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On the possible role played by hydrogen bonding in benzodiazepine-receptor 
interactions 

(Received 5 June 1981; accepted 8 September 1981) 

Recent studies [l-4] have singled out high affinity stereo- 
specific binding sites for benzodiazepines (BDZs) in CNS. 
Several attempts have been carried out to isolate and iden- 
tify endogenous ligands interacting with the BDZ receptor 
under physiological conditions and many compounds have 
been so far proposed as potential candidates, among which 
are the purines hypoxanthine and its nucleoside inosine, 
pcarbolines and nicotinamide [5]. The present uncertain- 
ties on the nature of the endogenous ligand make very 
difficult to hypothesize a reasonable scheme of the forces 
binding BDZs to their receptor. Although these forces can 
be generally identified in a combination of hydrogen bond- 
ing (HB), electrostatic and hydrophobic (or Van der Waals) 
interactions, only some evidence for a contribution of HB 
interactions has been so far obtained by Paul, Sapper and 
Lohmann [6] on the ground of the correlation observed 
between biological activities of BDZs and their free ener- 
gies of HB interaction with nucleobase derivatives l-ethyl 
thymine and 1,3-dimethyl uracil. 

In view of the possible role played by HB in the mech- 
anism of action of BDZs, we have thought worthwhile 
reviewing possible HB types formed by these compounds 
by an analysis of the crystal packing of all BDZs of known 
molecular structure. The results of such an analysis are 
reported in Table 1 and Fig. 1. 

Most frequently BDZs appear to be self-associated in 
dimers, closing an 8- or 12-membered ring by means of two 
intermolecular HBs (types A, B, C and D of Fig. 1). 
Sometimes single HBs are observed (types E and F). Of 
particular interest is HB of type E, which does not cor- 

respond to a self-association but to the interaction between 
BDZ and a molecule of solvent (water or ethanol) and 
might describe the main interaction of BDZs in water 
solutions. 

As regards the HB donor-acceptor properties of the 
different atoms or groups, the most frequently observed 
acceptor is the oxygen of the carbonyl group, while the 
most common donor is NrH. The Nd atom is found to be 
the acceptor only in two cases and the OH group at carbon 
atom 3, present in 3-hydroxylated BDZs, is found to act 
both as donor and acceptor. A particular scheme of HB 
formation is observed in chlordiazepoxide derivatives (type 
D), where the acceptor is the oxygen of the N-oxide group 
and the donor is the NzH group of methylamine in 
position 2. 

Assuming that HBs reported in Fig. 1 are representative 
of all oossible HB interactions in BDZs. i? mav be wondered 

1 

which ones are relevant to the BDZ-receptor interaction. 
A tentative answer may be sought considering what is 
known about the metabolic pathways of BDZs [7]. Most 
of the BDZs in clinical use are derivatives of the 1,3- 
dihydro-ZH-1,4-benzodiazepin-Z-one (e.g. nitrazepam; 
scheme A). A limited number of them are substituted 
2,3-dihydro-lH-1,Cbenzodiazepines (e.g. medazepam) or 
3H-1,4-benzodiazepines (e.g. chlordiazepoxide; scheme 
D). However it has been proved that both medazepam and 
chlordiazepoxide are metabolized to the corresponding 
benzodiazepin-Zone derivatives, that the oxygen of the 
N - 0 group is lost and that dealkylation at Nr is extremely 
fast in all BDZs tested. In a second time the Nl-dealkylated 

Table 1. Hydrogen bond distances (dx_u) and types (I-LB type) observed in different crystals of benzodiazepines 

X H-Y dx-v(A) HB type Reference 

Nitrazepam 
Clonazepam 
Lorazepam 

Oxazepam 

Clordiazepoxide 
Clordiazepoxide HCl 
4,5-Dihydro-2’-fluoro-diazepam 

02 

02 
02 
02 
02 
N4 
N4 
03 

04 
04 
9 

H-N, 
H-N* 
H-N, 
H-03 
H-O-R 
H-N, 
H--OS 
H-N, 
H-N; 
H-N2 
H-O-R 

2.83 
2.87, 2.86 
2.88 
2.73 
2.83 
3.01 
2.82, 2.87 
2.94 
2.85,2.91,2.80,2.79 
2.76 
2.81 

A 14 
A 15 
A 16 
B 
E 
B 
C 17 
F 
D 18 
D 19 
E 20 

X = acceptor and Y = donor in the hydrogen bond X----H-Y; symbols in the HB type column refer to Fig. 1. 
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Fig. 1. Different kinds of hydrogen bonds observed in crystals of benzodiazepines. 
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benzodiazepinones are hydroxylated in position 3. Thus 
pharmacokinetic data agree in indicating that there is a 
limited number of HI3 donor or acceptor groups, which are 
present in the parent drug or in its metaboIites of high 
biological activity and produced in a reasonably short time. 
These are the C= 0 group in position 2 and Nq (acceptors), 
NIH (donor) and the OH group at carbon atom 3 (donor 
and acceptor). 

Another piece of info~ation is given by structure- 
activity studies on BDZs, in particular by the effect of the 
substitution in position 7 on their biological activities. It 
has been reported by different authors [b101 that substi- 
tution in such a position by strong electron withdrawing 
groups enhances the bioio~ical activity by severat orders 
of mbgnitude: at the same rime it causes a general lowering 
of the enereies of both HOMO and LUMO frontier orbitals 
[ll] and a &crease of the electron densities of the hydrogen 
in position 1 and of the carbonyl oxygen in position 2 1121. 
As high activities appear to be associated with low energy 
values of the frontier orbitals, it may be argued that in the 
BDZ-receptor interaction the drug plays the role of elec- 
tron acceptor (Lewis acid) or, which is the same, of HB 
donor. Similar assertion can be made on the ground of the 
decreased electron density (increased positive charge) on 
the hydrogen in position 1. 

From these argumentations the following conclusions 
might be drawn: 
1. Assuming that BDZ-receptor interaction is determined 
by a HB mechanism, the main interaction is to be associ- 
ated, as far as the BDZ is concerned, with groups which 
are HB donors, that is the NlH or OH group at carbon 
atom 3. 
2. This first interaction would be strengthened by the for- 
mation of other HBs. Data of Fig. 1 suggest that the closure 
of a ring by means of two intermolecular HBs correspond 
to an arrangement of particular stability, in agreement with 
the spectroscopic and thermodynamic evidence that COOD- 
era&e HBs are generally stronger than isolated ones (131. 
3. Parts of the BDZ moiecuie suitable for such an inter- 
action are -N&--C@-- (scheme A, Fig. 1) and 
-Cs(OH)-Nh= (scheme C, Fig. 1) groups. It may be of 
interest that either or both groups mimic similar groups 
present in some of the putative endogenous ligands, such 
as hypoxantine or nicotinamide. 
4. As for the relative importance of these two groups, there 
appear to be some definite indications in favour of the 
-NIH-C@-- group. These are the greatest electron- 
withdrawing effect caused by electronegative substituents 
in position 7 on the hydrogen linked to the Nt atom and 
the fact that deaIkyIation at Ni is far faster than hydrox- 
ylation at CS. 
5. A last point supporting the rBle played by the 
-NlH--C&- group is the-already meniioned int&cor- 
relation between bioloaical activities of BDZs and their 
free energies of HI? formation between this group and 
nucfeobases 161. 
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