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SUMMARY

Mercury(1I) oxide oxidation of naltrexone (la) and nal-
oxone (lb) gave 15,l16-didehydronaltrexone (4a) and 15,16~
didehydronaloxone (4b) Subsequent reduction of 4a with
tritium gas afforded | naltrexone~15,16-3H, having a specific
activity of 15.3 Ci/mmole. Subsequent equilibration of 4b
with carrier free tritium oxide followed bg sodium cyano-
borohydride reduction yielded naloxone-15~H having a
specific activity of 4 Ci/mmole.
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INTRODUCTION

Current studies involving the potent narcotic antagonists N-cyclo-
propylmethyl-7,8-dihydro-1l4~hydroxynormorphinone (naltrexone, la) and
N-allyl-7,8-dihydro-l4-hydroxynormorphinone (naloxone, 1b) have created
a need for radiolabeled compounds of high specific activity with the
label located in biclogically stable positions.

A previously reported synthesis of high specific activity naloxone-7,
8—3}12 involved the reduction of l4-hydroxynormorphinone (2) with tritium
gas followed by N-alkylation with allyl bromide.l A major drawback to
this route was the multistep synthesis of 2 from thebaine which yilelded a
1:1 mixture of 2 and 8,14-dihydroxydihydronormorphinone (3). Another
drawback was that essentially half of the label introduced in the re-
duction step was labile to the conditions of the alkylation step.2
Attempts in our laboratory to improve the synthesis of naltrexone-7,8-
3H2 met with only moderate success and further indicated the need for a
less complex synthesis.
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The successful synthesis of 15,16-didehydro-6,l4-endo-etheno-6,7,8,
ll;-t:et:1:ahydroor:t.pavimzs3 prompted us to investigate a route to radiolabeled
la involving the intermediacy of 15,16-didehydronaltrexone (4a). During
the course of our investigation Lewls, et _a_l_.,4 described the synthesis of
tritium labeled tetrahydrooripavines from the corresponding 15,16-didehydro-
compounds. We wish now to report our synthesis of high specific activity
naltrexone-15, 16-3112 and naloxone- 15-3}1 .

RESULTS AND DISCUSSION

Dehydrogenation of either naltrexone (la) or naloxone (1lb) with yellow
mercury(II) oxide in 1.5N acetic ac:i.c:13’5 readily afforded the 15,16~dide-
hydrocompounds 4a and 4b in moderate yield. Trace amounts of the starting
material and an unidentified minor product were removed in each case by
purification on ChrowmAR 1000. When stored in the cold and protected from
light both 4a and 4b were stable indefinitely.

The ir spectrum of 4a showed bands at 1728(s) and 1621(m) cm-l while
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the pmr spectrum in deuterochloroform showed a doublet (J = 4 Hz) at 5.14
ppm which was assigned to H~16. No signal for H-15 was detected in the
olefinic region of the pmr spectrum. However, upon deuterium oxide ex-

change the H~16 doublet collapsed to a singlet as expected.4’6

In addi-
tion, a doublet (J = 12 Hz) at 2.07 ppm and a partially overlapped doublet
of doublets (J = 12 Hz, 4 Hz) at 2.46 ppm disappeared from the spectrum
upon deuterium oxide exchange. This pattern of exchangeable resonances
was interpreted as an ABX spectrum (A at 2.07, B at 2.46, X at 5.14 ppm)
wvith JAB = 12 Hz, JAX = 0, and JBX = 4 Hz. The pmr spectrum of 4a in
deuterobenzene was similar. These observations suggested that 4a existed
in the iminium tautomeric form 5 under the conditions of the pmr experi-
ments with the protons at C-15 being rapidly exchanged by the deuterium
oxide. The fact that the iminium form 5 requires a proton source, but
appears to exist in aprotic solvents even when care is taken to exclude

moisture suggests that the phenolic and the l4-hydroxyl groups are the

proton source and that 4a may exist as a zwitter-ion.

f:
OV S

The integrity of the cyclopropylmethyl group in 4a was indicated by
the cyclopropyl multiplets at 0.5 ppm (4H) and 0.9 ppm (1H) 1in the pmr
spectrum. The chemical shifts and general appearance of these multiplets
were very similar to those observed for the same molety in naltrexone.
Finally, the mass spectrum of 4a, like that of naltrexone, contained peaks
derived from the loss of cyclopropyl and cyclopropylmethyl fragments.

The ir spectrum of 4b showed bands at 1727(s) and 1618(m) cm_l while
the pmr spectrum of deuterochloroform was very similar to that of 4a.

Once again an apparent ABX pattern of deuterium oxide exchangeable reso-
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nances was observed for the enamine protons (A at 2.07, B at 2.45, X at
5.02 ppm; JAB = 12 Hz, JAX =0, JBX = 4 Hz), These observations were
again rationalized in terms of the iminium tautomeric form 5.

Reductive tritiation of 4a was carried odt in absolute ethanol using
carrier free tritium gas and a 10% palladfum on charcoal catalyst. After
chromatography naltrexone-15,16—3H2 with a specific activity of 15.3 Ci/
mmole and a radiochemical purity of 94 + 3% was obtained in 70.4% yield.
This synthesis clearly demonstrated that compounds containing the cyclo-
propylmethyl group could be subjected to reductive tritiation without
opening the cyclopropane ring.

The low specific activity (compared to the theoretical of 59 Ci/
mmole) of the tritiated naltrexone raised questions pertaining to the
position of the label. As mentloned, the pmr spectra of 4a suggested
that it existed in deuterochloroform solution in the iminium form 5.

The possibility therefore arises that a significant amount of 5 was pre-

sent in the reduction medium. The low incorporation of isotopic hydrogen
could then be explained if the iminium form is more rapidly reduced than

the enamine form, thereby giving material with incorporation of isotopic

hydrogen predominantly at the l6-position.

To clarify this point a sample of naltrexone—lS,lG—ZH2 prepared
from 4a under conditions identical to those used for the preparation
of the tritium labeled material was studied.

The mass spectrum of the deuterated compound showed 307% do, 50% dl’
and 207 d2 species. On the basis of the mass spectrum one might conclude
that the enamine and iminium forms of 4a were being reduced simultaneously
with a predominance of 16~labeled species being formed. However, the cmr
spectrum of the deuterated compound clearly showed that the deuterium label
was nearly equally distributed between the 15- and l6é-carbon atoms, as the
cmr signals assigned7 to these carbon atoms suffered approximately equal
reduction in intensity compared to the corresponding unlabeled compound.
Thus, the designation of this compound as being 15,16-labeled 1s correct.

The synthesis of radiolabeled naloxone from 4b by reductive tritia-
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tion was obviously not possible due to the presence of the allyl double
bond. Moreover, the sodium borotritide reduction method4 could not be used
because of the 6-ketone. However, the above pmr data on 4a and 4b suggested
that a two-step process of catalytic exchange and sodium cyancborohydride
reduction8 might be feasible for preparing the labeled compound.

To test the- above hypothesis a sample of 4b was equilibrated for ten
minutes with a large excess of deuterium oxide containing a trace of con-
centrated hydrochloric acid. Subsequent reduction with sodium cyanoboro-~
hydride then gave a 57.47 yield of naloxone-lS-ZHZ. Mass spectral analy-

sis of the product indicated the following deuterium content: d,, 3.9%;

0!

d,, 28.0%; dz,‘sg.zz; dj, 6.4%; 4, 2.4%.

1 4

For the radioactive synthesis a suspension of platinum oxide in dry
tetrahydrofuran was reduced with tritium gas to get carrier free tritium
oxide. This was equilibrated with 4b and the labeled iminium intermediate
subsequently reduced with sodium cyanoborohydride.9 After chromatography
naloxone~15—3H with a specific activity of 4 Ci/mmole10 and a radiochemi-
cal purity of greater than 957 was obtained in 38.3% yield. This synthesis
was clearly a less complex Youte to radiolabeled naloxone of high specific
activity.

EXPERIMENTAL

Radiocactive samples were counted in a Packard Tri-Carb 3375 liquid
scintillation spectrometer using an Omnifluor-toluene (6 g/liter) cocktail.
Developed tlc plates were scanned on a Varian Berthold Radioscanner fitted
with a model LB 242 K ratemeter. Pmr spectra were recorded on a Varian
HA-100 spectrometer and mass spectra were obtained on an AEI MS 902 in-

strument. Tritium gas was purchased from New England Nuclear, Boston, Mass.

15,16-Didehydronaltrexone (4a). Naltrexone was dehydrogenated by

the method of Lewis, et gl.a ChromAR purification of the crude product

was carried out using a CHCla—CH30H-NH40H (96:4:4 drops) solvent system.

Anal. Calcd. for Cyolp N0, 339.1470. Found: 339.1477.
15,16-Didehydronaloxone (4b). Naloxone was dehydrogenated and the

product purified by the same procedures used for the synthesis of 4a.

405
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Anal. Calcd. for C19H19N04: 325.1310. Found: 325,1310.

Naltrexone-lS,lG-aﬁz. A mixture of 4a (19.0 mg), 10%Z palladium on

charcoal (9.5 mg), and absolute EtOH (1.5 ml) was stirred at room tempera-
ture for 1 hr. The mixture was then filtered through a cotton plug and
the filtrate evaporated to get 16.2 mg of recovered 4a. This procedure
was necessary to remove trace amounts of catalyst peison from 4a.

A mixture of recovered 4a, fresh catalyst (6.0 mg) and absolute EtOH
(1.0 ml) was placed in a small flask connected to a modified high vacuum
microhydrogenation apparatus.ll A break-seal ampoule containing carrier
free tritium gas (5.0 Ci, 1.90 ml at STP) was also attached. The mixture
was frozen in liquid nitrogen, the system evacuated, and the ampoule seal
then broken. The mixture was subsequently warmed to room temperature and
stirred overnight, after which time the uptake of tritium gas was 98.1%
complete. The mixture was refrozen, the excess tritium gas pumped out,
and the reaction flask removed from the apparatus and thawed. The catal-
yst was removed by filtration and the resulting solution evaporated to
dryness in vacuo. The residue was chromatographed on ChromAR 1000 (20 x
20 cm sheet) using the CHCl3—CH30H-NH40H (96:4:4 drops) solvent system.

The zone corresponding to la was eluted with CHC1l —CH30H (7:3) to get 11.4

3
ng (70.4%) of naltrexone-15,16—3H with a specific activity of 15.3 Ci/mmole.
Thin layer chromatography of this material [silica gel HF254,CHC13—

CH30H-NH40H (90:10:4 drops)] showed a single radioactive spot with an Rf
identical to that of naltrexone. Reverse isotopic dilution analysis (crys-
tallized from CH2012—C6H6) established the radiochemical purity at 94 + 37.
Equilibration experiments with pH 7.4 phosphate buffer showed that none of
the label was exchangeable.lz
Naloxone—lS-sH. Using the modified vacuum microhydrogenation appaa-
ratusll a suspension of PtO2 (39.5 mg, 0.174 mmole) in THF (1 ml) was re-
duced with tritium gas (10.00 Ci, 3.80 ml at STP). After two hours the

uptake of gas was essentially complete. The mixture was frozen in liquid

nitrogen, the residual gas pumped out, and the reaction flask removed from
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the apparatus.

To the thawed reaction mixture were added 4b (19.5 mg, 0.060 mmole)
and concentrated HC1 (2 ul). The resulting mixture was stirred one hour
at room temperature. Then solid NaBH3CN (about 8 mg, 0.13 mmole) was ad-
ded and the mixture stirred for 30 min more. It was next filtered through
cotton and the removed solids washed with additional THF. The combined
filtrate and washings were evaporated and the residue chromatographed
on an analytical silica gel HF254 plate (20 x 20 cm, Brinkmann) using
the CHC1,-CH OH-NHAOH (90:10:4 drops) solvent system. The zone cor=-

3773

responding to 1b was eluted with CHC1,-CH.OH (8:2) to get 7.5 mg (38.3%)
- 3

3
of naloxone—15-3H with avspecific activity of 4 Ci/mmole.

Thin layer chromatography of this material [silica gel HFZS&’
CHC13-CH30H-NH4OH (90:10:4 drops)] showed a single radioactive spot
with an Rf identical to that of naloxone. Reverse isotopic dilution
analysis (crystallized from EtOAc) established the radiochemical purity
at greater than 95%.
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