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Tab le  2. Atom coordinates ( x  104) and equivalent 
isotropic temperature factors (/~2 x 103) 

Equivalent isotropic U is defined as one third of the trace of the 
orthogonalized U;j tensor. 

x y z Ucq 
C(1) 151 (3) 8859 (3) 3651 (1) 18 (1) 
0(1) - 1381 (2) 9822 (2) 3763 (1) 22 (1) 
0(2) 1966 (2) 8564 (2) 3968 (1) 21 (1) 
C(2) 2078 (3) 9374 (3) 4517 (1) 18 (1) 
C(3) 4029 (3) 10273 (3) 4645 (1) 20 (1) 
C(4) 4322 (4) 10945 (3) 5198 (1) 22 (1) 
C(5) 2707 (4) 10688 (3) 5608 (I) 23 (1) 
C(6) 762 (4) 9774 (3) 5468 (I) 22 (1) 
C(7) 434 (3) 9103 (3) 4914 (1) 20 (1) 
0(3) 457 (2) 7841 (2) 3180 (1) 25 (1) 
C(8) - 1266 (3) 7732 (3) 2773 (1) 18 (i) 
C(9) -3322 (4) 7066 (3) 2920 (1) 22 (l) 
C(10) -4859 (4) 6763 (3) 2492 (1) 24 (1) 
C(ll) -4319 (3) 7131 (3) 1925 (l) 24 (1) 
C(12) -2261 (4) 7827 (3) 1788 (1) 25 (l) 
C(13) -699 (3) 8133 (3) 2214 (1) 21 (l) 

hkl affected by the cor rec t ion ,  and  the cor rec t ion  
exceeded 15% for  on ly  20 reflections.  Detai ls  o f  the 
da t a  col lec t ion  are given in Tab le  1. Scat ter ing fac- 
tors  were ob t a ined  f rom International Tables for 
X-ray Crystallography (1974, Vol. IV). A t o m i c  coor-  
d inates  are con t a ined  in Tab le  2.* Fig. 1 i l lustrates 
the molecule  wi th  the n u m b e r i n g  scheme employed .  
Fig. 2 i l lustrates  the pro jec ted  pack ing  o f  the mol-  
ecules viewed d o w n  the a axis. 

Related literature. F o r  add i t i ona l  i n f o r m a t i o n  on  
re la ted s t ructures  a n d  chemis t ry  see King  & Bryan t  
(1990), K ing  & Code l l a  (1990), Bicerano  & Cla rk  
(1988), Perez & Scar inge (1987), Hu tn ik ,  Argon  & 

* Lists of structure factors, anisotropic thermal parameters, 
bond lengths and angles and H-atom parameters have been 
deposited with the British Library Document Supply Centre as 
Supplementary Publication No. SUP 55582 (11 pp.). Copies may 
be obtained through The Technical Editor, International Union of 
Crystallography, 5 Abbey Square, Chester CHI 2HU, England. 
[CI F reference: ST 1002] 
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Fig. 1. Thermal ellipsoid (50% probability) plot. 

Fig. 2. Projected packing plot viewed down the a axis. 

Suter  (1991), and  Schmidt ,  Dyba l ,  T u r s k a  & 
Kalczycki  (1991). 
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Structures of Two Polymorphic Acylpyridinium Salts 
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Abstraet. N - M e t h o x y c a r b o n y l - 3 - m e t h y l p y r i d i n i u m  
t e t r a p h e n y l b o r a t e  (I), C8HIoNOf .C24H20B- ,  Mr = 
471.4, monoc l in ic ,  P21/n, a =  13.723 (4), b =  

* To whom correspondence should be addressed. 

0108-2701/93/030551-04506.00 

9 .827(3) ,  c = 1 9 . 3 2 8 ( 7 )  A,  / 3 = 9 6 . 5 7 ( 3 )  ° , V = 
2589.3 A 3, Z = 4, Dx = 1.209 g c m - 3 ,  a(Mo Ka) = 
0.71069A~, /z = 0 . 6 9 c m - I ,  F(000) = 1000, T =  
173 K,  R = 0.0543 for  3472 un ique  reflect ions wi th  I 
> 4o-(1). N - M e t h o x y c a r b o n y l - 3 - m e t h y l p y r i d i n i u m  
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tetraphenylborate (II), CsHIoNOf.C24H20 B - ,  Mr = 
471.4, monoclinic, P21/n, a = 10.090 (4), b = 
14.762 ~! i  c = 18.057 (7) A, fl = 105.12 (3) °, V = 
2596.5 Z = 4, Dx = 1.206 g cm -3, A(Mo Kot) = 
0.71069 A, /z = 0.69 cm-1,  F(000) = 1000, T = 
213 K, R = 0.0678 for 2033 unique reflections with I 
> 4.5tr(/). (I) and (II) are N-acylpyridinium salts. 
The N--Ccarbonyl bond lengths are 1.470 (3) in (I) and 
1.474(8)./k in (II). The Ocarbonyl"'-- fcarbonyl  bond 
lengths of  the carbonyl moieties are 1.188 (3) in (I) 
and 1.171 (7)/~ in (II). The C m e t h y l @ f c a r b o n y l  

angles are 114.0 (2) ° in (I) and 115.0 (4) ° in (II). The 
Omethyl----fearbonyl--N angles are 108.9 (2) in (I) and 
107.9 (4) ° in (II). The N--Ccarbonyl--Ocarbony 1 angles 
are 121.1 (2) ° in (I) and 122.0 (6) ° in (II). The mol- 
ecules are essentially coplanar with the carboxyl 
moiety rotated slightly out of  the plane of  the pyri- 
dine in each case: 14.5 (2) in (I) and 15.0 (4) ° in (II), 
respectively. The polymorphism may be the result of  
two minimal energy sites for the bulky tetraphenyl- 
borate anions relative to the acylpyridinium cation. 
The two tetraphenylborate anions differ primarily in 
their relative orientation of  the appended phenyl 
groups. 

Experimental. Yellow prisms of  (1) were prepared by 
reacting methyl chloroformate, 3-methylpyridine and 
sodium tetraphenylborate in acetonitrile. The com- 
pounds were recrystallized from CH2C12/pentane at 

(1) 

253 K. The two polymorphs were separated in the 
manner of  Pasteur. Crystals were sealed in glass 
capillaries for low-temperature data collection on a 
Siemens R 3 m / V  upgrade of  a Nicolet P3F automated 
diffractometer, using Wyckoff  scans of  variable scan 
speed. Both structures were solved by direct methods 
and refined on F using the SHELXTL-Plus  (Micro- 
VAX II) program package (Sheldrick, 1988). H 
atoms were placed in idealized positions and con- 
strained to have C - - H  = 0.96/~ and isotropic ther- 
mal parameters, U = 0.08 A 2. All non-H atoms were 
treated as anisotropic. No  absorption correction was 
necessary for either structure. A correction for 
secondary extinction of  the type described by 
Zachariasen (1967) refined in the later stages with a 
maximum correction of  21.4% (I) for the 052 reflec- 

Table 1. Experimental details 
(I) (II)  

Crystal 
Color/habit Yellow prism Yellow prism 
Size (ram) 0.26 x 0.24 x 0.20 0.36 x 0.32 x 0.30 

Lattice-parameter determination 
No. of reflections 26 22 
20 range(*) 5.4--21.5 5.4-24.3 

Reflection range 
h 0 to 17 0 to 13 
k 0 to 12 0 to 19 
I - 2 5  to 24 - 2 3  to 23 

Maximum sin0/A (A-  1) 0.650 0.650 
Check reflections 311,410 500, 0~J, 040 

Variation (%) 5, 5 5, 5, 5 
Reflections 

Collected 6542 6556 
Unique observed 3472 2033 
Riat 0.0196 0.0375 

Observed criterion I > 4o'(/) I > 4.5o'(0 
No. of parameters 326 326 
R 0.0543 0.0678 
wR 0.0517 0.0546 
S 1.47 1.38 
Secondary-extinction parameter, 0.00080 (12) 0.00069 (12) 

X, in F*  =/~1 + O . O 0 2 x F 2 / s i n ( 2 0 ) ]  - ~4 

Weighting factor, g, 0.0003 0.0002 
in w -  ~ = o ' 2 ( F )  + gF 2 

Difference Fourier peaks 
Minimum (e A -a) -0 .24  -0 .32  
Maximum (e A -a) 0.33 0.33 

Maximum (A/o') 0.004 0.006 

Table 2. Atom coordinates (x 104) and equivalent 
isotropic temperature factors (/~2 × 103) for (I) 

Equivalent isotropic U is defined as one third of the trace of the 
orthogonalized U o. tensor. 

x y z U ~  
N(I) 3160 (1) 2941 (2) 252 (1) 21 (1) 
C(l) 2698 (2) 3949 (3) - 131 (1) 22 (1) 
C(2) 2246 (2) 4996 (3) 187 (1) 23 (1) 
C(3) 2273 (2) 4956 (3) 911 (1) 24 (1) 
C(4) 2739 (2) 3900 (3) 1293 (1) 24 (I) 
C(5) 3181 (2) 2892 (3) 955 (1) 23 (1) 
C(6) 1738 (2) 6117 (3) -241 (1) 39 (1) 
C(7) 3646 (2) 1817 (3) - 7 5  (I) 24 (I) 
0(1) 3885 (I) 810 (2) 241 (1) 31 (1) 
0(2) 3761 (1) 2158 (2) -715  (1) 31 (1) 
C(8) 4155 (2) 1065 (3) - Il ls  (2) 44 (1) 
B(I) 146 (2) 2790 (3) -2006 (1) 19 (1) 
C(9) 314 (2) 1999 (3) -2734  (1) 20 (1) 
C(10) 86 (2) 610 (3) -2831 (1) 26 (1) 
C(11) 158 (2) - 6 2  (3) -3456 (2) 33 (1) 
C(12) 463 (2) 633 (3) -4017 (1) 34 (1) 
C(13) 683 (2) 2003 (3) -3947 (1) 31 (l) 
C(14) 610 (2) 2659 (3) -3315 (1) 25 (1) 
C(15) - 1054 (2) 2758 (2) -2001 (I) 18 (1) 
C(16) -1688 (2) 3570 (3) -2452 (1) 21 (1) 
C(17) -2708 (2) 3488 (3) -2496 (1) 24 (1) 
C(18) -3142 (2) 2562 (3) -2081 (1) 26 (l) 
C(19) -2545 (2) 1736 (3) -1629 (1) 25 (1) 
C(20) - 1525 (2) 1832 (3) - 1595 (t) 22 (1) 
C(21) 610 (2) 4330 (3) - 1994 (1) 19 (1) 
C(22) 1626 (2) 4478 (3) -2057 (1) 23 (I) 
C(23) 2087 (2) 5732 (3) -2064  (1) 28 (1) 
C(24) 1554 (2) 6923 (3) - 1996 (1) 28 (1) 
C(25) 571 (2) 6827 (3) - 1912 (1) 26 (1) 
C(26) 118 (2) 5554 (3) - 1911 (1) 22 (1) 
C(27) 659 (2) 2014 (3) - 1302 (1) 22 (1) 
C(28) 468 (2) 2503 (3) -647  (I) 30 (1) 
C(29) 811 (2) 1863 (3) - 2 7  (1) 41 (1) 
C(30) 1379 (2) 703 (4) - 3 8  (2) 45 (1) 
C(31) 1611 (2) 213 (3) - 6 6 6  (2) 44 (1) 
C(32) 1255 (2) 860 (3) - 1289 (2) 33 (1) 

tion, and 33.3% (II) for the 3,9,16 reflection. There 
were no apparent groups of  hkl affected by the 
correction, and the correction exceeded 10% for only 
six reflections for (I) and four reflections for (II). 
Details of  the data collection for both structures are 
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Table 3. Atom coordinates (x  10 4) and equivalent 
isotropic temperature factors (/~2 x 10 3) for (II) 

Equivalent isotropic U is defined as one third of  the trace of  the orthogo- 
nalized U u tensor. 

x y z u~q 
N(I) 551 (5) 2492 (3) 5637 (2) 23 (2) 
C(I) 1554 (6) 1954 (3) 6068 (3) 25 (2) 
C(2) 1258 (6) 1385 (4) 6602 (3) 27 (2) 
C(3) -81 (6) 1366 (4) 6678 (3) 31 (2) 
C(4) - 1079 (6) 1933 (4) 6245 (3) 30 (2) 
C(5) - 750 (6) 2504 (4) 5723 (3) 29 (2) 
C(6) 2345 (6) 777 (4) 7087 (3) 46 (3) 
C(7) 792 (6) 3092 (4) 5033 (3) 28 (2) 
O(1) 5 (4) 3652 (3) 4743 (2) 40 (2) 
0(2) 1959 (4) 2847 (2) 4893 (2) 26 (1) 
C(8) 2350 (6) 3373 (4) 4295 (3) 37 (2) 
B(I) -3921 (6) 3707 (4) 7041 (3) 19 (2) 
C(9) -4857 (5) 4538 (3) 6597 (3) 18 (2) 
C(10) -4419 (6) 5439 (4) 6649 (3) 24 (2) 
C(11) -5269 (6) 6162 (4) 6339 (3) 27 (2) 
C(12) -6628 (6) 6007 (4) 5948 (3) 29 (2) 
C(13) - 7131 (6) 5126 (4) 5886 (3) 28 (2) 
C(14) -6261 (5) 4414 (4) 6198 (3) 27 (2) 
C(15) -4237 (5) 3727 (3) 7895 (3) 21 (2) 
C(16) -3476 (6) 4247 (4) 8510 (3) 28 (2) 
C(17) -3855 (6) 4387 (4) 9t89 (3) 32 (2) 
C(18) - 5054 (6) 4001 (4) 9275 (3) 36 (2) 
C(19) - 5836 (6) 3459 (4) 8700 (3) 32 (2) 
C(20) - 5428 (6) 3334 (4) 8025 (3) 29 (2) 
C(21) -4294 (5) 2727 (3) 6610 (3) 21 (2) 
C(22) - 4625 (6) 2656 (4) 5807 (3) 30 (2) 
C(23) -4829 (6) 1821 (4) 5435 (3) 40 (2) 
C(24) -4701 (6) 1022 (4) 5852 (4) 40 (3) 
C(25) -4359 (6) 1071 (4) 6645 (4) 33 (2) 
C(26) -4165 (5) 1907 (4) 7005 (3) 25 (2) 
C(27) -2276 (5) 3854 (3) 7105 (3) 20 (2) 
C(28) - 1244 (6) 3467 (3) 7688 (3) 27 (2) 
C(29) 147 (6) 3532 (4) 7714 (3) 35 (2) 
C(30) 547 (6) 3998 (4) 7137 (3) 32 (2) 
C(31) -447 (6) 4380 (4) 6549 (3) 34 (2) 
C(32) - 1838 (6) 4300 (4) 6521 (3) 27 (2) 

Fig.  3. P ro jec ted  p a c k i n g  p lo t  o f  (I) v iewed d o w n  the  b axis. 

O 

Fig. 4. P ro jec ted  p a c k i n g  p lo t  o f  ( I I)  v iewed d o w n  the a axis. 

C(81 

off) ( ~  c(11~p c(121 
( ~ ~  C(31) C(10)~/~# 
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C(6) C(251 

Fig. 1. T h e r m a l  el l ipsoid (50% probab i l i ty )  p lo t  o f  (I). 

c'2_sL~ 

~,~,~ 4 r_ ~ . , , E  c,16m 

/ ~'~) 0(11 ..... ~)C(12) 
~ c(11l 

Fig. 2. The rma l -e l l i p so id  ( 5 0 %  probab i l i t y )  p lo t  o f  (II) .  

given in Table 1. Scattering factors were obtained 
from International Tables for X-ray Crystallography 
(1974, Vol. IV). Atomic coordinates are contained in 
Tables 2 and 3.* Figs. 1 and 3 illustrate the mol- 
ecules with the numbering scheme employed, while 
Figs. 2 and 4 illustrate the projected packing of the 
molecules viewed down the b and a axes, respec- 
tively. 

Related literature. For additional information on 
related N-acylammonium salt reactions and struc- 
tures see King & Bryant (1991), Bryant & King 
(1993), King (1988), and King, Donahue & Smith 
(1988). 

* Lists  o f  s t ruc tu re  fac tors ,  an i so t rop i c  t he rma l  pa rame te r s ,  
b o n d  lengths  and  angles  and  H - a t o m  p a r a m e t e r s  have  been 
depos i t ed  wi th  the  Brit ish L i b r a r y  D o c u m e n t  Supp ly  Cen t r e  as 
S u p p l e m e n t a r y  Pub l i ca t i on  No .  S U P  55583 (53 pp.).  Cop ies  may 
be o b t a i n e d  t h r o u g h  T h e  Techn ica l  Ed i to r ,  I n t e r n a t i o n a l  U n i o n  o f  
C r y s t a l l o g r a p h y ,  5 A b b e y  Square ,  Ches t e r  CH1  2 H U ,  E n g l a n d .  
[ C I F  reference:  STI001]  
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Structure of 19-Methylstrychninium (S)-{S-[(R)-l,2-Di(ethoxycarbonyl)ethyl] 
O-Methyl Phosphorodithioate} 

BY C. E.  BERKMAN, E. J. FERNANDEZ, C. M. THOMPSON AND S. F. PAVKOVIC* 

Department of  Chemistry, Loyola University Chicago, Chicago, Illinois 60626, USA 

(Received 17 March 1992; accepted 15 July 1992) 

Abstract. C22H25N20~-.C9HI606PS2-, Mr=664.77,  
monoclinic, P2, a = 8.3925 (14), b = 8.0054 (14), c = 
24.3050 (42)/~,/3 = 98.518 (6) °, V = 1614.9 (6) A), Z 
= 2, Dm = 1.42 (3), Dx = 1.37 g cm -3, A(Mo gte) = 
0.7107A~ (Zr filter, no monochromator), /z = 
2.2 c m -  1, F(000) = 704, T = 294 (2) K, R -- 0.049 
and wR = 0.046 for 2417 unique observed reflections. 
The crystal structure consists of sheets of N- 
methylstrychninium cations in a bilayer, which 
alternate with sheets of phosphorodithioate anions, 
also in a bilayer. The anion is a dealkylated precur- 
sor to a specific stereoisomer of isomalathion, and its 
two chiral centers are identified as S at the P atom 
and R at the C atom. 

Experimental. Berkman prepared the title compound 
using a procedure modified from that of Hilgetag 
(1969), and obtained suitable crystals (as large flat 
parallelepipids) from 1:5 methanol-ether. The crystal 
is composed of N-methylstrychninium cations (I) and 
phosphorodithioate diester anions (II). 

2,2 
CH3 

10 le 

// 2 0  

O1 
(I) (II) 

ei ~ .,,OCH3 
s';,;.:" P 

l 

s .~.,,,,~,~ CO2E t 

CO2Et 

Density was determined by flotation in a CCI4- 
CHC13 mixture. All other measurements were made 
with a modified Picker FACS-I diffractometer using 
Zr-filtered Mo radiation without a monochromator. 

* To whom correspondence should be addressed. 

0108-2701/93/030554-03 $06.00 

The data crystal was a cut fragment of dimensions 
0.40 × 0.24 x 0.20 mm. Cell constants were de- 
termined from ___20 values of 25 reflections in the 
range 22 < 20 < 28 °, and intensities were measured 
by 0-20 scans of width (1.25 + 0.5tan0) °, bracketed 
by stationary counting at edges for 10 s. Intensity 
data were collected to 20max = 50 ° (maximum sin0/A 
= 0.59 A - ' )  and encompassed h, ___ k, ___ l indices 
spanning limits of 0---, 9, ---9 and __+ 28, respectively. 
Of the 5806 reflections surveyed, 3063 were unique 
(Rint = 0.0459) and 2417 were considered observed by 
the criterion I > 2.5tr(/). Intensities of four standard 
reflections (112, 22i, 123 and 121), monitored after 
every 150 measurements, showed random variations 
of ___ 2%. Intensities of 0k0 reflections as a function 
of ~ angle (with X at 90 °) showed less than 5% 
variation. Consequently, corrections for decay and 
absorption were not deemed necessary. No correc- 
tion was made for extinction effects. 

The structure was solved by direct methods using 
MULTAN80 (Main, Fiske, Hull, Lessinger, 
Germain, Declercq & Woolfson, 1980) and was 
facilitated by input of model coordinates for 
strychnine. Refinement was based on least-squares 
minimization of Zw( AF) 2 using SHELX76 
(Sheldrick, 1976). Atomic scattering factors and real 
and imaginary components for anomalous dispersion 
were taken from International Tables for X-ray Crys- 
tallography (1974, Vol. IV). All non-H atoms 
behaved well during anisotropic refinement except 
for the terminal atom C31 of an anion ester group 
which was too close to C30. Nevertheless, subse- 
quent difference Fourier electron density maps 
revealed all H atoms. Refinement continued on 396 
parameters with H atoms fixed at idealized positions 
(d = 0.95/~, UH = 0.06/~2), and with the C31--C30 
distance set to match that of the similar C26-C27 

© 1993 International Union of Crystallography 


