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FARID RAMADAN AHMED and JEHAN BAGLI. Can. J. Chem. 60, 2687 (1982). 
The crystal structure and absolute configuration of a p-bromobenzoyl derivative, 2, of the (-)2-[4-[2-hydroxy-2-(3',4'-dimethyl- 

phenyl)ethyl]- I-piperazinyll-2,4,6-cycloheptatrien-1-one, 3a (AY-271 lo), which is a dopamine agonist, have been determined by an 
X-ray analysis. Crystals of C,,H,,BrN20s, fw = 553.47, are monoclinic P2 , ,  a = 12.553(2), b = 6.359(1), c = 17.575(3) A, P = 
108.32(1)", V = 1331.81 A3, Z = 2, R. = 1.380, h= 1.384g cm-I. For 2155 observed reflexions, the final R is 0.036 and R(w) is0.039. 
The chirality of this enantiomer is shown to be S(-), based on 18 reflexions with significant differences in the intensities of the 
corresponding Friedel pairs. The piperazine ring has a distorted chair form that is flattened at the N atom nearest the cyclo- 
heptatriene ring as for the psychoactive agents loxapine and amoxapine. 

FARID RAMADAN AHMED et JEHAN BAGLI. Can. J. Chem. 60,2687 (1982). 
On a dttermint par analyse aux rayons X la structure cristalline et laconfiguration absolue d'un derivtp-bromobenzoyle (2) de la 

(-)[(hydroxy-2(dimtthyl-3',4' phBny1)-2 Bthy1)-4 piptrazinyl-11-2 cycloheptatriene-2,4,6 one-1 (3a) (AY-271 10) qui est un 
antagonistede la dopamine. Les cristaux de C2,H29BrN,0s, pm = 553,47, sont monocliniques e t  appartiennent au groupe d'espace 
P2, aveca = 12,553(2), b = 6,359(1), c = 17,575(3) A,  P = 108,32(1)", V = 1331,81 A', Z = 2, p, = 1,380, p, = 1,384gcm-l. On a 
rtsolu la structure et on I'a ajustt jusqu'a des valeurs conventionnelles de R = 0,036 et de R(w) = 0,039 pour 2155 rtflexions 
observtes. On montre que la chiralitt de cet Bnantiomere est S(-) i partir 18 rtflexions avec des difftrences d'intensitt significatives 
des paires de Friedel correspondantes. Le cycle piperazine aune forme chaise dtformte qui est applatieau niveau d e  I'atome de N le 
plus prks du cycloheptatrikne comme dans le cas de la loxapine et l'amoxapine; des agents psychoactifs. 

[Traduit par le journal] 

Introduction 
Central dopaminergic mechanisms are known to 

be impaired in Parkinson's disease (2). Bromocrip- 
tine (CB-154), a dopamine agonist, has recently 
been reported to alleviate these symptoms (3). 
However, bromocriptine, an ergot derivative, 
affects not only the dopaminergic system but also 
other neuronal systems; its effect therefore is not 
specific. One of the objectives of our synthesis 
program was to discover a non-ergot dopamine 
agonist which is more specific than bromocriptine. 

We have recently synthesized a series of tropon- 
ylpiperazine derivatives (4), some of which demon- 
strated dopamine agonist activity (5). Compound 1 
(2-[4-[2-hydroxy-2-(3',4'-dimethoxyphenyl)ethyl]-1- 
piperazinyll-2,4,6-cycloheptatrien-1-one) emerged 
as the compound of choice for further biological 
investigation. It was resolved into its optical enan- 
tiomers 3a (AY-27,110) and 3b using ditoluyl 
tartaric acids. It was found that the biological 
activity (5) was associated with the (-) enantiomer 
3a.  It was therefore of interest to establish the 

'For parts I-IV, see ref. 1 
?NRCC No. 20519. 

R = troponylpiperazine 
3a, S(-), X = H, Y = OH 
36, R ( + ) ,  X =  OH, Y = H  

absolute configuration of the carbon atom P to the 
N-4 of the piperazine ring (see formula 1). For this 
purpose compound 3a was converted to its p-  
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bromobenzoyl derivative 2 and subjected to X-ray 
studies. 

Experimental 
Preporatiot~ of 4-brotnobenzoic acid, I-(3,4-ditnethoxyphe,,yl)- 

2-[4-(7-oxo-1,3,5-cycloheptatrietz-1-yl)-l-piperazinyl]ethyl 
ester (2) 

Triethylamine (0.218g, or 0.3 mL, 1.8equiv.) was added to a 
solution of alcohol 3a (0.444g, 1 equiv.) in methylene chloride 
(4 mL); then Cbromobenzoyl chloride (0.473g, 1.8 equiv.) was 
added. The mixture was stirred for 3.5 h at room temperature, 
diluted with chloroform, washed with water, dried, and the 
solvent was removed. The residue was filtered through silica gel 
(50g) and the product eluted with ethyl acetate. The product 
thus obtained was recrystallized twice from chloroform-ether 
to yield pure product (0.33g, 69.8%) mp 129-133°C. Anal. 
calcd. for C,,H,9BrN205 (553.47): C 60.76, H 5.28, N 5.06; 
found: C 60.46, H 5.23, N 5.10. Infrared (CHC1,) 1715, 
1560cm-I, nmr (CDCI,), 67.55-7.9(4H, m, arom.), 6.8(8H, m, 
arom.), 6.1 (1H, m, CH-O), 3.85-3.8(6H,2 x s ,  CH,-0),3.2 
(4H, m, CH,-N), 2.75 (6H, m, CH,-N), ms: tnle 5541552 
(M)+, 

X-my crystallographic atlalyses 
( -) 4-Brotnobetzzoic acid, I-(3,4-ditnethoxyphetty1)-2-[4-(7- 

oxo-1,3,5-cycloheptatriet1-1-yl)-I-piperozinyl]ethyl ester 

C28H29BrN20~ fw = 553.47 
Monoclinic, P2, ,  a = 12.553(2), b = 6.359(1), c = 17.575(3) A, 

= 108.32(1)", V = 1331.81A3, Z = 2 , p ,  = 1.380, p , =  
1.384gcm-', F(000) = 572, p(Cu) = 24.25cm-I. 

Measurements were carried out on an Enraf-Nonius CAD-4F 
diffractometer with Ni-filtered Cu radiation (A(Kci ,) = 1.54056, 
h(Ka2) = 1.54439A) on a prismatic crystal, 0.09 x 0.1 1 x 
0.40mm, mounted with its length along the 6 axis. The cell 
parameters were based on 15 well-centered reflexions, 0 = 
30-40", and the indexing was for a right-handed set of unit-cell 
axes. The intensity data were measured by 0-20 scans for o 
ranges of (0.8 + 0.14 tan 0), extended by 25% at each end for the 
backgrounds, at scan speeds of 0.64 to 2.5l0min-I in o. A total 
of 2991 reflexions in the hkl andhkl octants with8 = 0-75' were 
measured, and of these 2153 were considered observed at the 
b ( 1 )  level. Three standard reflexions, scanned after every hour 
of exposure time, showed small random variations within 
f 1.5% of their mean values. The net intensities were corrected 
for Lorentz and polarization effects, and for absorption by the 
Gaussian integration method (6) assuming a 4 x 4 x 6 point 
grid. The range of the absorption corrections to the i~tensities 
was 1.20-1.51. Similarly, the Friedel pairs of hkl and hkl with 0 
= 0-20" were scanned and treated in the same way. The 
dis_crepancy index for the structure amplitudes of the 50h01 and 
h01 Friedel pairs which have no imaginary components was 
only 0.014. 

Structure determination was by the heavy-atom method. 
After refinement of the non-hydrogen atomic parameters to R = 
0.064 for the observed reflexions, the H atoms were located 
from a difference map and included in the refinement with 
isotropic B values. When R was reduced to 0.046, the effect of 
the anomalous dispersion of Br was tried for the two possible 
enantiomorphs. The corresponding R indexes, after one cycle 
of refinement for each, were 0.0434 and 0.0422, indicating a 
correct determination of the absolute configuration at  the 0.5% 
level (the Hamilton ratio 921.,72 ,,,.,,5 = 1.0024 while the ex- 
perimental R ratio = 1.028 and R, ratio = 1.030). Also, all the 18 

TABLE I. Friedel pairs (0 = 0-20") with the most 
significant anomalous dispersion effect 

I( hll) [ F,(bll) ] ' -- 
hkl I(hk1) 1(7lB) l(Lii) F$I?~?) 

Friedel pairs listed in Table 1 which showed the most significant 
anomalous dispersion effect consistently favoured one enan- 
tiomorph. Further refinement of the parameters for the correct 
enantiomorph produced the values listed in Tables 2 and 3,' for  
which R = 0.036 and R(Iv) = 0.039.' The  refinement was by 
block-diagonal least-squares on CIV(F, - F,)' with tv-I = 1 + 
[(IF,,I - p2)lpl12,p, = 30andp2 = 15 in the  last three cycles ( to  
make Ztv(F, - F,), independent of IF,I),The unobserved 
reflexions were excluded, as were (204) and  (267) which showed 
relatively high discrepancies. The scattering factor curves were 
from ref. 7 and the computer programs were those of ref. 8. I n  
the final cycle, the mean parameter shift was 0 . 2 ~  (maximum = 
1 . b )  and [ C W ( A F ) ~ / ( ~  - n)]"' = 0.6. T h e  final difference map 
contained random electron densities between -0.25 and 0.19e 
A - 3 .  

Results and discussion 
A perspective view of the molecular structure 

showing the absolute configuration as determined 
from this X-ray analysis is presented in Fig. 1. The 
chirality at C(15), according to the Cahn-Ingold- 
Prelog system of notation (9), with the priority 
sequence HO > CH2NH2 > C,H, > H is S(-) a s  
shown in 3a.  The arbitrarily-selected atomic num- 
bering system and the bond lengths, not corrected 
for thermal vibration, are presented in Fig. 2. The 
valence angles and some selected torsion angles are 
given in Fig. 3 and Table 4, respectively. 

The geometry of the piperazinyl ring in this 
compound is very similar to that of the correspond- 
ing rings in the psychoactive agents loxapine and 

)The structure factor table and anisotropic thermal pararn- 
eters of the non-hydrogen atoms are available, at a nominal 
charge, from the Depository of Unpublished Data, CISTI, 
National Research Council of Canada, Ottawa, Ont., Canada 
K I A  OS2. 
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TABLE 2. Fractional coordinates ( x  lo4; x lo9 for Br) and the 
equivalent isotropic temperature factors (A2) for the heavier 

atoms (Be, = &t2 2, Cj Uij  ( I , *  oj* &,aj) 

Atom Y Y z Be,, 

amoxapine (10). It has a distorted chair form with 
its four C atoms slightly non-planar (xZ = 27.3, 
deviations from mean plane f0.013(5) A). N(8) and 
N(l1) lie on opposite sides at significantly different 
distances (-0.642(3) and 0.708(4) A, respectively) 
from the mean plane of the C atoms. While the 
endocyclic angles are approximately tetrahedral, 
108.0(4)-111.0(4)", the exocyclic angles are well 
above tetrahedral values with the angles of 119.3(4) 
and 119.7(4)" at N(8) considerably larger than those 
of 112.5(4) and 113.2(4)" at N(11). The flattening 
of the ring at N(8) was interpreted for loxapine 
and amoxapine (10) as indicative of some elec- 
tron delocalization into the bond corresponding to 
N(8)-C(7), although its length in those structures, 
as in the present work, was 1.388 A, i.e. within the 
range expected for C(spZ)-N(sp3) bonds (1 1). 
The other C-N bonds have a mean length of 

TABLE 3 .  Fractional coordinates (x  10') and isotropic ternpera- 
ture factors (A2) for the H atoms 

Atom r Y z Biso 

1.466(11) A in the present structure and 1.462(8) A 
in the other two structures. 

The cycloheptatriene ring is nearly planar, with 
x2 = 31.6 for the seven C atoms. However, 
excluding C(1), the other six C atoms are coplanar 

- 1.8) while C(l) is off that plane by -0.036(5) 
, resulting in a slight bendof 2.8(5)" between the a - 

plane C(2)-C(1)-C(7) and that of the six atoms. 
O(1) lies at 0.034(4) A from the C(2)-C(1)-C(7) 

FIG. 1. A perspective view of the molecular structure showing 
its absolute configuration. 
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FIG. 2. Bond lengths (A). The estimated standard deviations are 0.007-0.008A except for those given in parentheses. 

FIG. 3. Valence angles (deg). The estimated standard devia- 
tions are 0.4-0.6". 

TABLE 4. Selected torsion angles 

Torsion angle 
Atoms (deg) 

plane. The three C=C double bonds have a mean 
value 1.341 A which is comparable to the average 
value (12) of 1.337(6) A. 

The C atoms of the p-bromobenzoic group are 
coplanar (x2 = 15.3) with deviations within f 0.013 
A, but the substituents Br and C(22) are at dis- 
tances 0.059(2) and 0.052(5) A from the plane of the 
ring. The Br-C(26) distance of 1.898(5) A is com- 
parable to the value 1.902(10) for p-bromoben- 
zoic acid (13). 

The remaining aromatic ring C(16) to C(21) is 
planar (x2 = 15.2) with the substituents C(15), 0(2) ,  
and O(3) in the plane of the ring. The two methyl 
groups C(29) and C(30) lie on the same side of the 
ring plane but at unequal distances of 0.260(6) and 
0.123(6)A, respectively. This imbalance is re- 
flected in the corresponding torsion angles in Table 
4. The average C-C length in the two aromatic 
rings is 1.378(14) A and the average C-H length is 
0.97(8) A. The molecules are separated by normal 
van der Waals contacts. 

In summary, the above assigns the chirality of 
p-C-atom of 2 as S .  In turn the chirality of that 
carbon in AY-27110 follows. The biological activ- 
ity thus resides with the S(-) enantiomer. 
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