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filling 0.64 (vs. 0.68 for b.c.c.), radius ratio U:Si 1.321, 
tetiagonal e/a ratio 0.495, fractional positional param- 
eteIs U, x--0.3117; Si, x=0.1111. In Zachariasen's 
(1949) setting the theoretical parameters are U, x =  
0.1883; Si, x=0.3889. The Si2U3 types for which the 
atomic positions are known, i.e., Si2U3, SizTh3, AIzTh3, 
Ga2Ta3, Ga2Zr3, GeETh3 (see Pearson, 1967), have x 
values that are quite close to the theoretical ones for 
spherical packing, but the defect types CoGa3 and 
Coin3 are distorted noticeably. In them the effect of 
having x>0-3117 is to rotate clockwise the cube of 
In(l)  located in the center of the cell, Fig. 1. This 
shortens the In(1)-In(1) nearest-neighbor distance to 
2.980 A. It also decreases the cell constant a, and that 
is why the In(l) cube can appear compressed down the 
c axis while c/a still exceeds the theoretical 0.495. For 
cobalt, x > 0.1111, and consequently the cobalt nearest 
neighbors that touch in the rigid-sphere model, are 
separated to 2.896 ~ (Table 2). Note that twice the 
C.N. 12 radius of cobalt is only 2.50 ~.  Contrast this 
with the short Si-Si distance in SizU3 which is observed 
to be 2.30/~, a figure much smaller than the sum of 
the C.N. 12 radii (2.64A). The separation of the 
cobalt neighbors is accompanied by a contraction of 
the distance Co-In( l )  to 2.593 or 2.601 ~.  The sum 
of the C.N. 12 radii is 2.91 ~,  the sum of the Slater 
(1972) radii is 2.90 A,. Better agreement is found with 
the sum of the Pauling (1960) radii assuming C.N. 6 for 
the cobalt atom to fix the bond number. The distance 
so derived is predicted to be 2.58 A,. The distortion 

against the rigid-sphere model is, then, attributable to 
a tendency of cobalt and indium to form a bond of 
that length. 

The authors express their appreciation to Professor 
Jon Bordner of the Chemistry Department, North 
Carolina State University for sharing his crystallo- 
graphic computer programs. 
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( + )-(1-Methyl-3-benzoyl-3-bromoacetoxypiperidine hydrobromide), [(ClsH19NO3Br) + Br-] (I V) crystal- 
lizes in the orthorhombic space group P212121. The lattice translations are a=  7.200 (3), b= 11.312 (4), 
e= 20.776 (7) A. There are four molecules per unit cell; Dx = 1.65 and Dm (HCCI3-HCBr3) = 1"64 gcm -3. 
The structure was determined by the heavy-atom method. Refinement of positional and thermal param- 
eters by the block-diagonal, least-squares procedure converged at R= 0.050. The R-(+)-configuration 
was established from the anomalous scattering of the bromine atoms. The C(4)-C(3)-O(1)-C(7)-C(8) 
fragment is trans-trans. The benzoyl group is equatorial and the O(3)-C(9)-C(3)-C(2) torsion angle is 
21-3 °. Evidence is cited to support the predominance of the 21"3 ° rotamer in aqueous acid solutions of 
analogs configurationally related to IV by unequivocal chemical methods. Based on this conformation 
and configuration, optical rotatory dispersion data for analogs of IV in aqueous acid are consistent with 
antioctant behavior. 

Introduction 

Negative Cotton effects (Djerassi, 1960) have been re- 
l~orted for (+) - I  and ( - ) - I I  in 0-1 N hydrochloric acid 

* Present address: School of Pharmacy, University of Con- 
necticut, Storrs, Connecticut 06268, U.S.A. 

(Smissman & Hite, 1960), (Fig. 1). These compounds 
have the same configuration (Zalucky, Malspeis & 
Hite, 1964; Zalucky, Marathe, Malspeis & Hite, 1965; 
Patel & Hite, 1965a, b; Patel & Hite, 1967). Acetylation 
of (+) - I  afforded (+) - I I I  (Zalucky, Malspeis & Hite, 
1964): m.p. 66-67°; [c~]~ s (ethanol) +34"7 ° (c 10-56); 
[0~] 25 (0.5 N HC1) +72.3 ° (c 11.14). R.D. (Fig. 1) in 
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0.1 N HC1 (c 0.005), 25 °, negative Cot ton  effect curve:  
[c~]600 + 72°, [e]550 + 95 °, [~]5oo + 1 10 °, M4so + 125 °, M4oo 
+ 137°, [~]37s +90° ,  [0~]360 - 3 0 ° ,  [~]350 - 2 2 0 ° ,  [~]330- 
290°, M32o+275 °, [0~]3to+660 °. ( + ) - ( l - M e t h y l - 3 -  
benzoyl -3 -bromoace toxypiper id ine  hyd rob romide )  
tIV) was p repa red  (Hite  & Craven ,  1973) f rom ( + ) - I .  

~ ~ 7 ~ C  H 3 

R-(+)-I ( X = O H )  
R-(--)-II (X=C1) 
R - ( + ) - I I I  (X = CH3CO2)  

R-(+)-IV (X= BrCHzCO2). HBr 
S - ( -  )-V (X = H) 
R-( + )-VI (X-=- o f n 3 )  

A computer -con t ro l led ,  four-circle d i f f rac tometer  
with g r a p h i t e - m o n o c h r o m a t e d  Cu Ke rad ia t ion  ( 2 =  
1.5418 A) was used to measure  2822 independent  
(hkl, hfd) reflexions for  which s in0_<0.90 and  for 
which h, k a n d  l were positive with respect to a right- 
handed  axial system. The 0/20 scans of  2 ° in 20 were 
m a d e  at a rate  of  2 ° rain -~, with b a c k g r o u n d  counts  
o f  20 s at  the limits of  each scan. O the r  than  systematic  
absences,  there are 59 reflexions for which the inte- 
g ra ted  intensi ty (I)  was less than  2a(I ) .  These were 
assigned values o f  (I)=a(I)/2. Three  s t anda rd  re- 
flexions r emained  cons tan t  [ + 20"(/a~)] t h r o u g h o u t  da t a  
collection. Pre l iminary  da ta  reduct ion included ab-  
sorpt ion  ( p =  87.20 cm -~, Cu Ke) correct ions  (Busing 
& Levy, 1957). 

The phase  p rob l em was solved by the h e a v y - a t o m  
method .  N o n - h y d r o g e n  a toms  were located af ter  two 
cycles of  s t ructure  fac tor  calculat ion and Four ie r  
synthesis.  I sot ropic  thermal  pa rame te r s  of  3.5 A z were 
initially assigned to all a toms.  A tomic  pa rame te r s  were 
refined by the b lock-diagonal ,  least -squares  (BDLS)  
p rocedure  until convergence  at  R = 0 . 0 6 0  { R =  
(~..[[Fmeasl-lFeale][/~..lFmeas[)}. Posi t ions of  hydrogen  
a toms,  o ther  than  H(15),  were acceptably  de te rmined  
by a difference Fourier .  The final cycles of  ref inement  
(BDLS)  converged  at R = 0.050. The p r o g r a m  included 
the a n o m a l o u s  dispersion correct ions  for  the b romine  
a toms  (Af '=-0 .95 ,  A f"= 1-4, Cu Kc0. The a tomic  
pa rame te r s  are listed in Table  1.* Change  in sign of  
Af" resul ted in convergence (BDLS)  at  R = 0 . 0 5 2  
indicat ing tha t  the R conf igura t ion  (Cahn ,  Ingold  & 
Prelog,  1956) p rov ided  by the posi t ional  pa r ame-  
ters of  Table.1 is correct  for  IV (cf Fig. 2). This was 
conf i rmed by agreement  in sign of  the observed and  
calculated values of  (Al/l)~f for 52 of  54 Bijvoet pairs  
differing by at  least 0.05 JFca~cl. 

The bond  lengths and  angles and  s t anda rd  deviat ions 
(Fig. 2) are not  significantly different f rom those found  
in related c o m p o u n d s  (Ka r tha ,  A h m e d  & Barnes,  
1960; A h m e d ,  Barnes & Masi roni ,  1963; A h m e d  & 
Barnes,  1963). A more  comple te  listing is available,  
toge ther  with o ther  per t inent  con fo rma t iona l  and  

* The table of IFm,~l and [Ft,,el has been deposited with the 
National Lending Library, England, as Supplementary 
Publication No. SUP 30197. Copies may be obtained through 
the Executive Secretary, International Union of Crystallog- 
raphy, 13 White Friars, Chester. CH 1 1 NZ, England. 

F 2 t (AI/I) =2(]Fl~,kt--IF'l,,~31(IFl~t +1 I,,~,). 

Table  1. Atomie positional and thermal parameters 

Positional parameters are given as fractions of the lattice translations. Anisotropic temperature factors correspond to the expres- 
sion : T= exp [ -  (flt,h 2 + f122k z-b fl33l z + 2hkflx2 + 2hlfl~3 + 2klf123)], and isotropic temperature factors to the expression : exp ( -  B 
sin s 0/).2). Estimated standard deviations given in parentheses refer to the last digit(s) of the respective values. 
(a) Atoms other than hydrogen (x 104) 

Br(1) 3241 (1) 2160 (1) 2796 (1) 242 (1) 66 (1) 30 (1) 3 (I) - 1 4  (1) - 5  (1) 
Br(2) 3681 (1) 3372 (1) 5306 (1) 528 (4) 160 (1) 26 (1) 103 (2) - 2 7 ( 1 )  2 (1) 
C(I) 1439 (15) 4777 (7) 1862 (3) 477 (29) 93 (7) 22 (2) 14 (12) 28 (6) 1 (3) 
C(2) 909 (9) 5436 (5) 2972 (3) 217 (13) 56 (5) 18 (1) - 1  (6) - 5  (3) 1 (2) 
(2(3) 101 (8) 5153 (5) 3635 (3) 176 (12) 47 (4) 18 (I) - 4  (6) 0 (3) 0 (2) 
C(4) -1919 (8) 4764 (5) 3561 (3) 140 (11) 68 (5) 27 (2) 0 (7) 3 (4) - 6  (2) 
C(5) -2066 (10) 3726 (6) 3098 (3) 239 (17) 77 (6) 27 (2) - 11 (8) - II (4) - 10 (2) 
C(6) -1260 (11) 4065 (6) 2447 (3) 283 (19) 92 (6) 24 (2) 24 (9) - 3 2  (5) - 1 7  (3) 
C(7) 2810 (8) 4238 (5) 4077 (3) 176 (13) 67 (5) 19 (1) 12 (6) - 3  (3) 4 (2) 
C(8) 3538 (10) 3118 (5) 4392 (3) 223 (15) 66 (5) 26 (2) 21 (7) - 10 (4) 7 (2) 
C(9) 226 (8) 6251 (5) 4052 (3) 150 (11) 52 (4) 21 (1) - 15 (6) 2 (3) - 2  (2) 
C(10) 49 (8) 6216 (5) 4766 (3) 163 (12) 61 (5) 19 (1) 4 (6) - 4  (3) 0 (2) 
C(ll)  510 (9) 7255 (6) 5098 (3) 208 (14) 63 (5) 27 (2) 0 (8) - 4  (4) - 7  (3) 
C(12) 334 (10) 7293 (6) 5751 (3) 252 (16) 74 (6) 30 (2) 13 (8) - 3  (5) - 1 6  (3) 
C(13) - 322 (I 0) 6339 (7) 6093 (3) 213 (15) 116 (7) 23 (2) 25 (9) 2 (4) - 10 (3) 
C(14) -771 (11) 5309 (7) 5772 (3) 294 (19) 93 (7) 23 (2) 2 (9) 9 (5) 0 (3) 
C(15) -583 (I0) 5245 (6) 5106 (3) 269 (17) 63 (5) 23 (2) - 2  (8) 9 (4) - 3  (2) 
N(1) 682 (8) 4431 (5) 2502 (2) 265 (14) 72 (5) 18 (I) 21 (6) 5 (3) 0 (2) 
O(1) 1027 (5) 4143 (3) 3928 (2) 164 (8) 46 (3) 19 (1) - 7  (4) - 1  (2) 3 (1) 
0(2) 3747 (6) 5095 (4) 3986 (2) 183 (10) 81 (4) 42 (2) -21  (5) - 12 (3) 13 (2) 
0(3) 367 (8) 7198 (4) 3773 (2) 408 (15) 51 (3) 24 (1) - 1 4  (6) - 5  (3) 5 (2) 
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Table 1 (cont.) 

(b) Hydrogen atoms (x  10 3) 
x y z B (.~2) 

H(N) 147 (14) 382 (9) 258 (5) 10"3 (2"9) 
H( I , I )  136 (12) 412 (7) 161 (4) 8"2 (2"2) 
H(l ,2) 260 (12) 515 (8) 196 (4) 8-4 (2"3) 
H(I,3) 24 (15) 539 (9) 165 (5) 10"4 (2-9) 
H(2a) 14 (7) 610 (5) 284 (3) 2.7 (1.1) 
H(Ze) 224 (7) 564 (4) 307 (2) 1.8 (1.0) 
H(4a) - 2 5 5  (9) 536 (6) 334 (3) 4.7 (1.6) 
H(4e) - 2 5 8  (10) 461 (6) 400 (3) 5.4 (1.8) 
H(5a) - 150 (9) 301 (6) 328 (3) 4.6 (1.5) 
H(5e) - 3 4 5  (11) 353 (7) 302 (3) 6.3 (1.9) 
H(6a) - 130 (11) 336 (7) 221 (4) 5-7 (1.9) 
H(6e) - 194 (13) 464 (8) 226 (4) 9.1 (2.5) 
H(8,1) 256 (14) 256 (8) 426 (4) 8.8 (2.7) 
H(8,2) 467 (13) 283 (8) 417 (4) 7.3 (2.5) 
H(I I) 97 (7) 794 (5) 487 (2) 2.5 (1.1) 
H(12) 60 (9) 788 (6) 593 (3) 3.7 (1.5) 
H(13) - 3 6  (9) 647 (6) 659 (3) 3.6 (1.4) 
H(14) - 132 (12) 451 (7) 603 (4) 7.8 (2.2) 
H(15) - 5 8  (10) 442 (6) 495 (3) 5.5 (1.8) 

configurational detail.* The C(4)-C(3)-O(1)-C(7)-C(8) 
fragment (Fig. 2) is trans-trans. The planar benzoyl 

* Supplementary Publication No. SUP 30197, National 
Lending Library, England. Requests should be made to the 
Executive Secretary, International Union of Crystallography, 
13 White Friars, Chester CH 1 1 NZ, England. 
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Fig. 1. Rotatory dispersion curves of some 1-methyl-3- 
benzoyl-piperidines in 0.1 N HCI. 

group is equatorial and the O(3)-C(9)-C(3)-C(2) tor- 
sion angle is 21.3 ° (Fig. 3). There are no intermo- 
!ecular contacts significantly shorter than the sums of 
the van der Waals radii. 

The anomalous dispersion parameters for bromine 
and all the atomic scattering factors were taken from 
the International Tables for X-ray Crystallography 
(1968). Computer programs used in this study were 
written for the IBM 1130 and 7090 systems (Shiono, 
1963-71). 

Discussion 

The empirical octant rules (Djerassi, 1960; Moffitt, 
Woodward, Moskowitz, Klyne & Djerassi, 1961) 
permit assignment of absolute configuration based 
upon the character of the o.r.d, curve or the assign- 
ment of conformation based upon a known configura- 
tion and the character of the o.r.d, curve. Some fl- 
amino ketones (Hudec, 1970) and other compounds 
(Bartlett, Kirk, Klyne, Wallis, Erdtman & Thor6n, 
1970) reportedly violate octant rules (antioctant be- 
havior). To determine whether I-III  and analogous 
compounds in the form of the free amine, protic and 
quaternary salts follow octant or antioctant rules, it is 
necessary to determine the o.r.d, curves, absolute 
configurations and predominant solution conforma- 
tions of some prototypes. 

The sign of the Cotton effect curve for the n - +  zr* 
electronic transition of the carbonyl chromophore in 
( - ) - I I  is negative in acid and positive in octane 
(Smissman & Hite, 1960). Solvent-dependent sign 
inversion observed in cyclohexanones has been 
attributed to the difference in the conformational 
equilibrium in polar and non-polar solvents (Djerassi 
& Geller, 1958). Sign inversion is also observed for 
( - ) - V  and (+)-VI (Soares, 1971 ; Hite & Soares, 1973). 
This suggested that the O(3)-C(9)-C(3)-C(2) torsion 
angle differs so that the carbonyl chromophore exper- 
iences different asymmetric environments in the two 
solvents. It was proposed that the 30 ° rotamer (el. 
Figs. 2, 3) is stabilized in acid by electrostatic attrac- 
tion between the electrons on 0(3) and the cationic 
center and that the 210 ° rotamer, for example, is 
stabilized in octane by weak dipolar repulsion between 
the electrons on 0(3) and the non-bonding electrons 
on N (Smissman & Hite, 1960). This study deals with 
protic salts of I-III  in which electrostatic attraction 
was expected to play a major role in determining mo- 
lecular conformation in both the solid state and in 
solution. Additional reports of protic (Hite & Soares, 
1973) and quaternary salts and free amines in this 
series will appear shortly. 

The absolute configuration of (+)-I ,  ( - ) - I I  and 
(+) - I I I  is R. All exhibit negative Cotton effect curves 
in 0.1 Nacid (Fig. 1). The solution n.m.r, spectra of the 
salts are too complex to provide conformational in- 
formation. However, the following strongly suggests 
that the solid-state conformation of the protic salts is 
the predominant species in acidic solution. 
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Quantum mechanical calculations indicate that 
charge is delocalized over the four carbon atoms 
(C +) attached to the quaternary nitrogen atom of 
acetylcholine (Kier, 1967; Ajo, Bossa, Damiani, 
Fidenzi, Gigli, Lanza & Lapiccirrella, 1972; Pullman, 
Courriere & Coubelis, 1971; Beveridge & Radna, 
1971; Pullman & Courriere, 1972; Liquori, Damiani & 
DeCoen, 1968; Liquori, Damiani & Elefante, 1968). 
This is in accord with C~ deuteration of quaternary 
amines in deuterated solvents containing base (von 
Doering & Hoffmann, 1955; Shiner & Smith, 1958). 
The crystal structures of both quaternary and tertiary 
amine salts exhibit O-to-C + distances shorter than van 
der Waals contacts (Abrahamsson & Pascher, 1966; 
Sundaralingam & Jensen, 1965; Herdklotz & Sass, 
1970; Canepa, Pauling & Serum, 1966; Shefter, Sack- 
man, Stephan & Smissman, 1970; Hjort&s & Serum, 
1971 ; Craven & Hite, 1973; Gabe & Barnes, 1963; 
Dexter, 1972; Beall, Herdklotz & Sass, 1970; Sax, 
Pletcher & Gustaffson, 1970). This has been ascribed 
to electrostatic attraction. In the 21.3 ° rotamer of IV, 
the O(3)-to-C(2) distance is 2.63 A. This is shorter than 

any comparable O-to-C + distance observed to date. 
On steric grounds, the 98.7 ° rotamer in which the 
O(3)-to-C(2) separation would be larger, should be as 
stable as the 21.3 ° rotamer. The fact that the 21.3 ° 
rotamer is the one found in the solid state supports 
electrostatic attraction. The O(3)-C(9)-C(3), C(2)- 
C(3)-C(9) and C(4)-C(3)-C(9) bond angles of 116.9 (5), 
108-6 (5) and 110.5 (5) ° respectively, also represent a 
trend in support of electrostatic attraction. It may 
also be pertinent that the O(2)-to-C(2) internuclear 
distance in IV is 2.96 A. Solution studies of acetyl- 
choline by n.m.r, confirm that the O-C-C-N gauche 
crystallographic conformation predominates in 
aqueous solution (Culvenor & Ham, 1966; Culvenor & 
Ham, 1970; Partington, Feeney & Brugen, 1972). 
This information strongly suggests that the 21.3 ° 
rotamer is the predominant form of these amines 
(I-IV) in aqueous acid and that it is not unique to the 
crystalline state. 

In the octant diagram (Fig. 4) the phenyl, C(1), 
C(2), N and C(3) atoms are nodal or close to the xz  
nodal plane and thus do not contribute singificantly to 

c 

0) 
(3 

'118.4(4) 

% 

~ 123.6(6) 

L 0(I)-C(5)-C(4) = 104.5(4) 

z._ C(2)-C(5)-C(9) = 108.6(5) 

Fig. 2. Bond distances and angles with standard deviations for IV. 
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the sign of the Cotton effect. The C(4), C(5) and C(6) 
atoms are in a negative octant. The C(3)-C(4) bond is 
nearly orthogonal (ca. 99 °) to the plane (xz) of the 
carbonyl group. The principal determinants of the 
signs of the Cotton effects in I-III are the more elec- 

Fig. 31 The torsion angles about the C(3)-C(9) bond in IV. 

tronegative 3-axial atoms (C1 or O) which lie in a posi- 
tive octant. The C(3)-O or C(3)-C1 bonds make an 
angle of about 125 ° with the xz plane. Thus, the octant 
rules require positive Cotton effect curves for R-(I-III) 
in acid. The negative Cotton effects observed (Fig. 1) 
are consistent with antioctant behavior. This is the 
first report of an antioctant ~-chloroketone. What- 
ever electronic forces are responsible for overriding 
the normally powerful octant effects of ~-chloro 
substituents on carbonyl chromophores, they are 
adequately strong to provide coherent application of 
antioctant rules to all protic salt analogs of I-III  
investigated to date (Soares, 1971; Hire & Soares, 
1973). 

The antioctant behavior of these fl-amino exocyclic 
ketones is consistent with that of some p-amino endo- 
cyclic ketones. In all such cases, the non-bonding 
electron pair on the nitrogen atom of the free amine is 
gauche to the C,-Ce bond of the ketonic fragment 
(Hudec, 1970) and protonation intensifies the anti- 
octant effect. 

This study was suppoited by the U.S. Public Health 
Service, Department of Health Education and Wel- 
fare, under Special Postdoctoral Fellowship GM-49037 
from the National Institutes of Health (G.H.) and, in 

® 

@ 

@ 

@ 

Fig. 4. Octant diagram with z axis orthogonal to the xy plane for R-(I-III) hydrochlorides employing the 21.3 ° C(3)-C(9) bond 
rotamer. R=OH, C1 and CH3COz, respectively. Circled signs refer to the Cotton effect contributions of groups in the rear 
octants shown. 
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part, by the U.S.P.H.S. Grant  No. NB-03593. The 
authors are indebted to Miss Barbara Blackmond for 
technical assistance. 
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