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The te r t -butoxycarbonyl  amino-pro tec t ive  group (BOC group) is widely used in synthetic bioorganic 
chemis t ry ,  pa r t i cu la r ly  in peptide c h e m i s t r y  [1]. However, t e r t -bu toxycarbonyla t ing  reagents  a re  still  
difficultly access ib le  under  l abora to ry  conditions, which is due to the necess i ty  of using phosgene [2] or  
carbon oxysulfide [3] for  the i r  synthes is .  As a t e r t -bu toxycarbonyla t ing  reagent  we have proposed d i - t e r t -  
butyl pyrocarbona te  (BOC20) [4]. It was found previous ly  [5] that BOC20 can be obtained by the p r e p a r a -  
t ively s imple  reac t ion  of sodium te r t -bu ty l  carbonate  with t r i ch loroace ty l  chloride.  La ter ,  it was e s t ab -  
l ished that in place  of t r i ch loroace ty l  chloride it is be t t e r  to use 3,5-dini trobenzoyl  chloride.  The yield 
of BOC20 is inc reased  and 3,5-dini t robenzoic acid is readi ly  regenera ted  f r o m  the wash -wa te r s .  

The p re sen t  pape r  gives the resu l t s  of an invest igat ion of the possibi l i ty  of using BOC20 for  the syn-  
thesis  of N- te r t -bu toxycarbonyl  der iva t ives  of amino acids (BOC-amino acids),  including some tr ifunctional  
acids.  As a N- te r t -bu toxycarbonyla t ing  agent BOC20 has a number  of advantages  over  the BOCN 3 [6] and 
BOCF [7] that a re  widely used for  this purpose .  In addition to its access ib i l i ty ,  ease  of puri f icat ion and 
stabil i ty,  an impor tant  advantage is the fact  that in its reac t ion  with amines  no byproducts  a re  formed other  
than CO 2 and te r t -butanol  (tert-C4HsCO)20 +H2NR ~ter t -C4HsOCONHR +tert-C4H9OH +CO 2. Consequently, 
nei ther  the co r r ec t i on  of the pH of the react ion  medium,  as with the use of BOCN 3 [6] and BOCF [7], nor  
complex pur i f icat ion f rom phenol (where BOCOAr is used [9]) is required.  All this makes  BOC20 an ex-  
t r e m e l y  p romis ing  reagent  for  obtaining BOC der iva t ives  of compounds of var ious  c l a s s e s .  The react ion  
of BOC20 with sa l t s  of amino acids in aqueous ethanolic solution begins a f te r  a shor t  induction per iod (2-3 
rain) and is accompanied by the vigorous evolution of CO 2. With a 20-50% m o l a r  excess  of BOC20 af te r  
only an hour the in i t ia l  amino acid has reac ted  complete ly  and can no longer  be detected on a ch roma tog ram.  
The yie lds  of BOC amino acids a re  high and are  de te rmined  only by the losses  on isolation; the constants  
co r respond  to those given in the l i t e ra tu re  [6, 7] (Table 1). 

Lysine and histidine were  acylated with two equivalents  of BOC20. With an equ imola r  ra t io  of the 
reac tan ts ,  lysine and histidine f o r m  a mixture  of mono-  and di-BOC der iva t ives  with the initial amino acids .  
The d i -BOC-lys ine  was cha rac t e r i zed  in the f o r m  of its sal t  with dicyclohexylamine (DCHA), and the di-  
BOC-hist idine in the fo rm of the c rys ta l l ine  N-hydroxysuccinimide e s t e r .  To obtain Ne-BOC-lys ine  we 
used a solution of the copper  salt  of lysine [8] in aqueous pyridine.  BOC20 reac t s  only slowly with a s p a r -  
agine in aqueous ethanolic solution at 20°C. Consequently, this react ion  was p e r f o r m e d  in aqueous d imeth-  
y l fo rmamide  (DMFA) at 40-45°C. Under the react ion  conditions se lected,  t ryptophan reac t s  with BOC20 
only at the o~-amino group.  In tyros ine ,  the phenolic hydroxyl also r eac t s  to some extent, so that the N oz- 
BOC-tyros ine  obtained is contaminated with a smal l  amount of N~,O-di -BOC-tyros ine  [7]. 

E X P E R I M E N T A L  

The work was p e r f o r m e d  with amino acids of the L s e r i e s .  Ascending th in - l aye r  ch romatography  
was p e r f o r m e d  on "Silufol" p la tes  in the following solvent sy s t ems :  1) b e n z e n e - a c e t o n e - a c e t i c  acid (100 : 
50 : 2) (Rfl), and 2) c h l o r o f o r m - m e t h a n o l - 2 5 %  ammonia  (5 : 3 : 1) (Rf2). The solvent  front  migra ted  6-6.5 
cm.  The BOC der iva t ives  of amino acids were  revealed  with ninhydrin at 120°C. 

Di - t e r t -Bu ty l  Pyroca rbona te  (BOC?O). Carbon dioxide was bubbled into a suspens ion of 1.2 mole of 
sodium ter t -butoxide in two l i t e r s  of pe t ro l eum e ther  until the inc rease  in weight was 53 g. To the r e su l t -  
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TABLE 1. N~-BOC-(Amino Acids) [6, 7] 

Amino acid Yield, % mp, *C /~l' I~1~ 

-25 (ACOH) AIa 
Ash 
Gly 

N im -- BOCH is 
Leu 
Pl:e 
P~o 
Try 

N ~ BOCLys. DCHA 
Tyr - -DCHA 

* From water; 

84 
78 
95 
95 
96 
86 
95 
94 
70 
84 

J'from aqueous ethanol; 
~t f rom ether;  

80-81 
177--17q 
90- 92 

Amorpho,,-¢ 
78--81 
82-83 

133--134 
138--140 
136--138 
197--201 

* *contaminated with BOC 2Tyr. 

0,51 
0.13" 
0,43 
0,44 
0.53~" 
0,56 
0,55 
0,54t 
0,545 
0,45 ** 

-~ ACOH 

ing suspension of sodium ter t -butyl  carbonate was added a solution of 0.5 mole of 3,5-dinitrobenzoyl chlo-  
ride in 200 ml of benzene, and the mixture was s t i r red  at 20°C for 4 h. Then 100 ml of dimethylformamide 
was added and it was s t i r red  at 20°C for  another 2 h and at 50°C for  1 h. Then it was cooled to 15°C, and 
water  was added until the precipi ta te  of salts had dissolved (about 500 ml). The organic l aye r  was separated 
off, washed with water,  and dried with MgSO 4. After the solvent had been distilled off (40°C at 10 ml), the 
residue was distilled in vacuum. This gave 78.0 (71.5%) of d i - ter t -butyl  pyrocarbonate  with nap 75-78°C at 
3 ram, mp 21-23°C [5]. The wash-waters  were acidified with hydrochloric  acid, and 96.2 g (91%) of 3,5- 
dinitrobenzoic acid was f i l tered off. 

General Procedure  for  the N-ter t -Butoxycarbonylat ion of AminorAcid Salts with BOC20. A solution 
of 0.5 g of NaHCO 3 in 5 ml of water, 10 ml of tert-butanol,  and 3 ml of BOCzO were added to a solution of 
10 mmole of amino acid in 10 ml of NaOH. The mixture was s t i r red  at 20°C for 2 h, diluted with water  to 
50 ml, and extracted with pe t ro leum ether  (2 x 20 ml). The aqueous solution was acidified with ci t r ic  acid 
and extracted with ethyl acetate (20 + 2 x 15 ml). The extract  was washed with brine and dried with MgSO 4. 
After evaporat ion of the ethyl acetate,  the residue was crys ta l l ized [6] or  converted into crystal l ine der iva-  
t ives (see Table 1). 

N~-BOC- Asparagine.  To a solution of 1.3 g (10 mmole) of asparagine in 10 ml of NaOH were added 
10 ml of dimethylformamide and 3 ml (~13 mmole) of BOC20 , and the mixture was s t i r red  at 45-50°C for  
3 h. Then it was evaporated in vacuum (40°C) to the state of a syrup, and this was diluted with water  to 
50 ml, extracted with e ther  (2 x 15 ml), acidified with 2 N HC1 to pH 3, and left in the r e f r ige ra to r  for  2 h. 
The result ing precipi tate  was fi l tered off, washed with water, and dried in vacuum over  CaC12. This gave 
1.8 g (77.5%) of l~ -BOC-aspa rag ine  with mp 177-179°C, Rfl 0.13 ([7] 176-177°C). 

NC~,Nim-Di-BOC-histidine. By the general  method, 1.5 g of histidine and 5.5 ml of BOC20 yielded, 
after  evaporat ion of the dried solution, 3.5 g of chromatographical ly  pure di-BOC-hist idine with Rfl 0.44 
in the form of a dry foam [7]. 

The N-hydroxysuccinimide e s t e r  of di-BOC-histidine was obtained with the aid of dicyclohexylearbo-  
diimide. After recrys ta l l iza t ion  f rom a mixture of diethyl e ther  and petroleum ether  the yield was 78%, 
nap I13-I15°C, Rfl 0.55. Found %: C 52.95; H 6.55; N 12.63. C20H23N40 a. 

Copper Salt of N~-BOC-Lysine. A solution of the copper salt of lysine [8] (from 18.2 g of lysine) in 
70 ml of water was mixed with 40 ml of pyridine and 17 ml of Et3N and, with vigorous stirring over 30-40 
rain a solution of 25 ml of BOC20 in 25 rnl of tert-butanol was added. Then the mixture was stirred for 
another hour and the solidifying reaction mixture was diluted with 200 ml of water and cooled to 10°C, and 
the precipitate was filtered off. This was resuspended in 150 ml of water, filtered off, washed with water, 
methanol, and ether, and dried over CaCl 2. This gave 16.5 g (60%) of the copper salts of N~-BOC-lysine, 
decomp. 255-260°C ([8] 230-240°C). Found %: C 47.68; H 6.92; N 9.7 Cu 11.4. C22H40N4OsCu. 

SUMMARY 

It has been shown that BOC derivatives of amino acids can be obtained by the tert-butoxycarbonyla- 
tion of amino-acid salts with di-tert-butylpyrocarbonate in aqueous organic solutions. 
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