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X-ray structure analysis of four solvates of lorazepam with
ethanol (A), acetone (B), dioxane (C) and cyclohexanone (D) is
d~cribed. All four crystallize in the triclinic system, space group
Pl, and with the lorazepam molecules of essentially the same
conformation. As common in other benzodiazepines, the seven-
membered rings adopt a boat conformation. The four solvates
have different kinds of hydrogen bonding. While in (A), (B) and
(D) lorazepam molecules are interconnected either by N-H ... O
(282 to 292 pm) or O-H .. , O hydrogen bonds (289 pm) in (C)
such bonding does not exist. The solvent molecules filI cavities
in the crystal structures and are linked to the lorazepam mole-
cules either by van der Waals interactions as in (A), (B) and (C)
or by hydrogen bond of the O-H.,. O type of 281 pm in (D).
The investigated structures are compared with other lorazepam
derivatives and solvates previously described in the literature.

INTRODUCTION

1,4-benzodiazepine derivatives are of special interest due to their phar-
macological activity as tranquillizers, muscle relaxants, anticonvulsants and
as hypnotic drugs. They show high affinity for stereospecific binding sites
in the central nervous system. Although the solid state conformation of
the drug molecules may differ in biological systems, structural data obtained
by the X-ray diffraction methods are still the primary and most important
source of structural information for pharmacologically active molecules, This
is the reason why many benzodiazepine derivatives have been structurally
studied and on the basis of the results their structure-activity relationship
discussed.t" Polymorphism and solvation of the drug molecules is another
important problem in these studies. As part of our investigations of phar-
macologically interesting compounds, we report here the structure of four

* 7-chloro-5-(2-chlorophenyl)-1,3-dihydro-3-hydroxy-2H-l ,4-benzodiazepin-ž-one.
Introduced into medicine in 1971.Marked in Yugoslavia either under its generic
name Lorazepam or under the trade names Tavor and Lorsilan.
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different solvates of lorazepam: with ethanol (A), acetone (B), dioxane (C)
and cyclohexanone (D),u,12 The first structure with ethanol was published
twelve years ago but it was its monoclinic polymorph.' Now we decribe
here its triclinic form.

EXPERIMENTAL

We were given the compounds by Dr. M. Oklobdžija from the Laboratory
of Chemical Pharmacology »Podravka Institute«, Zagreb. Recrystallization from
different solvents resulted in (A) lorazepam-ethanol 2: 1 solvate, (B) lorazepam-
-acetone 1: 1 solvate, (c) lorazepam-dioxane 1: 1 solvate and (D) lorazepam-cy-
clohexanone 1 : 1 solvate.

CrystaL Data
From rotation and Weissenberg photographs and from single crystal dif-

fractometry:
(A) C15Hl002N2Cl2'1/2C2H50H**, M = 344.20, triclinic, a = 1.0624(4), b = 1.6420(4),

c = 1.0192(2) nm, a = 90.52(3), fJ = 113.93(2), 'y = 90.76(6)°, V = 1.6247 nm", Z = 2 (two
benzodiazepines and one ethanol molecule in the asymmetric unit), Dm = 1.38
Mg . m" (by flotation), D, = 1.400 Mg· m", space group Pl (No. 2), ,u(MoK") = 3.8
cm-i, ). = 71.07 pm.

(B) C15Hlo02N2C12'CH3COCH3, M = 379.24, triclinic, a = 1.2614(4), b = 0.8632(4),
c = 0.8618(3) nm, a = 77.29(3), j3 = 74.65(3), 'y = 78.85(2)c, V = 0.8736 n~a, Z = 2,
Dm = 1.46 Mg· m" (by flotation), D, = 1.44 Mg· m", space group Pl (No. 2),
(,(Molq = 3.39 cm-i, ). = 71.07 pm.

(c) C15Hl002N2Ch' C4HS02, M = 409.30, triclinic, a = 1.0177(4), b = 1.2891(21),
c = 0.8827(4) nm, a = 71.13(6), fJ = 66.81(3), 'y = 80.96(2)°, V = 1.0067 nm", Z = 2,
D« = 1.3~ Mg . m" (by flotation), D, = 1.22 Mg· m" (crystal s lose solvent), space
group Pl (No. 2), ,u(Mok") = 2.93 cm-i, ). = 71.07 pm.

(D) C15Hl002N2Ch' C6Hl00, M = 419.31, triclinic, a = 1.2887(3), b = 1.0537(8), c =
= 0.8896(3) nm, a = 66.04(9), fJ = 72.31(5), 'y = 83.45(2)°, V = 1.0516 n~s, Z= 2,
Dm = 1.34 Mg' m" (by flotation), D, = 1.38 Mg· m", space group Pl (No. 2),
,u(MoK") = 2.93 cm-I, J, = 71.07 pm.

Intensity Data, Structure Determinations and Refinement***
For each crystal, the intensity of every independent reflection within

the range 2° :s; e :s; 30° was measured on a fully automated Philips PWll00

** G. Bandoli and D. A. Clemente published the monoclinic form of the
same solvate with a = 1.3446(25), b = 1.9259(9), C = 1.3789(8) nm, fJ = 116.80°, space
group P21/n.1 We were not able to prepare the monoclinic crystals.

*** Lists of the observed and calculated structure factors and anisotropic
thermal parameters are obtainable from the authors on request.
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diffractometer using graphite-monochromated MoK~ radiation, e - 2e sean
technique, sean width 1.20° [for (D) LOe], scan rate 0.04° S-I. Reflections
with I ::; 3a (I) [for (C) I::; 2a (I)], where o is the standard deviation based
on counting statistics, were not included in the calculations, which were
based on the remaining 2812, 1926, 2914 and 1309 independent reflections
for (A), (B), (C) and (D), respectively. The intensities were corrected for
Lorentz and polarization effects but not for absorption.

All four structures were solved by direct methods MULTAN80.13 Refi-
nement was performed using the SHELX76 programme-! by the least-squares
procedure, minimizing LW ( ! r,I-Ir; 1)2, assuming unit weights for all
observations. In structures (A), (B) and (D) the hydrogen atoms were located
either in the difference Fourier maps or generated at geometrically fixed
positions. They were not refined but included in the structure factor calcu-
lations. In structure (C) the hydrogen atoms were not positioned due to the
unsatisfactory refinement with a high final value of the R factor. Even atoms
belonging to the dioxane molecule were not clearly resolved since the cry-
stals were losing solvent during exposure to the X-rays. The refinements
with anisotropic temperature facto rs for all non-hydrogen atoms converged
at R = 0.072, 0.070, 0.17 and 0.064 for (A), (B), (C) and (D), respectively. Rela-
tively high values of R factors for all structures, as well as the high tem-
perature factors of the atoms belonging to the solvent molecules, indicate
that all crystals were gradually losing solvent during the data collections.
Of course, this effect was most significant for the structure of (C). To a
certain extent similar effects were noticed also in the structures of the
monoclinic lorazepam solvate with ethanol-, water" and with isopropyl and
isoamyl alcohol".

The atomic scattering factors were taken from International Tables for
X-ray Crystallography.tš All calculations were performed on the UNIVACll00
computer of the Zagreb University Computing Centre.

Descriptionof the Structures and Discussion
Final atomic coordinates are given in Table I, while Table II gives the

comparative values of the interatomic distances and bond angles for all four
structures.

The general feature of the lorazepam molecules in all four solvates is
similar [shown in Figure 1. for (A)] to that previously determined in the
analogous 1,4-benzodiazepine derivatives (e. g. see ref. 5, 6 and 7). It is best
described in terms of three planes: seven-membered diazepine ring, Iuscd
chlorophenyl ring and substituted chlorophenyl ring. The ang!es between
the least-squares best plane through the basis plane N(l), C(2), N(4), C(5)
of the seven-membered ring and the benzene rings, fused and substituted,
are: 30.6 and 59.6°, and 20.6 and 88.6° (two independent molecules) in (A),
32.3 and 57.8° in (B), 31.2 and 51.1° in (C), and 10.4 and 69.7° in (D). The
actual similarity between diazepine rings in the different solvates is pro-
bably best seen from Table III which lists the selected torsion angles in
the rings compared to the corresponding values found in the monoclinic form
of the ethanolic solvate! and diazepam derivative.10,**** The diferences are

**** Well known under the trade name »Valiurn« (Roche).
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B. KAMENAR ET AL.

(I)

............ ~

N(l)i

Figure 1. The structure of the 2 : 1 lorazepam-ethanol solvate showing atom num-
bering for the crystallographically independent molecule (I). The analogous num-
bering scheme for molecule (II) has been omitted for clarity. The hydrogen bonds

are denoted by dotted lines.

most probably due to the packing conditions caused by the solvate molecu-
les and different hydrogen bonding. As usual, the seven-membered rings
adopted boat conformations. The angles between the least-squares best plane
through the basis plane N(I), C(2), N(4), C(5) and the plane s through C(2),
C(3), N(4) and C(5), C(11), C(10) are: 61.9 and 32.4, and 83.4 and 23.8° (two
independent molecules in the asymmetric unit) in (A), 62.7 and 35.1 in (E),
60.2 and 37.3° in (C), and 83.4 and 14.6° in solvate (D). Again, such values
are in agreement with the values found in the previously determined struc-
tures, e. g. in the monoclinic form of the lorazepam solvate with ethanol
where the bow angles amounted to 62 and 58° and both stern angles 33"
for two independent molecules.

However, the four solvates have different systems of hydrogen bonding.
In (A) all molecules are three-dimensionally held together by hydrogen
bonds N(1)-H ... O(12i) of 292 pm and N(li)-H ... 0(12) of 282 pm [i = 1- x,
y, 1- z] acting between molecules (I) and (II) and 0(13)- H ... N(4) of 282
pm acting between centrosymmetrical pairs of molecules (I). (Figure 1.). In
contrast to the structure of the monoclinic form of the same solvate-, as well
as to the solvates with isopropyl and isoamyl alcohols'', in the present tri-
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clinic structure we have no evidence of any hydrogen bonding between the
solvent and benzodiazepine molecules, the closest contact between the etha-
nolic O and keto 0(12i) from molecule (I) is 358 pm. In the structure of (E)
there is a hydrogen bond 0(13)--H ... 0(12i) [i = X, fj, 1- z] of 289 pm bet ..
ween the lorazepam molecules, but again there are no such bonds between
lorazepam and solvent molecules. The closest contact between the solvent mo-
lecule [acetonic 0(43)] and amide N(I) from the lorazepam molecule amounts
to 341 pm. This is even more obvious in the structure of the solvate with
dioxane (C) in which the loss of dioxane during the data collection and
consequently, the unresolved atoms of the solvent molecule in a different
Fourier map indicate a lack of any efficient cohesion in the crystal. However,
the solvate (D) is different: apart from the hydrogen bonding between the
amide and keto groups N(l)-H ... 0(12i) [i = X, fj, 1- z] of the lorazepam mo-
lecules amounting to 285 pm, there is also a hydrogen bond 0(13)-H ... 0(43')
of 281 pm between cyclohexanone O and the benzodiazepine OH group. This
better cohesion in this crystal structure may account for the best resolution
of the atoms belonging to the solvent cyclohexanone molecule as well as for
the best value of the reliability factor R.

The different kinds of hydrogen bonds, as well as their magnitudes
observed in the investigated solvates, are consistent with those described
earlier in the papers considering the possible roles of such hydrogen bon-
dings in the benzodiazepine-biological receptor interactions. They are associa-
ted with the C=O group in position (2) and N(4) as hydrogen bonding ac-
ceptors and with N(I)H and OH at the carbon atom C(3) as hydrogen bonding
donors.w-"
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SAZETAK

KristaIne strukture Iorazepamskih solvata setanolom, acetonom, dioksanom
i cikloheksanom

B. Kamenar, D. Mrvoš-Sermek i A. Na.gl

Izvedena je rendgenska analiza četiri solvata lorazepama i to setanolom,
acetonom, dioksanom i cikloheksanonom. Određene strukture su uspoređene sa
strukturama drugih lorazepamskih derivata i solvata koje su već opisane u literaturi.




