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15 13 THE PREPARATION OF [ N]- AND [I- C]-2-NAPHTHYLAMINE AND THEIR 

CONVERSIONS INTO [15Nx15N']- AND 11.1 '-l'C2]-2,2'-AZ0NAPHTHALENE 

Ewa Gruszecka" and Henry J. Shine* 

Department of Chemistry 
Texas Tech University 
Lubbock, Texas 79409 

ABSTRACT 

Specifically labelled [ 15 N]-2-naphthylamine and [ l-13C]-2-naphthylamine 

have been synthesized with approx. 99% label abundance. The correspondingly 

highly-enriched, doubly-labelled 2,2'-azonaphthalenes have been made. 

15 13 Key Words: [ N]- and [l- CJ-2-naphthylamine. Doubly lahelled 2,2'- 

azonaphthalenes. 

INTRODUCTION 

Specifically labelled "N- and 13C-2, 2'-azonaphthalene were needed for 

studying the mechanism of rearrangement of 2,Z'-hydrazonaphthalene. 2,2'- 

Azonaphthalene can be prepared in reasonable yield only by the diazotized 

coupling of 2-naphthylamine. 

ally labelled IL5NI- and 11- 

by Geller and Samosvat (1). and we adapted their sealed-tube procedure to our 

own needs. 

Hence it was necessary first to prepare specific- 

C]-2-naphthylamine. The former has been prepared 13 

* To whom correspondence should be addressed 
# On leave from the Institute of Organic and Physical Chemistry, Technical 
University of Wroclaw, Poland 

0362-4803/83/111257-08$1.00 
0 1983 by John Wiley & Sons, Ltd. 

Received July 27,  1983 



1258 E. Cruszecka and H .  J .  Shine 

2-Naphthylamine has been prepared with 13C-labelling in the 8- and 1 , 4 ,  

13 1 5,8-positions (2). 1 C 1-5,8-[ H ]-5.6,7,8-tetrahydro-2-naphthylamine has 

also been reported (3). 2-Naphthylamine having 14C-labelling in the 8- ( 4 )  

and 5,8- (5) positions has been reported also. To our knowledge 2-naphthyl- 

amine which is specifically labelled in the 1-position has not been reported 

hitherto. 

2 4 

EXPERIMENTAL 

1 15 NI-2-Naphthylamine and [15N,15N']-2,2'-Azonaphthalene (Scheme 1) 

15 [ N]-2-Naphthylamine. The sealed-tube procedure of Geller (1) was 

modified. A glass-lined autoclave (Parr "Mini" reactor) was charged with 

3.0 g (0.02 mol) of 2-naphthol, 4.8 g (0.09 mol) of [ Nlammonium chloride 

(99% 15N3), 8.2 g of anhydrous sodium acetate, and 3.0 mL of glacial acetic 

acid. The mixture in the autoclave was heated for 10 h at 280" C. After cool- 

ing, the autoclave was opened, the contents were washed out with water into 

a suction filter and the solid residue was washed with water until a test for 

chloride ion was negative (filtrate 1). The residue was then refluxed in 

200 mL of 1.2% aqueous sodium hydroxide for 1 h. The alkaline solution was 

cooled in ice, the insoluble solid was filtered and washed 3 times with ice 

water (filtrate 2). and then refluxed with 200 mL of 6% hydrochloric acid 

for 1 h. The hot solution was filtered (filtrate 3 ) .  Filtrate 2 was extracted 

15 

SCHEME 1 

OH 1) h4C1,AcONa,AcOH 

2) hydrolysis 
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5 t i m e s  w i th  e t h e r .  

w a s  added t o  f i l t r a t e  3 ,  which w a s  t hen  made a l k a l i n e  wi th  20 g of sodium 

hydroxide.  The e t h e r  w a s  d i s t i l l e d  off  and then  t h e  [15N]-2-naphthyLamine 

w a s  steam d i s t i l l e d .  The d i s t i l l a t e  was e x t r a c t e d  with e t h e r ,  t h e  e x t r a c t  

was d r i e d  wi th  s o l i d  sodium hydroxide,  and t h e  e t h e r  so lven t  was evaporated 

The e x t r a c t ,  con ta in ing  a l i t t l e  [15Nl-2-napthylamine, 

t o  l e a v e  1.1 - 1.2 g ( 3 7 - 4 0 % )  of s l i g h t l y  co lo red ,  c r y s t a l l i n e  ["N]-Z-naph- 

thylamine.  mp 108-110" C.  

1 5  Regenerat ion of I N1ammonium c h l o r i d e .  F i l t r a t e  1 w a s  t r a n s f e r r e d  t o  

a f l a s k  and made a l k a l i n e  wi th  10 g of sodium hydroxide.  

d i s t i l l e d  o f f  w i th  steam i n t o  a r e c e i v e r  con ta in ing  6 mL of  concen t r a t ed  

hydroch lo r i c  a c i d  d i l u t e d  wi th  25 mL of water. 

was d e t e c t e d  by hydrion paper  placed a t  t h e  e x i t  of t h e  condenser .  

t i o n  of  t h e  a c i d i c  d i s t i l l a t e ,  and washing t h e  d r i e d  r e s i d u e  with ace tone  l e f t  

2 . 4  - 2.6 g of  [ Nlammonium c h l o r i d e .  

The ammonia was 

Completion of d i s t i l l a t i o n  

Evapora- 

1 5  

1 5  15 1 Nl-2-Naphthylamine hydroch lo r ide .  (2). I N]-2-Naphthylamine ( 3 . 3  g ,  

0.023 mol) w a s  d i s s o l v e d  i n  150 mL of b o i l i n g  hydroch lo r i c  a c i d  (50% by volume). 

The s o l u t i o n  was deco lo r i zed  by b o i l i n g  with c h a r c o a l ,  and f i l t e r e d  wh i l e  h o t .  

C o l o r l e s s  c r y s t a l s  of [15N]-2-naphthylamine hydroch lo r ide  depos i t ed  upon cool-  

ing.  

1 5  
[ 

The product  w a s  f i l t e r e d  and allowed t o  d r y ,  g i v i n g  3.8 g (93%) of  

N]-2-naphthylamine hydroch lo r ide ,  mp 245-247a C. 

1 5  15 [ N,  N']-2,2'-.izonaphthalene (3 ) .  The method of coupl ing 2-naphthyla- 

mine by Cohen and Oesper ( 6 )  w a s  adapted and p a r t l y  modified f o r  I 5 N  l a b e l l i n g .  

[ NI-2-naphthylamine hydroch lo r ide  (3.6 g ,  0.02 moll w a s  s t i r r e d  i n t o  50 mL 

of water. 

s o l u t i o n  w a s  cooled t o  0' C i n  an ice-salt b a t h  wh i l e  being s t i r r e d  wi th  a 

magnetic stirrer. A f t e r  adding 2.2 mL of concen t r a t ed  s u l f u r i c  a c i d  i n  21 mL 

of  water, t h e  suspended amine sal t  w a s  s t i r r e d  v igo rous iy  and d i a z o t i z e d  by 

s lowly adding,  below t h e  s u r f a c e ,  a c o l d  s o l u t i o n  of 1 .44  g of sodium [ Nlni- 

t r i t e ,  (99% 15N). 

1 5  

To t h i s  w a s  added 1.8 mL of  concen t r a t ed  hydroch lo r i c  a c i d  and t h e  

1 5  

The r e d d i s h  brown s o l u t i o n  of t h e  diazonium s a l t  was allowed 
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t o  s t a n d  15 min and w a s  t hen  f i l t e r e d  by s u c t i o n ,  t h e  f i l t r a t e  be ing  r ece ived  

i n  a f i l t e r  f l a s k  s t a n d i n g  i n  an  i c e  ba th .  The c o l d  s o l u t i o n  w a s  t r a n s f e r r e d  

t o  a beaker  i n  an i c e  b a t h  and a c o l d  s o l u t i o n  of 6.8 g of anhydrous  sodium 

a c e t a t e  i n  30 mL of water  w a s  added w h i l e  t h e  sys tem was kept  between 0-5' C .  

A cooled  s o l u t i o n  of 3.2 g of sodium s u l f i t e  i n  20 mL of water w a s  s lowly  

added below t h e  s u r f a c e  caus ing  n i t r o g e n  e v o l u t i o n  and t h e  s e p a r a t i o n  of t h e  

c rude  115N,15N']-2,2'-azonaphthalene. 

mix tu re  was s t i r r e d  f o r  15  m i n ,  removed from t h e  i c e - s a l t  ba th  and 1 5  mL of 

e t h e r  was added t o  induce  c o a g u l a t i o n .  

over -n ight  s t a n d i n g ,  washed, and d r i e d  i n  vacuo ove r  ca lc ium c h l o r i d e .  The 

c rude  product  was c r y s t a l l i z e d  from benzene, g i v i n g  2.0 g (71%) of 115N,15N' ] -  

2 ,2 ' -azonaphtha lene ,  mp 206.5-208' C. 

p roduct  (7)  gave 99.4% I 5 N 2  and 0.80% I5N1. 

A f t e r  a d d i t i o n  w a s  comple te .  t h e  

The p r e c i p i t a t e  was f i l t e r e d  o f f  a f t e r  

Mass s p e c t r o m e t r i c  a n a l y s i s  of t h e  

13 13 [l- C]-2-Naphthylamine and 11.1- C ]-2,2LAzonaphthalene (Scheme 2 ) .  2 

2-Bromo-4-phenylbutane (5) .  The p rocedure  used  was adapted  from t h e  

ana logous  p r e p a r a t i o n  of l-bromo-2-methyl-3-phenylpropane (8).  Phosphorus 

t r i b romide  (76 g ,  0 .281  mol) w a s  s lowly  added dropwise  w i t h  s t i r r i n g  t o  40 g 

(0.266 moll of 4-phenylbutan-2-01 (Ald r i ch ,  98%, used  wi thou t  f u r t h e r  t reat-  

ment) a t  O'C. 

m ix tu re  w a s  hea t ed  at  90-100°C f o r  3 h ,  cooled  and poured on to  c rushed  i c e .  

E x t r a c t i o n  wi th  e t h e r  and work up gave  52 g (92%) of product  which w a s  d i s -  

t i l l e d  t o  g i v e  50 g (88%) of 4,  bp 160-161°C (22 mm Hg). 

A f t e r  s t a n d i n g  40 h a t  0 ° C  and 3 h a t  room tempera tu re  t h e  

13 11- C1-2-Methyl-4-phenylbutanoic a c i d  (5). Grignard  r e a g e n t  i n  excess  

was made by h e a t i n g  under  g e n t l e  r e f l u x  f o r  4 b 1 . 5  g (62.3 mmol) of magnesium 

t u r n i n g s  and 12 .5  g (58.7 mmol) of 5 i n  90 mL of d r y  e t h e r .  

f u r t h e r  50 mL of e t h e r  t h e  Gr ignard  s o l u t i o n  w a s  carhonated  on a vacuum mani- 

f o l d  u s i n g  t h e  f r eeze - thaw p rocedure  d e s c r i b e d  by Dauhen e t  a l .  ( 9 ) .  I C]- 

carbon d i o x i d e  was gene ra t ed  from 4 .26  g (21.6 mmol) o f  barium [13C]carbonate, 

A f t e r  adding  a 

13 
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(99% e n r i c h e d ,  S t o h l e r  I s o t o p e s )  and 3 2  mL of s u l f u r i c  a c i d ,  and w a s  c a r r i e d  

i n t o  t h e  Gr ignard  s o l u t i o n  through a d r y i n g  t u b e  hy g e n t l e  n i t r o g e n  f low.  

The Gr ignard  s o l u t i o n  w a s  s t i r r e d  m a g n e t i c a l l y  a t  -20°C d u r i n g  30 min. A f t e r  

be ing  f r o z e n  a g a i n  i n  l i q u i d  N2 t h e  r e a c t i o n  mix tu re  was a l lowed t o  s t a n d  a t  

room tempera tu re  f o r  10 h b e f o r e  be ing  a c i d i f i e d  wi th  d i l u t e  H C l  and worked 

up. The e t h e r  e x t r a c t s  were combined and e x t r a c t e d  wi th  10% aqueous NaOH 

s o l u t i o n ,  which a f t e r  a c i d i f i c a t i o n  and e x t r a c t i o n  w i t h  e t h e r  gave 3 .36  g 

(18.8 mmol, 87W based o n  BaI3CO3) of 1. This  procedure  was r e p e a t e d  s e v e r a l  

times i n  o r d e r  t o  o b t a i n  a s u f f i c i e n t  amount of 2 f o r  f u r t h e r  u se .  

w a s  used wi thou t  d i s t i l l i n g  it f i r s t .  

The product  

1 3  11- C]-2-Methyl-1-tetralone (5 ) .  C y c l i z a t i o n  of 5_ (12 .3  g ,  68.7 mmol) 

w a s  ach ieved  by h e a t i n g  i n  90 mL o f  me thanesu l fon ic  a c i d  f o r  3 h as d e s c r i b e d  

by Eisenbraun  f o r  un labe led  6 (10) .  Th i s  gave 1 0 . 8  g (67 .3  mmol, 98%) of 6 ,  

4 - 
11) :02 

1 )  Na2Cr207 C02H NH2011 

2 )  HC1 PPA 

10 9 - 8 - 

NH2HC1 
4 NaN02 

11 - 
m"-"m 

12 - 
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1 3  1 3  [l- C]-2-Methylnaphthalene (El. Reduct ion  of 2 t o  [l- CI-2-methyl- 

t e t r a l i n  (7) w a s  c a r r i e d  o u t  by t h e  g e n e r a l  p rocedure  i n  F i e s e r  and F i e s e r  (11). 

To do t h i s ,  100 g o f  Zn d u s t  w a s  amalgamated by shak ing  wi th  8 g o f  HgC12 and 

5 mL of conc. H C 1  i n  100 mL of water. Reduction o f  10 .5  g ( 6 5 . 2  mmol) of 6 

w a s  ach ieved  by s t i r r i n g  and r e f l u x i n g  w i t h  t h e  amalgamated Zn i n  a mix tu re  of 

40 mL of water, 90 mL o f  t o l u e n e ,  125 mL o f  conc .  H C 1  and 5 mL of a c e t i c  a c i d .  

Three  40-mL p o r t i o n s  of conc. HC1 w e r e  added a t  9-h i n t e r v a l s  d u r i n g  t h e  

r e f l u x  pe r iod .  E t h e r  e x t r a c t s  of t h e  aqueous l a y e r  were combined w i t h  t h e  

t o l u e n e  l a y e r  and gave 9.4 g o f  1 as a golden  ye l low o i l .  

gena ted  wi thout  f u r t h e r  t r e a t m e n t  by h e a t i n g  wi th  2 g of 10% pa l l ad ium on 

cha rcoa l  a t  280°C f o r  30 h. E x t r a c t i o n  wi th  e t h e r  and removal of t h e  s o l v e n t  

gave 7 . 7 8  g (54.4 mmol, 83X based on 6) of S, mp 30-32'C. 

Th i s  w a s  dehydro- 

L i t .  mp 34.5"C ( 8 ) .  

13  [l- C1-2-Naphthoic a c i d  ( 2 ) .  Oxidat ion  of 8 wi th  aqueous Na2Cr20, 

was c a r r i e d  o u t  w i th  t h e  method of Friedman (12 ) .  For  t h i s  pu rpose  a mix tu re  

of 7.49 g ( 5 1 . 7  mmol) of 8. 24.1 g (80.8 mmol )  of  N a 2 C r 2 O 7 >  and 42 mL of water 

was hea ted  i n  t h e  P a r r  a u t o c l a v e  f o r  2 5  h a t  250°C. The a u t o c l a v e  c o n t e n t s  

were removed and f i l t e r e d  a t  60OC. The f i l t e r  r e s i d u e  was washed w i t h  1300 mL 

of warm wa te r ,  and t h e  combined aqueous s o l u t i o n  was a c i d i f i e d  wi th  1:l hydro- 

c h l o r i c  a c i d  and cooled  ove rn igh t  t o  g i v e  7 . 0 2  g (40 .6  mmol, 78%) of ?, mp 

183-184OC (from e t h a n o l ) .  L i t .  y i e l d  and mp f o r  un labe led  2 were 93% and 

184-185°C (12). 

13  [ I -  C]-2-Naphthylamine (lo). Conversion o f  9 i n t o  1" w a s  c a r r i e d  o u t  by 

h e a t i n g  a mix tu re  of 2.10 g (30  mmol) o f  hydroxylamine h y d r o c h l o r i d e ,  2.58 g 

(15 m m o l )  of 2. and 38 p of polyphosphor ic  a c i d  (Ald r i ch f  as  d e s c r i b e d  by 

Snyder (13 ) .  C o n t r o l  runs  showed t h a t  good conve r s ions  could  be  oh ta ined  

o n l y  i f  r ea sonab ly  f r e s h  po1yphos;)horic a c i d  was used .  Polyphosphor ic  a c i d  

which had heen kept  f o r  some t ime a f t e r  p a r t  had heen used gave low y i e l d s  

of 2-naphthylamine. Work up gave 1 . 5  g (11 mmol, 74%) of dark-colored  lo, 

mp 102-105°C. L i t .  mp 107-109°C (un labe led )  (13) .  The 1 p  w a s  p u r i f i e d  a s  i t s  

hydroch lo r ide  (c), mp 251-253"C, which was used f o r  p r e p a r i n g  t h e  azo  compound 

(12). 
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13 [l,l'- C ]-2,2'-Azonaphthalene (2) was prepared in 70% yield by the 2 

procedure described for [15N,15N' ]-2,2'-azonaphthalene, above. 

13 Mass spectrometric analysis of the 12 (7 )  gave: 9 5 . 2 2  I3C2, 4.27% 

and 0.50% l 3 C O .  After each step in the syntheses above, the structure of the 

product was checked by 

the absence of mixtures. 

1 H NMR and IR spectroscopy. TLC was used to confirm 
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