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SUMMARY 

-- In situ formation of acetic-l-13-C pivalic anhydride con- 
s t i t u t e s  a convenient and economical means of preparing C-13 
containing acetanil ides i n  excellent yield.  Similarly, jn- 
- situ formation of pivalic anhydride yields pivanilides. An 
elegant synthesis of pacetylaminobenzaldehyde from p-nitro- 
benzaldehyde via the acetal i s  described. 

Key Words: 1 3 C  acetylation, ace t ic  pivalic anhydride, g-acetylamino- 

benza 1 dehyde , p i  van i 1 i des 

DISCUSSION 

In an investigation of antigen-antibody interaction by means of C-13 nuclear 

magnetic resonance, the haptens 1, 2 and 3 were prepared and the f i r s t  two were 

attached t o  several proteins fo r  injection in to  rabbits.  

anhydride was used i n  the acetylation. 

venient method for  the introduction of acetyl-1-' 3C onto the anil ines corres- 

ponding to  1;  2 and 3 and a l so  several simple substi tuted an i l ines .  

- -  - 
In each case ace t ic  

We now report a more e f f i c i en t  and con- 

- -  - 
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We have prepared ace t ic  p iva l ic  anhydride ( 1 )  i n  s i t u  from pivaloyl chloride 

and anhydrous sodium acetate i n  refluxing ace toni t r i le .  

added without isolation of the reagent. 

The an i l ine  was then 

(CH3)3C-;-C1 t Na' 8-$OCH3 ____; (CH3)3C-;-O-;-CH3 
0 0 0 0  

As anticipated, the s t e r i c  bluk of the pivaloyl group directed the attack to  the 

acetyl s ide  of the reagent. The resu l t s  a re  shown i n  Table I .  

Table I .  Acetylation of N H 2 C 6 H r R  u s i n g  ace t ic  pivalic anhydride 

R 

H 

p-Cl 

- p-Br 

- o-Br 

OCHP 

p-CH' 1 
\ 

OCH2 

p-CN 

p-CO2H 

- m-C02H 

- o - C O ~ H  

Yield % 

83 

97 

99 

48 

73a 

76b 

59 

57b 

56b 

Reporhed 
M.P.OC M.P. C 

108-113 113-114 ( 2 )  

177-1 80 178.4 ( 2 )  

163.5-168 168 

92-100 99 (2) 

93.5-1 10 -- 

198-202 202-203 (3) 

246-253' dec 250' dec ( 2 )  

244-250' 248' dec (2) 

1 79-1 84.5' 185' ( 2 )  

(a) Yield over two steps- a 20% excess of acetylating agent was used. 

( b )  Yield w i t h  1 3 C  labeled reagent. 

The method, i n  addition t o  the  economical use of the C-13 containing M- 

t e r i a l  , uses comnerically available anhydrous sodium acetate-1-' 3 C ,  thus 

avoiding the preparation or purchase of a more expensive acetylating reagent. 

2,4-Dinitro-5-fluoroaniline fa i led  t o  react under the conditions which 

gave the acetanilides i n  Table I .  I f ,  however, the f i l t e r e d  solution of 
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a c e t i c  p i v a l i c  anhydride was evaporated and t h e  r e s i d u a l  o i l  was combined w i t h  

the a n i l i n e  and cata lyzed by s u l f u r i c  ac id ,  1 was obta ined i n  72% y i e l d .  - 
The a c e t y l a t i o n  of 2,4-dinitro-5-fluoroaniline us ing  two moles of a c e t i c  

With an equimolar amount o f  a c e t i c  anhydride anhydride gave 1 i n  90% y i e l d .  

the y i e l d  was 79%. 

used probably  due t o  the lower b a s i c i t y  o f  t h e  amine, t h e  a c t i v i t y  of t h e  f l u o r o  

group and the  b u l k  o f  the o r t h o  subs t i t uen t .  

o f  g-bromoanil ine (Table I )  i n d i c a t e s  t h e  i n f l u e n c e  o f  a l a r g e  ortho group. 

- 
D i f f i c u l t y  was found when o t h e r  a c e t y l a t i o n  reagents were 

The low y i e l d  i n  the  a c e t y l a t i o n  

The a c i d - s e n s i t i v e  p-aminobenzaldhyde ethy lene g l y c o l  ace ta l  (Table I )  

requ i red  m o d i f i c a t i o n  o f  t h e  general a c e t y l a t i o n  procedure. 

bonate was added t o  the reagent a f t e r  removal o f  a c e t o n i t r i l e .  

pared amino ace ta l  d isso lved i n  a c e t o n i t r i l e  was then added and t r e a t e d  there-  

a f t e r  as i n  t h e  general procedure (see Experimental).  

S o l i d  sodium car-  

The f r e s h l y  pre- 

The p i v a n i l i d e s  i n  Table I1 were prepared us ing sodium p i v a l a t e  and p i v a l o y l  

c h l o r i d e  i n  a c e t o n i t r i l e  t o  prepare p i v a l i c  anhydride. 

added w i thou t  i s o l a t i o n  o f  t he  reagent. 

The a n i l i n e  was then 

R-- P )-CN 
/.--> 
4 .. R ,  NO2 5 - R, NH2 

The r e a c t i o n  o f  e-bromonitrobenzene w i t h  copper(1) cyanide t o  g i ve  4 i n  - 
76% y i e l d  ( 4 )  i nd i ca tes  p o t e n t i a l  f o r  a 1 3 C  l a b e l  i n  the cyano group. 

genation o f  4 over p la t i num gave 5 i n  96% y i e l d  and a c e t y l a t i o n  o f  5 w i t h  

acet ic-1- ‘% p i v a l i c  anhydride gave labe led  3 i n  76% y i e l d .  

Hydro- 

- - ” 

.. 
Table 11. P i v a l o y l a t i o n  o f  NH2C6H,,R us ing  p i v a l i c  anhydride 

Reporged 
R Y i e l d  % M.P.OC M.P. C 

H a7 131 -1 35 132 ( 5 )  

p-Cl 93.5 151-153 148-149 (6 )  

p-Br  79 154-158 156-157 ( 7 )  
a o-Br 54.7 54-58 -- - 

( a )  Calcd. for  Cl1HIkNOBr: C ,  51.58, H, 5.51, N, 5.47 Found: C, 51.76, 

0 H, 5.58, N, 5.36; m.p. 60-61.5 from aqueous ethanol .  
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EXPERIMENTAL 

Me1 t i  ng points were determined on a Me1 -Temp apparatus and are  uncorrected. 

PMR were obtained on an EM-390 spectrometer. 

Varian XL-100. 

toxide and stored over 3A molecular sieve. 

CMR spectra were obtained on a 

Good quality ace toni t r i le  was r ed i s t i l l ed  from phosphorus pen- 

General Acetylation Procedure (See Table I ) .  A suspension of 0.45 g. 

(5.5 ml) of finely c rys ta l l ine  anhydrous sodium acetate i n  20 m l  of acetoni- 

t r i l e  was combined w i t h  0.67 ml (5.5 mnol) of pivaloyl chloride and refluxed 

on the steam bath w i t h  s t i r r i n g  fo r  1 hr. 

of the anil ine was added and refluxing continued fo r  3 hr. 

then d i s t i l l e d  (asp i ra tor )  and the so l id  residue was s t i r r e d  and warmed on the 

steam bath for  15 min w i t h  20 ml of 4% aqueous sodium bicarbonate, ch i l led ,  

f i l t e r ed  and washed w i t h  i ce  cold water. 

authentic compounds by mixed melting point and by PMR. 

The mixture was cooled, 5.0 n o 1  

The solvent was 

The acetanil ides were identical  t o  

Pivaloylation (See Table 11). The procedure was identical  t o  the above 

with replacement of the sodium acetate by 0.68 g .  (5.5 mnol) of powdered 

anhydrous sodium pivalate. 

2,4-Dini tro-5-fl uoroacetani 1 ide (u. 2,4-Oini tro-5-fl uoroani 1 ine (Pierce 

Chemical Co.; 0.20 g ,  1 m l )  was heated on the steam bath fo r  3 hr w i t h  0.2 ml 

(2 .12  mnol) of ace t ic  anhydride containing su l fur ic  acid (1 drop per 10 m l ) ,  

cooled, s t i r r ed  w i t h  water and f i l t e r e d  t o  obtain 0.22 g. (90%) of product m.p. 

111-119' ( l i t .  (8) 119'). 

N-(2Adini tro-5-fl uorophenyl) acetamide-l-13C. The general acetylation 

procedure above w i t h  0.67 m l  (5.5 m l )  of freshly dis t i l led pivaloyl chloride 

and 0.45 g. (5.5 m o l )  of anhydrous sodium acetate-1-l3C (90% C-13) with re- 

fluxing for  3 hr was used to  give the mixed acid anhydride. 

was f i l t e r ed  off and the solvent removed i n  vacuo. The residual o i l  was com- 

bined w i t h  1.0 9. (5  mol) of 2,4-dinitro-5-fluoroaniline, 0.5 m l  of anhydrous 

ace toni t r i le  and 2 microdrops of concentrated su l fur ic  acid and warmed 3 hr 

w i t h  s t i r r i n g  on the steam bath. The so l id  product w i t h  10 ml of water was 

neutralized w i t h  4% aqueous sodium bicarbonate, ch i l led ,  f i l t e r e d  and washed 

w i t h  water. 

The sodium chloride 

After drying, the solid was crystalized from benzene-hexane to  
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yie ld  0.87 g. (3.58 ml; 72%) m.p. 102-113'. 

A 12.0 mg. sample of the compound was dissolved i n  1.5 m l  of acetone-ds, 

2 drops of dioxane were added fo r  internal reference and the CMR spectrum was 

acquired f o r  a period suf f ic ien t  t o  observe the signal result ing from the 

enriched carbon. The chemical s h i f t  was identical t o  tha t  of an unenriched 

sample (170.2 ppm from TMS) . 
e-Ni trobenzaldehyde Ethylene Glycol Acetal . e-Ni trobenzaldehyde (6.77 g; 

0.045 mol) i n  600 mi of toluene w i t h  0.52 g. of p-toluenesulfonic acid mono- 

hydrate and 113 m l  of ethylene glycol was refluxed fo r  9 hr using a Dean-Stark 

trap.  

chil led solution was treated w i t h  excess saturated sodium bicarbonate and water, 

the layers were separated, the toluene washed repeatedly w i t h  water and removed 

-- i n  vacuo. 

colorless crystals;  m.p. 86-93' from methanol-water ( l i t .  (9,  10) 90.5', 89- 

Dis t i l l a t ion  then removed 400 m l  of toluene-ethylene glycol and the 

The residual o i l  deposited 7.45 g. (0.038 mol; 85%) of prac t ica l ly  

p-Aminobenzaldehyde Ethylene Glycol Acetal. A suspension of 3.90 g .  (0.02 

mol) of the above i n  60 m l  of ethanol w i t h  0.4 g. of platinum oxide was shaken 

under hydrogen a t  s l i gh t ly  above atmospheric pressure u n t i  1 the hydrogenation 

r a t e  dropped t o  3-8 ml per min. 

pale yellow o i l  which could be acetylated d i rec t ly .  

crystall ized on standing overnight, m.p. 50-71' ( l i t .  (10) 75-79'). 

Removal o f  the ca ta lys t  and solvent gave a 

In one experiment the o i l  

p-Acetylaminobenzaldehyde Ethylene Glycol Acetal . The above l iquid amine 

i n  60 ml of benzene w i t h  8.3 ml of triethylamine and 3.76 ml (0.04 mol) of 

ace t ic  anhydride was refluxed for  2 hr. 

water was added and the f lask  chil led.  

(0.0167 mol; 83.5% based on the n i t ro  ace t a l ) ,  m.6 .  98-114'. 

purified material melted a t  116-118'. Calcd. for  CllH13N03:  C ,  63.75, H ,  6.32, 

N, 6.76 Found: C ,  64.06, H, 6.50, N, 6.69. 

The solvents were removed i n  vacuo. 

The colorless crystals weighed 3.45 9. 

From benzene-hexane, 

p-Acetylaminobenzaldehyde. The crude acetal above was heated on the steam 

bath w i t h  60 m l  of 50% aqueous ace t ic  acid f o r  30 min. The solvent was t h e n  

removed i n  vacuo and traces of ace t ic  acid were swept out by addition and d i s -  

t i l l a t i o n  of 10 m l  of water. The residue so l id i f ied  on cooling, 2.4 g. (0.3151 
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mol; 90%) m . p .  152-156.5' ( l i t .  153'). ( 2 )  

e-Benzamidobenzaldehyde. The amine ace ta l  w i t h  benzoyl ch lor ide  and sodium 

hydroxide gave pbenzamidobenzaldehyde ethylene glycol ace ta l  (87%) m.p. 712- 

135'. From aqueous methanol i t  melted a t  152.5-153.5'. 

C ,  71.36, H, 5.61, N ,  5.20. Found C ,  71.04, H ,  5.45, N ,  5.38. Cleavage of the 

ace ta l  gave the aldehyde (97%) m.p. 135-155'. 

hexane gave a sample m.p. 150.5-151'. 

N, 6.22. Found: C ,  74.31, H ,  4.85, N ,  6.20. 

Calcd. f o r  CI6H15N03: 

C r y s t a l l i z a t i o n  from benzene- 

Calcd. f o r  C 1 , , H I I N O P :  C ,  74.64, H ,  4.93, 

~-Acetyl-l-'3C~minobenzaidehyde (2). Acetic p i v a l i c  anhydride was prepared 

from 0.49 g (6. mmol) of powdered anhydrous sodium acetate- l -13C and 0.74 ml 

( 6  ml) of pivaloyl ch lor ide  as described i n  the general procedure above. The 

solvent  was then removed i n  vacuo and 1.06 g. of anhydrous sodium carbonate was 

added. Five millimoles (0.98 g . )  o f  p-nitrobenzaldehyde ethylene glycol ace ta l  

was reduced over platinum oxide as  described above and the residual  o i l  evapor- 

a ted twice w i t h  10 m l  of absolute  ethanol and twice w i t h  10 ml of anhydrous 

benzene t o  remove water and ethanol .  The o i l  was t ransfer red  t o  the a c e t i c  

p i v a l i c  anhydride above with three 10 m l  por t ions of  a c e t o n i t r i l e  and refluxed 

f o r  3 h r .  

steam bath f o r  15 min w i t h  20 m l  of  4% aqueous sodium bicarbonate, c h i l l e d ,  

f i l t e r e d  and washed w i t h  ice water. The l i g h t  yellow s o l i d  weighed 0.81 g. 

m.p. 93.5-110' From benzene-hexane, 0.55 g. (2.66 ml; 53%) m.p. 113.5- 

116.5' was obtained. Cleavage of 0.52 g. (2 .5  m o l e )  of this ace ta l  as  des- 

cribed above gave 0.36 g. (2.21 mnol; 88%) m.p. 153-156.5'. The CMR of a 10 

mg sample of 2 dissolved i n  acetone-d, a s  before consis ted of  a s i n g l e  l i n e  w i t h  

a chemical sh i f t  s i m i l a r  t o  t h a t  found f o r  the enriched carbon of 1. 

The so lvent  was evaporated i n  vacuo, the residue was digested on the  

- 
- 

p-Aminobenzonitrile (5). p N i t r o b e n z o n i t r i l e  (4)  (1.48 g; 0.01 mol) in 60 

m l  of 95% ethanol w i t h  0.25 g.  of platinum oxide was shaken under hydrogen a t  

- ca. atmospheric pressure u n t i l  890 ml o f  hydrogen had been consumed ( t h e o r e t i c a l  

873 ml). F i l t r a t i o n  

and evaporation gave 1.13 g. (9.58 m l ;  96%) of l i g h t  orange-brown c r y s t a l s  

( 5 )  m.p. 71-80' ( l i t  (2)  86') 

The hydrogenation r a t e  a t  th is  point  was 10-15 m l  per min .  

p-A~ety1-1-'~C-aminobenzonitri1e (3)  . The ace ty la t ion  of 0.59 g. ( 5  mnol) -- 
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of 5 by the general acetylation procedure above oave 0.61 9. (3.9 m o l ;  76%) of 

3, m.p. 198-202' ( l i t  (3)  202-203°). 

before revealed a s ing le  l i n e  a t  169.1 ppm. 

-. 
A 13.1 mg sample o f  3 i n  acetone-d, a s  

* - 
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