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Nucleophilic Substitution and Racemization of
3-Ethoxy-N-desmethyldiazepam Enantiomers in Acidic Ethanol

SHEN Ko YANG AND XIANG-LIN LU

Department of Pharmacology ., . Edward Hebert School of Medicine, Uniformed Services University of
the Health Sciences, Bethesda, Marviand 20514-4799, USA

ABSTRACT

pK.;, values of 3-ethoxy-N-desmethyldiazepam (3-EtO-NDZ) in ethanol and acetonitrile con-
taining various concentrations of sulfuric acid, determined by spectrophotometry and
spectropolarimetry, were found to be 3.4 and 0.63 respectively. lemperature dependent racem-
ization of enantiomeric 3-EtO-NDZ in ethanol containing various acid concentrations was studied
by monitoring changes of ellipticity at 365 nm as a function of time on a spectropolarimeter. The
racemization reactions were found to follow apparent first order Kinetics. Thermodynamic param-
eters of the racemization reaction were: E..=16.7 kcal/mol, and at 25C: AH* =16.1 kcal/
mol, AS * =-22.0 cal/K/mol, and AG* =22.6 kecal/mol, respectively. The racemization had an
isotope effect (ku/kn) of 1.9 at 42°C . Based on the results of this report and the results of litera-
ture reports on the preferred conformation of enantiomeric 3-substituted-1,4-benzodiazepines,
a nucleophilically solvated C3 carbonium ion intermediate resulting from either a P (plus) ora M
(minus) conformation is proposed to be an intermediate. This intermediate is responsible for the
stereoselective nucleophilic substitution and the subsequent racemization of 3-EtO-NDZ enan-
tiomers in acidic ethanol.

Kev words: 3-ethoxy-N-desmethyldiazepam, stereoselective nucleophilic substitution, racemmization.

of 3-EtO-NDZ mn the strongly acidic medium of the

INTRODUCTION stormach. Hence 1t 1s of mterest to ascertain the proper-

1, 4-Benzodiazepines (BDZ’s) are the most com tes of 3-EtO-NDZ i aadic medium  containing
€15 %, . A - '

monly  prescribed  psvehoactive drugs. 3-Ethoxyv-N- o hﬁm“ «
desmethyldiazepam (3-Et(O-NDZ) s a F"zamw;f:ﬁf;gz— arly studies™ “indicated that opucally active 3-

camp '15.'33;1{'}:iy~z D7, 3-hemmusuccnyloxy-NDZ and

cally less active derivative of oxazepam (OX), " OX is

among the therapeutically used BDZ's that has a hy- methyl esters, 3-Me(O)-NDZ, and 3-O-ethy wli')_r‘;:mffpar}'l
droxyl group at the C3 position(see structrue and num- undergo racenuzation in strongly acidic media contan-
bering syster in Fig. 1). OX is an active metabolite of ing erther aqueous or anhydrous methanol or ethanol.
diazepam (D7) . whif 115 one of the most frequently A (+)-3-O-ethyl-lorazepam (now known to be the R-
prescribed drugs'™™ for the treatment of anxiety and enantiomer )" was reported to undergo racemization
nsomnia, and an adjuvant for anesthesia. ™ Ingestion at 250 with t of 176 mun in 10% ethanolic HCI
of OX shortlv before, shortly after, or simultaneously (1.e., ethanol containing 1.2 N HCl) and 71 muin 1n
with the mtake of ethanol may result i the tormation 10% ethanolic HCl/ water (4/1,v/v), respectively.”
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OX,Y =OH
NDZ, Y =H
3-MeO-NDZ, Y = OCH,
3‘EtO“NDZ, Y — OCQH5
Figure 1. Structures of N-desmethyldiazepam (NDZ)

» oxazepam (OX or 3-OH-NDZ), 3-methoxy-N-
desmethyldiazepam (3-Me()-NDZ), and 3-ethoxy-N-
desmethyldiazepam(3-Et()-NDZ) .

These results were discussed in relation to the methanol-
ysis of enantiomeric 3-camphoyloxy-NDZ and  3-
hemisuccinyloxy-NDZ and its methyl esters. A rather
complex mechanism involving two inversion steps was
lved 1n the acid-catalyzed alcoholysis
and racemization of (9-3-hemisuccinyloxy-NDZ, (9-3-
Me()-NDZ, and (H-3- 16

a considerably more simpler mechanism was proposed in

proposed to be invo

(-ethyl-lorazepam. "** Recently

the racemization of enantiomeric 3-Mel N7 in acidic
methanol, ™

We ¢

study on t

escribe in this report the results of a kinetic

e acid-catalyzed racemization of enantiomeric

3-EtO-NDZ in iff.’laﬁibl, Thermodynamic  parameters
obtained from temperature dependent racemization ki-

netics also suggested that a nucleophilically solvated (3

carbonium 1on of 3-EtO-NDZ in strongly acidic ethanol
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18 an intermediate responsible for the observed racemiza-

gy

tion. I'he proposed mechanism appears to be generally

applicable to the stereoselective nucleophilic substitu-

tions of enantiomeric 3-alkoxy-BDZ s and their subse-

quent racemization in strongly acidic alcoholic solvent.

MATERIALS AND METHODS
Materials

Demoxepam ( 7-chloro-1, 3-dihydro-5-phenyl-2H-
1, 4-benzodiazepin-2-one 4-oxide; Ro 5-2092) was gen-
erously provided by Dr. Peter F. Sorter of Hoffmann-
La Roche, Inc. (Nutley, NJ). 3-O-Acyloxazepam was
prepared from demoxepam according to Bell and
Childress. " 3-EtO-NDZ was prepared by acid-cat-
alyzed ethanolysis of 3-O-acyloxazepam. Deuteratec
ethanol (C;HsOD, 99.5 atom% D) and sulfuric acid
(1:804,99.5 + atom% D)were purchased from Aldrich
Chemical Co. (Milwaukee, WI) .

Determination of pK

Absorbance values at 224, 244, and 292 nm were
recorded for solutions of 3-EtO-NDZ (50 uM) in either
ethanol or acetonitrile containing various concentrations
of H:S0; at room temperature (23 + 17T ). pK, values
were determined by plotting absorbance versus pH and
curves were fitted with a curve fitting computer
sof tware .

The pK. of (3R)-EtO-NDZ was also determined
by a spectropolarimetric method. Ellipticity values at
365 nm of et solutions of (3R)-EtO-NDZ contain-
ing 0.01 mM t0 0.1 M H" were determined. pK, was
hipticities (in mullidegrees) ar

hanol s

determined by plotting el

365 nm versus -log [H" | using a curve fitting comput-

€r program.

Chiral Stationary Phase HPLC

HPLC was performed using a Waters Associates
(Milford, MA) liquid chromatograph consisting of a
Model 6000A solvent del; a Model M45

very system,
elivery system, a Model 660 solvent program-

solvent ¢

mer and a Kratos ( Kratos Analytical Instruments,

Ramsey, NJ ) Model Spectraflow 757 uv-vis variable

wavelength detector. Samples were injected via a Valco
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Model N

Enantiomeric pairs of 3-E1tO-NDZ were separated
by CSP-HPLC using a Pirkle column (erther 4.6
d. x 25 em oor 10 mm i.d. x 25 cm) packed with

60} injector { Valeo Instruments, Houston, ['X

O mm

sphencal particles of 5 wm diameter Y-ammopropyl-

N(

silamzed  silica to which R-N-(3, 5-dinitrobenzoyl )
nl

shenvlglyeine was bonded covalently. ™ This was a Hi-

.

6.4 min, t;, =24.3 min, t, = 27.8 min, k;
2.82 . k, (S-enantiomer) = 3.37, a =
1 20, Rw 2. 58 using D20EAS as the mobile phase |.

column {

Kinetics of Racemization and Isotope Lffect
A

e patn

hsorbance of samples was determined using a 1

length quartz cuvette on a Model DW2000

Chrom Pirkle covalent phenylglyeme HPLC column spectrophotometer (SLM Instruments, Urbana, 11.).
marketed by Regis Chemical Co. (Morton Grove, 11.). An enantiomeric 3-EtO-NDZ(57 pmol of dried residue)
Fither ¢ i(ﬁ)XEiI’lﬁ-’f‘/ E?‘[h?in(}l/ acetonitr (—.?/ hexane (20/ 2/ ] / in a test tube was added with 1 ml of cold ( 4T )

77. vol ratios abbreviated as DZ20EA3) or dioxane/
20/3.33/1.67/75,

ethanol/acetonitrile/ hexane  (
ratios abbreviated as D20EAS) was used as the mobile

vol

phase. Flow rate of mobile phase was 2 ml/min for the

7.85, ¢=1.18, Rs =7
as the mobile phase, and t,= 1.9 mun, 1,
= 7.7 min, k(R
tiomer ) = 3. 04, a

the mobile phase | and 2.8 ml/min for the 1

2.12 vsing DZ20EAS
= 6.7 min, t,

enantiomer ) = 2.51, k' (S-enan-
=1.21, Rs = 1.62 using l“)Z()FNS as

b mm 1.d.

enantiomer )

Table 1.~

owed by mixing for~10
sec. lsotope effect was studied by using CHs OD and
)50 instead of C:HsOH and HoSO;. The resulting so-

ution was transferred into a thermostated micro quartz

z&?thaml containing acid and fol

4.6 mmi.d column | t,= 1.9 min, t; = 14.5 min, t» = cuvette with 1 cm path length. Temperature was main-
16.9 min, k, ' ( R-enantiomer ) = 6.63, k; (S tained by passing thermostated water {rom a circulating

water bath. Following the transfer of solution mto the

thermostated cuvette, 2 min was allowed for the tem-

perature to reach equlibrium. Changes of ellipticity

(A, in millidegrees) were subsequently recorded at

365 nm as a function of time on a JASCO Model 500A

lemperature and Acid Concentration Dependent Racemization of Enantiomeric 3-EtO-NDZ in Ethanol .

Fnantiomer H N TCC) "+ SEM (min) kx 10°(sec!)
(35)-Et)-NDZ 1.0 25.0+0.1 72.5+2.1 0.159
(SR)-E1tO-NDZ 1.0 25.0+ ),1 73.1+0.6 0.158
(SR)-Et()-NDZ 1.0 30.0+0.1 49.4 £0.5 0.234
(3R)-E1O)-NDZ 0.25 37. O +0.1 26.2+ 1.2 0.441
(3R)-Et()-NDZ 0.5 37.0+0.1 23.3+11.2 0.496
(3R)-Et()-NDZ 1.0 37.0+0.1 26.3+0.3 0.439
(3R)-Et)-NDZ 1.5 37.0+0.] 25.7+1.3 0.449
(3R)-EiO)-NDZ 2.0 37.0+0. 40.1+1.5 0.288
(3R )-E1O)-NDZ 3.0 37.0+0.1 57.41 2.6 0.201
(3R )-Et)-NDZ 4.0 37.0+0 6.9+ 3.3 0.133
(3R )}-EtO-NDZ () 2.0+0. 16.3+0.2 (). 709
(SR)-EO-NDZ! 1.0 42.0+0.1 31.3+0.5 0.369
(3R )-EtO-NIZ 1.0 50.0 +0.] 8.0+0.1 1.444

“The solvent was ethanol containing a particular concentration of HaSCk . The acid concentrations are expressed
by |H' | in N

" Average of 3 determinations

- SEM
Y Solvent

it E.*i?idé*’i I {i CrTOr {.'_'}lf { }“ZE* ITiedil

0.5 M DRSO in CG:HsOD
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Figure 2. (A).UV-visible absorption spectra of 3-EtO-NDZ (50 M) in CHsCN/H:O (4/1, v/v; thin line

curve))and in CH:CN/HO (4/1, v/v) containing 0.5 M HySO,(thick line curve)
B).CD spectra of enantiomerically pure (3R)-EtO-NDZ in CH;CN (thin line curve)and in CH:CN containg ng
0.5 M HS0, at 25T (thick line curve). The ellipticity is in millidegrees (mdeg) for a solution containing 1.0

Azzo unut of 3-EtO-NDZ per ml of solvent .
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Figure 3 Difference spectrum between the acidic

(protonated) forms of 3-EtO-NDZ in CH.CN/H.O

(4/1,v/v) containing 0.5 M H.S), and the neutral

(unprotonated Yorms of 3-EtO-NDZ in CH;CN/H.0O

(4/1, v/v) . The spectra of 3-FtO-NDZ (50 M)

were measured at room temperature.

26

spectropolarimeter (Japan Scientific Co., Easton, MD).
The ti/2 was determined by plotting log (A®) versus
time. Racemization of 3-EtO-NDZ enantiomers in acidic
ethanol followed apparent first order kinetics. 3-Et(-
NDZ enantiomers did not undergo detectable racemiza-
tion in acetonitrile containing 0.5 M H,S0,. The slope
of the Arrhenius plot (logty/s vs. 1/T) was determined
by a curve fitting computer software. Absolute values of
slopes were identical by plotting either logty, vs. 1/T

enantiomers in ethanol containing 0.125 M t0 2 M of

H.S0), were studied at 377 .

Computer and Softwares
Several computer softwares were employed to pre-

pare text, graphics and curve fittings on an Apple Mac-
intosh SE/30 computer. The softwares include Word
(Microsoft Corp., Redmond, WA ), ChemDraw and
Chem3D  Plus  (Cambridge Scientific, Cambridge,
MA), SigmaPlot (Jandel Scientific, Corte Madera,
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CA), and Canvas (Deneda Software, Miami, FL). ting the data with a curve fitting program in SigmaPlot.

The pK., values in ethanol (pK,=0.63 £ 0.02) and
RESULTS acetonitrile (pKu=3.5+0.1) were substantially differ-
pKa and Solvent Effect ent (Fig. 4).

Due to protonation at N4 position, ' the uv-vis ab- The pK,i of (3R)-EtO-NDZ was also determined
sorption spectrum of 3-EtO-NDZ in CHaCN/H0(4/1, by a spectropolarimetric method (Fig. 5). The pK,
v/v) containing 1 N H" was different from that of the value (3.3) is in close agreement with that determined
unprotonated neutral form (Fig. 2A). The absorption by the spectrophotometric method (Fig. 4B).
difference spectrum between protonated and unproto-
nated forms of 3-EtO-NDZ is shown in Fig. 3. The Kinetics of Racemization
magnitudes of absorption ditferences at various wave- The acid concentrations chosen for temperature de-
lengths were dependent on the acid concentration. pendent racemization studies were based on the pK, val-
Based on the data shown in Fig. 3, the acid concentra- se (pKu=0.63 at [H" | =0.23 N) in ethanol (Fig.
tion dependent absorptions at 224, 244, and 292 nm of 4A). At 1 N H", 81% of 3-EtO-NDZ is present in
3.EtO-NDZ (50 uM) in either ethanol or acetonitrile protonated form. At low concentrations of 3-EtO-NDZ
were measured (Fig. 4). Values of pKa(a pH value (uM to mM range) and at pH near pK., the degree of
when concentrations of protonated and unprotonated protonation is determined by the pH of the solvent.
forms of 3-EtO-NDZ are equal) were determuned by fit- Corresponding to absorption differences (Fig. 2A)

L >
O m
< W
< O
o L
o m
O >
p i
be) O
< m
- pK,, = 3.5 < 0.4
- B (292 nm) 0.2
SN WU BU— ] 00
" 2 3 4 5
pH
Figure 4. pH Dependence of absorption of 3-EtO-NDZ in ethanol (50 p(Mipanel A) and CH;CN (43 uM;

panel B) at 224, 244, and 292 nm and at room temperature. Concentrated sulfunc acid was used to prepare

ethanol solutions with various pH values.

27
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Figure
NDZ in acetonitrile(86 uM)at 365 nm and at 250
Concentrated sulfuric acid  was

used to  prepare

ethanol solutions with various pH values.

, (D spectra of protonated and unprotonated forms of
(3R)-EtO-NDZ were also characteristically different
(Fig. 2B). Based on the data shown in Fig. 2B, at

least two wavelengths (245 and 365 nm) were suitable

for monitoring changes in ellipticity during racemization
of an enantiomeric 3-Et()-NDZ. Because of substantially
lower noise, 365 nm was chosen as the monitori ng
wavelength in studies described in this report.

Half-lives of

tiomers in ethanol containing 0.5 M H.SO), were deter-

ml'

racermuzation of 3-EtO-NI7 enan-

mined at various temperatures ( Table 1). Because ace-
tonitrile 15 a poor nucleophile, neither protonated nor
unprotonated forms of 3-EtO-NDZ enantiomers undergo
racemization 1n acetorntrile. Unprotonated forms of 3-
EtO-NDZ enantiomers did not undergo racemization in
ethanol .

The R and S enantiomers of 3-EtO)-NI7 had the

same racenuzation ty. in ethanol containing 0.5 M

H:S04 at 25T (Table 1). Hence only one 3-Ex()-NDZ

enantiomer (thf‘? R**Ef'léil’}?"mﬁ{f ,) Wik uwd to determine

racemization ty/; in ethanol contaming 0.5 M H.S0), at

5. pH Dependence of ellipticity of (3R)-Et()-

=[5 ] www.angle.com.tw
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Figure 6. Dependence of racemization t,,» of (3R)-
FtO-NDZ on the acid concentration in et hanol at

s57C.

s plot of the temperature de-

25C (Table 1). Arrhenius
17

pendence of ty,, in the racemization of (3R)-FtO-N

vielded an energy of activation (E..) of 16.7 keal/mol.
Orther thermfxivmmzc parameters of the racemization
were (2010 )1AH* =16.1 keal/mol, AST =220 cal/
K/mol), and AG " =22.6 keal/mol, respectively.
Racemization t2 of (3R)-EtO-NDZ ar 37C
ethanol containing 0.125 M 10 0.75 M of H.S0), was

found to be relatively constant (Fig. 6). However, the

rate of racemization is &;ub:s;'{m“itizilly {"]Efi‘f(ﬁ%‘d ( ith in-
(Table 1 & Fig. 6).

Isotope Effect
The effect of a heavy sotope (deuterium) on the
racemization rate of (3R)-EtO-NDZ was studied by us-
ing C:HsOD contaming 0.5 M 1,90, at 427 . The
temperature was chosen on the basis of the data obtained
by using C;HsOH and H,SO,(Table 1).
in C:HsOD/ SO, was considerably slower than that in
CHOH/H.SO, (Table 1) . Q{zzf{ﬁmiz*’zt%{m ty/s 1N
C.H:OD/D,SO; was found to be 31.3 4

Racemization

5mn. The
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P Conformation from the preferred conformation (M conformation for S-
(H -enantiomer) enantiomer and P conformation for R-enantiomer; Fig.
7) of a 3-Me()-NDZ enantiomer. Racemization 1s then

observed as a consequence of the stereoselective nucle-

ophilic substitution.

We had previously suggested that the racemization

reaction could be classithed as a nucleophilically assisted

and a muxed Sx1 and Su2 reaction. Results of this report

indicated that the acid-catalyzed racemization kinetics of

enantiomeric 3-EfO-NDZ in ethanol followed a similar
mechanism to that described for an enantiomeric 3-
Me(O-NDZ in acidic methanol.

Our interest 1n studying the properties of 3-Et()-

M Conformation NDZ onginated from a preliminary observation that a
(S -enantiomer) chemical reaction between OX (or other 3-OH-BDZs)
Figure 7. P and M conformations of unsubstituted and ethanol can occur when ethanol 1s mixed with OX
(X =H) and 3-substituted 1, 4-benzodiazepines. For in a strongly acidic medium such as the stomach juice.
3-EtO-NDZ, X = OCHs and Y = H, respectively. Hence the pharmacological properties of a 3-OH-BDZ

Subscripts a and e indicate quasiaxial and quasiequa-

may be significantly altered by coingestion of ethanol.

torial positions, respectively, v
}' & Y Among 3-OH-BDZ " s, oxazepam, lorazepam, and

| N - lormetazepam are chinically used drugs. A 3-EtO-BDZ
results indicated that the nucleophilic substitution reac-

on had an isotope effect (kn/ko) of 1.9. o
tion had an isotope effect (kn/ko) alyzed nucleophilic substitution reaction in an aqueous

medium. The possibility of this ethanol-drug coinges-

DISCUSSION o * o | |
Based on the results of temperature dependent tion interaction and its pharmacological/ therapeutic
£, U : A3t i _ 4L A . : it | *
o , . o onsequences have heretofore not been investigated.
kineties and of the isotope effect in the racemization of consequences have heretofore not been investigated

The pK. of 3-EtO-NDZ in acetonitrile is ~5.4-
fold higher than that in ethanol (Figs. 4 and 5). 3-
FtO-NDZ (Figs. 4 and 5) and 3-MeO)-NDZ"" have es-
sentially the same pK, in acidic acetonitrile. The pK, of
3-EtO-NDZ in ethanol and 3-MeO-NDZ in methanol
were .63 (Fig. 4A) and 1.3, respectively. Thus

in the racemization of enantiomeric 3-MeO)-NDZ 1n ,,
: hydrogen 1ons in alcohols appear to be more readily

strongly acidic methanol® (1) the N4-protonated 3- | d S
MeO-NDZ  enantiomer is extensively solvated by available for protonation at N4 position of 3-Me()-NDZ
than protonation at N4 position of 3-EtO-NDZ.

methanol, (2) a nucleophilically solvated C3 carbonium

on is formed as an intermediate, (3) a solvent-assisted

S N NTYS | L 3(9)
enantiomeric 3-Me()-NDZ, we have recently proposed
a considerably simpler mechanism for the nucleophilic

cubstitution and racemization of enantiomeric 3-Me()-
{4.6)

NDZ than that proposed by other investigators. ™ We
had proposed the following sequence of events occurring

Alcohols are known to form hydrogen bonds a-

nucleophilic  substitution by methanol  then  takes mong themselves and with hydrogen ions. "™’ Because of
place. The nucleophilic substitution by methanol 1s stere- hydrogen bonding, 3-Me()-NDZ and 3-EtO-NDZ are
oselective because the intermediate is preferentially ori- more extensively solvated in erther methanol or ethanol
ented in favor of a nucleophilic attack from one stereo than n acetonitrile. However, ethanol appears to be
heterotopic face of the (3 carbon. The highly favored more effective than methanol in shielding an alkoxv-
ori-entation for stereoselective nucleophilic attack results NDZ from protonation by H" .
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4A), thf%f protonatec
lated to constitute 81,

f{'}m‘% Gf %MI t( }HD{ o };‘}e 3

tiomers in ethanol containing more concentrated sulfuric
> caleu- |

, acid (at [H" | >1.5 N).

89.5, and 94.5% of the tota Even in the absence of an asymmetric center
EtO-NDZ in ethanol containing 1, 2, and 4 N H", D77 s exast as conformational
respectively. We have also found that, as ordinarily example, [Z and |
found n acid-base equilibriumn, the increase m a

ye ah-
sorbance at 224 nm was essentially instantaneous {wit

racemates, % For
D7 each exists in P (plus) and M

(minus ) conformations, which are mirror images of

ith- each other (Fig. 7).""" The M conformation binds
in seconds) when an ethanol solution of 3-EtO-ND7 preferentially to the BDYZ receptors. '’
was mixed with a strong acid. Hence, at pH<pK,, and
in the absence

Because 3-sub-
erentially in quasiequatorial position

stituents are preferentic
sence of other factors, the racemization t;/, |

(Fig. 7),""" the R- and S-enantiomers of 3-substi-

tuted BDZ " s are predominantly in P and M
conformation, respectively ( Fig. 7). According to
AN » L ] _ﬂ}} .

du&* to mncreased Hﬁ(_)@ | and Decorte et al.,"" (3R )-

EtO-NDZ 15 expected 1o exist
predomunantly( >97% ) in |

expected

The ob-

1 protonated N4 ni-
Hm% a layer of ion pairs is

trogen of 3 kot )« NI ).

P conformation. In Fig. 8

a hughly ethanol-solvated (3R)-EtO-NIDZ predominant-
formed around the protonated 3-EtO-NDZ, making the ly in P conformation is depic
penetration of attacking nucleophiles ( ethanol ) more
difficult. This shi

epicted as intermediate |

In itermediate | of Fig. 8, (3R)-E1O-NDZ 15
Y TESX shown with two bifurcated hvdrogen

he decreased rate of racemization (i.e., de he N

iz
een bonds™ between
the N4 hydrogen and the oxygens of
creased rate of nucleophilic attack Jof 3-Et(O-NDZ enan-

two attacking
nucleophiles, and one hydrogen bond between the hy

“his shielding by ion pairs is probably respon-
sible for t

(3H)-R40O-NDZ

Figure ¥

(35)-Ro0O-NDZ

(3H)-Ro0O-NDZ
Possible intermediates of solvated and protonated (3R )-EtO-NDZ (in P conformation) in ethancl
leading to stereoselective nucleophilic substitution and racemization. R0 and RO (R,
cate the leaving ar |

O and R0 (K = Ry = ethyl group) mdi-
ate the leaving and attacking nucleophile, respectively. Arrows indicate origin of nucles philic attack at C3. For
v, only 3 of many possit

simplicity, only 3 of many possible attacking nucleophiles( R,OH are shown . Three enantiomeric products, which
remaim protonated at Ny position, of a stereoselective nucleophilic substitution are shown. Similar mechanism is
proposed for (35)-EtO-NDZ.
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drogen of an attacking nueleophile and the oxvgen of a

leaving ethoxy group. It can be seen in Fig. 8 that the

wolvation 18 expected 1o be less extensive, due to stenc

crowding, in the region including (3 hydrogen, Nl

and C3 carbon. |

nitrogern, he (2 carbonyl oxvgen 1s

electronegative, therefore it is expected 10 be also in-

volved hvdrogen bonding with solvent ethanol.

However, since (2 carbonvl oxvgen does not form a hy-

A

leaving ethoxy group of the

drogen bond with the

)7, such hvdrogen bone

protonated 3-F10)-] probably
m the nucle-

Fig. 8, ROH

s Not

does not play a significant role, 1t any,
ophilic substitution of 3-EtO-NDZ. In

represents one of many possible nucleophiles and

imited to ethanol. The possihilities of (1) acd-cat-
alyzed alcoholysis of 3-EtO-NDZ n

ethanol, and (2) nucleophilic substitution by nucle-

alcohols other than

ophiles other than aleohols are currently being nvesti-

gated 1 our laboratory.
Due to hvdrogen }:x:}ndmg the attacking nucle-

ophiles (R.OH) are mn |

e (Ry( H').,

tution takes place following the transient formation of

lace, readv 1o replace the leav-

ing nucleopht The actual nucleophilic substi-

intermediate 11 (Fig. 8). As depicted m intermediates

[ and 11, the formation of (3R)-R.O-NDZ 1s expected

to he favored over the formation of (3S)-R0)-NDZ, the

This

latter exists predominantly in M contormation.

chain of events results m a stereoselective nucleophilic

The resulting (35)-R.O-NDD;

substitution. )7 also under-

goes 3S-stereoselective nucleophilic substitution by a

mechanism similar 1o that depicted for (3R )-Et0)-
NDZ. The subsequent stereoselective nucleophilic sub-

(3R)-RO-NDZ and (3R)-R,0O-NDZ

lead to racermuzation of the minal (3R)-Et0-

stitutions of both

eventually

P
i

)7 The mechanism depicted n

Fig.8 can therefore

be classified as a nucleophilically assisted and a mixed
Sol and SG2 reaction, similar to that p f’fié})(f.h‘%ﬁ‘d 'fx:}r the

acid-catalvzed racemization of enantiomeric
n acidic methanol .

The thermodynamic parameters, determined by an
Arrhenius plot of dara obtained from temperature de-
pendence of racemization t1-( Table 1), are consistent

with the model proposed in Fig. 8. The enthalpy of ac-

=[5 ] www.angle.com.tw

A

Iéx-";ztim(ﬂl“{ -1 of Iha racernization reaction was found

| keal/mol.

< consistent w‘i} the ¢

o he | s relatively small enthalpy of

ACTIVATION {ference 1 energy be-

(1) that required to break }t"xys:‘:ir‘z;;gifz"z [X“}I ds anc
akage of a C-0) bond m S ECONDZ an

(2) that released by partal formation of a C-O) }'}f}{ii

PwWeen

the partial bre

bye-

rween the attacking nucleophile and €3 carbon and the
formation of hvdrogen bonds in the transition state (in-
[l in P o, 8). Fach hvdrogen bond torma-

() keal /mf} U Thy

Ixmd hreaking m(i formation indicates that the energy

termediate

ton releases 2- s analysts of possible

{ the r;-zc*@mima
) cal/K/mol. This

relatively large negative entropy indicated a gain of or-

rlfl'u-'--‘* CTITOPY tf")'f sctivation (AS*) o

ton reaction was found to be -22.0

derliness in the transition state.,
[l kg

with the negative entropy of activation. Intermediate 11
consists of hvdrogen bonds between the

3-F0O-NDy

17 and a number of attacking nucleophiles

The proposed model of

transition state (intermediate . 8) 1s consistent

protonatec

(R,OH), bringing about increased orderliness relative to

the separated molecules

ate 11 n
Fig. 8) requires a transient deprotonation of the N-H
hond at the N4 position of 3-EtO-NDZ and the breakage

R.OH.

out 1n

The proposed transition state ( intermec

of an O-H bond in the attacking nucleophile

Thus the nucleophilic substitution reaction carriec
C.H:0D/ I"‘)H( ')4 s expected to be
CoHOH/H.S0), and this was actually observed ( Table
1). An 1sotope f-:f‘f fect (ki/kp) of 1.9 was found in the
racernization of (3R)-EtO-NDZ at 42°C (Table 1). Be-
cause the O-1) bond in C.HsOD) 1s stronger than that in

CH,OD),

zation of an enantiomerie 3-FEt0O-]

slower than that n

the isotope effect in the acid-catalyzed racem-
D7 in CHsOD 18 ex-

an enantomeric 3-Mel )-

pected to be greater than that of
NDZ in CH.OD. The observed
3-F1O-NDZ (Table 1) and 1.6

427 | 1s consistent with the prediction.

isotope effects 1.9 for
for 3-MeO-NDZ™ at

These results

are consistent with the mechamsm proposed n fig. 8
In conclusion, we proposes (1) a highly solvated
and hvdrogen-bonded intermediate of 3-EtO-NDZ exasts

in acidic ethanol, (2) the solvating ethanol (a4 nucle-
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manner due to the conformational preference of either
(3R)-EtONDZ (in P contormation ) or (3S)-Et()-
NDZ (in

EtO-NDZ undergoes racemization as a consequence of

M conformation), and (4)enantiomers of 3-

the stereoselective nucleophilic substitution. The rela-
tively simple mechanism proposed in Fig. 8 can be ap-

Plied to explain the ethanolysis of 3-O-ethyl-lorazepam

observed in acidic ethanol. "’ Relative to those proposed

4 -
146) our

carlier, proposed mechanism(Fig. 8) is consid-

erably simpler. The proposed mechanism can also be ex-
tended 1n concept to explain the mechanism involved in
the acid-catalyzed exchange of hydroxyl group of

(17, 18)

temazeparm and hydrolysis of alkoxy-BDZ’ s in

strongly acidic aqueous solutions.
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3-CL A AN £ W AR o g e ZARAE B M U
FALIA A e AE B
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...‘,tM.# ;,,,;}M"

P B 2 (3-EtO-NDZ 5 diazepam

——e

e

22.6 keal/mol.
LR OB CRE TR pKa  TE 42°C 1 }%1 9 Hhﬁf&ziiifhiﬁﬁw %ﬁm‘zm
Jlﬁna fﬁ Ezﬁﬁ:ﬂcuﬁ AR TR, AR R A Firec vl i B 77 C3 (A BUR RIS 14 1, 4-F
3. 4%13 0.63, 3-EtO-NDZ 2 $ih BASEEIE & 20 AR RSB R, R g RS R
o) i VR PR ) 7 B D L R AR R J‘J(rﬁﬁmjz’ )iide E(P)E A (M) RS R 80t — MR M SR A AL
TR B EB s TE 365 nm B R E M v C3 Bhx i AR, P RIEES 7 3-El)-
b I T R Y TR TR B LU R NDZ S S A B Wt 7 B D Rt A g v i
ﬁ*ﬁﬁ}; --------- WE) AR RR T e S B B2y M BR B 57 E K B 78 1 TS R IR R
A A E = 16.7 keal/mol, B IF 25°C I AHY =
16. 1keal/mol, AS* =-22.0 cal/K/mol #1 AGY

|
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