
4 3 0  C 2 4 H 2 1 N 3 0  

C17 0.6731 (6) 0.5120 (5) 0.8071 (3) 0.0753 (18) 
C18 0.5215 (5) 0.5211 (4) 0.8068 (3) 0.0561 (15) 
C I 0.1058 (4) 0.3083 (3) 0.6678 (2) 0.0423 (11) 
C6 0.2221 (6) 0.3510 (4) 0.6278 (3) 0.0561 (15) 
C5 0.2054 (8) 0.3713 (4) 0.5530 (3) 0.0703 (18) 
C4 0.0770 (9) 0.3493 (4) 0.5189 (3) 0.0847 (25) 
C3 -0.0376 (8) 0.3065 (5) 0.5572 (3) 0.0803 (21) 
C2 -0.0254 (6) 0.2864 (4) 0.6319 (3) 0.0589 (14) 

Table 2. Selected geometric parameters (A, o) 
NI--C7 1.320 (5) C12--C13 1.483 (5) 
N I--C9 1.373 (5) N3--O 1.371 (4) 
C7--N2 1.371 (5) C13--C14 1.389 (6) 
C7--C1 1.470 (5) C13--C18 1.388 (6) 
N2--C8 1.394 (5) C14--CI5 1.397 (6) 
N2--CI2 1.433 (4) C15--C16 1.352 (8) 
C8--C9 1.369 (5) C16--C17 1.391 (9) 
C8--CI I 1.487 (6) C17--C18 1.393 (7) 
C9--C10 1.491 (6) C1--C6 1.392 (6) 
C11--CI9 1.519(6) CI--C2 1.392(6) 
CI9--C20 1.387 (7) C6--C5 1.389 (7) 
CI9--C24 1.372 (7) C5--C4 1.35 (1) 
C20--C21 1.375 (9) C4--C3 1.37 (1) 
C21--C22 1.37 (I) C3--C2 1.383 (8) 
C22--C23 1.37 (1) C12--N3 1.261 (4) 
C23--C24 1.38 ( 1 ) 

C7--NI --C9 107.6 (3) C21--C22--C23 ! 19.4 (7) 
NI--C7--CI 123.8 (3) C22--C23--C24 120.2 (6) 
NI--C7--N2 109.8 (3) C19--C24--C23 121.1 (5) 
N2--C7--C1 126.3 (3) N2--CI2--C13 116.9 (3) 
C7--N2--C12 127.5 (3) N2--CI2--N3 122.6 (3) 
C7--N2--C8 107.6 (3) N3--C12--C13 120.5 (3) 
C8--N2--C12 124.6(3) C12--N3--O 113.1 (3) 
N2--C8--C11 124.6 (3) C12--CI3--C18 120.8 (3) 
N2--C8--C9 105.5 (3) C12--CI3--CI4 120.0 (3) 
C9--C8--C11 129.8 (4) C14--CI3--C18 119.2 (4) 
N 1--C9--C8 109.6 (3) C13--C14--C15 120.8 (4) 
C8--C9--C10 127.6 (4) C14--C15--C16 119.8 (5) 
NI--Cg--cIO 122.8 (4) C15--C16--CI7 120.3 (5) 
C8--C11--C19 113.7 (4) C16--C17--C18 120.6 (5) 
CI 1--C19--C24 120.8 (4) CI3--C18--C17 119.4 (5) 
CI I--C 19--C20 121.0 (4) C7--CI--C2 117.9 (4) 
C20--CI9--C24 118.1 (5) C7--CI--C6 122.9 (4) 
C 19--C20--C21 120.7 (5) C6--CI--C2 119.2 (4) 
C20--C21--C22 120.5 (7) CI--C6--C5 119.6 (5) 
C6--C5--C4 120.4 (5) C4--C3--C2 120.4 (6) 
C5--C4--C3 120.8 (5) CI--C2--C3 119.7 (5) 

NI--C7--C1--C2 32.9 (6) C8--N2--C12--C13 76.2 (4) 
NI--C7--N2--C8 -0.8 (4) N2--C12--C13--C18 - 159.0 (4) 
CI--C7--N2--C12 5.7 (6) N2--CI2--N3--O 0.9 (5) 
C'/--N2--CI2--N3 67.5 (5) N3--CI2--C13--CI4 - 156.6 (4) 
C7--N2--C12--C13 - II 1.2 (4) N3--CI2--CI3--C18 22.3 (6) 
C7--N2--C8--C11 - 174.3 (4) C13--C12--N3--O 179.5 (3) 
C8--N2--CI2--N3 -105.1 (4) 

In tens i ty  da ta  were  cor rec ted  for  Loren tz  and  polar iza t ion  ef- 
fects.  The  s t ructure  was  so lved  by  direct  m e t h o d s  wi th  the 
MULTAN80 s y s t e m  (Main ,  Fiske,  Hull ,  Less inger ,  Ge rma in ,  
Dec le rcq  & Wool f son ,  1980); subsequen t  ca lcu la t ions  were  
p e r f o r m e d  m a i n l y  us ing  the SHELX76 (Sheldr ick ,  1976) and  
PARST (Nardel l i ,  1983) s y s t e m s  o f  p rog rams  on the VAX3400  
c o m p u t e r  at the Cen t ro  In te rd ipar t imenta le  di servizi  per  la 
Di f f ra t tomet r ia  a Ragg i -X  d e l l ' U n i v e r s i ~  di Mess ina .  The  struc- 
ture was  ref ined an iso t rop ica l ly  by  fu l l -mat r ix  leas t -squares  
me thods .  
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Abstract 
The morpholinium ring adopts a chair conformation 
with endocyclic torsion angles between 48.3 (4) and 
60.7 (5) ° . The hydroxyl group is in the axial position 
of the morpholinium ring, with a C - - O H  bond 
distance of 1.406 (5)A. The hydroxy H atom points 
towards the Br ion; the interaction has an O---Br 
distance of 3.241 (3) A, an H---Br distance of 
2.35 (4) A and an angle at H of 172 (4) ~'. 

Lists of structure factors, anisotropic displacement parameters and H- 
atom coordinates have been deposited with the British Library Docu- 
ment Supply Centre as Supplementary Publication No. SUP 71464 (13 inium bromides (Garcia-Guajardo, Fronczek 
pp.). Copies may be obtained through The Technical Editor, Interna- 
tional Union of Crystallography, 5 Abbey Square, Chester CH 1 2HU, 
England. lCIFreference: NAI035] t Present address: Lawrence Berkeley Laboratory ,  

Berkeley, MS 55-121 Berkeley, CA 94720, USA. 

Comment 
As part of a larger study on structural changes in 
reactions involving tetrahedral intermediates as 
related to substituent effects in the structures of 
2-substituted 2-hydroxy-4,4-dimethylmorpholinium 
salts (Garcia, 1986), the syntheses of some morphol- 
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Gandour, 1986; Altbach, Fronczek, Gandour, 
Garcia, Lin & Watkins, 1988; Garcia, Fronczek & 
Gandour, 1992) were required. 2-Hydroxy-2-(2- 
methylphenyl)-4,4-dimethylmorpholinium bromide 
was prepared by condensing 2-methyl-2'-aceto- 
phenone with N,N-dimethylethanolamine following 
the procedure described by Garcia (1986). The color- 
less prisms had an m.p. of 435-437 K. Structural 
data for 2-(4-cyanophenyl)-2-hydroxy-4,4-dimethyl- 
morpholinium bromide (Altbach et al., 1988), 2- 
hydroxy-4,4-dimethyl-2-(4-tolyl)morpholinium bro- 
mide (Garcia et al., 1992), 2-hydroxy-4,4,6-tri- 
methyl-2-(4-nitrophenyl)morpholinium bromide 
(Garcia, Fronczek & Gandour, 1993) and 4,4-di- 
methyl-2-oxomorpholinium bromide (Garcia- 
Guajardo et al., 1986) are in agreement with those of 
the title compound. 

c ,_Q 
(7-o:: 

(i"}t/ ~('!t, 
(I) 

The morpholinium ring adopts a chair conforma- 
tion with the torsion angles w, (OI - -C2- -C1- -N)  = 
- 50.3 (4), oJ2 (C2--C1--N--C4)  = 48.3 (4), o93 
(CI - -N- -C4- -C3)  = - 52.5 (4), w4 (N- -C4- -C3- -  
O1) = 59.5 (5), o95 (C4--C3--O1--C2)  = -60.7  (5) 
and o96 (C3- -OI - -C2- -C1)=55 .5 (4 )  '', which are 
distorted from the ideal chair conformation 3 (D3d) 

c? "% 3/D ce _ , ~  c13 

(~BRI 

Fig. 1. ORTEP drawing (Johnson,  1965) o f  thc molecule, rep- 
resenting heavy a toms as 40% probabil i ty ellipsoids and H 
atoms as circles o f  arbi t rary size. 

of cyclohexane (Hargittai & Hargittai, 1986), having 
torsion angles of alternating +__54.4" (Hendrickson, 
1967). The pharmacological activities of related com- 
pounds are reported by Anderson, Corey, Force, 
Jensen, Matz & Rivard (1966) and Lee, Stelly, Col- 
ucci, Garcia, Gandour & Quinn (1992). 

Experimental 
Crystal data 

C I 3 H 2 0 N O ~ . B r -  
Mr = 302 .22  
O r t h o r h o m b i c  

P21212t 

a -- 8 .6930  (5) ,~ 

b = 12.3768 (9) ,~, 

c = 12 .4624 (9) 
V = 1340.8 (3) ~3 

Z = 4  
Dx = 1.497 M g  m -3  

M o  K s  rad ia t ion  

,~ = 0 .71073  ,~, 

Data collection 
E n r a f - N o n i u s  C A D - 4  

d i f f r a c t o m e t e r  

wl20 scans  
A b s o r p t i o n  co r rec t ion :  

empi r i ca l  

Tmin = 0 .95,  Tmax = 1.00 
4871 m e a s u r e d  re f lec t ions  

3081 i n d e p e n d e n t  re f lec t ions  

2144  o b s e r v e d  re f lec t ions  

11 > 3or(/)l 

Refinement 

R e f i n e m e n t  on  F 

R = 0 .037  
wR -- 0 .037  

S - -  1.549 

2144  re f l ec t ions  

235 p a r a m e t e r s  

All  H - a t o m  p a r a m e t e r s  

re f ined  
w = 4Fo2/[o'2(/) + (0.02F,2,) 2 ] 

Cell  p a r a m e t e r s  f r om 25 

re f lec t ions  
0 = 1 0 -  13 ° 

# = 3.0 m m -  

T - -  298  K 
Pr i sm 

0.48 x 0.20 x 0.18 mm 
Colo r l e s s  

Crys ta l  source :  c rys ta l -  
l ized f r o m  i sopropy l  

a lcoho l  : t e t r ahyd ro fu ran  
(1:1)  

Rint = 0 .037  

0max = 27.5  ° 
h = - 1 1  ~ 11 
k = 0 ---* 16 

l = - 1 6  ---' 16 
3 s t andard  re f lec t ions  

f r e q u e n c y :  167 min  
in tens i ty  var ia t ion :  < 2 %  

(A/or)max = 0.02 

Apm..,,, = 0.87  e ,~-3  
Apmin = - 0 . 4 2  e ,/k -3  

A t o m i c  sca t t e r ing  f ac to r s  

f r o m  International Tables 
for X-ray Crystallography 
(1974 ,  Vol. IV) Tables 
2.2B,  2.3.1 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (~2) 

Beq = (871.2/3)Y]iY]jUija; a; ai.aj. 

x y z Beq 
Brl 0.96390 (5) 0.44790 (4) 0.05344 (4) 3.559 (7) 
Ol 0.7721 (3) -0.0072 (2) 0.2090 (3) 3.20 (7) 
02 0.9126 (3) 0.1318 (3) 0.2827 (3) 3.25 (7) 
N 0.9207 (3) 0.1 i 34 (3) 0.0403 (3) 2.81 (7) 
CI 0.7968 (4) 0.1606(4) 0.1130(4) 2.51 (9) 
C2 0.7831 (4) 0.1061 (3) 0.2201 (4) 2.43 (9) 
C3 0.8978 (5) -0.0526 (4) 0.1493 (4) 3.7 (1) 
C4 0.9021 (5) -0.0074 (4) 0.0394 (4) 3.8 (I) 
C5 1.0793 (5) 0.1454 (4) 0.0772 (4) 3.6 (1) 
C6 0.8981 (6) 0.1561 (4) -0.0706(4) 4.0(I) 
C7 0.6307 (5) 0.1419 (4) 0.2727 (4) 2.84 (9) 
C8 0.5004 (5) 0.0752 (4) 0.2572 (4) 3.4 (i) 
C9 0.3621 (6) 0.1013 (5) 0.3043 (4) 4.4 (1) 



432 C t 3 H z 0 N O ] . B r -  

CI0 0.3478 (6) 0.1926 (4) 0.3635 (5) 4.5 (1) 
CII 0.4698 (6) 0.2601 (4) 0.3749 (4) 4.5 (1) 
CI2 0.6168 (5) 0.2375 (4) 0.3299 (4) 3.5 (I) 
C13 0.7412 (6) 0.3190 (4) 0.3434 (5) 4.9 (1) 

T a b l e  2 .  Selected geometric parameters (A, °) 
OI--C2 1.412 (5) C3--C4 1.480 (7) 
O1--C3 1.437 (5) C7--C8 1.415 (6) 
O2--C2 1.406 (5) C7--C12 1.387 (7) 
N--C1 1.524 (5) C8--C9 1.377 (6) 
N--C4 1.504 (6) C9--C10 1.355 (8) 
N--C5 1.507 (5) CI0--CI 1 1.357 (7) 
N--C6 1.492 (6) CI 1--CI2 1.423 (7) 
CI--C2 1.501 (6) C12--C13 1.488 (7) 
C2--C7 1.543 (6) 

C2--OI--C3 112.8 (3) CI--C2--C7 108.5 (3) 
CI--N--C4 108.1 (3) OI--C3--C4 110.5 (4) 
CI--N--C5 111.4(3) N--C4--C3 111.8(4) 
C l --N--C6 108.8 (3) C2--C7--C8 117.5 (4) 
C4--N--C5 111.2 (3) C2--C7--C12 122.5 (4) 
C4--N--C6 109.3 (4) C8--C7--C12 119.9 (4) 
C5--N--C6 108.1 (3) C7--C8--C9 120.2 (4) 
N--CI--C2 114.4 (3) C8--C9--C10 120.6 (5) 
OI--C2--O2 109.5 (3) C9--CI0--CI 1 119.9 (5) 
OI--C2--Ci 111.4 (4) CI0--CI 1--C12 122.7 (5) 
Ol --C2--C7 105.5 (3) C7--C12--C11 116.6 (4) 
O2--C2--C1 109.2 (3) C7--C12--C13 125.0 (4) 
O2--C2--C7 112.8(3) CI 1--Ci2--C13 118.4(4) 

C2--OI--C3--C4 -60.7 (5) N--C1--C2--O2 70.7 (4) 
C4--N--CI--C2 48.3 (4) O2--C2--C7--C12 37.6 (6) 
N--CI--C2--OI -50.3 (4) H2OH--O2--C2--OI -29.6 (31) 

Refinement of the inversion-related structure under identical 
conditions yielded: R = 0.060, wR = 0.069, S -- 2.828. Thus, the 
absolute configuration of the sample was determined. Programs 
used were MolEN (Fair, 1990) and ORTEP (Johnson, 1965). 

_ m 

Lists of structure factors, anisotropic displacement parameters, H-atom 
coordinates and complete geometry have been deposited with the British 
Library Document Supply Centre as Supplementary Publication No. 
SUP 71435 (23 pp.). Copies may be obtained through The Technical 
Editor, International Union of Crystallography, 5 Abbey Square, Chester 
CH 1 2HU, England. [CIF reference: HH 1076] 
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Abstract 

The  structure o f  crystals o f  pate l lamide A { 13-methyl-  
9 ,23-b is (1-methyle thyl ) -2 ,16-b is (1-methylpropyl ) -14 , -  
28-d ioxa-7 ,21-d i th ia-3 ,10 ,17 ,24 ,29 ,30 ,31 ,32-octaaza-  
pentacyclo[24.2.1.15,8.112.~ 5.1 ~gn2]dotriaconta- 1 (29),5,- 
8(30), 15(31), 19,22(32)-hexaene-4,11,18,25-tetraone 
methanol solvate monohydrate, C35H49N80682 .- 

CH40.H20}, a cytotoxic cyclic peptide having a 
non-C2-symmetric methyl group, shows the C2- 
symmetric and saddle-shaped rectangular conforma- 
tion where the methyl group is disordered into two 
C2-symmetric positions. The water and methanol 
solvents were located on the crystallographic diad 
axis and were held by hydrogen bonds and van der 
Waals contacts with the polar ring N atoms and 
non-polar D-Val side-chain atoms, respectively. 
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Comment 
As part of a series of studies on the relationship 
between the chemical structural symmetry and the 
molecular conformation in cyclic peptides from 
marine ascidian, the crystal structure of patellamide 
A (1), a cytotoxic cyclic peptide from Lissoclinum 
patella (Ireland, Durso, Newman & Hacker, 1982) 
was determined by X-ray single-crystal analysis. The 
conformational analysis of this molecule, which has 
a non-C2-symmetric methyl group on one side of two 
C2-symmetric dihydro oxazole rings, appears to be 
important in considering the ~active conformation' of 
cytotoxic cyclic peptides from ascidian, as seen from 
the C2-symmetric ascidiacyclamide (2) which takes a 
rectangular conformation (Ishida, Tanaka, Nabae, 
Inoue, Kato, Hamada & Shioiri, 1988; Ishida, In, 
Doi, Inoue, Hamada & Shioiri, 1992). The non-C2- 
symmetric patellamide D, in which a benzyl group is 
attached to only one side, shows a twisted and folded 
conformation stabilized by four intramolecular 
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