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A series of 50 neurcchmicals, inportant for the 

investigation of neurotransnission processes, has 

been labelled with tritium, using in a l l  8 mthcds. 

Tritium nuclear magnetic resonance spectrosccpy has 

been employed to determine the positions and extent 

of lakll ing in these neurcchmicals which can be 

important for their use in tracer studies. 

specificity of the labellinq processes is discussed. 

The 

l X E C D ~ O N  

Kncwledge of the mechanisms of neuratransnission is essential for 

inproving the alleviation of pain and for the understanding and 

possible control of disorders of the nervous system such as 
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Huntington's chorea, Parkinsonism, depressive illness, and schizophrenia. 

The transmission of nerve signals occurs in two main ways ( 2 ) .  

nerve cell axons it is accanplished electrochemically, rapid progressive 

deplarisatian of the cell membrane resulting i n  passage of an electrical 

inpulse. 

established by the release of a chanical neurotransmitter, and suhsecpent 

uptake of this by the succedling neuron. A similar cannunication system 

exists between neurons and muscle or other tissue under nervous control. 

Along 

Across the synapses betwsen neurons, homver, transmissim is 

There are a nwS3er of neurotransmitters ( 3 ) ,  each characteristic 

of a particular tvpe of neuron ( 4 )  and, as indicated, they are canpounds 

biosynthesised and stored w i t h i n  the ends of axons, t o  be released on 

receipt of the electrical impulse. 

neurotransmitters exert their effects by interacting with specific 

receptor sites on the target tissue. 

achieved through the use of receptor-specific canpounds that are radio- 

labelled a t  high specific activity, generally with the t r i t i u m  isotope. 

Receptor site and binding studies involve approaches using three main 

types of ligand. One is to  use labelled neurotransmitters. A second 

is to use labelled agonists w h i c h  are canpounds that mimic the 

physiological response of the natural neurotransmitter mre or less 

closely. 

neurotransmitter have keen identified. 

labelled antagmists : these are clcmpounds that interact specifically 

w i t h  receptors yet e l i c i t  no respse. One of several aspects of the 

use of specific antagonists is in the identification of inhibitory 

neurotransmitters (5). 

In amtrm w i t h  homnes and drugs, 

iamnstration of t h i s  is being 

Through their use different kinds of receptor for a single 

A third approach is to  use 

The present Paper lists scme eight methcds for the labelling of 
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a wide variety of neurochemicals w i t h  t r i t i u m .  The specificity of 

these mthcds and thence of the labelling in the prcducts has been 

examined by H n.m.r. spectroscopy, th is  bekg a highly convenient 

and non-destructive mthcd for determining h t h  the positions and 

extent of t r i t i u m  labelling ( 6 ) .  Precise knmledge of the distribution 

of t r i t i u m  in the tracer mnpounds q l o y e d  can frequently be of vital  

importance for the correct interpretation of biochemical studies (7). 

This has proved true for expriments using tr i t iated steroids (8 ) ,  

sugars (9), carcinogenic hydrocarbans (10) and aminoacids (l l) ,  and 

is proving equally true for investigatims with tritiated neurockinicals 

(12). 

3 

EiPEzuMEmm 

The reaction conditions for the specific tr i t iat ion of a range of 50 

neurochemicals (or ligands) of current interest are listed in Table 1. 

In every case, labile t r i t i u m ,  as e.g. in amino or hydroxy groups, w a s  

rerwed by treattwnt with water. 

to the lMin classification of receptor types, and for each group the 

natural neurotransmitter (where known) is indicated in parentheses. 

The cmpurds are groqed according 

3 Fach ccnpound was  exambed by H n.m.r. spectroscopy i n  order t o  

define the pattern of labelling (Table 2) .  The various solutions 

b s t l y  20-25 n L L i  and of high specific radioactivity) m e  lyqhilised. 

Each s q l e  w a s  redissolved in  a deuteriated solvent (80 111) to provide 

for field-frequency locking, and a trace of ?Ms or D5S (as apropriate) 

was added as internal 'H standard. 

by syringe into 3 m dim. canbination tubes (Wilmaa, SK 1374~) which were 

then sealed and munted in Teflon spacers inside standard 5 mn n.m.r. 

The solutions =re separately loaded 
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Preparation of t r i t i a t e d  neurochemicals (ligands) 

No. 

I. 

2. 

3. 

Ligand Receptor type Labelling rrethcd 
(neurotransmitter) 

L-Quinuclidinyl Muscarinic Cat .  t r i t icdebrmination 
benzilate (acetylcholine) of the 4-brcprabenzilate 

DL-Quinuclidinyl 
benzilate 

N a  borotri t ide reduction 
of 3-quinuclidone and 
trans-esterification with 
mthyl  benzilate 

Atropine Wilzbach, T2 

4. Dopamine HC1 Dopamine (a) Cat. t r i t i a t i o n  of 
(dopanine) protected aminc-styrene 

(b) Exchange, TIIo/Hc1 

5. ADTN.HC1 Exchange, T2/PdD-BaSO4 

6. Spiperone Cat. t r i t idebranjnat ion of 
the g-(I-brcpWphenyl) ccmpound 

3 7. L-Noradrenaline a-Adrenergic Fran 1 Hldopmine using 
(noradrdine, dopamine B-hydroxylase 
adrenaline) 

8. DL-Noradrenaline 
HC1 

9. LrAdrenalineHCl 

10. DL-Pdrenaline HC1 

11. WE3 4101 

N a  borotri t ide reductian of 
noradrenalone 

m z y t i c  mthylation of 
L- [ HI noradrenalhe 

N a  bomtri t ide reduction of 
adrenalone 

Cat. tritiodebranination of 
the braophenoxy oanpound 

12. 9,lGDihydrcergccryptine Cat. t r i t i a t i o n  of ergocrypthe 

13. Clonidine C a t .  t r i t idebranjnat ion of 
the 4-brmphenyl ccenpound 

1 4 .  Prazosin HC1 C a t .  t r i t idebrcmination of 
the b m  canpound 

15. L-Dihydroalprenolol 8-Adrenergic (a) Ca t .  t r i t i a t i o n  of 
L-alprenolol 

diblxln3alprenolol 
(b) Cat. t r i t i a t i o n  of 4,6- 

Cat. t r i t i c d e b r h t i o n  of 
the 4 - b r m  ccarpound 

16. DL-Propranolol 
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17. 6-Alanine 

18. 

19. 

20. 

21. 

22. 

23. 

4-Aminobutyric acid 

L-2,I-Diaminobutyric 
acid HC1 

- cis- 3-Aminocycl0he~ane 
carboxylic acid 

Muscirrol 

Gaba-eryic 
(y-aminobutyric acid) 

DL-Nipecotic acid 

Isoguvacine Hf3r 

(a) Na borotritide reduction 
of ethyl cyancacetate 

(b) Cat. tritiation of 
ethyl cyanoacetate 

Cat.  tritiation of protected 
A2-me inte-iate 

Cat. tritiation of 3- 
cyancalanine 

Cat. tritiation of protected 
A4-me intermediate 

TY~mldecarbxylation of 
h t e n i c  acid in TI-D 

Cat. tr i t iat ion of protected 
gwacine 

Na borotritide reduction of 
the protected pyridine-4- 
carboxvlic acid 

24. Strychnine sulphate Glycine 
(glycine) 

25. L-Glutamic acid Glutamate/ M u c t i w  amhation of 
aspartate 2-oxcglutaric acid 

(glutamic acid 
and. aspartic acid) 

26. DL-Glutamic acid 

27. Kainic acid 

28. DLAspartic acid 

29. D-Aspartic acid 

Exchange of azlactone deriv. 
with THO 

Bcchange, THD 

Cat. t r i t i a t i m  of protected 
A2-ene 

Enzymic resolution of 
previous product 

30. L-Aspartic acid (a) R~zymic resolution of 
the DL[2,3-3Hlaspartic 
acid 

(b) C a t .  exchange, ?XI 

31. 5-Hydroxytryptamine Serotonin Cat. exchange, THO 
creatinine sulphate ( 5-hydroxy 

tryptamine) 

32. Lysergic acid 
diethylamide 

33. Imipramine 

Cat. triticdebranination 
of the 2 - b m  canpound 

Cat. tritiodechlorination 
of the 3-chloro canpound 

Cat. tritidebrcmination 
of the 8-brm c m u n d  

34. Mianserin 
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35. mrphine 

36. Dihydrmrpkine 

37. Diacetylrrorphine 

38. Etorphine 

39. Dipreno@ine 

C a t .  tritideicdination 
of the 1-icdo mnpound 

Cat .  t r i t iat ion of 
[ 1-3Hl mrphine 

Acetylaticm of [1-%]mrphine 

C a t .  t r i t iat ion of 
A15-ene precursor 

Na borotritide redudion 
of A15-ene  precursor 

40. Adenosine 

41. Thecphylline 

42. Caffeine 

(a) Na borotritide reduction 
of adenosine-5'-carboxy- 
late, then braninatim 
and tritic-d&raninati.cn 

(b) Exchange of [5'-3H]aden~ 
sine with T2fidO-Baso4 

Exchange, T 2 f i O m 4  

Exchange , T2/PdO-Baso4 

43. Histmine di HC1 HI and H2 Cat. triticdeiodination 
of 2 , 5-di-icdohistamine (histamine) 

H1 44. pyrilamine ascorbate 

H2 45. C h t i d i n e  phosphate 

Cat. triticdebrcnkmtion 
of the 5-brm canpund 

Reacticm of [methyl- Hlmthyl- 
mine w i t h  suitable inter- 
M a t e  

3 

46. Diazepam 

4 7. Flunitrazepam 

'Anxiety' Reaction of desnethyl- 
diazepam with [3Hlmthyl 
icdide 

Reaction of desnethyl- 
f lunitrazepam w i t h  [3Hl mthyl 
icdide 

48. Piperidine HC1 Misoellaneous C a t .  t r i t i a t i m  of A3-ene 

49. Taurine Na borotritide reduction 
of ethyl glycinate, reaction 
with HEX and then Na2S03 

Cat. triticdebranination 
of 3 , 5-dibrmoctopamine 
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CH .CH *CH3 
2 2  

(15) 

O H  

=2 
0 - C  H.jC HCtl.jNH - C HM 

NH*CH C H  -CO H 
2 2 2 2  

(17) 
NHiC HiCH2CHiCO2H 

H2 

(19) 

OC02" NH 

(22) 

C 02H 
I 

YH2 

YH2 
C H-N H2 
I 
C 02H 

(25) 

6 NH 

(23) 

I n 

C H2C 02H 

%-$ NH "C 02H 
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Me 

0 NH 



[ 3 H ] N M R  Neurochernicals 2151 

3 tubes : the latter were capped (13). The H n.m.r. spectra wre 

obtained (mostly with 'H noise decoupling) a t  25OC with a Bruker 

W 90 pulse spectraneter operating a t  96 MHz (93 MHz for H) and 

with quadrature detection. 

repetition interval 1.6 s, and, depending on the radioactivity 

present, between 10 and 3.5 x 10 transients were aoqubxd. The 

data were stored in 4 K channels and Fourier transfomd to provide 

spectral display widths of up t o  13 p.p.m. 

reference generated f m  the H resonance frequency of the internal 

standard (measured a t  90 MHz) by multiplying by the Larmr ratio 

1.06663974 (14) . 

1 

The f l i p  angle was usually 30° , the 

2 4 

Referencing w a s  to a ghost 
1 

RESULTS AND DISCSSION 

Table 2 sumnarises the 

labelling in the various neumchau 'cals, achieved by the labelling 

methods used (Table 1). Many of the 'H decoupled H n.m.r. spectra 

were s-le and so capable of interpretation by inspection, kncwing 

the corresponding H chanical shifts. The latter m e  available 

either fran standard spectra (15) (as e.g. for ccmpounds 1,2,17,18, 

etc), fran the infomtion in Mles (16) (as e.g. for canpounds I, 
- 6, 11 15 20 etc), or fran our own masurements of the H n.m.r. 

spectrum of unlabelled mter i a l  (as e.g. for ccmpounds 2, 22, 2, 27). 
In other cases assignrents w e r e  mde fran the c o u p l ~  infomtion 

provided by proton-coupled H n.m.r. spectra (e.g. for carpounds 2, 

- 4, 2, 31) or fran specific proton decoupling (as for mnpound 2). 
Quantitative infomtion was obtained directly fran sicjnal intensities, 

there being little or 110 differential nuclear Overhauser effect under 

the F a t i n g  conditions (17). 

3 H n.m.r. results and reports the patterns of 

3 

1 

1 

3 
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TABLE 2 

3H N.m.r. results for tritiated neurochanicals listed in Table 1 

Ligand solvent 

D2O 

D2° 

D2° 

ChemiCdl 
shift ( 6 )  

7.30 

4.86 

2.18,2.20 
3.73 

3.17,4.13 

7.29,7.35 

2.82 

3.18 

6.79 
6.87 
6.93 

1.79 
2.15 

2.71 
2.73 

3.01 

6.71 

6.77 

3.2 
4.8 

4.82 

3.27 
4.90 

4.89 

6.68 

AssigrPnent Relative 
intensity (%) 

100 

100 

59 
6 

30 

5 

48 

52 

35 
44 
2 1  

6 
4 

26 
44 

17 
3 

100 

63 

37 

103 

6 1  
39 

103 

100 
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solvent ChemiC.31 Assigmnent Relat ive 
shift  ( 6 )  intensity (%) 

1 3  

37 
43 

2.47 

2.61 

2.75 10 

2.93 8 4 

3.35 M.OOof dipeptide 3 

d6- 

7.45 p h ~ y l - 4  D20 

d6- 7.93 furanyl-5 

d 6 M 3  (a) 0.86 m (b) 0.83 m propyl-3 (a) 64 
1.53 m 
2.54 m 

d6- 7.54 

D2° 

D2° 

D20 

3.14 

2.51 

3.14 

1.84 

2.24 

2.30 
3.25 

D2° 

D2° 1.33 

1.37 

1.88 
1.96 
1.99 

d6- 

D20 

D2° 

3.56 

1.73 
1.99 
2.56 

3.29 

3.37 

3.86 

1.50m prowl-2  29 
2.52 m pmpyl-1 7 

6.93 ring 4-,6- 

4 

- -2 

a 2  
- N-M2 

3-cH2 
2-cH2 

3-M2 
4-m2 

3 - Or Of 

4 a x ,  5ax, 6 a x  

4-1 5eq?  6 e q  

N-cH2 

4 a x  

4 e q  
3 a x  

} 2-2 

6-CH2 

100 

100 

(b) 50 
22 

5 

23 

100 

103 

49 
5 1  

48 
52 

15 

85 

25 

18 

17 

15 
25 

100 

6 

58 
36 

24 
44 

32 
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Ligand Solvent 

(24) 

Chemical 
s h i f t  (6) 

2.65 

3.15 
7.20 
8.12 

2.00 

2.08 

3.73 

3.73 

(i) (ii) 

1.7 1.84 
3.36 

ca. 3.86 
4.35 

4.75 4.90 

5.0 5.10 

2.63 

2.76 
3.84 

2.68 

2.81 

3.88 

(2) D2° 

(2) D2° 

(x)) D20 (a) 2.66 (b) 2.89 
2.77 2.93 

3.85 3.97 

3.07 

6.89 
7.12 
7.31 
7.43 

(31) d6m 

(32) d6m 

(33) d6m 

7.22 

3 -06 

7.17 

Assignmnt 

11 a 
11 0. 

2 
4 

2-cH 

2-CH 

rJk 

cH2-a2- 
5-cH2 
CH-m2- 

} ‘cH2 

} 3-2 

2-CH 

2-CH 

side chain 

6 
4 
2 

7 

2 

10 11 

319 

J .  P. Bloxsidge et al. 

Relative 
in t ens i ty  (%) 

27 

26 
24 

23 

66 

26 

8 

100 

(i) (ii) 

75 32 
45 
18 

trace 

25 5 

36 

30 
34 

45 

23 
32 

(a) 45 (b) 36 
33 25 

22 39 

16 

22 

21  

19 

22 

lcx, 

20 

80 
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Ligand Solvent Chemical 
sh i f t  ( 6 )  

Assicpwnt Relative 
intensity (8) 

6. aa a 100 

100 6.59 1 

1.35 

6.67 
7, 8 
1 

64 

36 

6.77 

1. a5 
2.75 

1 

15 
16 

100 

43 
57 

2.37 

3.80, 3.87 

a-. 33 

16 100 

69 

31 

38 

22 
4 

36 

5'-CH2 
a 

D2° 3.82 

3. a9 
8.26 
8.35 

7.85 

2 
a 
8 100 

100 7.89 

7.53 

9 .00 

6.65 

a 
5 
2 

71 

29 

100 

100 

pyridinyl-5 

N-bk 

N-I42 

N-Me 

- 
- 
- 

3-,4-,5-cH2 

1-CH2 

2-cH2 

216 

phenyl-3 , 5 

2.68 

3.26 

3.36 

1.57, 1.61 
1.69, 1.72 
3.10 

3.21 

3.38 

6.98 

100 

100 

93 

7 

59 

41 

100 

D2° 

D2° 
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The assignments for atrapine base (3) (Table 21, made init ially 

fran chenical shift  values calculated frcm Tables [only the shifts for 

the tropane ring in the sulphate have been detailed (1811 w e r e  confirmed 

and mplified by examination of the proton coupled H n.m.r. smectmm 

(19a). 

= 12.8 Hz f r m  the F 2 T  tritcn, and a doublet (at 6 2.20, w i t h  the 

same splitting) fran the -m2. In additim there was a singlet a t  

6 2.18 (previously abscured in the dean@& spectnm) necessarily fran 

the ycT3 group. 

four lines centred a t  6 4.13 and 3.77 (the nuclei reqxmsible'are nm- 

cxpivalent h u s e  of the adjacent chiral centre) and the tritiated 

benzylic CH grcup also gave 4 lines, centred a t  6 3.74, of which t w  

w a x  a h s t  hidden by supqosition. 

part of an ABX spectrum, the A and B lhes be- in the 'H spectral 

region. 

3 

?his ShCuRd the expe&ed tr iplet  (now a t  6 2.23) w i t h  2 (gem. H,T) 

The oxymethyl group resonances appeared as t m  sets of 

Each set of four lines is the X 

For [3H]dopmine (g) which had been labelled by exchamp only 

in the ring, the three lines (Table 2) m e  assigned fran the proton 

coupled 'H n.m.r. spectrm. ws shac~ed in order of increasing chemical 

shift a double doublet with 2 (ortho H,T) = 8 . 5  and 3 (mta H,T) = 

2.2 Hz, a doubletwithJ = 2.2 Hz, and a doublet with2 = 8.5 Hz. Hence 

the signals m e  frun tritim i n  the 6-, 2-, and 5-positions respect- 

ively. 

dopamine (as hydrochloride in D20) in which the ring signals at 6 6.76, 

6.87 and 6.95 shawed multiplicities analogous t o  those abave [ w i t h  2 

(H,H) = 8 and 2 Hz]. 

Confirmation came frun the 1H n.m.r. s p e w  of un*lled 

Ccmpourad ( 2 )  , 2 - ~ 6 , 7 ~ ~ 1 , 2 , 3 , 4 - ~ ~ ~ ~ ~ ~ ~  

hydrochloride w a s  examined by 'H n.m.r. spectrosm~ in deuteriated 
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w a t e r  which effected deuteriation of the hydroxy and amino groups (and 

so m a 1  of the signals). 

H - 2 ($-axial) and a double doublet a t  6 3.03 (2 = 16, 5 Hz) w a s  then 

A quintet  at 6 3.6 was necessarily fran 

from H - 1 (+equatorial). 

canpound (5) fol lmd,  as in Table 2. 

except H - 2 were tritiated by the exchange process. 

 he 'H n.m.r. assignments for  the labelled 

Thus a l l  ring hydrqen positions 

canpound (2) , 2- (2,6-dime~~~oxyethyhoxyphenaxyethyl)benzo-l ,4- 

dioxin, was expected to braninate only at the f ree  ortho-psit ias i n  

the dimethoxyhzene ring under the mild conditions errployed. The 

triticdebrcanination product shuaid i n  its proton decoupled H n.m.r. 

spectrum a single sharp line a t  6 6.68, 

fran Tables of benzene substituent constants is 6 6.67. Hence bth 

reactian stages had been specific. 

3 

The c w c a l  s h i f t  calculable 

Depending on the tritim content of the hydrogen used i n  reducing 

erqmryptine to the dihydro ccrrpound (2) , so the product would be 

expected to  ke doubly 9,lO-labelled or  singly labelled in the possible 

two positions. 

10-position and the l ines  a t  6 2.61 and 2.47 may mll be fran species 

with label in the 9-ps i t i ons ,  respectively cis and trans to that a t  

the 10-position. 

(6 2.93) and i n  the d i p p t i d e  rmiety a t  the positicm adjacent to 

carbony1 (6 3.35), judging fran the chemical sh i f t s .  

l ine  at 6 2.75 is a h s t  certainly fran the benzylic 

The minor labelling is probably a t  the 8-position 

Whilst assigrunents i n  &-3-aminocyclohexanecar~lic acid (20) 
1 are sccII3'irjnat uncertain because of the lack of detailed H reference 

information, those for nipecotic acid (22) are &iguous. 

intense 

The rrost 
3 H n.m.r. signal a t  6 1.99 in the proton decoupled spectrum of 
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(22) is a daublet (2 = 4 Hz) superimposed an a singlet. The signal a t  

6 2.56 is a doublet with the sam spli t t ing,  in agreenwt with axial- 

equatorial T,'P-coupling in  doubly labelled [c&-3,4- I-LJspecies which 

acaxmt for 72% of the to ta l  label. 

as 4 eq-labelled species (22%) and t o  a mall extent as  4 ax-labelled 
3 species. The assignmnts for [ HI isogwacine (231, 1,2,3,6-tetra- 

hydr~-4-pyridinecarbxyinecarboxylic acid, followed frcxn the H n.m.r. spechum 

of the unlabelled hydrobranide which could readily be interpreted 

( 6  2.63, 3-H2 : 3.43, 2-H2 : 3.94, 6-H2 ; 6.97, 5-H) with the help of 

the spl i t t ing pattern. 

3 

The rest is distributed n-ainly 

1 

~ n e  assignmnts for [%]strychnine sulphate (2) were derived 

fran ccmparison of the H n.m.r. spectnm of the base, nreasured at 

250 mz (201, with the 'H spedr~m of the a lpha te  a t  90 MHZ for  wkich 

the arumtic ring A protons gave signals a t  6 7.26, 7.40, 7.44, and 

7.97. 

proton coupled H n.m.r. specban and partly fran a specific H 

1 

Confimatian of the assignmnts i n  Table  2 came partly fran the 
3 1 

irradiation experiment. 

a doublet a t  6 8.13 with J(ortho H,T) = 8.1 Hz fran the 4-triton, a 

t r i p l e t  w i t h  similar splitting a t  6 7.21 as  expected fran a t r i ton a t  

the 2- or the 3-position, and a double doublet at 6 3.16 [with J(H,T) = 

18.5, 8.6 Hz] as exp&zd fran an a-orientated l la-tri ton mupled 

genhally to H - l l b  and vicinally to  H-12 (which is ol-orientatd.  The 

spectnm also showed a double doublet a t  6 2.66 [J(H,T) - = 18.5, 3.1 Hzl 

fran the B-orientated llb-triton, again a nnrltiplet siqnal i n  agr-t 

w i t h  the assignment. 

to decouple the t r i p l e t  at  6 7.21 in the H n.m.r. spectmm, indicating 

that the t r i ton reqxmsible for this l a s t  signal was not in the 3-position 

 he protan coupled ;'H n.m.r. spectrum sha~ed 

Specific l H  i r rad ia t im of 4-H a t  6 8.1 failed 

3 
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adjacent to 4-H. Hence the 2 - a s s i v t  w a s  made. 

3 The t r i t i u m  assignments for  [ H l k a i n i c  acid (27) , 2-carbaxy-4- 

isopropenyl-3-pyrrolidineacetic acid, m e  made fran the b n.m.r. 

chemical shifts measured under similar conditions 16 1.76 s ,  Me : 

2.41 m, 3-, 4-H : 3.06 m, CH2-C02- ; 3.37 and 3.64, 5-H2 ; 4.11 d 

(2 3 Hz), 2-H : 4.76 and 5.05, CH2=]. 

3 For the 5-hydroxy[ H]tryptirmine salt (2) , the four ring-triton 

signals in the proton decoupled H n.m.r. spectrum were  assigned w i t h  

the help of the proton coupled spectrum (19b) , the sp l i t t ing  pattern 

being unavbiguous. 

3 
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Because the H-1 and H-2 chemical s h i f t s  i n  morphine and derivatives 

are identical  or closely similar (211, the single sharp line a t  6 6.59 

fran the labelled mrphine (35) was not diagnostic of 1-labelling. 

was therefore made of the different ia l  shielding on adjacent benzene 

Use 

positions prwided by an acetoxy group (g + 0.6 ortho, + 0.3 meta) . 
That the derived 3 , 6 - d i a e t y l [ 3 H ] m o ~ e  (37) sh& only me sharp 

peak at 6 6.77 i n  the proton decoupled H n.m.r. spectnrm then daoon- 

strated that the label was indeed confined to  the 1-positim. The 

same conclusion fol lowd of m u s e  for  the 7,8-dihydra~zphbe (36) 

3 

lh.ich had been made fran (35). 

clcmparison of the 'H n.m.r spedrum of the [%]piperidine salt 

(48) with the 'H n.m.r. spctnm of p i p e r i m e  (22) indicated that the 

label was mainly in the 3(5)- and rl-positions, w i t h  scme 7% residing 

in the 2 (6)-positions. 

during the hydrogenation of the 3, I-double bmd in the precursor. 

A little a l l y l i c  exchange had thus occurred 

Specificity of Labe1lk-q - Sodim b r o t r i t i d e  reductions. 

of ketunes by this reagent intrcduced label  only into the resultant 

Reduction 



1160 J .  P. Bloxsidge et al. 

Ethylene group, as shmn by the 'H n.m.r. spectra of the products 

( 2 ) ,  - (8) and (10) . 
for product (e) and thence (g), and for the preparation of 

2-mi.n0[1-~H]ethanol by reduction of glycine ethyl ester (follow3 

by back exchange of labile t r i t i u n )  : that the label was subsqumtly 

1,2-scrambled i n  the derived taurine (49) is a result of the further 

transformations proceeding through a synetrical aziridine in- 'ate 

(7,23). The borotritide reduction of the nitrile group in ethyl cyan@ 

acetate (follawed by back exchange of tr i t ium in the resulting amino 

function) placed label solely in  the 8-mthylene group of the product, 

6-alanine (G). Borotritide treatroent of a protected pyridine to  

give [2,6-3H] isogwacine (3) also effected regiospecific labelling, 

as did similar trea-t of the A15-enmine precursor t o  give 

diprenorphjne (3). These reductions presuMbly p d e d  through 

imine tautaners so that, after back exchange of labile t r i t i u m ,  label 

resided only i n  the mthylene p u p  next t o  the nitrogen function. 

wily specific was the reduction of esters, as 

Catalytic tritiodehalogenatian. This procedure inixcduced label 

w i t h  canplete regiospecificity in each of the preparaticns of cxxpunds 

(A), (6), ( 2 1 ,  (131, ( 4 1 ,  ( 3 1 ,  (321, (34) ( 2 1 ,  (*), (431, (441, 

and (M). 
labelling of t k  benzylic methlene groups which acccmpanied the reductive 

replacanent of halogen so that the product w a s  [3(9),10(11)- Hlimipramine 

tkxwer, w i t h  3-chloroimipramine there was saw exchange 

3 

(2) - 
3 mzymic reactions. The hyamxYlatian of [ H]dopanir~ using dopamine 

&hydroxylase to  give labelled L-noradrenaline (2) and the enzymic 

methylation of the lat ter to  yield labelled L-adrenaline (9) proceeded 
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with mnplete retentian of the original label. 
3 resoluticms of DL[2,3- Hlaspartic acid (28) -11 losses of label 

occu~reed and the D. (2) and Laspartic acid 

samwhat in the relative amxlllts of label retained i n  the 2- and 3- 

positims . 

Howver, in the enzymic 

so prepared differed 

Reductive amination. The single example, no. 25, indicated that 

the mthcd is not entirely specific : mch label w a s  intrcducd into 

the a-position t o  the original precursor 0x0 group, as in prcduct (25). 

tkcarbaxylatirm. In the presence of tr i t iated water this process 

can give specific labelling as for product ( 3 1 ,  although particular 

conditions my also effect exchange elsewhere (24) .  

Exchawe w i t h  tr i t iated water. Activated positims wxe labelled 

efficiently, as d m s t r a t e d  by the preparations of ccmpounds (g) ,  
(z), (s), (=) and (2). The specificity varied w i t h  the substrate 

and conditians. 

whereas 5 - h y d r ~ ~ e  (2) was tr i t iated also i n  the benzylic 

positirm of the side chain. 

a product (27) (i) h i c h  was tr i t iated in the allylic methyl group and 

also, meqectedly, in the terminal vinyl Ethylene group as sham 

mankiguously by the n.m.r. spectra, discussed above. canditians 

evidently mre vigorous effected labelling also in the activated B- 

positim of the 3-acetic sidechain and the Z-positim, as wll as 

in  the 5-psiticp1, as &om by the H n.n.r. spectmn of the prcduct 

(27) (ii) (see Table 2) .  

Thus dapamine (&) was tr i t iated mly i n  the ring 

under mild conditians, kab ic  acid gave 

3 
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Exchange w i t h  tritim gas in the presence of a catalyst. This 

gave specific labelling in the 8-position of the purine ring, as for 

theophylline (41) and caffeine (42). Where the purine 2-position 

was free as w i t h  adenosine, exchange occurred there also t o  a small 

extent, as  found in  the product (e) . For 2-amino-6,7-dihyd1oxy- 

l r 2 , 3 , 4 - t e t a 1 e n e  (21, (m) , the label had been intro- 

duced. predcaninantly in the h z y l i c  1- and .I-positions, w i t h  a small 

amount entering into a l l  the other positions except the 2-position 

which bears the amino group. 

Wilzbach exchange. Occasionally this siqle mthcd gives r m k e d l y  

selectivelabelling as  in the Emthy1 and hydroxymethyl groups of 

atropine (3).  

Catalytic reduction of m l t i p l e  M s .  Depending on catalyst and 

conditions there can be concanitant exchange so that label is also 

intrcduced into positions a l ly l ic  t o  the original multiple bond. 

Exanples of such prducts  were dihydroalprenolol (151, 8-alanine (GI, 
2,4-diaroinobutyric acid (19) , 3-snninocyclohexanecarboxylic acid (20) 
and piperidine (48). Activated positions r a t e  f r m  the m l t i p l e  

linkage may also be labelled, as  found for dihydroergccryptine (12). 
In m y  cases, h m m ,  the label is introduced regiospecifically, as  

with ccmpounds (9) , (181, (221, (36) and (381, although occasionally 

the distribution of label between the tm positions which orginally 

constituted the ends of the multiple linkage may be fa r  fran equal, as 

in D b a s p a r t i c  acid (2). 
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