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Summary 

The conformational behaviour of metoclopramide, a neuroleptic benzamide, and 
model compounds was investigated by ‘H-NMR spectroscopy. An intramolecular am- 
ide-methoxy H-bond is shown to exist in CDC1,-solution, but not in D,O-solution, 
independently of the length and protonation state of the basic side-chain. This H-bond 
creates a virtual cycle which may be a key feature for the binding of neuroleptic benz- 
amides to the dopamine receptor. The conformational behaviour of the aminoethyl 
side-chain is shown to be markedly condition-dependent. For nnetoclopramide and its 
analogues in their protonated form, the gauche- and trans-rotamers have identical 
energies in D,O- as well as in CDC1,-solutions. For the non-protonated molecules, the 
trans-rotamer is favoured in D,O-solution, while the gauche-rotamer is favoured in 
CDC1,-solution (AGO N 10.5lkcal/mol in both cases). The side-chain conformation of 
neuroleptic benzamides is discussed in terms of receptor affinity. 

1. Introduction. - Substituted benzamide drugs (substituted o -anisamides, ortho- 
pramides) are a group of dopamine antagonists clinically used as neuroleptics (e .g . ,  
sulpiridc (I)), antiemetics (e. g., metoclopramide (2)), or against various forms of dyski- 
nesia (e.g., tiapride (3)). These compounds are now receiving considerable attention in 
connection with their therapeutic potential and their mechanism(s) of action at the 
receptor and molecular level. 

3 R - S0,CH3 ; R ’ =  H 

The current evidence indicates that orthopramides act primarily as antagonists of a 
population of dopamine receptors not linked to adenylate cyclas~e (D-2 receptors) [ 1-41, 
To help unravel topographical elements of the D-2 receptor and the pharmacophore of 
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orthopramides, we have calculated their conformational behaviour using a semi-empir- 
ical quantum mechanical method [5-71. The results indicate that aminoethyl derivatives 
such as metoclopramide (2) and tiapride (3) exist, without solvent interactions, in a 
folded (gauche) conformation 10-1 5 kcal/mol more stable than the extended (trans) 
conformation [5]. In 2-pyrrolidyl derivatives such as sulpiride (1) and 3-pyrrolidyl de- 
rivatives such as YM-09151-1 (4), the energy difference is decreased to 3-4 kcal/mol 
and 5-6 kcal/mol, respectively [6] [7]. In contrast, 4-piperidyl derivatives such as clebo- 
pride (5 )  display the basic side-chain in an extended conformation, the folded forms 
(boat conformations) being less stable by ca. 30 kcal/mol [7]. 

These results, to be meaningful, must be compared with experimental data. In the 
present work, the conformational behaviour of metoclopramide (2) and amino- 
alkylbenzamides is examined in solution by 'H-NMR spectroscopy at 60 and 360 
MHz. Two aspects are studied, namely, the conformation of the aminoethyl side-chain 
(Sect.3), and the coplanarity of the phenyl ring and the amide moiety (Sect.4). The 
latter is also investigated using a quantum mechanical method. 

2. Methods. ~ 2.1. 'H-NMR Spectra. 'H-NMR spectra were recorded at 60 MHL on a Vrrrian EM-360 
spectrometer operating in the CW mode and at 360 MHa on a Bruker WH-360 spectrometer operating in the 
FT mode. The chemical shifts are in ppm relative to TMS (org. solutions) or to sodium 3-(trimethylsilyl)- 
(2,2,3,3-'H4)propionate (TSP) (aq. solutions). If necessary the FID's at 360 MHz were inultiplied by a Gazmian - 
exponential function [8] before FT to yield resolution-enhanced spectra. The concentration of the solutions 
ranged from 0.2 to 0.002M. If not mentioned otherwise, the temperature was maintained at 24 * I". 

2.2. Spectrum Calculution. The chemical shifts and coupling constants of the ethane fragments were ana- 
lyzed as AA'XX' spin systems. After peak assignment the parameters N and L [9] were calculated and the 
time-averaged vicinal coupling constants J and S determined. In all cases the parameter K, and therefore, the 
geminal coupling constants J ,  and J,, could not be evaluated. The spectra were sensitive only to the difference 
M of these couplings. Finally the spectrum parameters were relined by a least-squares iteration procedure using 
the program PANIC [lo] of the Aspect-2000 computer. The accuracy of the actual fits was determined by the 
digital resolution in the experimental spectra (0.2 Hzipoint). 

2.3. Quantum Mechanicaf Calculations. Conformational calculations were performed using a semi-empirical 
all-valence-electron procedure, the PCILO method [ I  I ] .  The molecules under study were constructed by stan- 
dard geometry [12]. 

3. Side-Chain Conformation in N-(Aminoethy1)benzamides and -0-Anisamides. ~ 

3.1. Analysis of' Coupling Constants. Vicinal 'H,'H coupling constants were measured to 
study the conformation of the X-CH,CH,-Y moiety in metoclopramide (2) and in the 
model molecules N[(diethylamino)ethyl]benzamide and -o -anisamide (6 and 7, respec- 
tively, see Table I ;  for the description of model compounds, see also [13]). 

Abraham & Gatti [ 141 established an empirical relationship between vicinal coupling 
constants and populations of rotamers in 1,2-disubstituted ethanes. The latter display 
three remarkable rotamers as shown in Fig. 1. Due to the usually fast interconversion 
between gauche- and trans-rotamers, it is only seldom possible to observe the individ- 
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Table 1. Chemical Shifts (ppm) and Coupling Constunts (Hz) of the Side-Chain Protons of N-[(Diethyluminoj- 
ethyl]benzamrdes ") 

C D  
H\ +,CH2-CH3 

CON H- C H  2- C H  2- N, a A B CH2-CH3 
R C' D' 

Compound R Solvent dA dB JAB d,z,c 'DiD JCD 

6 H JWb) 3.808 3.435 6.1 3.325 1.327 7.1 
CDCI, 3.900 3.294 5.9 3.185 1.404 7.2 

I OCH, D20b) 3.822 3.443 6.1 3.335 1.337 7.3 
CDCI, 4.004 3.283 6.2 3.167/3.178d) 1.420 7.3 
CD,Cl,C) 3.886 3.198 6.2 3.111/3.115d) 1.341 7.1 

Metoclopramide (2) D20b) 3.776 3.401 6.0 3.312 1.320 7.3 
CDCI, 3.948 3.248 6.1 3.147/3.153d) 1.442 7.3 

') 
b, 
') At -68°C. 

From 360-MHz 'H-NMR spectra of 0.002M solutions at 24°C. 
Amide and ammonium protons are exchanged by deuterium. 

d, Determined by decoupling of the ammonium protons 

X 

J t  

X 

gauche, trans gauche, 

Fig. 1. Staggered rotamers and vicinal coupling constants in I ,2-disubsti~uted ethanes [I41 

ual coupling constants. Instead two time-averaged coupling csonstants are obtained 
which are defined according to Eqn. 1-3 : 

n, + ng = 1 (3) 

where nt and ns are the populations of the trans- and gauche-rotamers, respectively 
[14]. Using 1,2-disubstituted ethanes of known conformational behaviour, Abraham & 
Gufti showed that the individual coupling constants can be expressed as a function of 
Ex and E,, the electronegativity of the X and Y substituents, respectively [15]. This 
treatment has been refined by Phillips & Wruy [ 161. The results obtained using the two 
methods are remarkably similar, but the second one involves longer calculations. 

In the case of the N-C-C-0 fragments of interest, Ex = Ey = 3.05, hence [15]: 
Jf = 5.19 Hz, J :  = 12.70 Hz, J t  = 3.21 Hz, J i  + J f  = 14.54 Hz. 
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Fig. 2. Low-frequency purt of the 360-MHz 'H-NMR spectrum of 2 HCl in D 2 0 .  Assignments of the side-chain 
resonances are indicated. 

3.2. Side-Chain Conformation in the Protonated State. 'H-NMR spectra were 
recorded at 360 MHz for 6.HC1, 7.HC1, and 2.HCl in D,O- and CDC1,-solutions 
(Table 1). In each case an apparently perfect A2X2-system was observed for the 
-CH,-CH,- moiety, as exemplified by the 1:2:1 intensity distribution of the CH,- 
multiplets, e.g., see the spectrum of 2.HCl in D,O (Fig.2). This implies that the two 
A -protons are magnetically equivalent, as are the two X-protons. No difference exists 
in the free energy of the gauche- and trans-conformations, hence the population of 
each conformer must be identical, n, = n,/2 = 0.33. This conclusion is supported by the 
fact that the spectrum of 7.HCl in CD,CI, did not change upon decreasing the temper- 
ature to -68°C (Table 1).  

These results contrast with those reported by Makriyannis et al. [17] who for 6-HC1 
in D,O observed an AA'BB'-system with J = 6.60 Hz, S = 5.70 Hz and ng = 0.74, 
n, = 0.26. Their data, however, were calculated from spectra recorded at 60 and 100 
MHz and we believe that the A,B2-type spectrum was erroneously interpreted as an 
AA'BB -system. 

3.3. Side-Chain Conformution of the Neutral Molecules. The 360-MHz 'H-NMR 
spectra for 6 and 7 as bases in D,O show the ethane proton resonances very close to an 
AA'XX-system. The partial spectrum of 6 is shown in Fig.3A. Spectral analysis 
(Fig.3B, see Methods) gave the couple of J,  S values equal to 8.1 and 6.1 Hz, fully 
identical for the two compounds. Since J and S cannot be assigned from the spectral 
analysis, energetic considerations were required [ 141. To satisfy Eqn. 1-3 simulta- 
neously, it was necessary to assign J = 8.1 Hz and J' = 6.1 Hz, with n, = 0.53 and 
ng = 0.47 (Table 2) corresponding to an energy difference AGO N 10Slkcal/mol. This 
result agrees well with that obtained at 100 MHz by Makriyannis et al. [I71 for non- 
protonated 6 in CD,OD. 
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Fig. 3. The -CH2-CH2- purl of the 360-MHz ' H - N M R  spectrum of 6 base in D 2 0 .  (A) Experimental spectrum 
(resolution-enhanced). (B) Simulated spectrum (linewidth 0.3 Hz; for details of the calculation see Methods). 

Table 2. 'H-NMR Parameters and Conformational Populations of the Ethane Fragment of 6 and I Buses") 

Compound R Solvent d A  S B  3/ ( * J ~ - , J ~ )  n, nt 

6 base H CDCI, 3.491 2.655 7.0 4.9 0.7 0.84 0.16 
D2O 3.525 2.758 8.1 6.1 - 0  0.47 0.53 

I base OCH, CDCI, 3.531 2.646 7.0 5.4 0.9 0.80 0.20 
D2O 3.525 2.758 8.1 6.1 - 0  0.47 0.53 

") Measured at 360 MHz; T = 24°C. Chemical shifts in ppm (estimated error *0.002 ppm), spin-spin 
couplings in Hz (error determined by the digital resolution, *0.2 Hz). 

When the 6 and 7 bases were dissolved in CDCI, the resonances of the NCH,-pro- 
tons were additionally split due to their coupling with the amide proton, 3J(NH,cH2) = 4.8 
Hz (Fig. 4 A ) .  Simulation of the spectra was again possible (Fig. 4B),  and the coupling 
constants J, S and their assignments are collected in Table 2. Surprisingly the gauche- 
conformers were strongly favoured in CDC1,-solution (ng = 0.84 for 6 and ng = 0.80 for 
7) corresponding to energy differences of AGO 1: (0.6lkcal/mol artd AGO N 10.4lkcal/mol, 
respectively. 

3.4. Discussion. The above results indicate that the side-chain conformation in the 
investigated molecules is influenced by the protonation state of the basic nitrogen 
atom. In the protonated state, the gauche- and trans-forms have apparently identical 
free energy levels in water like in chloroform. This appears to rule out any major 
conformational influence of solvation factors. Also, these results do not confirm the 
existence in solution of an intramolecular H-bond between N'-H and O=C as postu- 
lated in vacuum from PCILO calculations [5]. This semi-empirical method, however, is 
known to exaggerate attractive non-bonded interactions. Also :noteworthy is the fact 
that the side-chain conformation is not influenced by the o-methoxy moiety (compare 
6 and 7) no more than by other ring substituents (compare metoclopramide (2) with 6 
and 7). 



H~LVFTICA CHIMICA ACTA ~ Vol 67, Fasc. 3 (1984) - Nr.79 71 1 

- - 
3.50 3.45 2.70 2.65 ppm 

Fig. 4. The -CH,-CH,- purl of iite 360-MHz 'H-NMR spectrum of 6 base in CBCl,. The mukiplet structure at 
high frequency is determined by an additional coupling (3J = 4.8 Hz) with the amide proton (6 = 7.21 ppm). 

(A) Experimental spectrum (resolution-enhanced). (B) Simulated spectrum (linewidth 0.4 Hz). 

For the non-protonated molecules in D,O the trans-conformer is favoured by ca. 
0.5 kcal/mol over the gauche-conformers while in CDCl, the reverse is found true. 
Therefore the conformational behaviour in CDCl, resembles that found in the crystal 
[18]. Solvation interactions thus play a critical conformational role for the neutral as 
opposed to the protonated molecules. These results also stress the need for caution 
when deriving structure-activity relationships and topographical models solely from 
conformations found in the crystal. 

4. Intramolecular H-Bond between the Methoxy-0-Atom and the Amide-H-Atom. ~ 

4.1. 'H-NMR Investigations. In aromatic carbonyl derivatives of general structure 8 the 
chemical shift of the ortho -H-atoms is under the influence of the magnetic anisotropic 
effect of the carbonyl group and may undergo a conformation-dependent high-fre- 
quency shift which is largest when the system is coplanar. 

This argument was applied by Kondo [19] to investigate the conformational behav- 
iour of o -substituted benzoic-acid derivatives, in particular in the o -methoxylated com- 
pounds. For o-anisic acid 9a and N-methyl-o-anisamide 9c in CDC1,-solution, he 
found that the H(6)-signal is deshielded between 0.3 and 0.4 ppm relative to that in 
methyl o-anisate (9b). This was taken as evidence for the existence of an intramolecular 
H-bond (cf 10) acting as conformational lock and allowing maximal deshielding of 

8 9a X=OH 10 
b X=OCH, 
c X=NHCH, 
d X=NH, 
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Table 3. ' H - N M R  Chemical Shifts of the Aromatic Protons of Various Benzamidey and o-Anisamides") 

Compound R n R Base/ Solvent H- 
salt C(2-6) 

H- H- H- H- OCH, 
C(3-6) C(3-5) C(6) C(2,6) 

Benzamide H - 

9d 
9 2 )  
9Ch) 

11 
11 
11 
12 
12 
12 
13 
14 
14 
14 
15 
15 
16 
16 

6 
6 
6 

7 
1 
1 
2 
2 

17 
18 
18 
18 
19 
20 
20 
20 
21 
22 
22 

6 7  

77 

OCHj - 

OCHS - 

H I  

H 1  

OCH, 1 
OCH? 1 

H 2  

OCH3 2 

H 2  

OCH? 2 

OCH, 2 

H 3  
OCH, 3 

H 3  
OCH? 3 

H 4  
OCH, 4 

- -  

- -  

- -  

- 

CH, base 
base 
HCI 

Et base 
base 
HCI 

CH, base 
Et base 

HCI 
HCI 

H base 
HCI 

H base 
HCI 

Et base 
base 
HCI 
HC1 

Et base 
base 
HCI 
HCI 

Etd) HCI 
HCI 

CH, base 
CH3 base 

HCI 
HCI 

Et base 
Et base 

base 
HCI 

CDCI, - 

CDCl, - 

CDC1, - 

(D,)DMSO - 

CDCl, - 

D2O 7.5-8.1 
CDCI, - 

D2O 7.48.0 

CDCI, - 

CDCl, - 

CDC1, - 

CDCI, - 

CDCI, - 

CDCI, - 

CDCI? 

CDCI, - 

D2O 7.4-7.9 

D2O 7.3-7.9 

CDCli 

D2O 

D2O 

D2O 

D2O 

D2O 

DZ0 

DZ0 

D2O 

- 

- 

- 

- 

CDC1, - 

- 

CDCl, - 

CDCI, - 

CDCI, - 

CDCl? - 

CDCI, - 

D2O - 

D2O 
D2O 

- 

- 

7.3-7.7 ~ 7.86 
6.9-7.7 8.32 - 

6.97-7.43 8.22 - 

7.047 46 7.80 - 

1.3-7.7 - - 7.8 
- - - 

- - - 

7.2-7.7 - - 7.8 
- - - 

- - - 

6.9-7.6 8.20 - 

6.9-7.7 8.25 - 

7.67.8 8.23 - 

7.0-8.0 7.88 - 

7.3-7.51 - 7.80 
7.5-7.8 - 7.92 
6.9-7.5; 8.20 - 

7.0-7.7 7.90 - 

7.3-7.58 - 7.81 
7.5-7.6 - 7.76 
7.3-7.5 - 8.08 
7.5-7.7 - 7.81 
7.0 7.4. 8.23 - 

7.1 7.6 7.76 - 

7.0-7.51 8.14 - 

7.1-7.6 7.83 - 

6.31 8.04 - 

6.62 7.82 .- 

7.48.0 - 7.93 
6.8-7.5) 8.18 - 

6.9-7.5; 8.11 - 

7.67.8, - 7.8 - 

7.4-7.7 - 7.95 
6.9-7.7 8.31 - 

7.0-7.9 - - - 

6.9-7.8 - - - 

H HCI D20  7.3-7.8 - - 
- - H base CDC1, 6.8-7.68 8.18 - 

- HCI DzO 6.9-7.8 - - - 

- 

3.97 
? 
? 
- 

- 
- 

- 

- 

- 

3.97 
3.97 
4.13 
3.93 
- 

- 

3.93 
3.98 
- 

- 

- 

- 
3.91 
3.95 
4.06 
3.97 
4.00 
3.92 

3.90 
3.95 
3.96 

4.00 
3.92 
3.85 

3.90 
3.93 

- 

- 

- 

') The spectra were recorded at 60 MHz unless otherwise specified. The chemical shifts are in ppm relative to 
internal TMS (in CDCl,) or TSP (in D2O). The aromatic ring proton signals have been assigned on the 
basis of the distinct ortho (7-9 Hz), meia (1-2 Hz), and para (0.2 G.5 Hz) coupling constants. 

h, Data from [19]. 
") From the 360-MHz spectra. 
d, Additional ring substituents: NH2-C(4), Cl-C(5). 
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H-C(6). In (DJDMSO solution on the other hand, the chemical shifts of H-C(6) in 
the three compounds were nearly identical indicating that the intramolecular H-bond 
in 9a and 9c is destabilized by solute-solvent H-bonds (see Table 3 for the results of 

These results [I91 compare well with the behaviour of various anilides in which the 
presence of an ortho -substituent capable of H-bonding with the amide-H-atom induced 
a strong deshielding of the H-C(6) signal [20-221. 

Our results with benzamide and o-anisamide (9d) in CDCI, confirm the finding of 
Kondo [19]. In the case of benzamide, the magnetic anisotropy of the carbonyl group is 
distributed to the two ortho -H-atoms and averaged by the process of rotation, result- 
ing in a relatively moderate deshielding. This contrasts with a significantly larger 
deshielding of H-C(6) in 9d (Table 3).  The method had thus been used to investigate 
the existence of an intramolecular H-bond (cf 10) in a series of aminoalkylbenzamides 
and aminoalkyl-o-anisamides synthesized as model compounds for dopamine antago- 
nists [13]. Whenever feasible, the spectra were recorded for the compounds as bases 
and as hydrochlorides, in CDCI, and in D,O (Table 3). The spectra were independent 
on solute concentration excluding the possibility of an intermolecular association. 

In the compounds lacking an o-methoxy group (compounds 6, 11, 12, 15, 17, 19 
and 21), the signals of the ortho-H-atoms are not always distinguishable at 60 MHz 
from those of the other aromatic H-atoms; this is the case for 11, 12 and 21 in D,O. In 
all other cases, however, the signal of the ortho -H-atoms appears somewhat deshielded 
from those of the other aromatic H-atoms. The recorded values range from 7.80 to 
7.95 ppm for the bases in CDCI,; the signal is found at 7.76 ppm for the 6 base in D,O, 
at 8.08 ppm for its hydrochloride in CDCl,, and at 7.81 and 7.92 ppm for 6.HC1 and 
15. HC1, respectively, in D,O. This signal thus appears relatively unaffected by solvent 
and protonation conditions. 

In contrast, the o-methoxy derivatives (7, 13, 14, 16, 18, 20 and 22) display a 
solvent-dependent signal for H-C(6). In CDCI,, the signal is observed between 8.2 and 
8.3 ppm for the bases and between 8.0 and 8.2 ppm for the salts. In D,O, on the other 
hand, the same signal is seen between 7.8 and 7.9 ppm (Table 3 ) .  These data support 
the existence of an amide-methoxy intramolecular H-bond (cf 10) in CDC1,-solution as 
opposed to solutions in D,O. 

4.2. Quantum Mechanical Calculations. Quantum mechanical calculations were per- 
formed to confirm the interpretation of the NMR spectra given in Sect. 4.1. Using the 
PCILO method [ 111, we investigated the conformational behaviour of the phenyl-car- 
bony1 single bond in the model molecules N-methylbenzamide (23), 9c, N-methyl-4- 
amino-3-fluorobenzamide (24) and N-methyl-4-amino-5-fluoro-o-anisamide (25). The 
dihedral angle z (shown equal to 0" in 23 and 24, and to 180" in 9c and 25) was rotated 
by 30" increments. Because in the PCILO program the two Kkkulk structures of ben- 
zene are not equivalent, distorsions appear in the curves of conformational energy. 
This problem has been extensively investigated by Gerhards et al. [23], who showed that 
it can be solved by taking the arithmetic mean of the energy of the two Kkkulk struc- 
tures. 

For the molecules under study, the difference in conformational energy between 
two corresponding Kkkulk structures is always smaller than 1.7 kcal/mol, a situation 
where use of the arithmetic mean is recommended 1231. The results (Fig.5) show some 

9c). 
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kcal lmol 

41- 

-i -t 

0 90 180 270 360° 

Fig. 5 .  The conjurmationul hehuaiour oJ N-melh.ylbmzamide (A), N-methyl- o-anisamide (B), N-methyl-4-amino-3- 
jluorohenzamide (C) and N-methyl-4-umino-5-jluoro- o-anisumide (D), us calculutea' by the PCILO method. For a 

definition of 7, see 9c, 2S25  and text. 

differences between the benzamides and the o -anisamides. In the four molecules (Sc, 
23-25), two identical global minima exist at 150" and 210", i.e. close to the coplanarity 
of the phenyl and amide moieties. At z = 180", a difference appears in that the energy 
level is ca. 0.3 kcal/mol above the minimum for the benzamides, while for the o-anis- 
amides the difference is ca. 1.4 kcal/mol. Such an effect may not be physically genuine 
and could reflect the manner in which the lone pairs of electrons of the methoxy-0- 
atom are defined by the PCILO program. 

In all four molecules (912, 2>25), two symmetrical barriers of rotation are apparent 
when the phenyl and amide moieties are perpendicular. In the benzamides, these bar- 
riers have a value of ca. 2 kcal/mol above the global minimum, while in the o-anis- 
amides the energy difference is larger, 3.1-3.2 kcal/mol. The energy barrier is thus 
1 .0-1.3 kcal/mol higher in the o-anisamides, and this difference can be taken as evi- 
dence for the existence of an intramolecular H-bond between the amide H-atom and 
the methoxy-0-atom. These theoretical results are compatible with the interpretation 
of the 'H-NMR spectra given in Sect.4.1. 

Another conformational difference between benzamides and o -anisamides is seen 
for z-values in the region of 0". Here, repulsive effects between the two 0-atoms exist 
in the o-anisamides. 

Finally, Fig.5 shows that the presence of NH,- and F-substituents in the aromatic 
ring does only moderately influences the conformational behaviour of the investigated 
model molecules, the largest effect being 0.26 kcal/mol. 
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4.3. Discussion. These investigations indicate that for o-methoxybenzamides in 
CDCI, (Table 3)  or in vacuum (Fig. 5 ) ,  an intramolecular H-bond exists (cf. 10) which 
is stable enough to markedly increase the population of coplanar or nearly coplanar 
conformers as compared to non-methoxylated analogs. This intramolecular H-bond 
does not appear to be influenced by the length of the aminoalkyl side-chain, by the 
protonation state of the amino group, or by the presence of some aromatic substituents 
other than the methoxy group. 

In D,O, the methoxy-amide H-bond is destabilized, certainly due to competition 
with intermolecular H-bonds. This observation is consistent with the finding of Kondo 
[19] who reported a similar solvent effect for N-methyl-o-anisamide (9c) in DMSO 
(Table 3). 

5. General Discussion. - The conformational behaviour of compound N-[(diethyl- 
amino)ethyl]-o -anisamide (7) under all conditions investigated is summarized in Table 
4 .  Metoclopramide, its medicinal derivative, showed an identical conformational be- 
haviour under all testable conditions. The solvent dependence of the intramolecular 
methoxy-amide H-bond is particulariy interesting. We have recently postulated [7] that 
the pseudo-cycle resulting from this H-bond is a key feature for the receptor recogni- 
tion of neuroleptic benzamides. The present work suggests that while such a H-bond 
does not occur in an aqueous medium, it must indeed exist in a lipophilic environment 
which is that of membranes and receptors. 

Table 4. Conformational Behaviour of N-[(Diethylamino)ethyl]-o-anisamide (7), a Model of Metoclopramide 

Intramolecular H-bond between Rotamer populations 
amide-H- and methoxy-0-atom N-CH,-CH,-N moiety 

Protonated state 
D,O 
CDC1, 

Not presenta) 
Present 

n, = 0.33; ng = 0.67 
nt = 0.33; ng = 0.67 

Non-protonated state 
D2O Not presenta) n, = 0.53; ng = 0.47 
CDC1, Present nt = 0.20; ng = 0.80 

') If present, not in detectable proportion. 

Theoretical conformational studies using the PCILO method [5] indicate for proto- 
nated aminoethyl-o -anisamides (e.g., metoclopramide) an energy difference of 10-1 5 
kcal/mol between the preferred gauche-conformation and the trans-forms. The present 
work brings experimental evidence that in D,O- as well as in CDC1,-solution, proto- 
nated metoclopramide exists in gauche- and trans-conformations of equal energy. 
Comparing these two results would suggest that for the compounds under considera- 
tion a correction factor of approximately 10 kcal/mol is indicated when deriving con- 
formational energy differences in solution from PCILO data. 

Applying the above correction factor to neuroleptic benzamides of the 2-pyrrolidyl 
and 3-pyrrolidyl series [6] [7] indicates that these molecules, when in the protonated 
state and in aqueous solution, must exist in an extended conformation preferred by a 
few kcal/mol over the folded forms. Globally, neuroleptic benzamides can thus be 
classified into two groups according to their conformational behaviour in aqueous 
solution. The first group is that of aminoethyl derivatives (e.g., metoclopramide and 
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tiapride) which display gauche- and tram -conformers of approximately equal energy. 
The second group comprises the pyrrolidyl and piperidyl derivatives, namely 2- and 
3-pyrrolidyl derivatives for which the extended conformers are believed to be favoured 
by a few kcal/mol over the folded ones, and 4-piperidyl derivatives (e .g . ,  clebopride) 
for which the folded forms are of forbiddingly high energy [q. 

We believe this conformational classification to be of pharmacological significance. 
Indeed, with an as yet limited series of compounds, binding data show that once lipo- 
philicity has been accounted for, substituted benzamides of the pyrrolidine and pipe- 
ridine series have a higher affinity for the dopamine D-2 receptor than analogues in the 
aminoethyl series 1241 [25]. Such results, if confirmed for larger series of compounds, 
would be of significant interest in drug design. 

Conformational investigations of neuroleptic benzamides by combined theoretical 
and experimental means may prove of intenst in assessing the topography of the do- 
pamine receptor(s) [7] and in designing novel and perhaps more selective dopamine 
antagonists. 

H.v.d. W .  and B. T. are indebted to the Swiss National Science Foundation for research grant 3.013-0.81. 
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