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SUMMARY

The preparation and characterization of tritium-labelled 2-(o-
chlorophenyl )-2-(methylamino ) cyclohexanone hydrochloride is de-
scribed. Under the exchange conditions employed (CFsCOOH,
10 ¢3H»0, Pt), it was expected that the tritium would be distributed
between the phenyl and cyclohexanone rings. Our observations
indicated that the major portion of the tritium was located in the
cyclohexanone ring.

INTRODUCTION.

The pharmacological properties of 2-(o-chlorophenyl)-2-(methylamino)-
cyclohexanone hydrochloride, hereinafter referred to as CI-581-HCI, have
recently been described by McCarthy ef al. ), This paper describes the
preparation and characterization of tritium labelled CI-581-HCI1 which will
be used to extend the metabolic studies reported earlier by Chang et al. .
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Fig. 1. CI-581-HC1
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CI-581-HCI contains both an aromatic ring and a cyclohexanone ring
as shown in Figure 1. The preparation of CI-581-3H-HCI by an acid catalyzed
exchange procedure provided an interesting example of the relative competi-
tion for tritium between the two ring systems.

PREPARATION OF CI-581-H-HCL

Preliminary experiments with millicurie quantities of tritium demonstrated
that CI-581-HCl could be labelled by acid catalyzed exchange to yield
CI-581-*H having a radiochemical purity of >909%;. Subsequently, a sample
of CI-581-HCI was exchange-labelled as follows * : 50.0 mg of CI-581-HCl
was dissolved in 0.2 ml of trifluoroacetic acid containing 10 curies of tritiated
water and 25.0 mg of prereduced platinum catalyst. The reaction mixture
was heated at 100° C for eighteen hours while being stirred magnetically.
The reaction mixture was cooled, diluted by the addition of 10.0 ml
0.0001 N HCI, and vacuum distilled to dryness to remove labile tritium. The
tritiated residue was dissolved in 10.0 ml 0.0001 N HCl. The total incor-
porated tritium in the product was 146 mc.

A chromatography study ** (TLC) indicated that the tritiated product
was CI-581-SH-HCl with a radiochemical purity of approximately 959.
After this product had been stored in 0.01 N HCI at —20° C for approximately
one year, the free base was extracted into chloroform from 0.1 N NaOH.
Chromatography studies on the chloroform extract in five TLC systems
established that the radiochemical purity of CI-581-3H remained unchanged.

To obtain CI-581-°H of higher radiochemical purity, the chloroform
extract was concentrated to approximately 2 ml by evaporation and then
chromatographed preparatively on a thin layer plate (Silica Gel Gg, 500 p
thick; Et,O : MeOH : H,0, 4 : 4 : 1). CI-581-3H was eluted from the gel with
diethyl ether and then filtered through paper to yield 47.9 mc CI-581-8H (free
base). A chromatography study (TLC : Silica Gel Gg; Et,O : MeOH : H,O0,
4 :4:1) of the ether eluate revealed CI-581-3H with a radiochemical purity
of 999,.

The high specific activity CI-581-3H (free base, 47.9 mc ®H) in 60 ml
ether was diluted by the addition of 1.10 g (4.63 mmoles) non-radioactive
CI-581 (free base ***). This ethereal mixture was concentrated by evaporation

* The exchange labelling was performed by New England Nuclear Corporation, Boston,
Massachusetts.

** In all of the chromatography studies, the chromatograms were scanned for tritium
by analyzing 1 cm and/or 0.5 cm sections using liquid scintillation techniques.

**+* Non-radioactive CI-581 (free base) was obtained from CI-581-HCI as follows :
CI-581-HCI was dissolved in 0.01 N HCI, precipitated with 50%; NaOH, filtered, and finally
dried to yield CI-581 (free base), m.p. 91-91.5° C.
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TABLE 1. Summary of characterization of CI-581-*H-HCIl.

Parameter

CI-581-*H-HCl Authentic CI-581-HCl

Melting point, °C
Color
Specific activity (uc/mg)
Cl-581-*H-HCl
Cl1-581-*H (free base)
Elemental analysis
C calc. 56.949%;
Hcale. 6.25%
Ncale. 5.119%
Ultraviolet analysis in 0.1 N HCI

Chromatography

Tritium label stability

259-260 (dec)
White

259-260 (dec)
White

34.0 (measured) —
39.2 (calculated) —

56.55% 56.72% —
6.32%  623% —
497%  — —

2276 €551 2276 e 562

269 625 269 636

A major *H spot having the same Ry as authentic
CI-581-HCI was detected in five TLC solvent systems
and in one PC solvent system ¢. CI-581 analogues b
I, II and III were eliminated as possible radiochemical
impurities (<0.1%) since they were separated from
CI-581-HCI in at least one of the chromatography
systems; IV was detected in amounts of <1.49%; a
maximum total radiochemical impurity of <1.8%
was detected.

As discussed in detail in the text, the tritium in
CI-581-*H-HCl is stable in aqueous HCI of concentra-
tion < 1.0 N; as much as 77 % of the tritium is labile
in aqueous NaOH.

a CI-581-3H-HCI and the authentic reference compounds were chromatographed on
Silica Gel Gr (TLC) or on Whatman No. 1 paper (PC). The following chromatography
systems were used : Et,0: MeOH :H;0, 4:4:1 (TLC); CHCl;: EtOH, 1:1 (TLC);
CHCI, : Acetone : E;NH, 5:4:1 (TLC); Benzene : EtOAc: ENH, 7:2:1 (TLC);
CHC I, : EtOAc : HN,OH (conc.), 60 : 40 : 1 (TLC); »-BuOH saturated with 3 9% HOAc (PC),

b Analogues of CI-581-HCI,
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to 40 ml before adding, with stirring, 2 ml isopropyl alcohol and then 1.8 mt
isopropyl alcohol saturated with HCl. The resulting precipitate was collected
by filtration, washed with diethyl ether and dried at room temperature under
vacuum to yield 1.254 g CI-581-3H-HCIl with a specific activity of 34.0 uc/mg.
The characterization data are summarized in Table I.

TRITIUM LABEL STABILITY OF CI-581-3H-HCI (in vitro).

Preliminary experiments which indicated that some of the tritium could
be removed from CI-581-3H-HCI under certain conditions in aqueous solution
prompted a more extensive tritium stability study. The general experimental
approach of this study was as follows : CI-581-H-HCIl was exposed to a range
of pH conditions in aqueous solutions for different periods of time and then
extracted into chrloroform. The total tritium content of each phase was.
determined. Large quantities of tritium detected in the aqueous phase after

TaBrLE 2. Results of the tritium label stability experiments on CI-581-*H-HCI.

Exchange conditions @ % *H in b
Chloro-
Exchange Extraction form Agqueous
Experiment medium Time medium phase phase ¢
1 pH 2 HC! 18 hr pH 9 NaOH 93,2 2.0
2 pH 2 HCI 1 hr pH 9 NaOH 92.5 1.2
3 pH 2 HCI 1 hr pH 9 NaOH 94.9 1.1
1 pH 2 citric acid 18 hr pH 8 Na,PO, 102.1 0.8
2 pH 2 citric acid 1 hr pH 8 Na;PO, 99.9 <0.5
3 pH 2 citric acid 1 hr pH 8 Na,PO, 104.2 1.0
Sa 0.1 NHCl1 1 hr pH 8-8.5 Na,PO, 98.5 0.8
5b 1.0 NHCI 1 hr pH 8-8.5 Na,PO, 100.5 1.1
4a 0.1 N NaOH 1 hr 0.1 N NaOH 529 44.3
6 0.1 N NaOH 1 hr 0.1 N NaOH 65.1 38.8
4b 1.0 N NaOH 1 hr 1.0 NNaOH 27.6 69.3
7 1.0 N NaOH 1 hr 1.0 N NaOH 29.7 69.1
8 0.1 NNaOH 18 hr 0.1 N NaOH 27.2 69.2
9 1.0 N NaOH 18 hr 1.0 N NaOH 23.3 77.1
14 1.0 N NaOH 2days | 1.0 NNaOH 25.6 76.4

a All of the experiments were conducted at room temperature (approximately 25° C).
except experiment 2 which was run at 37° C, See Appendix A.

b The % *H in the final separated phases is based on the measured *H content of 3 m!
of starting solutions A or C prior to any pH adjustments or extraction.

¢ The sensitivity of these experiments permits the detection of >0.5% *H.
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extraction of CI-581-*H with chloroform were presumably due to the removal
of labile tritium. The experimental details of the stability tests are described in
Appendix A, and the results are summarized in Table 2.

The results may be summarized as follows : after extraction of CI-581-*H
with chloroform, the HCl (<{1.0 N) aqueous phases contained <29 3H,
whereas the 0.1 N NaOH aqueous phases contained about 42% %H (1 hr
exposure) and 699 %H (18 hr exposure); the 1.0 N NaOH aqueous phases
contained about 69%%H (1 hr exposure) and 77% 3H (18 hr exposure).
These observations indicate that the tritium in CI-581-3H-HCI was relatively
stable in aqueous HCl of concentrations <C1.0 N, whereas as much as 779,
of the tritium was labile in aqueous NaOH.

A chromatography study (TLC) of an aqueous phase containing gross
quantities of tritium after extraction of CI-581-*H with chloroform (Expe-
riment 4b) detected <<3 9% of the total tritium spotted; no tritium having the
same Ry as authentic CI-581 was detected. These data suggest that the labile
tritium remaining in the aqueous phase was *HHO; 3HHO would evaporate
from the thin layer plate and would not be detected.

‘SITE OF TRITIUM LABEL ON CI-581-3H-HCI.

Exchange of tritium from CI-581-°H in aqueous NaOH suggested that
the major portion of the label was alpha to the carbonyl group and that loss
of tritium occurred through enolization. To explore this possibility,
CI-581-*H-HCl was reduced to the cyclohexanol analogue (ITI-*H), thus
blocking this potential route of tritium exchange in aqueous NaOH. The
reduction of CI-581-*H-HCl1 to the cyclohexanol derivative (III-°H) was
accomplished as follows : CI-581-*H-HCI (151 mg) was mixed with 251 mg
non-radioactive CI-581-HCI and converted (method described in footnote **%*)
to CI-581-3H (free base), m.p. 91-91.5° C, having a measured specific activity
of 3.6 m¢/mmole. This product (300 mg) together with 25 ml diethyl ether
was added to a stirred mixture of 240 mg LiAIH, and 280 mg AICl; in 25 ml
diethyl ether. The reaction mixture was stirred at room temperature for 1/2 hour
before adding with stirring 0.25 ml H,O, then 0.19 ml 259, NaOH, and finally
'0.9 ml Hy,O. The resulting precipitate was filtered and washed with diethyl
ether. The ethereal filtrate containing the product was dried with 2 g MgSO,
(anhydrous) and filtered. To the dry ethereal filtrate was added 0.5 ml iso-
propyl alcohol saturated with HCl in an attempt to obtain a crystalline hydro-
chloride salt of the product. A white oil formed. The ether was removed by
evaporation, and the residue (III-*H) was first dried at 40° C under vacuum
and then dissolved in 0.1 NHCI. The specific activity of III-SH was
3.7 mc/mmole which is in good agreement with that of the starting ketone
(3.6 mc/mmole) and indicates that the tritium label remained intact during the
reduction. The characterization data for III-3H are summarized in Table 3.
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TaBLE 3. Summary of characterization of III-*H.

Infrared analysis.

III-*H had the same spectral pattern as authentic III; no carbonyl group was
detected; some impurity was detected.

Ultraviolet analysis.

An extensive ultraviolet analysis study revealed that III-*H had the same spectral
pattern as authentic III; no CI-581 was detected; an unidentified impurity of
6-109, was detected; the concentration was 4.6 mg II-H (free base)/ml; total
calculated yield = 230 mg.

Specific activity.

The total yield of II-*H was 3.563 mc®H; based on the quantitative ultraviolet
analysis of III-*H, the calculated specific activity = 3.7 mc/mmole; this specific
activity is in good agreement with that of the starting ketone (3.6 mc/mmole) and
indicates that the tritium label remained intact during the reduction.

Chromatography.

A TLC (Silica Gel Gy; Ef,0 : MeOH : H,0, 4:4: 1) study on III-3H revealed
an unidentified radiochemical impurity of 8.2 %, in addition to two other components
containing approximately equal amounts of tritium, one having the same Ry as
authentic IIT and one having the same Ry as authentic CI-581-HCI.

Discussion. Since no CI-581 was detected in III-*H using infrared and ultraviolet analytical
‘techniques and because a large quantity (approximately 45 %) of the tritium in the product
behaved chromatographically the same as CI-581-HCI, one could conclude that CI-581-°H
was present in 111-*H as a trace chemical impurity of high specific radioactivity. However,
because CI-581-*H is known to exchange as much as 779, of the tritium label into aqueous
“NaOH and because essentially no exchange of tritium into aqueous NaOH from ITI-*H was
-detected (see Table 4), it was concluded that no CI-581-H was present in III-*H. The 1 : 1
-distribution of tritium on the two *H spots of the thin layer plate was probably due to the
-separation of the cis and trans forms of III-*H, the cis form behaving chromatographically
more like a ketone due to hydrogen bonding with the nitrogen of the methylamino group.

Tritium label stability tests on III-*H were conducted as follows : I1I-3H
‘was exposed to aqueous 0.1 N NaOH and 1.0 N NaOH for different periods
-of time and then extracted into chloroform. The total tritium content of each
phase was determined. The details of the experiments are described in Appen-
dix B, and the results are summarized in Table 4. The results indicate that no
significant amount of tritium exchanged from III-8H into aqueous NaOH.
Since III-3H was derived from CI-581-*H and because as much as 779 of
the tritium in CI-581-H was labile in aqueous NaOH while no detectable
loss of tritium occurred from HI-*H in aqueous NaOH, it is reasonable to
conclude that at least 779 of the tritium in CI-381-*H-HCI is alpha to the
carbonyl group.
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TABLE 4. Results of tritium label stability experiments on ITI-*H.

Exchange conditions @ % 3H in
Chloroform Aqueous
Experiment Medium Time phase phase ¢
10 0.1 N NaOH 1 hr 97.2 0.3
11 1.0 N NaOH 1 hr 97.7 0.4
12 0.1 N NaOH 18 hr 97.8 0.5
13 1.0 N NaOH 18 hr 96.3 04

a All of the experiments were conducted at room temperature (approximately 25° C).
See Appendix B.

b The % ®H in the final separated phases is based on the measured 3H content of 3 mil
of starting solution E prior to any pH adjustments or extraction.

¢ The sensitivity of these experiments permits the detection of =0.3 % *H.

DiscussioN.

Many aromatic compounds can be labelled with tritium by exchange
in tritiated acids such as CF;COO®H @\ In addition, the trifluoroacetic acid
catalyzed tritium exchange reactions with alkyl benzenes have been shown
to be specific for the isotopic hydrogen labelling of the aromatic nucleus 3-6),
Some compounds containing carbonyl groups can also be tritium labelled by
exchange reactions. The alpha hydrogens of ketones are readily exchangeable
in aqueous base (7. Ketones that have been exchange-labelled with deuterium
in acid media include acetone (in H,80,, 94 9, exchange in three treatments) (7,
cyclopentanone (exchange of alpha hydrogens in H,SO,, 102.99%; in H;PO,,
104.9%) 9, and cyclohexanone (exchange of alpha hydrogens in H,SO,,
82.6%,; in HyPO,, 100.0%;) ®. Aliprandi and Cacace ® have described the
tritium labelling of acetophenone by exchange in an acid medium containing
3H,0 and found that 98.3 % of the total incorporated tritium was in the methyl
group while 1.7%; was in the aromatic nucleus.

From these observations, it is clear that aromatic hydrogens as well as.
the alpha hydrogens of ketones can be exchanged with isotopic hydrogen
in acid media. In the present work it has been shown that, under the acid
exchange conditions of CF;COOH, *H,O and Pt, at least 77 % of the tritium
in CI-581-%H appears to be oriented alpha to the carbonyl group in the cyclo-
hexanone ring. The question of whether the remaining 239/ tritium is in the
cyclohexanone ring or in the aromatic ring has not been resolved. Never-
theless, this study serves as another interesting example of how an organic
compound containing aromatic hydrogens as well as alpha hydrogens of a
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ketone can compete intramolecularly for tritium under acid exchange
conditions.
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APPENDIX A: TRITIUM STABILITY TESTS ON CI-581-*H-HCI.

Stock solutions of CI-581-3H-HCI in 0.01 N HCI (solution A) and in 0.2 M (pH 2)
.citric acid (solution C) having a concentration of about 20 pg/mi were prepared and analyzed
for tritium content per 3 ml aliquots. In all of the following experiments, appropriate controls
were employed using non-radioactive CI-S81.HCI. Experiment 1, 3 ml aliquots of solutions
A and C were allowed to stand 18 hours at room temperature. Solution A was adjusted to
pH 9 with 0.1 N NaOH and solution C to pH 8 with 3.0 ml 0.5 M Na,;PO,. Each solution
was extracted with 6 mi chloroform, and the tritium content of each phase was determined.
Experiment 2, Experiment 1 was repeated with this exception : solutions A and C were heated
for one hour at 37° C rather than allowing them to stand at room temperature for 18 hours.
Experiment 3, Experiment 1 was repeated with this exception : solutions A and C were
allowed to stand at room temperature for one hour rather than for 18 hours. Experiments 4a
and 6, A 3 mi aliquot of solution C was adjusted to 0.1 N NaOH with 2.35 mil 1.0 N NaOH
and allowed to stand one hour at room temperature. It was then extracted with 6 ml chloro-
form, and the tritium content of each phase was determined. Experiments 4b and 7, A 3ml
aliquot of solution C was adjusted to 1.0 N NaOH with 1.6 ml 4.0 N NaOH and allowed
to stand one hour at room temperzture. It was then extracted with 6 ml chloroform, and
the trititum content of each phase was determined. Experiment 5a, A 3 ml aliquot of solu-
tion A was adjusted to 0.1 N HCI with 0.3 ml 1.0 N HCl and allowed to stand one hour at
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room temperature. It was adjusted to pH 8-8.5 with 0.57 ml 0.5 M Na;PO, and thenextracted
with 6 ml chloroform. The tritium content of each phase was determined. Experiment 5b,
A 3 ml aliquot of solution A was adjusted to 1.0 N HCI with 1.0 ml 4.0 N HCI and allowed
to stand one hour at room temperature. It was adjusted to pH 8-8.5 with 0.9 ml 4.0 N NaOH
and 0.7 ml 0.5 M Na,;PO, and then extracted with 6 ml chloroform. The tritium content of
each phase was determined. Experiment 8, Experiment 4a was repeated with this exception :
the solution was allowed to stand 18 hours before extracting with chloroform. Experiment 9,
Experiment 4b was repeated with this exception : the solution was allowed to stand 18 hours
before extracting with chloroform. Experiment 14, Experiment 46 was repeated with this.
exception : the solution was allowed to stand 2 days before extracting with chloroform.

APPENDIX B: TRITIUM STABILITY TESTS ON III-*H.

A stock solution of TII-*H in 0.01 N HCI (solution E) having a concentration of about
46 ug/ml was prepared and analyzed for tritium content per 3 ml aliquots. In all of the:
following experiments, a control using non-radioactive III was employed. Experiment 10,
A 3 ml aliquot of solution E was adjusted to 0.1 N NaOH with 0.37 ml 1.0 N NaOH and
allowed to stand one hour at room temperature. It was then extracted with 6 ml chloroform,
and the tritium content of each phase was determined. Experiment 11, A 3 ml aliquot of
solution E was adjusted to 1.0 N NaOH with 1 ml 4.0 N NaOH and allowed to stand one.
hour at room temperature. It was then extracted with 6 ml chloroform, and the tritium
content of each phase was determined. Experiment 12, Experiment 10 was repeated with
this exception : the solution was allowed to stand 18 hours before extracting with chloro~
form. Experiment 13, Experiment 11 was repeated with this exception : the solution was.
allowed to stand 18 hours before extracting with chloroform. a



