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Efficient Synthesis of 3-Hydroxy-1,4-henzodiazepines Oxazepam and Lorazepam
by New Acetoxylation Reaction of 3-Position of 1,4-Benzodiazepine Ring

Ivica Cepanec;* Mladen Litvic," and Ivan Pogorelic

BELUPO Pharmaceuticals, Research Department, R&dne 224, 10000 Zagreb, Croatia, and BELUPO
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Abstract: 2H-1,4-benzodiazepin-2-on&)(or 3-acetoxy-7-chloro-1,3-
Simple, efficient, and scalable syntheses of 3-hydroxy-1,4- dihydro-5-phenyl-2H-1,4-benzodiazepin-2-o0@.4 Finally
benzodiazepines, oxazepam (1), and lorazepam (2) were devel- oxazepam (1) or lorazeparl)(are produced by controlled
oped. The syntheses are based on the new acetoxylation reaction saponification by various methods (Scheme 1).
of the 3-position of the 1,4-benzodiazepine ring. The reaction Our company has a long tradition in the production of
involves iodine (20—50 mol %)-catalyzed acetoxylation in the  1,4-benzodiazepines, and a lot of work has been carried out
presence of potassium acetate (2 equiv) and potassium peroxy- to simplify the overall process to oxazepam and lorazepam.
disulfate (1—2 equiv) as a stoichiometric oxidant affording the Here we report about our recent results which allow us to
corresponding 3-acetoxy-1,4-benzodiazepines in good-to-high  produce these products by a significantly simplified, efficient,
yields. The latter were converted by selective saponificationto  and cost-effective route.
3-hydroxy-1,4-benzodiazepines of very high purity ¥99.8%)
in an overall yield of 83% (oxazepam) and 64% (lorazepam). Results and Discussion
Starting 1,4-benzodiazepindsand4 were prepared from
2-amino-5-chloro-benzophenor® or 2-amino-5,2dichlo-
Introduction robenzophenonel Q)3 by reaction with chloroacetyl chloride
From the class of 3-hydroxy-1,4-benzodiazepines, oxaze-affording 2-chloroacetamido-5-chlorobenzophendrig and
pam (L) and lorazepan®] are very important pharmaceutical- 2-chloroacetamido-5,2lichlorobenzophenond?). The lat-
ly active substances widely used for the treatment of ankiety. ter were converted to 1,4-benzodiazepiresand 4 by
modification of the known hexamethylenetetramine-(HMTM)-

BP based cyclization reaction developed by BlaZevi¢ and Kajfez
O \/yoﬁ (Scheme 2}.
cl =N The synthesis of 3-acetoxy-1,4-benzodiazepinesd8
ol by direct acetoxylation of 1,4-benzodiazepifdeand4 with
O lead(lV) acetate and potassium iodide in acetic acid is known

from the literatureé.Despite the fact that this process proceeds
cleanly and effectively, the use of lead-containing reagent
is completely unacceptable for industrial production of APIs.

Although these drugs are more than 30 years old now, However from the observation_of this reactiqn we c_oncluded
they are still within most prescribed anxiolytic drugs. Also that the process presumably includes the iodination of the
the current prices for these two products as pharmaceuticallyt-4-benzodiazepine ring followed by substitution of 3-iodo-
active substances (APIs), oxazepam (2080 USD/kg) and ~ /-chloro-5-phenyl-Bi-1,4-benzodiazepin-2-onel§) with
lorazepam (300—400 USD/kg), suggest that they are moreacetic acid (solvent) to give the 3-acetoxy derivative
expensive than one could expect for such old drugs. One of

1:R'=H
2:R'=ql

the reasons for this situation is in the employed technology Ng®
which includes a well-known route to 7-chloro-1,3-dihydro- O \iﬂ
5-phenyl-M-1,4-benzodiazepin-2-on&)(or 7-chloro-1,3- = =N
dihydro-5-(2-chlorophenyl)42-1,4-benzodiazepin-2-oné)( O
followed by conversion to 7-chloro-1,3-dihydro-5-phenyl-

2H-1,4-benzodiazepin-2-onédoxide () and 7-chloro-1,3- 13

dihydro-5-phenyl-2i-1,4-benzodiazepin-2-ond\doxide (6).
Compoundb or 6 is subjected to the Polonovsky rearrange- To check this prediction we have probed the reaction of
ment to give the 3-acetoxy-7-chloro-1,3-dihydro-5-phenyl- 7-chloro-1,3-dihydro-5-phenyl#2-1,4-benzodiazepin-2-

* Corresponding author. Fax++385 1 2408 074. E-mail: ivica.cepanec@ (2) Bell, S. C.; Childress, S. J. Org. Chem1962,27, 1691—1695.

belupo.hr. (3) Sternbach, L. H.; Fryer, R. I.; Metlesics, W.; Sach, G.; Stempel, Qrg.
T Research Department. Chem.1962,27, 3781—3788.
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Scheme 1. Common synthetic route to oxazepam (1) and lorazepam (2)
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Scheme 2. Synthesis of 1,4-benzodiazepines 3 and 4
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Scheme 3. Direct acetoxylation of 1,4-benzodiazepine 3 Furthermore we tried to use the combination of iodine

0 and a stoichiometric oxidant. First we used ammonium

H H 0
O NK o O N\éo peroxydisulfate ((NH),S;Og; 2 equiv) in connection with
cl N Ly =N }—CH3 iodine (1 equiv) where the expected 3-acetoxy-derivative
I i 0 was also isolated in 84% vyield (Scheme 3).
3 7

Moreover this reaction can be carried out catalytically
(Scheme 4). To our pleasant surprise several possible
reagents efficiently act as stoichiometric oxidants (2 equiv)
in the model iodine-(50 mol %)-catalysed acetoxylation of
1,4-benzodiazepine3 and 4 in the presence of potassium
acetate (2 equiv) in glacial acetic acid at elevated tempera-
tures (65—90°C). Among them, various oxidants capable
of oxidizing iodide to iodine were effective: manganese
dioxide, potassium (¥S;0g) and ammonium peroxydisulfate,
calcium hypochlorite, nitrous acid (NaN®IOAc), and

i=1.1eq.KI/2 eq. Cu(OAc), /2 eq. KOAc/ HOAc /80 °C/ 5 h; 73%
ii=1eq.1,/2eq. (NH,),S,0¢ /2 eq. KOAc / HOAc / 80 °C/ 6 h; 84%

one @) with an alternative iodide-oxidant, copper(ll) acetate
(2 equiv), in the presence of potassium iodide (1.1 equiv)
and potassium acetate (2 equiv) in glacial acetic acid where
expected 3-acetoxy-1,4-benzodiazepih@as obtained in
73% vyield, indeed (Scheme 3). This indicates that this
conversion also involves the combined iodination reaction (7) (2) Radner, FJ. Org. Chem1988,53, 3548—3553. (b) Sugiyama, Bull
and subsequent substitution of transient iodo-intermediate  Chem. Soc. Jpri981,54, 2847—2848. (c) Merkushev, E. B.; Simakhina,

: . ; ; ; _ N. D.; Koveshnikova, G. MSynthesisl980 486-487. (d) Suzuki, H.;

13 Wlth acetic acid or acetate ion to furnish 3-acetoxy Nakamura, K.: Goto, FBll. Cham. Soc. Jprl966 39, 128-131. (€) Edgar.

derivative?. K. J.; Falling, S. N.J. Org. Chem.199Q 55, 52875291. (f) Iskra, J.;
As all iodination reactions are actually reversible, the Stavber, S.; Zupan, MSynthesis2004, 1869—1873. (g) Kajigaeshi, S.;

. .. ' T Kakinami, T.; Moriwaki, M.; Tanaka, T.; Fujisaki, S.; Okamoto, Bull.
suitable iodide-removing agent must be pre$érite iodides Chem. Soc. Jpri989, 62, 439—443. (h) Kajigaeshi, S.; Kakinami, T.:

can be eliminated from an equilibrium by oxidation (back Watanabe, F.; Okamoto, Bull. Chem. Soc. JprL989,62, 1349—1351.
[PRgH 7 ; : (i) Branytska, O. V.; Neumann, Rl. Org. Chem2003,68, 9510—9512.
to Ipdlne)'. Some metallic salts which ,have been em.pl.oygd () Alexander, V. M.; Khandekar, A. C.; Samant, S.8ynlett2003, 1895—
as iodination reagents act as both oxidant and precipitation  1897. (k) wirth, H. O.; Kénigstein, O.; Kern, Wiebigs Ann. Chenl960,
reagents for iodide ions (Cul, Agl, TI®Herein copper(ll) 634, 84-104. ,
both ichi . id d L (8) (@) Nonhebel, D. CJ. Chem. Soc1963, 1216—1220. (b) Baird, W. C.;
acetate acts as both stoichiometric oxidant and precipitation Surridge, J. HJ. Org. Chem1970,35, 3436-3442. (c) Sy, W.-W.; Lodge,
reagent. The same system has been successfully used for B.A. Tetrahedron Lett1989 30, 3769-3772. (d) Cambie, R. C.; Rutledge,
[T . i P. S.; Smith-Palmer, T.; Woodgate, P. D.Chem. Soc., Perkin Trans. |
the iodination of electron-rich arengs. 1976, 1161—1164. (¢) Mulholland, G. K.; Zheng, Q.5ynth. Commun.
2001,31, 3059—3068.
(6) Merkushev, E. BSynthesis988, 923—937. (9) Horiuchi, C. A.; Satoh, J. YBull. Chem. Soc. Jpri.984,57, 2691—2692.
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Scheme 4. lodine-catalysed acetoxylation of
1,4-benzodiazepines 3 and 4 in glacial acetic acid in the
presence of various stoichiometric oxidants

H o H 0

N‘g 50 mol% 1, N

O 2 eq. oxidant O (6}

cl =N 2eq KOAc |—= Cl =N }’CHs

" HOAc . ¢}
O 60-90 °C O R

3:R'=H

7:R'=H
4R'=Cl 8:R'=Cl
Table 1. Influence of various stoichiometric oxidants on the
iodine-catalysed acetoxylation of 1,4-benzodiazepines 3 and 4
to 3-acetoxy derivatives 7 and 8 (Scheme 4)

temp time? yield®

run reactant product oxidant (°C) (h) (%)
1 3 7 MnO, 90 2.5 61
2 3 7 NaNG, 90 1 66
3 3 7  Ca(OClp 70 15 80
4 3 7 (H2N).COH,0O, 65 1 72
5 3 7 NaBO:4H,O 90 2.5 71
6 3 7 NaCO:1.5H,0, 70 2.5 63
7 3 7 (NHg).S508 70 3 84
8 3 7 K»S,0g 70 3 86
9 4 8 MnO, 90 2 65
10 4 8 NaNG, 90 1 74
11 4 8 Ca(OCly 70 1.5 75
12 4 8  (H.N),COH0, 70 1 73
13 4 8 NaBO;H,0, 90 2 72
14 4 8 K»S,0g 70 3 79

aDetermined by TLC analysi$.Yields of pure products isolated by prepara-
tive chromatography.

peroxide-based oxidants such as G@;:1.5H,0,,
(H2N)>CO-H,0,, and NaBQ@-4H,0.1°

In all cases, 3-acetoxy derivativésand 8 were isolated
after purification by column chromatography in good-to-high
yields (Table 1).

From this study KS,0Og was selected as the most suitable
due to its efficacy, availability, and low price. The optimal
reaction temperature for #,0s-mediated reactions is be-
tween 65 and 70C. To reach the highest conversion and

yields, in both cases the reaction times were extended to

8—10 h (optimal) in order to avoid the contamination of final
products7 and8 with traces of starting compoun@sand4.
The latter can cause significant difficulties during the

purification procedures since the final 3-acetoxy derivatives

7 and8 have to be of very high purities>©9.7%) in order
to produce high-quality oxazeparh) ©r lorazepam2) active

substances. In addition, it was found that employed amounts

of both iodine catalyst (to 2040 mol %) and potassium
peroxydisulfate (to 0.81 equiv) can be reduced without a

significant decrease in either conversion or reaction yield.

Lower amounts of iodine catalyst (5 or 10 mol %) led to
incomplete conversions (80—90%).

(10) (a) Cepanec, I.; Koréti&.; Merkas, S.; Mikuldas, H.; Bartoliii;, A. Process

for Production of 3-Hydroxy-1,4-benzodiazepines, Oxazepam and Lorazepam,
Croat. Pat. Appl. HR 20000802A (2000). (b) Manganese(IV) oxide has been

employed as a stoichiometric oxidant in the iodination of ketones with
molecular iodine: Le Bras, G.; Provot, O.; Bekaert, A.; Peyrat, J.-F.; Alami,
M.; Brion, J.-D. Synthesi®2006, 1537—1541.
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Scheme 5. Preparation of oxazepam (1) and lorazepam (2)
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Scheme 6. New syntheses of oxazepam (1) and lorazepam
(2) on a larger scale
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1: R' = H; 91%; purity 99.85%
2: R! = Cl; 73% anhydrous; purity 99.90%

7:R!=
8R'=

Thus obtained 3-acetoxy-7-chloro-1,3-dihydro-5-phenyl-
2H-1,4-benzodiazepin-2-on&)(and 3-acetoxy-7-chloro-1,3-
dihydro-5-(2-chlorophenyl)42-1,4-benzodiazepin-2-on8)(
were converted to oxazepam)(and lorazepam?2( by
controlled saponification with sodium hydroxide in an
ethanol—water mixture irr90% yields (Scheme 5).

These procedures have been proved to give the products
of high purity and minimal amounts of unwanted 7-chloro-
5-phenyl-4,5-dihydro-2-1,4-benzodiazepin-2,3)-dione
(14) and 7-chloro-5-(2-chlorophenyl)-4,5-dihydro-2H-1,4-
benzodiazepin-2,3(1H)-dione (15) known as base-catalysed
rearrangement products of 3-hydroxy-1,4-benzodiazepines.

hE

Cl I NH
o

14:R'=H
15:R'=Cl

H
i O

Crude oxazepaml] was purified with toluene to give
the final product of pharmaceutical-grade purity (99.85%c).
In contrast, crude lorazepam (actually lorazepam-hydrate)
was first converted to a lorazepam-ethanol soRfatgth
ethanol and then desolvated with toluene to give a pharma-
ceutically pure anhydrous substance (99.96%).

(11) Cepanec, I.; Mikuldas, H.; Litvi¢, M.; VuKiss |. Pharmazie2001, 56, 11—
12.

(12) Gilli, G.; Bertolasi, V.; Sacerdoti, MActa Crystallogr.1978,B34, 2826—
2829.

(13) (a) Rambaud, J.; Delarbre, J. L.; Pauvert, B.; Maury, L.; Dubourg, A.;
Declerco, J.-PActa Crystallogr.1987,C43, 2195—2198. (b) Kamenar, B.;
Mrvos-Sermak, DCroat. Chem. Actd 989,62, 505—513.

(14) (a) Bandoli, G.; Clemente, D. Al. Chem. Soc., Perkin Trans. 1976,
413-418. (b) Chananont, P.; Hamor, T. Acta Crystallogr.1981,B37,
1371-1375.



Scheme 7. Plausible mechanism of iodine-catalysed acetoxylation of 1,4-benzodiazepine 3 in the presence of KOAc/HOAc and
a stoichiometric oxidant

reduced form of
stoichiometric oxidant
e.g. K;S0,

H H
q O N O
Uy —— L HI
% b, = “
Cl —N H Cl —N H
Ph Ph
3 13

After a number of succesfully repeated batches at highercm™. *H and 3C NMR spectra were recorded on a AV
scales (26-100 g), thus described synthesis of lorazepam Bruker (600 MHz) spectrometer, and shifés,are given in
(2) was scaled-up in the pilot plant to 1-kg scale (Scheme ppm downfield from TMS as an internal standard. TLC
6). The main points which arose from the pilot-scale analyses were performed on Merck’s (Darmstadt, Germany)
examination are the following: DC-alufolien with Kieselgel 60f4. HPLC analyses were

1. The acetoxylation reaction is somewhat exothermic, carried out on a Thermo Separation Products Instruments
but the reaction can be successfully controlled by stepwise (San Jose, CA) HPLC system comprising a vacuum degasser
addition of K;S,Os. (SCM 1000), quaternary gradient pump (P 4000), an au-

2. High reproducibilities concerning conversions, yields, tosampler (AS 3000), and a diode array YVs detector
and impurity profiles were observed in both the acetoxylation (UV 3000HR). The detector output was stored and repro-
reaction and the subsequent saponification reaction. cessed using a ChromQuest 2.51 software package. HPLC

At the same time synthesis of oxazepam (1) was testedmethod for oxazepam (1) and its intermedide$1, 3, and
on the 100-g scale (Scheme 6). 7. 1 = 230 nm; Phenomenex Synergie Hydro-RP column

We have performed a few experiments in order to clarify (150 mmx 4.6 mm; 4um); Linear gradient method: €27
some mechanistic points of this new iodine-catalysed acetoxyl-min MeOH/buffer solution* (55:45, v/v), 2740 min (75:
ation reaction. According to our plausible mechanism this 25, v/v) as mobile phasé; (1) 10.40 mintg (9) 35.13 min,
reaction proceeds by iodination of the 3-position of the 1,4- tg (11) 36.08 mintr (3) 17.24 mintr (7) 19.57 min; flow
benzodiazepine ring with iodine which is accompanied by 1 mL/min. Method for lorazepan?j and its intermediates
evolution of hydroiodic acid (iodide ion). Thus formed 10,12,4, and8: 1 = 235 nm; Phenomenex Synergie Polar-
7-chloro-3-iodo-5-phenyl-2H-1,4-benzodiazepin-2-0b®) RP column (150 mmx 4.6 mm; 4um); Linear gradient
is subjected to a rapid substitution reaction with acetate or method: 0—18 min MeOH/buffer solution* (62:38, v/v),
acetic acid to form 3-acetoxy-7-chloro-1,3-dihydro-5-phenyl- 18—30 min [MeOH/buffer solution* (62:38, v/v)]/MeCN (50:

stoichiometric oxidant

e.g. K;8,0%
H
N o [o)
KOAc H )k
- 2
orHOAc (v =N 0" CHs

Ph
7

2H-1,4-benzodiazepin-2-on&)( The stoichiometric oxidant
oxidizes the liberated hydroiodic acid (iodide ion) back to
the iodine, thus closing a catalytic cycle (Scheme 7). All
attempts to isolate iodo-derivatii& were unsuccessful. We
have tried to preparel3 separately from 7-chloro-1,3-
dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one (3) by well-
known iodination methods which include very mild condi-
tions, but only an extensive decomposition was obsetved.

Conclusion

We have developed a new synthesis of 3-acetoxy-1,4-

benzodiazepines by a direct acetoxylation reaction of the
3-position of the 1,4-benzodiazepine ring. The reaction is
catalyzed by iodine (2650 mol %) in the presence of
potassium peroxydisulfate as a stoichiometric oxidant(2.8

50, v/v) as mobile phaséz (2) 7.17 min,tg (10) 17.68 min,

tr (12) 27.39 mintgr (4) 9.72 min,tg (8) 11.82 min; flow 1
mL/min. *Buffer solution: KHPO, (1.70 g) was dissolved

in 450 mL of HPLC-grade water. pH was corrected to 3
with HzPOy (85%). Then triethylamine (1.8 mL) and water
to 500 mL were added. Melting points were determined using
a Bichi B-540 instrument. Elemental analyses were per-
formed by the Central Analytical Service at@Rar Boskovic
Institute.

Preparation of 2-Chloroacetamido-5-chlorobenzo-
phenone (11) and 2-Chloroacetamido-5;lichloroben-
zophenone (12). General ProcedureTo a solution of
2-amino-5-chlorobenzophenone (9; 23.17 g, 0.1 mol) or
2-amino-2',5-dichlorobenzophenonE)( 26.61 g, 0.1 mol)
in toluene (200 mL) a solution of chloroacetyl chloride (8.4

equiv) and potassium acetate (2 equiv) in acetic acid asmL, 11.93 g, 0.106 mol, 1.06 equiv) in toluene (20 mL) was
solvent at elevated temperatures{@&® °C). This reaction added dropwise at10°C during 0.5 h. The reaction mixture
was employed in the new syntheses of widely used anxiolytic was stirred at room temperature for 3 h. The resulting
drugs oxazepam (1) and lorazepa®). (The processes for reaction mixture was evaporated to dryness. The crude
lorazepam2) were scaled-up giving a high reliable, efficient, product was purified by stirring with 96% ethanol (100 mL)
and cost-effective approach for commercial production. at room temperature for 20 h. The crystals were separated
by filtration, washed with 96% ethanol (83 10 mL), and
dried in a high vacuum at 50C for 20 h.
2-Chloroacetamido-5-chlorobenzophenone (1129.98
g (97.3%) of colorless crystals, mp 119.521.0°C. R (CH,-

1195

Experimental Section
IR spectra were recorded on a Perkin-Elmer Spectrum
One spectrometer, and wave numbersyere expressed in

Vol. 10, No. 6, 2006 / Organic Process Research & Development



Cly) 0.55. IR (KBr)v 3278, 3105, 3058, 2943, 1686, 1641, Preparation of 3-Acetoxy-7-chloro-1,3-dihydro-5-phenyl-
1596, 1579, 1518, 1446, 1394, 1323, 1290, 1256, 123%tcm 2H-1,4-benzodiazepin-2-one (7) by Copper(ll) Acetate/
IH NMR (600 MHz, CDC}) 6 4.16 (s, G1,Cl), 7.44—7.49 Potassium lodide-Mediated Acetoxylation.To a solution
(m, 4H), 7.56-7.64 (m, 1H), 7.6%7.70 (m, 2H), 8.54 (d,  of 7-chloro-1,3-dihydro-5-phenylt?-1,4-benzodiazepin-2-
1H, arom.,J = 9.3 Hz), 11.42 (s, 1H, NH) ppni’C NMR one (3; 2.71 g, 0.01 moal) in glacial acetic acid (30 mL)
(600 MHz, CDC}) 6 42.74, 122.56, 125.01, 127.85, 128.19, copper(ll) acetate monohydrate (3.99 g, 0.02 mol, 2 equiv),
129.63, 132.23, 132.72, 133.35, 137.12, 137.28, 164.92,potassium iodide (1.83 g, 0.011 mol, 1.1 equiv), and

197.26 ppm. potassium acetate (1.96 g, 0.02 mol, 2 equiv) were added.
2-Chloroacetamido-5,2-dichlorobenzophenone (12):  The resulting reaction mixture was heated af80for 5 h.
33.61 g (98.1%) of colorless crystals, mp 160152.0°C. The reaction mixture was evaporated under a reduced

R (CH.Cl,) 0.63. IR (KBr)» 3183, 3007, 1690, 1645, 1600, Pressure to dryness. The residue was extracted with chlo-
1578, 1510, 1434, 1396, 1315, 1288, 1269, 1241 cAM roform (5 x 30 mL) and filtered to remove inorganic solids.
NMR (600 MHz, CDC}) 6 4.25 (s, 2H, CHCI), 7.35—7.45 Combined organic extracts were washed with a 10% aqueous
(m, 3H), 7.48-7.75 (m, 3H), 8.77 (d, 1H, aromJ,= 9.1 Solution of NaS;05-5H;0 (2 x 30 mL) and water (2« 30
Hz), 12.18 (s, 1H, NH) ppmiC NMR (600 MHz, CDC}) mL) and evaporated to dryness. The crude prod&dd.@5)
6 43.00, 122.12, 126.81, 128.25, 128.71, 130.12, 130.84,Was purified by preparative chromatography on a silica gel
131.65, 133.25, 135.19, 137.51, 138.65, 165.60, 197.64 ppm.column (200 g) with dichloromethane/2-propanol (9.5:0.5)
Preparation of 7-Chloro-1,3-dihydro-5-phenyl-2H-1,4- as an eluent to yield 2.40 g (73.0%) of putes colorless
benzodiazepin-2-one (3) and 7-Chloro-1,3-dihydro-5-(2-  Crystals, mp 240-242C.
chlorophenyl)-2H-1,4-benzodiazepin-2-one (4). General IR (KBr) » 3408, 3230, 3153, 3045, 2926, 1925, 1750,
Procedure. To a solution of 2-chloroacetamido-5-chloroben- 1720, 1608, 1578, 1483, 1446, 1423, 1390, 1331, 1316, 1261,
zophenone X1; 24.65 g, 0.08 mol) or 2-chloroacetamido- 1232, 1169 cm'. 'H NMR (600 MHz, CDC}) 3 2.34 (s,
2',5-dichlorobenzophenonéZ; 27.41 g, 0.08 mol) in 96% 3H, CHCOO), 5.96 (s, 1H, CHOAC), 7.24—7.59 (m, 8H),

1
ethanol (500 mL) hexamethylenetetramine (HMTM; 24.65 gfgés 11'243 P;ﬂ;) pfg:g ;g’ Nllvle; 269001'\2'328’(?[)32)6151'22'1 07
g, 0.18 mol, 2.2 equiv) and ammonium acetate (13.57 g, 0.1813'2 4;5 136 02’ 137.28’ 165 '93 ' 167 (')3 ’170 2‘4 ' e
mol, 2.2 equiv) were added. The reaction mixture was stirred LT e e T e N <4 Ppm.
. . Preparation of 3-Acetoxy-7-chloro-1,3-dihydro-5-phenyl-
at reflux temperature for 6 h. Then the reaction mixture was . ;
L 2H-1,4-benzodiazepin-2-one (7) and 3-Acetoxy-7-chloro-
evaporated to dryness. Distilled water (300 mL) was added, . . .
. . . 1,3-dihydro-5-(2-chlorophenyl)-2H-1,4-benzodiazepin-2-
and the resulting suspension was stirred at®Gor 0.5 h. one (8) by lodine-Catalysed Acetoxylation with Various
The suspension was cooled-td 5 °C and filtered. A crude y y y

. Stoichiometric Oxidants. To a solution of 7-chloro-1,3-
product was dried at 108C for 5 h. The crude product was . = o A . . '
purified with toluene (80 mL) at 70C for 0.5 h. The dihydro-5-phenyl-2H-1,4-benzodiazepin-2-or& @.71 g,

. . X 0.01 mol 7-chloro-1,3-dihydro-5-(2-chl h 2
obtained suspension was cooledt0 °C and filtered, and mol) or 7-chloro ihydro-5-(2-chlorophenyb-

) 1,4-benzodiazepin-2-one (4; 3.05 g, 0.01 mol) in glacial
the crys.tgls were washed W'th cold toluenex(310 mL). acetic acid (50 mL) potassium acetate (1.96 g, 0.02 mol, 2
The purified products were dried at 106 for 5 h.

hi dihvd henvl b di . equiv.), iodine (1.27 g, 5 mmol, 50 mol %), and one of the
7-Chloro-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin- following stoichiometric oxidants (0.02 mol, 2 equiv), MpO

2-one (3):16.50 g (76.2%) of colorless crystals, mp 217.3— (1.74 g; at once), NaN£(1.38 g: during 5 min), Ca(OGl)
218.1°C. R (CH2C|2/2-PI'OH, 9505) 0.36. IR (KBT)/ (286 g during 5 min), (lz‘N)zCO'HzOz (188 g; at once),
3177, 3041, 2956, 2845, 1681, 1606, 1575, 1479, 1444, 1384’NaBO3-4H20 (3.08 g; at once), N€Os1.5H:0; (3.14 g
1360, 1321, 1304, 1285, 1259, 1234, 1194 &H NMR g ring 5 min), (NH),S,05 (4.56 : at once), or k5,05 (5.41
(600 MHz, DMSO-d) ¢ 4.33 (s, 2H, COCEN), 7.18 (d, g; at once), were added. The reaction mixture was stirred at
1H, arom.J=8.7 Hz), 7.26-7.29 (m, 1H), 7.3#7.46 (M,  g5-90°C during the time indicated in Table 1. Then the
5H), 7.51-7.54 (m, 1H), 10.14 (s, IHHY ppm.“*C NMR  \gjatiles were evaporated under a reduced pressure. The
(600 MHz, DMSO-@) ¢ 56.48, 122.75, 128.34, 128.44, (asidue was extracted with boiling chloroform 350 mL)
128.72, 129.56, 129.68, 130.60, 131.80, 137.45, 138.75,5n(d filtered to remove inorganic solids. The combined
169.95, 172.25 ppm. organic extracts were washed with a 10% aqueous solution
7-Chloro-1,3-dihydro-5-(2-chlorophenyl)-2-1,4-ben- of N&S,03+5H,0 (2 x 50 mL) and distilled water (% 30
zodiazepin-2-one (4)21.12 g (86.5%) of colourless crystals, mL) and dried (NaSQy), filtered, and evaporated to dryness.
mp 197.5—200.0C. R (CH:Cl,/2-PrOH, 9.5:0.5) 0.40. IR The crude productZ or 8 was purified by preparative
(KBr) v 3344, 3213, 3118, 3063, 2961, 1684, 1618, 1593, chromatography on a silica gel (200 g) column using
1572, 1485, 1444, 1434, 1390, 1366, 1324, 1296, 1255, 1235dichloromethane/2-propanol (9.5:0.5) as an eluent. The
cmt. *H NMR (600 MHz, DMSOdg) 6 4.39 (s, 2H, isolated productg (R: 0.45) or8 (R; 0.45) in all experiments
COCHN), 7.03 (d, 1H, arom.J = 2.2 Hz), 7.13—7.16 (m,  gave the same IRH NMR, and3C NMR spectra.
1H), 7.19—7.52 (m, 5H), 10.31 (s, IHH ppm.*3C NMR 3-Acetoxy-7-chloro-1,3-dihydro-5-phenyl-H-1,4-ben-
(600 MHz, DMSO-@) 6 56.34, 122.51, 126.81, 128.88, zodiazepin-2-one (7)IR, 'H NMR, and**C NMR spectra
129.94, 130.82, 131.75, 132.94, 136.55, 138.06, 169.26,correspond to the spectra of the proddaibtained by Cu-
171.33 ppm. (OAc)/KI-mediated acetoxylation.
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3-Acetoxy-7-chloro-1,3-dihydro-5-(2-chlorophenyl)- (91.4%) of pure oxazepam) as white crystals, mp 20060
2H-1,4-benzodiazepin-2-one (8)Colourless crystals, mp  204.1°C. Purity: 99.85% by HPLCR: (CH,Cl,/2-PrOH,
257.5—259.7C. IR (KBr) v 3401, 3332, 3161, 3085, 3068, 9:1) 0.50. IR (KBr)» 3341, 3140, 2945, 2852, 1713, 1692,
2930, 1925, 1708, 1630, 1600, 1592, 1570, 1482, 1460, 1439,1599, 1563, 1478, 1445, 1387, 1354, 1326, 1290, 1259, 1219
1391, 1367, 1325, 1246 crh 'H NMR (600 MHz, DMSO- cm L. *H NMR (600 MHz, DMSO¢) 6 4.76 (d, 1H,J =
ds) 0 2.33 (s, 3H, E13CO0), 6.02 (s, 1H, BIOAC), 7.08— 8.6 Hz), 6.39 (d, 1HJ = 8.6 Hz), 7.16-7.18 (m, 1H), 7.23
7.60 (m, 7H), 9.79 (s, 1H, N) ppm.*3C NMR (600 MHz, 7.27 (m, 1H), 7.387.43 (m, 5H), 7.587.62 (m, 1H), 10.81
DMSO-ds) 6 20.99, 84.02, 123.19, 126.95, 128.70, 129.07, (s, 1H, NH) ppm.*3C NMR (600 MHz, DMSO#¢s) 6 80.30,
129.80, 130.05, 131.16, 131.33, 132.60, 133.08, 135.25,120.64, 124.07, 125.26, 125.84, 126.71, 127.93, 129.24,
136.97, 165.67, 166.27, 170.16 ppm. 135.19, 135.44, 159.78, 167.25 ppm. Anal. Calcd for

Preparation of 3-Acetoxy-7-chloro-1,3-dihydro-5-phenyl- CisH1iNLOCI: C, 66.55; H, 4.10; N, 10.35; CI, 13.10.
2H-1,4-benzodiazepin-2-one (7) by Optimized lodine- Found: C, 66.46; H, 4.06; N, 10.31; CI, 13.05.

Catalysed Acetoxylation.To a solution of 7-chloro-1,3- Preparation of 3-Acetoxy-7-chloro-1,3-dihydro-5-(2-
dihydro-5-phenyl-Bi-1,4-benzodiazepin-2-ong;(100.00 g, chlorophenyl)-2H-1,4-benzodiazepin-2-one (8)o a sus-
0.37 mol) in glacial acetic acid (1000 mL) potassium acetate pension of 7-chloro-1,3-dihydro-5-(2-chlorophenyht24,4-
(72.62 g, 0.74 mol, 2 equiv) and iodine (37.56 g, 0.148 mol, benzodiazepin-2-one (4; 9.30 kg, 30.48 mol) in acetic acid
40 mol %) were added. The reaction mixture was heated to (93 L) potassium acetate (5.98 kg, 60.96 mol, 2 equiv) and
65 °C with stirring. Then the potassium peroxydisulfate iodine (3.09 kg, 12.19 mol, 40 mol %) were added. The
(80.00 g, 0.296 mol, 0.8 equiv) was added in several portions resulting suspension was heated to°65during 0.5 h until
during 4 h. The reaction mixture was stirred at-6® °C all solid materials have been dissolved. After that the first
for an additional 4 h. The reaction mixture was evaporated portion of potassium peroxydisulfate (1.10 kg) was added
under a reduced pressure. Then a solution of sodiumby keeping the temperature at about 5. Another five
thiosulfate pentahydrate (75 g) in distilled water (2000 mL) portions of oxidant were added sequentially after every 1 h
was added. The thus obtained suspension was heated to 7¢the overall amount of KS,0g is 6.60 kg, 24.38 mol, 0.8
°C with stirring and maintained at this temperature for 2 h. equiv) while the temperature was maintained between 65
The suspension was cooled+d 0 °C, filtered, washed with  and 70°C with external water cooling. The reaction mixture
hot distilled water (3x 100 mL), and dried at 103C for was heated at 6570 °C for 5 h further. After that the solvent
20 h. was distilled off under a reduced pressure (15 mbar), and to

The crude product (120 g) was dissolved in hot (70 the residue demineralized water (100 L) was added. The
80 °C) N,N-dimethylformamide (360 mL) and filtered to suspension was stirred at room temperature for 12 h. Then
remove traces of insoluble materials. To the clear DMF a solution of NaS03:5H,O (6.05 kg, 24.38 mol) in
solution of7, 2-propanol (360 mL) was added dropwise with demineralized water (65 L) was added. After an additional
stirring at 70°C during 0.5 h. The thus obtained suspension 3 h of stirring the product was filtered off, washed with
was stirred at this temperature for an additional 1 h and thendemineralized water (X 40 L), and dried under a vacuum
cooled to+10 °C during 1 h. The crystals were separated at 80°C for 15 h. The crude product (11 kg) was charged in
by filtration, washed with 2-propanol (8 20 mL), and dried three portions to the preheatBigN-dimethylformamide (35
in a high vacuum at 80C during 5 h. The same recrystal- L) at 80°C. After all solid material was dissolved to give a
lization procedure was repeated to yield 111.01 g (91.3%) dark brown solution, 2-propanol (35 L) was added dropwise
of 3-acetoxy-7-chloro-1,3-dihydro-5-phenyH?21,4-benzo- during 15 min. The thus obtained suspension was cooled to
diazepin-2-one (7) as colourless crystals, mp 235.0—237.9+5 °C, stirred for 24 h, and filtered. The filter cake was
°C. Purity: >99.8 by HPLC. IR,'H NMR, and*C NMR washed with cold 2-propanol (8 8.5 L) and dried under
spectra of the product correspond to the spectra of the productvacuum at 85 C for 20 h to give8 (8.58 kg, 78%) as pale
obtained in Cu(OAg)KI-mediated acetoxylation. orange crystals. The purified product was than dissolved in

Preparation of Oxazepam (1).To a stirred solution of  N,N-dimethylformamide (26 L) preheated at 8D, and to
3-acetoxy-7-chloro-1,3-dihydro-5-phenyH?2l,4-benzodiaz-  the resulting solution 2-propanol (26 L) was added dropwise
epin-2-one (7; 100.00 g, 0.304 mol) in 96% ethanol (1000 during 15 min. The suspension was cooled-®°C, stirred
mL), cooled tot+5 °C, a solution of sodium hydroxide (26.78 for 24 h, and filtered. The filter cake was washed with cold
g, 0.67 mol, 2.2 equiv) in distilled water (600 mL) was added 2-propanol (3x 6.5 L) and dried under vacuum at 8&
dropwise during 0.5 h. The reaction mixture was stirred at for 20 h to give8 (7.50 kg, 87.4%) as white crystals, mp
+5 °C for an additional 1 h. Then glacial acetic acid (40 257.2—259.8°C. Purity: >99.7% by HPLC.

mL) was added dropwise during 15 min. The mixture was  Preparation of Lorazepam (2).To a well stirred suspen-
cooled to+10°C, and crystals were separated by filtration, sion of 3-acetoxy-7-chloro-1,3-dihydro-5-(2-chlorophenyl)-
washed with distilled water (%X 100 mL), and dried in a  2H-1,4-benzodiazepin-2-on8;(1.45 kg, 4 mol) in a mixture
high vacuum at 80C for 5 h. Thus obtained crude oxazepam of 96% ethanol (20 L) and demineralized water (6.7 L)
(1) was purified with boiling 96% ethanol (800 mL) during cooled to+5 °C, sodium hydroxide (0.27 kg, 6.8 mol, 1.7
1 h. The suspension was cooled+d0 °C. Crystals were  equiv) dissolved in demineralized water (6.7 L) was added
filtered, washed with cold 96% ethanol ¢ 30 mL), and dropwise during 30 min. After stirring at5 °C for 1 h
dried in a high vacuum at 8UC during 5 h to yield 79.75 g  further, to the resulting thick suspension a mixture of acetic
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acid (1.17 L, 1.23 kg, 20.4 mol, 3 equiv) and demineralized
water (1.17 L) was added dropwise during 15 min followed
by an additional amount of demineralized water (6.7 L). After
1.5 h of stirring the product was filtered off, washed with
demineralized water (% 4 L), and dried under a vacuum
at 80°C for 20 h to furnish lorazepam hydrates; 1.21 kg,
94.5%) as colourless crystals.

The crude lorazepam hydrats{ 1.21 kg) was suspended
in ethanol (8.5 L), refluxed for 0.5 h, cooled #6010 °C, and
stirred at this temperature for an additional 1 h. After
filtration, the filter cake was washed with cold 96% ethanol
(3 x 1.8 L), and dried in a high vacuum at 4C for 12 h
to give lorazepamethanol solvate2b; 1.05 kg, 86.8%) as
white crystals.

The resulting lorazepatrethanol solvate2b; 1.05 kg)
was charged in toluene (7.4 L) preheated at°8) and
stirring was continued for 30 min. After cooling t610 °C
the resulting suspension was stirred for an additional 1.5 h.
The product was filtered off, washed with cold toluene (3
x 1.9 L), and dried under a vacuum at 30 for 24 h to
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yield pure anhydrous lorazepa 0.94 kg, 89.5%) as white
crystals. Purity: 99.90% by HPLC.

Lorazepam (2): White crystals, mp 182:0183.0°C. R
(CHCl,/2-PrOH, 9:1) 0.57. IR (KBr) 3363, 1704, 1687,
1618, 1478, 1436, 1387, 1323, 1259, 1234 &mH NMR
(600 MHz, DMSO¢g) ¢ 4.82 (d, 1H,J = 8.6 Hz), 6.44 (d,
1H, J = 8.6 Hz), 6.96-6.91 (m, 1H), 7.2%+7.24 (m, 1H),
7.44—7.46 (m, 1H), 7.477.60 (m, 4H), 10.94 (s, 1H, N)
ppm. 3C NMR (600 MHz, DMSQsdg) 6 82.98, 123.22,
126.94, 127.54, 127.78, 128.80, 129.85, 131.94, 137.23,
137.87, 162.10, 169.22 ppm. Anal. Calcd fogsid;oN,-
OCl;: C, 59.04; H, 3.30; N, 9.18; Cl, 23.24. Found: C,
58.95; H, 3.26; N, 9.11; Cl, 23.21.
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