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Naltrindole, naltrindole analogs and the benzofuran congener naltriben have been prepared by
Fischer syntheses using mildly acidic, purely aqueous conditions. The preparation of naltrindole
and several analogs was accomplished under almost neutral conditions using just the
hydrochloride salts of naltrexone and various electron-rich and electron-poor phenylhydrazines in
boiling water. The products were obtained by simple filtration in good to excellent yields and with
high purities in the majority of cases. The route is suited to gram-scale synthesis, does not require
the use of organic solvents, minimizes the use of corrosive acids, and is simple, efficient and
environmentally friendly. Naltriben was prepared efficiently from the hydrochloride salts of
naltrexone and O-phenylhydroxylamine but more forcing conditions, 6.0 N HCI, were required.

A limitation to the method is the failure of Fischer cyclization between naltrexone and

nitro-substituted phenylhydrazines under aqueous conditions.

Introduction

Since their development by the Portoghese group, naltrindole!
(NTI, 1) and its benzofuran congener naltriben’> (NTB, 2)
have become valuable tools for studies of opioid receptor
pharmacology (Fig. 1). These potent and selective & opioid
receptor antagonists were designed from the peptide enkephalin
using the message-address concept.'? Tritiated NTI is routinely
used for & opioid receptor binding assays in vitro,* while tritiated
NTI analogs and tritiated NTB have been used for in vivo
studies of cerebral & opioid receptors in rodents.* Moreover,
a number of NTT analogs have been labeled with positron- and
single photon-emitting radionuclides for non-invasive imaging.®
In fact, carbon-11 labeled N1’-methyl-NTI¢ (Fig. 1) is in use for
clinical positron emission tomography (PET) imaging studies
of the & opioid receptors expressed by normal brain” and
heart,” as well as the 0 sites expressed by the primary tumors of
certain breast® and lung cancer patients.®* In our laboratories,
an area of current interest is the development of radiometal-
labeled, macrocyclic conjugates of NTI (Fig. 1) for studies of the
peripheral & opioid receptors expressed by some normal organs
and certain cancers.® Although small samples of NTT and NTB
for pharmacology studies are commercially available, continued
advances in the field would be facilitated by simple, scalable
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Fig. 1 Naltrindole, naltriben and selected analogs.

and environmentally friendly methods for preparation of gram
quantities of NTI, NTB and analogs for synthetic elaborations
and pharmacological evaluations."

NTI and derivatives having a variety of substituents have been
obtained in moderate to good yields by Fischer cyclizations
between naltrexone (NTX), a ketonic 4,5a-epoxymorphinan,
and various phenylhydrazines as exemplified in Scheme 1.141
Similarly, NTB and analogs have been obtained by using NTX
and O-phenylhydroxylamines.>!® These reactions use strongly
acidic conditions, such as concentrated HCI or methanesulfonic
acid, and take place at elevated temperatures in organic solvents,
such as refluxing ethanol or acetic acid. A milder variant using
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Table 1 Exploratory screening of conditions for Fischer synthesis of NTI (1)

“Reactants ¢Conditions “Product(s) “Conversion (%)

NTX-HCI, Phenylhydrazine. HCI Amberlyst-15®, toluene INTX-phenylhydrazone ~100

NTX-HCI, Phenylhydrazine. HC1 Amberlyst-15®, CH;OH NTI ~100

NTX-HCI, Phenylhydrazine. HCI 0.01 -6 N HCI NTI ~100

NTX-HCI, Phenylhydrazine-HCI H,0 NTI ~100

NTX base, Phenylhydrazine-HCl H,0 NTI ~50
YNTX-phenylhydrazone ~50

*NTX-HCI (10 mg, 25 pmol) and phenylhydrazine-HCI (1.2 equiv). ® Reflux, 1.5 h. ¢ Product assignments and estimates of conversion are from visual
inspection of analytical silica gel TLC of reaction mixtures as compared to standard samples of reactants and products. TLC used cyclohexane/EtOAc
(25/75) containing 1% triethylamine: R; 0.41, NTX; R; 0.29, NTL; R; 0.51, NTX-phenylhydrazone. ¢ NTX-phenylhydrazone was identified in the
crude mixtures by HRMS (ESI): caled for CyH3N;O; [M+H]* 432.2287; found 432.2271.
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Scheme 1 Fischer synthesis of naltrindole and analogs from naltrexone.

just 2 equivalents of p-toluenesulfonic acid in ethanol at reflux
has been reported for the Fischer synthesis of several NTI
analogs.’”® Overall, fairly harsh conditions are typical for the
classical Fischer indole synthesis.!

Recently, a variety of synthetic modifications have been
introduced to increase the practicality, and to lessen the envi-
ronmental impact, of the Fischer cyclization. This is particularly
important from the process chemistry viewpoint.”> Hazardous
materials have been reduced by use of Brensted or Lewis
acids in ionic liquids, followed by filtration or sublimation
for product isolation.”® Mild solid acids, including zeolites**
and montmorillonite clays,'™¢ have been used as catalysts for
some Fischer reactions, although organic solvents, such as
acetic acid, dihydropyran and aqueous dimethylacetamide, are
employed. Zinc chloride has been used successfully in truly
catalytic quantities during microwave-assisted Fischer reactions
conducted in biodegradable triethyleneglycol.’* The reusable
catalysts, Amberlyst-15®® and bismuth nitrate,’* have also
been used to promote Fischer indole synthesis in organic
solvents.

Here we report “green” Fischer syntheses of NTI and several
analogs using essentially neutral and purely aqueous media
at reflux. Aqueous mineral acids, however, were required for
efficient synthesis of NTB. The majority of reactions led to the
targets in good to excellent yields, and furnished compounds
of high purity after simple filtration or centrifugation. These
economical and efficient methods do not require the use of
organic solvents, minimize the use of corrosive acids, and

provide an environmentally friendly synthetic approach to this
important class of opioid receptor ligands.

Results and discussion

We explored several conditions on a small scale for Fischer
synthesis of NTI (1) from NTX-HCI and phenylhydrazine-HCl
using various acids and solvents at reflux for 1.5 h (Table 1,
Scheme 1). Initial studies using the strongly acidic resin
Amberlyst-15® in refluxing toluene led quantitatively to a non-
polar compound that remained stable even during extended
reaction times (ca. 10 h). This material was isolated by filtration,
and characterized as the phenylhydrazone of NTX by mass spec-
troscopy. Interestingly, the use of Amberlyst-15® in refluxing
methanol for 1.5 h gave quantitative conversion to NTI-HCI.
Although Amberlyst-15® has some advantages as a reusable
heterogeneous catalyst, the use of water alone and dilute mineral
acids proved simpler and just as efficient. In model reactions,
treating NTX-HCI with phenylhydrazine-HCI in aqueous HCI
ranging from 0.01 to 6.0 N at reflux for 1.5 h led quantitatively to
NTI-HCI by TLC. A 90% yield of NTI-HCI, pure by reversed-
phase HPLC, was obtained on a 1.3 mmol scale by using 0.1
N HCI followed by filtration. Similar aqueous conditions, 4%
H,SO, at reflux, have previously been employed for Fischer
synthesis of various pharmacologically active tryptamines,'é*®
and indole analogs of the antipsychotic butyrophenones.'*
Next, we investigated the degree of acidity required for NTI
synthesis in water. The minimum amount of HCI necessary was
found to be just two molar equivalents, corresponding to that
provided by the hydrochloride salts of the reactants. Quantitative
conversion of NTX-HCI and phenylhydrazine-HCI to NTI-HCl
in boiling water was observed by TLC over 1.5 h. By contrast,
treating the free base of NTX with phenylhydrazine-HCI under
the same conditions for 2.5 h led to a roughly equimolar
mixture of NTI and a compound tentatively assigned by mass
spectroscopy of the crude mixture as the phenylhydrazone of
NTX. Presumably, the phenylhydrazone is formed quantita-
tively, but one equivalent of HCI is not sufficient to promote
isomerization to the ene-hydrazine tautomer necessary for [3,3]-
sigmatropic rearrangement to the indole."

The novel synthesis of NTT using just the hydrochloride salts
of the reactants in boiling water is particularly mild, pH ~ 5,
and proved efficient and convenient on a preparative scale. We
obtained 3.6 g (96%) of pure NTI-HCI (8 mmol) after bringing
an equimolar mixture of the salts to reflux and stirring for
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Table 2 Preparation of NTI, NTI congeners and NTB in aqueous media at reflux

% Yield Aqueous % Yield Classical

Reactants Product Conditions % Purity Conditions Conditions
NTX-HCI, Phenylhydrazine-HCl NTI H, 0, precipitation 99 97 714

NTI-HCl 1 H,O, filtration, 4 °C 99 96
NTX-HC], N1’-Me-NTI-HCI1 3 HCI1 0.1 N, centrifugation, 99 73 58¢
1-Methyl-1-phenylhydrazine 4°C

HC10.1 N, evaporation 98 97

NTX-HC], NTB-HCl12 HCI1 6.0 N, filtration, 4 °C 98 93 80°
O-Phenylhydroxylamine-HCl
NTX-HCI, 5-OMe-NTI-HC1 4 H,O, centrifugation, 4 °C 95 61 56
p-Methoxyphenylhydrazine-HCI
NTX-HCI, 7’-CI-NTI-HCI 5 HCI1 0.1 N, filtration, 4 °C 90 78¢ 77
o-Chlorophenylhydrazine-HCI
NTX-HCI, 7-F-NTI-HCI 6 H,O, centrifugation, 4°C 71 53¢ 50
o-Fluorophenylhydrazine-HCI
NTX-HCI, N-Ethyl-2,4- N1-Et-5",7"-dibromo-NTI-HC17 H,O, extraction and 98 27 134
dibromophenylhydrazine-HCl chromatography
NTX-HCI, HO. -HC19 HCI1 0.1 N, filtration 96 75 -

o-Nitrophenylhydrazine

0
b N

OH 3
I}l 4
0
O,N

“Ref. 1. ® Present work. ¢ Molar yield calculated based on HPLC data as if purification to homogeneity were performed. Isolated yields of stated

purity reported for other cases. ¢ Ref. 4a. ¢ Ref. 2.

45 min, followed by cooling and simple filtration of the product
that has low solubility in water (Table 2). Alternatively, the
free base of NTI could be prepared, with similar results, by
careful addition of solid potassium carbonate to precipitate the
product from the hot reaction medium. The method can also be
applied to N-substituted phenylhydrazines as long as sufficient
acid is available. Treatment of NTX-HCl with 1-methyl-1-
phenylhydrazine in refluxing HCI (0.1 N) for 90 min, followed
by chilling and centrifugation at 4 °C, gave N'1’-methyl-NTI (3)
in 73% yield with high purity (Table 2, Scheme 1). Alternatively,
3 was obtained in nearly quantitative yield and with high
purity after evaporation of the reaction medium (Table 2). In
marked contrast, reaction of NTX-HCI with the free base of 1-
methyl-1-phenylhydrazine in plain water was not complete even
after extended times. Next, we attempted to obtain NTB (2,
Fig. 1) from NTX-HCI and phenylhydroxylamine-HCI under
aqueous conditions. NTB synthesis in water or dilute HCl
proved sluggish. However, NTB-HCL was obtained in 90% yield
with 98% purity by using boiling 6.0 N HCI followed by cooling
and filtration. This procedure proved more convenient than
the use of refluxing methanesulfonic acid for NTB synthesis
as previously described.?

To gain insight into the scope and limitations of such
aqueous Fischer syntheses, we treated various aryl-substituted
phenylhydrazines with NTX-HCI (Table 2, Scheme 1). Treat-
ment of electron-rich p-methoxyphenylhydrazine-HCl with
NTX-HCI in boiling water gave 5-OMe-NTI-HCI (4) in 61%
isolated yield with 95% purity. The yield proved similar to
the 56% reported when boiling acetic acid was used,' but

without the need for organic solvents or a discrete purification
step.

We then examined the reactivity of electron-deficient
phenylhydrazines (Table 2). In the halogen series, o-
chlorophenylhydrazine-HCI reacted with NTX-HCI in boiling
water to give 7-CI-NTI-HCl (5) in 74% yield with 90%
purity after filtration. This derivative has not been described
previously to our knowledge, so we also used typical Fis-
cher conditions for synthesis. Refluxing NTX-HCl and o-
chlorophenylhydrazine-HCl in methanol/HCI (g) for 4.5 h,
followed by workup and flash chromatography, provided 5 in
54% yield. Thus, synthesis in water and isolation by filtration
provides a simpler alternative that gives fairly comparable
results. 7-F-NTI (6) was formed as the major product resulting
from refluxing NTX-HCI and o-fluorophenylhydrazine-HCI in
water. However, evaporation followed by HPLC analysis showed
only 42% purity and a calculated yield of 49%. Purity was
increased to a more acceptable 71% by chilling the mixture
and isolating the product by centrifugation in 53% yield. Using
methanol/HCI (g) at reflux, 6 was obtained previously in 50%
yield after recrystallization.'

We then explored Fischer cyclization between NTX-HCl
and N-ethyl-2,4-dibromophenylhydrazine-HCI. This synthesis
was best conducted under dilute conditions, and the poorly
reactive dihalophenylhydrazine had to be used in two-fold excess
to achieve significant conversion. Nonetheless, N1’-ethyl-5",7’-
dibromo-NTI-HCI (7) was obtained after chromatography in
27% yield with >98% purity. Although rigorous purification was
required and the isolated yield was low, the results still compare

306 | Green Chem., 2010, 12, 304-309

This journal is © The Royal Society of Chemistry 2010


http://dx.doi.org/10.1039/b920864j

Published on 07 January 2010. Downloaded by Monash University on 27/10/2014 17:16:32.

View Article Online

favorably to the 13% yield reported for preparation of 7 under
harsher, classical conditions (concentrated HCl/glacial HOAc)
for use as the precursor to [PH]-N1’-Et-NTI-HCL.*

Fischer synthesis of even simple nitroindoles is difficult, and
requires forcing conditions such as polyphosphoric acid or 85%
phosphoric acid/toluene at elevated temperatures.”” Notably,
Portoghese and colleagues were able to prepare 5'-NO,-NTI (8)
in 55% yield using concentrated HCl/glacial HOAc at reflux.!
Treatment of NTX-HCI with p-nitrophenylhydrazine failed to
provide 8 under a variety of aqueous conditions (0.1 - 12 N
HCI, reflux). We then tested the reactivity of NTX-HCI with
o-nitrophenylhydrazine in boiling 0.1 N HCI and observed
a clean reaction by TLC and HPLC. However, the product
obtained by filtration and drying was not 7-NO,-NTI (R =
H, X = 7-NO,; Scheme 1), but o-nitrophenylhydrazone 9
which was obtained in 71% yield with 96% purity (Table 2).
Although phenylhydrazones are intermediates in the Fischer
cyclization, this compound could not be forced to cyclize after
extended reaction times in aqueous acid. Apparently, reactivity is
diminished predominantly by electronic rather than steric effects
under aqueous conditions since neither p- nor o-nitro groups
permitted cyclization. Thus, nitro-substituted NTI analogs are
best prepared under the classical, harsher conditions.

Conclusion

We have described novel Fischer indole syntheses of NT1, indole
ring-substituted NTI analogs, and the benzofuran congener
NTB under mildly acidic, purely aqueous conditions. Two equiv-
alents of HCI were required to promote the condensation and
rearrangement steps of the Fischer reaction, allowing synthesis
of NTI and analogs using just the hydrochloride salts of NTX
and the various phenylhydrazines in boiling water. In one case
where the HCI salt of the phenylhydrazine was not available,
the reaction took place efficiently in dilute HCI (0.1 N). No-
tably, these mild conditions sufficed for both electron-rich and
electron-poor phenylhydrazines, but failed to furnish the corre-
sponding indoles when the phenylhydrazine was substituted with
strongly electron-withdrawing nitro groups. With the exception
of poorly reactive N-ethyl-2,4-dibromophenylhydrazine-HCI,
the phenylhydrazines were used in only 2 - 10% molar excess
relative to NTX-HCI. Thus, convergent synthesis of more
elaborate NTI analogs from NTX using only a slight excess
of complex phenylhydrazines from custom synthesis seems
feasible. The aqueous Fischer reaction between NTX-HCI
and phenylhydroxylamine-HCI to produce NTB-HCI was best
accomplished using boiling 6.0 N HCI. The synthesis of NTB
analogs from substituted phenylhydroxylamines may also be
possible, but was not explored in our study. The Fischer products
were easily obtained by filtration or centrifugation due to their
insolubility in water with respect to the reactants and byproducts
(e.g., NH,Cl). In the majority of cases, product yields and
purities were good to excellent. These mild aqueous conditions
provide a simple, efficient, scalable and environmentally friendly
alternative to the harsher Fischer conditions typically used for
the preparation of NTI, NTB and analogs. Moreover, the use
of only the acid salts of Fischer reaction components in water
may have a degree of general applicability, and could circumvent

problems encountered under the standard conditions when the
product proves acid-sensitive.'®

Experimental
General information

Reagents and solvents were the best grades available, and
were used as received. Naltrexone-HCl was obtained from
Mallinckrodt, Inc. Naltrindole hydrochloride and naltriben
methanesulfonate were purchased as reference standards from
Sigma-Aldrich, Inc. Known, but commercially unavailable,
naltrindole derivatives were synthesized for reference as de-
scribed previously.™** TLC was done on Macherey-Nagel silica
gel 60 UV254 (250 um) plates. Flash chromatography was
conducted with EM Science 9385 silica gel 60 (230 - 400 mesh)
under N2 pressure. Reversed-phase column chromatography
was performed under N2 pressure using C18 (35-75 um) from
Analtech. High resolution mass spectroscopy (HRMS) using
electrospray (ESI) mode was done at the University of Min-
nesota. 'HNMR spectra were obtained on Bruker spectrometers
at 300 MHz. Chemical shifts are parts per million (8) relative
to residual solvent (CHCI;, 7.24 ppm), or to TMS (0.00 ppm)
as an internal standard. Elemental analyses were performed by
Atlantic Microlab, Inc.

17-(Cyclopropylmethyl)-6,7-didehydro-4,5a-epoxy-3,14-dihy-
droxy-indolo[6,7:2°,3'] morphinan (naltrindole, NTI, 1). Proce-
dure A (NTI free base). NTX-HCI (3.00 g, 7.94 mmol) and
phenylhydrazine-HCI (1.18 g, 8.08 mmol, 1.02 equiv) were
dissolved in water (60 mL) with stirring at ambient temperature.
After approximately 5 min a heavy precipitate, presumably the
phenylhydrazone, was formed. The mixture was then brought to
boiling and a clear yellow solution was obtained. After reflux for
45 min, solid K,CO; (2.00 g, 14.5 mmol) was added cautiously
and in small portions. The mixture was then cooled to ambient
temperature, and a yellow paste was obtained by filtration.
Trituration with water followed by drying in vacuo at 45 °C gave
NTI-0.7 H,O (3.32 g, 98%) as a beige powder of 99% purity by
reversed-phase HPLC. Characteristic'H NMR signals' (CDCl;,
300 MHz): 6 8.15 (s, 1H), 7.39 (d, / = 7.8 Hz, 1H), 7.25(d, J =
7.8 Hz, 1H), 7.12 (dd, J = 7.2 Hz, J = 7.8 Hz, 1H), 7.0 (dd, J =
7.2 Hz, J = 7.8 Hz, 1H). HRMS (ESI) calcd for C,xH,,N,0;
[M+H]* 415.2022; found: 415.2002. Anal. Calcd for C,sH,N,O;
-0.7 H,0: C, 73.11; H, 6.47; N, 6.56. Found: C, 73.15; H, 6.19;
N, 6.63.

Procedure B (NTI-HCI). As described above, NTX-HCI
(3.00 g, 7.94 mmol) and phenylhydrazine-HCl (1.18 g,
8.08 mmol) in water (60 mL) were brought to reflux for 45 min.
The mixture was cooled to ambient temperature, and then chilled
at 4 °C for 1 h. The resulting pale yellow solid was filtered,
triturated with ice-cold water, and then dried in vacuo at 45 °C
to give NTI-HCI-1.8 H,O (3.57 g, 93%) as a pale beige powder
of > 99% purity by reversed-phase HPLC. Anal. Caled for
C,H,,CIN,O; + 1.8 H,0O: C, 64.60; H, 6.38; N, 5.80. Found:
C, 64.58; H, 6.26; N, 6.17.

17-(Cyclopropylmethyl)-6,7-dehydro-4,5a-epoxy-3,14-dihydr-
oxy-1"-methyl-indolo [6,7:2°,3'] morphinan hydrochloride (N1'-
methyINTI-HCI, 3). Procedure A (isolation by centrifugation).
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A mixture of NTX-HCI (0.15 g, 0.40 mmol) and 1-methyl-1-
phenylhydrazine (50 puL, 0.052 g, 0.42 mmol) was dissolved in
0.1 N HCI (3 mL) using a 15 mL plastic centrifuge tube as the
reaction vessel. After heating in a boiling water bath for 1.5 h, the
mixture was cooled to ambient temperature and then chilled at
4 °C for 30 min. After centrifugation (10,000 rpm, 4 °C; 5 min),
the supernatant was discarded and the precipitate dried in vacuo
at 45 °C to furnish N1’-Me-NTI-HCI (0.14 g, 73%) as a beige
powder of 99% purity by reversed-phase HPLC. Characteristic
"H NMR signals! for the free base (CDCl;, 300 MHz): 6 7.40 (d,
J=17.8Hz, 1H),7.23(d, J =8.2 Hz, 1H), 7.17(ddd, J/ = 1.0 Hz,
J=69Hz,J=8.2Hz,1H),7.0(ddd,/=1.0Hz,J =69Hz,J =
7.8 Hz, 1H), 3.80 (s, 3H). HRMS (ESI) calcd for C,,H,,N,O;
[M+H]* 429.2173; found: 429.2162. Procedure B (isolation by
evaporation). As described above, NTX-HCI (0.15 g, 0.40 mmol)
and 1-methyl-1-phenylhydrazine (50 uL, 0.052 g, 0.42 mmol) in
0.1 N HCI (3 mL) were heated in a boiling water bath for 1.5 h,
and then cooled to ambient temperature. The entire reaction
mixture was evaporated to dryness under reduced pressure, and
then dried in vacuo at 45 °C to furnish N1’-Me-NTI-HC1 (0.20 g,
97%) as a beige powder of 98% purity by reversed-phase HPLC.

17-(Cyclopropylmethyl)- 6,7 - didehydro - 4,50 - epoxy-3,14 - di-
hydroxy-benzo|b]furano [6,7:2°,3'] morphinan hydrochloride (nal-
triben hydrochloride, NTB-HCI, 2). A mixture of NTX-HCI
(1.13 g, 3.00 mmol) and O-phenylhydroxylamine-HCI (0.46 g,
3.16 mmol, 1.05 equiv) in 6.0 N HCI (30 mL) was refluxed for
4 h. The reaction was cooled to ambient temperature, and then
refrigerated at 4 °C overnight. The precipitate was collected by
filtration, and washed with ice-cold 6.0 N HCI until the filtrate
was colorless. The solid was dried in vacuo at 45 °C to furnish
NTB-HCI(1.26 g, 93%) as a pale brown powder of 98% purity by
reversed-phase HPLC. Characteristic '"H NMR signals? for the
free base (CDCl;, 300 MHz): 6 7.42 (d, J = 8.1 Hz, 1H), 7.37 (d,
J=7.4Hz, 1H),7.25(ddd, J =1.3Hz,J =7.2Hz,J = 8.1 Hz,
1H),7.15(ddd, J =0.9Hz,J = 7.2 Hz, J = 7.4 Hz, IH). HRMS
(ESI) calcd for C,sH,sNO, [M+H]* 416.1862; found: 416.1869.

17-(Cyclopropylmethyl)-6,7 -didehydro-4,50.-epoxy-3,14-di-
hydroxy -7’ - chloro - indolo[6,7:2°,3] morphinan (7’ - chloronaltri-
ndole, 7’-CI-NT1I, 5). Procedure A (classical Fischer conditions,
free base). A mixture of NTX-HCI (0.75 g, 2.0 mmol) and 2-
chlorophenylhydrazine-HCI (0.54 g, 3.0 mmol) was dissolved in
MeOH (20 mL) that had been treated with HCI (g) to 10% by
weight. After reflux under nitrogen for 4.5 h, the reaction mixture
was cooled, and solvent removed under reduced pressure. The
residue was dissolved in MeOH, and then partitioned between
EtOAc and saturated Na,CO;. The combined organic extracts
were dried (Na,SO,), filtered and concentrated under reduced
pressure. The residue was purified by flash chromatography
using a gradient of hexane/EtOAc (70/30) containing 2 - 10%
MeOH and 2% triethylamine to give 0.72 g (77%) of 7’-CI-NTI
monohydrate as a yellow powder (mp 240 °C, dec). '"H NMR
(CDCl;, 300 MHz): 6 8.52 (s, 1H), 7.27 (d, J = 9.0 Hz, 1H), 7.09
(d,J/=7.5Hz,1H),691 (t,J =7.7Hz, 1 H), 6.62(d, J = 8.1 Hz,
1H), 6.54 (d, J = 8.1 Hz, 1H), 5.67 (s, 1H), 5.23 (br. s, 1H), 3.37
(d,J =6.1Hz),3.13(d, J = 18.5Hz, 1H), 2.86 (d, J = 15.5 Hz,
1H), 2.81 - 2.73 (m, 2H), 2.63 (d, J = 15.5 Hz, 1H), 2.49 - 2.25
(m, 4H), 1.77(d, J =11.8 Hz, 1H) 1.26 (br s, 1 H), 0.89 (m, 1H),
0.57 (d, J = 7.3 Hz, 2H), 0.17 (d, J = 4.6 Hz, 2H). Anal. Calcd

for C,xH,;CIN,O; - H,0: C, 66.88; H, 5.82; N, 6.00. Found: C,
67.29; H, 5.54; N, 5.93. Procedure B (aqueous Fischer conditions,
HCI salt): A mixture of NTX-HCI (0.15 g, 0.40 mmol) and 2-
chlorophenylhydrazine-HCI (0.080 g, 0.44 mmol) was dissolved
in water (3.0 mL) using a 15 mL plastic centrifuge tube as
the reaction vessel. After heating in a boiling water bath for
1.5 h, the mixture was cooled to ambient temperature and then
chilled at 4 °C for 30 min to give a brown precipitate. After
centrifugation (10,000 rpm, 4 °C; 5 min), the supernatant was
discarded and the precipitate suspended in ice-cold 0.1 N HCI
(2 mL), vortexed thoroughly, and then centrifuged again. This
process was repeated three times, and the solid was then dried
in vacuo at 45 °C to furnish 7’-CI-NTI-HCI-0.4 H,O (0.16 g)
as a brown powder of 90% purity by reversed phase HPLC in
an effective 78% molar yield when adjusted for purity. 'H NMR
data obtained for the free base as reported in Procedure A above.
HRMS (ESI) caled for C,sH,CIN,O; [M+H]* 449.1626; found:
449.1618. Anal. Calcd for C,cH,;CIN,O; - 0.4 H,0: C, 68.46; H,
5.70; N, 6.14, Cl, 7.77. Found: C, 68.43; H, 6.25; N, 6.46, Cl,
7.92.

17-(Cyclopropylmethyl)-4,5a.-epoxy -3, 14-dihydroxymorphi-
nan-6-one, (E)-2-nitrophenylhydrazone hydrochloride (naltrex-
one o-nitrophenylhydrazone-HCl, 9). A mixture of NTX-HCI
(0.15 g, 0.40 mmol) and o-nitrophenylhydrazine (0.065 g,
0.41 mmol, 1.03 equiv) in 0.1 N HCI (3 mL) was refluxed
for 1.5 h, and then cooled to ambient temperature. The bright
orange paste was collected by filtration, and washed with 0.1
N HCI until the filtrate was pale yellow. The solid was dried in
vacuo at 45 °C to furnish the monohydrate of the title compound
(0.16 g, 75%) as a yellow powder of 96% purity by reversed-phase
HPLC. "H NMR (free base, CDCl;, 300 MHz): 8 12.74 (s, 1H),
8.11 (dd, J = 1.2 Hz, J = 7.6 Hz, 1H), 7.77 (dd, J = 1.2 Hz,
J=8.5Hz, 1H), 7.47 (ddd, J =1.2Hz,J =7.0Hz,J = 7.6 Hz,
1H), 6.77 (ddd, J = 1.2 Hz, J = 7.0 Hz, J = 8.5 Hz, 1H), 6.69
(d, J = 8.1 Hz, 1H), 6.59 (d, J = 8.1 Hz, 1H), 5.49 (bs, 1H),
5.36 (s, IH), 5.13 (bs, 1H), 3.15(d, J = 6.1 Hz, 1H), 3.03 (d, J =
18.5 Hz, 1H), 2.94 (m, 1H), 2.70 (dd, J = 4.3 Hz, J = 11.9 Hz,
1H), 2.58 (dd, J = 6.1 Hz, J = 18.5 Hz, 1H), 2.46 (m, 1H), 2.39
(d, J = 6.6 Hz, 2H), 2.33 (dd, / = 4.9 Hz, J = 11.9 Hz, 1H),
2.16 (m, 1H), 1.71 (m, 1H), 1.56 (m, 2H), 0.85 (m, 1H), 0.54 (m,
2H), 0.13 (m, 2H). HRMS (ESI) calcd for C,sH,yN,Os [M+H]*
477.2138; found: 477.2154. Anal. Calcd for C,sHxCIN,Os -
H,0: C, 58.92; H, 5.71; N, 10.57. Found: C, 58.78; H, 5.68;
N, 10.51.
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