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l-Methyl-3-( phenylsulfonyl)bicyclo[ 3.3.lInonan-9-one: 
obtained aa an approximate 1:l mixture of endo and ex0 isomers 
as determined from the NMR spectrum by integration of the two 
CH, singlets at 6 0.98 and 1.00; mp 103-106 O C  (benzenehexane, 
52), NMR (CDClJ 6 7.50-8.08 (m, 5), 3.87-4.52 (m, 0.5), 1.40-3.20 
(m, 11.5), 0.98 and 1.00 (two 8, total 3); mass spectrum, m / e  
(relative intensity) 123 (151,133 (451,143 (301,151 (loo), 152 (25), 
293 (42). 

Anal. Calcd for Cl&,0& C, 65.74; H, 6.90; S, 10.95. Found: 
C, 65.64; H, 6.90; S, 10.97. 
&(Phenylsulfonyl)bicyclo[4.3.l]decan-l0-one: obtained as 

an approximate 1:l mixture of endo and exo isomers by TLC 
analysis (2% acetone in methylene chloride); mp 127-129 O C  

(benzenehexane, 1:l); NMR (CDClJ 6 7.52-8.04 (m, 5), 3.38-4.00 
(m, l), 2.62-3.07 (m, 2), 1.25-2.30 (m, 12); mass spectrum, m/e 
(relative intensity) 133 (l8), 143 (15), 151 (73), 171 (13), 293 (loo), 
294 (29). 

Anal. Calcd for C,&,O& C, 65.74; H, 6.90, S, 10.94. Found 
C, 65.56; H, 6.92; S, 10.90. 
N-(Ethoxycarbonyl)-3-aza-7-(phenylsulfonyl) bicyclo- 

[3.3.l]nonan-9-one: obtained aa a 2:l mixture of endo/exo 
isomers aa determined from the NMR spectrum by integration 
of the OCHz and CH, resonances at 6 4.12 and 4.17 (OCHJ and 
1.24 and 1.28 (CHJ; mp 138-144 OC (benzenehexane, 1:l); NMR 
(CDC1,) 6 7.50-7.96 (m, 5), 4.40 (br d, 2), [4.12 (4, J = 7 Hz) and 
4.17 (4, J = 7 Hz), total 21, 1.82-3.47 (m, 9), [1.24 (t, J = 7 Hz) 
and 1.28 (t, J = 7 Hz), total 31; mass spectrum, m/e (relative 
intensity) 210 (loo), 306 (50), 352 (70), 353 (13). 

Anal. Calcd for C1,HaNO&: C, 58.11; H, 6.02; N, 3.99; S, 9.11. 
Found C, 58.04; H, 6.00; N, 3.97; S, 9.08. 
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The reduction of imines derived from the Condensation of (R)-norepinephrine and certain methyl ketones with 
D2 over a Pt catalyst leads to the formation of deuterium labeled products in which the deuterium is located 
exclusively in the methyl substituent. The absence of any detectable label at the methine position argues in 
favor of a “directed” process in which a methyl proton is the source for the methine CH. 

A novel route to potential tissue specific &adrenergic 
agonists involves the synthesis of N-substituted nor- 
epinephrine derivativea in which the catecholamine moiety 
is connected through an alkyl spacer arm to a carrier group. 
Compounds 6 and 7 are examples of such agonists which 
have been tested in both in vitro and in vivo assays with 
encouraging As part of our studies designed 
to evaluate the pharmacological and metabolic properties 
of these N-substituted norepinephrine derivatives we re- 
quired tritium labeled products of high specific activity 
(10 Ci/mmol). Compounds 6 and 7 have been prepared 
by NaCNBH, reduction and catalytic hydrogenation of the 

(1) Jacobson, K. A.; Marr-Leisy, D.; Rosenkranz, R. P.; Verlander, M. 

(2) Verlander, M. 5.; Jacobson, K. A.; Roeenkranz, R. P.; Melmon, K. 

(3) Rosenkranz, R. P.; Jacobson, K. A.; Goodman, M.; Verlander, M.; 

S.; Melmon, K. L.; Goodman, M. J.  Med. Chem. 1983,26,492. 

L.; Goodman, M. Biopolymers 1983,22, 531. 

Melmon, K. L. h o c .  West. Pharmacol. SOC. 1983,25,19. 

corresponding imines 4 and 5 which in turn are derived 
by condensation of norepinephrine (1) and the methyl 
ketones 2 and 3 (Figure 11.l Previous attempts to prepare 
radiolabeled 7 from commercially available tritium labeled 
norepinephrine (benzyl label, 5-15 Ci/mmol) were only 
partly successful in our hands since the yields of the de- 
sired amines were low (2-22%) due to  the small scale 
reaction conditions that were r e q ~ i r e d . ~  

In an attempt to overcome these problems, we elected 
to  explore the possibility of introducing the label by cat- 
alytic tritiation of the imines 4 and 5. Before proceeding 
with reductions with carrier free tritium, well defined re- 
action conditions had to be established. Additionally, since 
the final labeled products are to  be used in pharmacoki- 
netic and metabolic profiling studies, it was important to 
determine both the specific activity and the location of the 

(4) Goodman, M., unpublished results, 1983. 
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%ure I. Scheme for the synthesis of norepinephrine derivatiw 
6 and I and the corresponding monodeuterated analogues. 

label in the f d  products. Therefore, we carried out a 
series of model experiments on imines 4 and 5 employing 
carrier free deuterium gas. 

In order to estimate the percent deuterium incorporation 
in the final products, we required a sensitive and accurate 
analytical method that could be applied to these polar and 
moderately unstable catecholamine derivatives. Although 
electron-ionization and chemical-ionization mans spectral 
analyses have been performed on various catecholamines, 
these methods require multiple derivatization steps and 
rarely yield intense molecular ions.b7 Consequently, we 
turned our attention to the recently described sputter- 
ing-ion mass spectrometric techniques, fast atom bom- 
bardment (FAB), and liquid secondary ion (LSI) mass 
spectrometry (M9.8,' Both FABMS (which employs a 
neutral atom beam such as Xe) and LSIMS (which em- 
ploys a Cs' primary ion beam) have provided excellent 
mass spectra of a variety of polar mole~ules.8~~ The dis- 
cussion which follows summarizes our maes spectral results 
obtained with amines 6 and 7. The spectra obtained under 
FAR and LSI conditions were essentially identical. 

The FAB mass spectrum of the p-(trifluoromethy1)- 
anilide analogue 6 is shown in Figure 2a and the mass 
fragmentation pattern in Figure 2b. The spectrum was 
obtained with a 1-pg sample and was readily observed for 
over 20 min. The assignments were confirmed by the 
analogous fragmentation pattern observed in the FAB 
mass spectrum of the corresponding p-methylanilide 
analogue 7 (Figure 2b) and, as discussed later, by the shifta 
in the masses of the various fragment ions observed with 
the deuterium labeled products. 

In addition to the intense protonated molecular ion, 
several structurally useful fragment ions are present in the 
spectrum. Major ions are produced by loss of stable, 
neutral molecules including water (pathway B), 3,4-di- 
hydroxybenzyl alcohol (pathway C), and norepinephrine 
(pathway E). The corresponding ions with approximately 

(6) W, 11; Frsed, C.; Melmon, K. L.; Castngnoti, N. Jr., J. Labelkd 
Compd. Radiopharm. 1978,14,41. 

(6) Muskiet, F. A. J.; Jeuring, H. J.; Thomaaeon, C. G.; van der Mew 
Len. J.; Wolthers, B. G. J. Labelled Compd. Radiopharm. 1978,14,497. 

( I )  Miyszski, H.; Hashimato, Y.; Iwanaga, M.; Kubadma, T. J. C h m  
matogr. 1971.99.676. 

(8) Barber, M.; Bordoli, R. S.; Sedguiclq R. D.; Tyler, A. N. Nature 
(London) 1981, 293, 270. Williams, D. H.; Bradley, C.; Bojeaon, C.; 
Santikam, S.; Taylor, L. C. E. J. Am. C h e n  Soc. 1981,103,6700. Bush, 
K. L.; Cooks, R. G. Science 1982,218,247. 
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Figute 2. (a) FAEi mass spectrum of compound 6. (b) Frag- 
mentation pattern observed in the FAB maas spectra of com- 
pounds 6 and I. 

equal intemities were obtained in the spectrum of analogue 
7. Particularly informative for analysis of the deuterated 
products was the ion at m/z 425 (pathway A) due to 10s 
of the methyl group aa CH, (see below). 

The reported reaction conditions for the preparation of 
the unlabeled amines by catalytic hydrogenation of the 
corresponding imines involved acetic acid as solvent and 
proved to be not applicable to the synthesis of labeled 
compounds due to the rapid equilibration of solvent pro- 
tons with the deuterium gas." In an attempt to avoid this 
exchange problem we examined the synthesis of 6 in di- 
methylformamide. Because of instability of the interme- 
diate imine, overall reaction yields were estimated by r e  
versed-phase (2-18 HPLC analwis following catalytic hy- - 
drogenation. 

In addition to the startine ketone and noreoineohriine. 
two major peaks were obsen;ed in the HPLC Gackg. TG 
compound isolated from the larger of these peaks was 
shown by retention time and LSIMS to be the desired 
amine 6. The second major reaction product was shown 
by LSIMS and 'H NMR analysis to correspond to the 
A'&-dimethylamino compound 9 that  would result from 

P 

catalytic reduction of the iminium intermediate 8. Prior 
distillation of the DMF from ninhydrin avoided this com- 

(10) Ehna, E. A. "Tritium and Ita Comwmde?, 2nd ed.; Wilw New 
Y o 4  1974; p 321. 
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plication. Under the best reaction conditions developed 
only moderate yields of amines 6 and 7 were realized. 
Furthermore, catalytic deuteration of imines 4 and 5 
provided the corresponding amines bearing on average only 
2530% of one deuterium atom per molecule. We assume 
that this fractional incorporation of deuterium is due to 
exchange of the deuterium gas with the labile protons 
derived from the excess norepinephrine present in the 
reaction mixture. 

LSI mass spectral analysis of deuterium labeled 6 es- 
tablished the presence of deuterium in fragment ions 
generated by pathways B, C, D, and E. Consistent with 
the expected incorporation of deuterium into the N-iso- 
alkyl side chain, the fragment ion resulting from pathway 
F was deuterium free. We were surprised, however, to 
observe the absence of a deuterium containing species in 
the fragment ion involving loas of the balky1 methyl group 
as CH,, (pathway A). This result indicated that the single 
atom of deuterium that had been incorporated into the 
molecule must be present in the methyl substituent instead 
of the methine position as one would have expected on the 
basis of deuteration of the imine 4. The absence of a 
dideuterated species also ruled out the possibility that the 
tautomeric enamine 10 had undergone simple addition of 
D, across the double bond. The ‘H NMR spectrum of 
deuterium labeled 6 displayed a well defined doublet 
centered at  6 1.29 for the methyl group signal which in- 
tegrated for less than 3 protons and a 1 proton multiplet 
at  6 3.39-3.32 assigned to the methine proton. On the basis 
of these data, we tentatively assigned the structure of the 
deuterated product as 6-methyl-d. This assignment was 
confiimed by the ,H NMR spectrum of deuterated 6. The 
spectrum shows a single signal a t  6 1.31 corresponding to 
the proton signal for the methyl group. Similar results 
were obtained with analogue 7. The incorporation of one 
deuterium atom exclusively into the methyl group cannot 
be rationalized in terms of deuterium addition across the 
imine or enamine double bond. 

These catalytic deuteration reactions were carried out 
under the conditions required for the preparation of the 
tritium labeled product (i.e., magnetic stirring and a res- 
ervoir of deuterium gas connected to the reaction mixture 
through an adaptor). Under these conditions the deu- 
terium gas reservoir might not be in equilibrium with the 
atoms associated with the Pt surface, leading to the se- 
lective introduction of protons (generated by local ex- 
change) in the final product. In order to achieve a better 
exposure of the catalytic surface to the deuterium gas, we 
repeated the synthesis of deuterium labeled 6 in a Paar 
shaker apparatus which was charged with deuterium gas. 
The product isolated from this reaction again displayed 
incorporation of deuterium exclusively into the methyl 
group. In this reaction, however, an increase in the % 
deuterium incorporation was observed (0.6 atoms/molecule 
vs. 0.3 atoms/molecule in the stirred reaction mixture). 
Furthermore, 24% of the deuterium labeled product con- 
tained two deuterium atoms. 

The fact that more than one deuterium atom could be 
present in the methyl substituent of the labeled product 
clearly established that the methyl group of the imine 
intermediate 4 was undergoing exchange with deuterons 
on the catalyst surface as illustrated below. Such a process 
requires the fast equilibration of D2 with labile protons in 
the reaction mixture”J2 and the rapid equilibrium of imine 

Asscher, Ferraiolo, and Castagnoli 

4 with enamine 10. Presumably, steric restrictions prevent 
significant involvement of the enamine 11 in these pro- 
cesses.13 

CH2D 

CH2R CH,R CH2R 

,CH, \ RCH2 / - N-C = -N=C 
\ / \  \ 

- N = C  

(11) Evans, E. A. “Tritium and Ita Compounds”, 2nd ed.; Wiley: New 

(12) Ozaki, A. “Isotopic Studies of Heterogenous Catalysis”; Academic 
York, 1974; p 234. 

Press: New York, 1977; p 53. 
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The absence of deuterium in the methine position of 6 
and 7 is more difficult to explain. The introduction of only 
hydrogen a t  the methine position by catalytic reduction 
of the imine would require extensive exchange of solution 
protons with the deuterium gas. E1 mass spectral analysis 
of the gas mixture present a t  the end of the reduction, 
however, established the deuterium to hydrogen ratio as 
1.3 to 1.0. Therefore, one would expect that at  least two 
out of every three molecules formed during the catalytic 
reduction of the imine (enamine) would bear a deuterium 
atom a t  the methine position. The 2H NMR spectrum, 
however, clearly rules out such a possibility. The possible 
influence of a deuterium isotope effect in determining the 
extent of deuterium incorporation a t  the methine carbon 
atoms seems remote since isotope effects recorded in the 
reduction of double bonds such as ethylene are known to 
be quite low (about l.2).14 Consequently a reaction 
mechanism involving direct addition of hydrogen to the 
unsaturated intermediate cannot account for the absence 
of deuterium a t  the methine carbon atom of the final 
product. 

An alternate pathway that appears to be consistent with 
these data is summarized below. Complexation of the 
imine 4 with Pt leads to an intermediate 12 which un- 

c,’ I \ ’  I D ,  CH,D \ 

I 
NH-CH-CH,R -N=C = -N >CH,= -N,D,,CH, 2- 

,CH,R 4-h ~ /‘\ 2 H O  

I ‘CH. 1 
8 ,  

Pt Pt methyl -dl 

‘2 ’3 E 

dergoes rearrangement via 13 to the cyclic species 14. This 
process is accompanied by migration of a hydrogen atom 
from the methyl group to the methine position. Subse- 
quent reductive cleavage of the carbon-platinum bond 
generates the final deuterated product. The platinum- 
catalyzed asymmetric incorporation of deuterium into 
compounds such as methyl vinyl ketone has been reported 
previ0us1y.l~ Additionally, this proposal is supported by 
the known propensity of platinum to promote analogous 
rearrangements via metallocyclobutane intermediates such 
as 14.16 

Employing the reaction conditions developed for the 
synthesis of 6-methyl-d, we subjected the preformed imine 
4 to catalytic tritiation with carrier free tritium gas. The 
purification of the radiolabeled product was carried out 
on an analytical RP-18 HPLC column. The specific ac- 
tivity of the purified material was found to be 10.0 Ci/ 
mmol. This value corresponds to the incorporation of 0.33 

(13) Cerveny, C.; Ruzicka, V. Adu. Catal. 1981, 30, 335. 
(14) Ozaki, A. “Isotopic Studies of Heterogenous Catalysis”; Academic 

(15) Smith, G. V.; Deany, Y. F. J. Catal. 1966,6, 14. 
(16) Clarke, J. K. A.; Rooney, J. J. Adu. Catal. 1976,25, 125. 

Press: New York, 1977; p 192. 
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tritium atoms per molecule of 6 and is very similar to the 
percent incorporation of deuterium in 6-methyl-d. On the 
basis of these results, we have concluded that the structure 
of tritium labeled 6 is 6-methyl-t. 

Experimental Section 
The 'H and 2H NMR spectra were obtained on a home-built 

wide-bore 240-MHz spectrometer. Chemical shifts are reported 
in parts per million (ppm) downfield from tetramethylsilane 
(Me4Si). LSI and FAB mass spectra were obtained on a Kratos 
MS-50s mass spectrometer with either a xenon (FABMS) or a 
Cs+ ion gun (LSIMS).8 The HPLC employed for analytical 
separations consisted of the following: Altex Model l lOA pump, 
Altex Model 210 injector, Altex/Hitachi variable wavelength 
UV-vis detector set at 254 nm. The E1 mass spectra of the gas 
molecules above the reaction mixture were analyzed by using a 
UTI Model l00C quadrupole mass spectrometer. A sample of 
the gas mixture was leaked via a reservoir into the ionization 
chamber maintained at a base pressure of 4 X lo4 torr. During 
the actual analysis the base pressure row to 1.4 X lo4 torr. The 
mass spectrometer was calibrated with known amounta of H2 and 
DP The preparation of unlabeled 6 and 7 was accomplished by 
the reported literature methods.' 

Mixture of 5-[(R)-N-(2-(3,4-Dihydroxyphenyl)-2- 
hydroxyethyl)amino]heptanoic- 7-d Acid p -(Trifluoro- 
methy1)anilide (6-methyl-d) and Unlabeled 6. (R)-Nor- 
epinephrine free base' 1,0.3 g, 1.77 mmol), 6-oxoheptanoic acid 
p-(trifluoromethy1)anilide' (2,0.05 g, 0.177 mmol), and 3 pieces 
of Linde 3A molecular sieves were added to 5 mL of freshly 
distilled dimethylformamide in a 10-mL round-bottom flask. The 
reaction mixture was stirred under argon for 24 h at 75 "C. After 
the reaction had cooled to room temperature, PtO, (30 mg, 0.13 
mmol) was added and the flask was charged 3 times with D2 
(97%). A 300-mL balloon reservoir of D2 was maintained above 
the stirred reaction mixture during the 2-h reduction period. The 
reaction mixture was then transferred to a 10-mL centrifuge tube 
and, following a brief centrifugation, the vupernatant was removed 
and treated with 0.1 N HCl to adjust the pH to 1-2. Analysis 
of the crude reaction mixture by HPLC [Lichrosorb C18 10 1.1 
(Atex)-mobile phase: 30% THF, 20 mM sodium phosphate, 30 
mM citric acid, 10 mM trimethylnonylammonium bromide, pH 
3.5, retention volume 16.6 mL] indicated a yield of 38% of 6 and 
6-methyl-d. The product was purified by preparative HPLC 
employing a Whatman Partisil ODs-3 column with 40% THF, 
20 mM sodium phosphate, and 30 mM citric acid (pH 4.2) as the 
eluent, retention volume 44-48 mL. The appropriate fractions 
were collected and lyophilized. In order to remove the salts from 
the mobile phase, the residue was dissolved in 1 mL of water and 
passed through a Sep Pak C18 cartridge. After washing the 
cartridge with 2 mL of water, the product was eluted with 2 mL 
of methanol. The HPLC retention time of this product was 
identical with that of standard 6 240 MHz 'H NMR (D20) 6 7.67, 
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7.58 (AB quartet, J = 7.1 Hz, 4 H, F3CC6HI), 6.90-6.79 [m, 3 H, 
(OH),C&Z,], 3.39-3.32 (m, 1 H, NCH), 3.21 (d, J = 6.4 Hz, 2 H, 
CH2N), 2.45 (t, J = 6.3 Hz, 2 H, CH2CO), 1.79-1.25 (m, including 
d at 1.29, J = 6.4 Hz, 8 H); 2H NMR (H20) 6 1.31 (s, CH2D). 

A second peak eluting from the preparative column was col- 
lected (retention volume 34-38 mL) and further purified by 
passage through a Sep Pak cartridge. This product proved to be 
a mixture of unlabeled and monodeuterated 6-(N,Ndimethyl- 
amino)heptanoic acid p-(trifluoromethy1)anilide (10 and 10-d): 
LSIMS, m/z (relative intensity) MH 318 (85%) and 317 (loo), 
290 (45), 289 (64), 273 (61), 272 (75), and 188 (100); 240 MHz 'H 

3.41-3.30 (m, 0.9 H, NCH), 2.78, 2.74 [s, N(CHJ2, partially ob- 

(m, 6 H, CH(CH2), 1.26 (d, J = 6.2 Hz, 2.5 H, CHCH,). 
Mixture of 5-[(R)-N-(2-(3,4-Dihydroxyphenyl)-2- 

hydroxyet hyl)amino]heptanoic- 7-d Acid p -Met hylanilide 
(7-methyl-d) and Unlabeled 7 .  This product was prepared in 
the same fashion as described above for the corresponding p -  
(trifluoromethy1)anilide system. Analytical HPLC [Lichrosorb 
C18 101.1 (Altex)-mobile phase: 10% THF, 20 mM sodium 
phosphate, 30 mM citric acid, 10 mM trimethylnonylammonium 
bromide, pH 3.4, retention volume 18.8 mL] indicated a yield of 
30%. Preparative HPLC was carried out on a Whatman Partisil 
ODs-3 column employing 20% THF, 20 mM sodium phosphate 
and 30 mM citric acid (pH 3.5) as the eluent. The product was 
freed from salta by rechromatographing on the Whatman column 
employing 40% THF, 5% acetic acid, and 55% water (pH 2.9): 
LSIMS, m/z  (relative intensity) MH+ 388 (47%) and 387 (82), 
370 (42), 369 (76), 263 (4), 262 (111, 248 (9), 247 (211, 219 (42), 
218 (100), 134 (43); 240 MHz 'H NMR (D20) b 7.29-7.20 (m, 4 
H, CHSC$I,), 6.90-6.75 [m, 3 H, (H0)2C&3], 3.39-3.29 (m, 1 H, 

CH,CO), 2.75 (s,3 H, PhCH3), 1.84-1.27 (m, 8.8 H including d, 
J = 6.4 Hz, at 1.28); 2H NMR (H20) 6 1.23 (s, CH2D). 
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