) 
C(28) 0.7314 (4) 0.3321 (I) 0.8404 (6) 0.087 (2) 
C(29) 0.6898 (5) 0.2943 (2) 0.9352 (6) 0.132 (2) 
C(30) 0.6637 (5) 0.3716 (2) 0.8754 (6) 0.125 (2) 
C(31) 0.7805 (5) 0.4570 (2) 0.1330 (8) 0.154 (3) 

t Partial occupancy (see below). 

Table 2. Geometry of  hydrogen bonds and C- -H. . . 0  
o 

interactions (A, o) 

D--H. • .A 
C(6)--H(4). • .O(3 *i) 
C(I I)--H(II)...O(1) 
N(3)--H(20)- • .N(2) 
C( 16)--H(21 ). - -O( I ) 
C(20)--H(26)- .0(2) 
C(23)--H(34)..0(2) 
C(24)--H(35)..0(3) 
C(24)--H(35)..0(3*) 
C(26)--H(37)..0(4) 
C(30)--H(43)..0(4") 

D--H H. • .A D. • .A D--H. • .A 
0.98 2.46 3.25 (3) 138 
0.98 2.51 3.122 (5) 120 
0.76 (4) 2.28 (4) 2.644 (5) 110 (4) 
0.98 2.48 2.805 (5) 99 
0.98 2.42 3.025 (5) 120 
0.98 2.22 2.706 (4) 109 
0.98 2.45 2.82 ( I ) 102 
0.98 2.45 2.77 (3) 98 
0.98 2.22 2.713 (5) 109 
0.98 2.52 3.427 (6) 154 

Symmetry codes: (i) x - ½, ½ - y, 2 - z; (ii) x, y, 1 + z. 

Table 3. Summary of  bond lengths (,4) 

Bond type Range Mean 
C---Caromau c 1.364 (6)-1.405 (5) 1.383 (7) 
C:=C 1.318 (5)-1.355 (5) 1.337 (7) 
C------Caliphati c 1.516(7)--1.568 (5) 1.534 (6) 
Cst~2--'Csp2 1.450 (6)-1.481 (6) 1.466 (8) 
Csp 3 ----C;p 2 1.489 (5)-1.532 (5) 1.513 (6) 
N-X-Csp 2 1.367 (5)-1.369 (5) 1.368 (7) 
N---Csp 3 1.449 (5)-1.474 (4) 1.461 (5) 

1.22 (1)-1.232 (5) 1.23 (1) 
O-""Ccarboxylate 1.307 (5) 
O------Ceste r 1.452 (6) 

The structure was solved by direct methods using SIR92 (A1- 
tomare et al., 1994) and expanded using Fourier  techniques 
(Beurskens et al., 1994). All calculations were per formed 
using TEXSAN (Molecular  Structure Corporation, 1992) and 
MSC/AFC Diffractometer Control Software (Molecular  Struc- 
ture Corporation,  1988) was used for data collection and cell 
refinement.  The amine H atoms were refined with isotropic 
displacement  parameters.  The remaining H atoms were  fixed 
in calculated positions (methyl  groups staggered, with C - - H  
0.98 ,~ and displacement  parameters  20% larger than those of  
the parent atoms). The partial disorder o f  the crystal structure 
involves the carbonyl  0 (3 )  atom of  the ester fragment.  The 
occupancies  o f  the two positions were  adjusted as the refine- 
ment  progressed to yield approximately equal displacement  
parameters,  the final values being 0.71 and 0.29 for 0 ( 3 )  and 
0(3*) ,  respectively. The absolute configuration was based on 
the known chiralities of  two centers. A parallel ref inement  of  
the opposite enant iomer  gave slightly higher residuals (R = 
0.0392 and wR = 0.0376). 

Financial support was provided by a grant to RJA 
from the National Cancer Institute of Canada. 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry, including torsion angles 
and contact distances, have been deposited with the IUCr (Reference: 
FG1120). Copies may be obtained through The Managing Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CH 1 
2HU, England. 
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Abstract 
The title molecule, methyl a,10-bis(acetoxy)-4-(3-furan- 
yl)- 1,4,4a,5,6,6a,7,8,9,10,11,12b-dodecahydro- 11-hydroxy- 
4a,7,9,9-tetramethyl-2,13-dioxo-7,11 -methano-2H-cyclo- 
octa[f][2]benzopyran-8-acetate, C31H38OII, consists of 
four six-membered rings (A, B, C and D) and a five- 
membered furan ring (E). The A ring is fused at C(2)--- 
C(1)---C(10) to the B ring. The B/C and C/D rings 
are trans- and cis-fused, respectively. Rings A, B, C 
and D adopt conformations intermediate between twist 
2T 4 and boat B4,1, intermediate between half-chair 1H 6 

and envelope I E, distorted chair IC4 and half-chair 
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Qufmica, Universidad Nacional Aut6noma de Mrxico, Mexico. 
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