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ORGANIC PREPARATIONS AND PROCEDURES INT. 15(6), 379-385 (1983)  

DIRECT SYNTHESIS OF N"-BENZYLOXY CARBONY L - N ~ - ~ - B U T Y L O X Y  - 
CARBONYL-C-LYSINE FROM C-LYSINE 

Edgar P .  Heimer,* Ching-Tso Wang, Theodore J. Lambros 

and A r t h u r  M. F e l i x  

Roche Research Center 
Bio-Organic Chemistry Department 

Hoffmann-La Roche Inc.  , Nut ley ,  New Jersey  07110 

NE-~-Butyloxycarbonyl--Lysine [H-Lys(Boc)-OH] and No-benzyloxycar- 

bonyl-NE -t-butyloxycarbonyl-k-lysine - [Z-Lys(Boc)-OH] a r e  impor tan t  i n t e r -  

mediates which a r e  u s e f u l  f o r  t he  s o l u t i o n  syn thes i s  o f  pept ides .  Several 

syntheses o f  Z-LYS(BOC)-OH have been repo r ted  p r e v i o u s l y  u s u a l l y  r e q u i r i n g  

t h e  use o f  a p a r t i a l l y  p r o t e c t e d  i n te rmed ia te ,  N'-benzylidene-.-lysine. 1 2  

The syn thes i s  o f  H-Lys(Boc)-OH has been repo r ted  th rough t h e  use o f  t h e  

copper complex o f  C - l y s i n e  w i t h  subsequent convers ion  t o  Z-Lys(Boc)-OH 

w i th  benzyloxycarbonyl  ~ h l o r i d e . ~  More r e c e n t l y  t h e  copper complex o f  I-- 
l y s i n e  was conver ted  t o  H-Lys(Boc)-OH us ing  d i - t - b u t y l d i c a r b o n a t e  - i n  

b e t t e r  y i e l d . 6  Al though t h e  copper c h e l a t e  method has been e f f e c t i v e  f o r  

t h e  p r e p a r a t i o n  of Z-Lys(Boc)-OH o r  o t h e r  NE-acylated - L - l y s i n e  i n t e r -  

mediates i t  s u f f e r s  a major  drawback i n  t h a t  t h e  i n te rmed ia te  copper com- 

p lexes  must be decomposed w i t h  H S o r  through t h e  use o f  ion-exchange 

r e s i n s .  

3 

5 

7 

2 
395 

S e l e c t i v e  - t - b u t y l o x y c a r b o n y l a t i o n  o f  t he  E-amino group o f  C - l y s i n e  

has n o t  been p r e v i o u s l y  repo r ted  [e.g. r e a c t i o n  o f  C - l y s i n e  w i t h  t- 
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HEIMER, WANG, LAMBROS AND FELIX 

buty lphenyl  carbonate 8 was repor ted t o  g i v e  Na'E-di-tert-butyloxycarbonyl- 

- L- lys ine ,  Boc-LYs(Boc)-OH 1. 

l y s i n e  a t  25" f o r  24 h rs  w i t h  2-(~-butyloxycarbonyloxyimino)-2-phenyl- 

a c e t o n i t r  le(Boc-ON)10 a t  pH 11 .O ( a u t o t i t r a t o r )  r e s u l t e d  i n  the s e l e c t i v e  

synthes is  of NE-g-butyloxycarbonyl -C-lysine (Scheme 1 ). 

carbobenzoxylat ion (pH 9.5) o f  the H-Lys(Boc)-OH gave Z-Lys(Boc)-OH i n  68% 

o v e r a l l  y i e l d  (as the DCHA s a l t ) .  

9 We have observed t h a t  d i r e c t  r e a c t i o n  o f  c- 

Subsequent Nu- 

,c02H 

NH2 NH2 

BOC-ON , C02H - BocNH(CH ) CH 
pH 11.0 2 n  \ 

H2N(CH ) CH 
2 n  \ 

- 1 , n = 4  

- 4 , n = 3  

,C02H.DCHA ,C02H 
Ht BocNH(CH ) CH z-c1 - - BocNH(CH ) CH 

NHZ 
2 n  \ 

NHZ 
pH 9.5 2 n  \ 

- 2 , n = 4  

- 5 , n = 3  

- 3 , n = 4  

- 6 , n = 3  

Scheme 1 

The new two-step procedure f o r  t h e  preparat ion of Z-Lys(Boc)-OH i s  

more convenient than those p rev ious l y  repor ted and compares favorably t o  

publ ished y i e l d s .  

carbonyl  -C-orni t h i n e  [H-Orn(Boc)-OH] and subsequently prepared Z-Orn(Boc)- 

OH by analogous procedures i n  77% o v e r a l l  y i e l d  (Scheme 1 ) .  

va t i ons  l e d  us t o  the  conclus ion t h a t  t h i s  procedure i s  genera l l y  a p p l i -  

cable f o r  t he  w-t-butyloxycarbonylation o f  diamino acids.  

We have a l s o  converted C-o rn i th ine  t o  t i - t -buty loxy- 

These obser- 
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N"-BENZYLOXY CARBONYL-N~-~-BUTYLOXYCARBONYL-L-LYS INE 

EXPERIMENTAL SECTION 

Mate r ia l s  and Methods 

- L-lysine.HC1 was purchased from Ajinomoto, I nc .  and L-ornithine'HC1 was 
obtained from Chemical Dynamics Corp. 2- ( t - B u t y l  oxycarbonyl oxyimi no)-2- 
p h e n y l a c e t o n i t r i l e  [Boc-ON] was purchased from A l d r i c h  Chemical Co. and 
was r e c r y s t a l l i z e d  from MeOH (mp. 84-85.5"). Benzyloxycarbonyl c h l o r i d e  
[ Z C l ]  and dicyclohexylamine (sequalog grade) were obtained from Chemical 
Dynamics Corp. A l l  o the r  so lvents  were o f  reagent grade p u r i t y  and used 
w i thou t  f u r t h e r  p u r i f i c a t i o n .  

TLC determinat ions (100 ug load)  were c a r r i e d  o u t  on s i l i c a  gel  G p la tes  
(Anal tech , Inc.  ) and developed w i t h  chlorine-TDM (4,4' - te t ramethy l  diamino- 
diphenylmethane). M e l t i n g  po in ts  were determined on a Hoover Uni-Melt  
apparatus and are corrected. I n f r a r e d  and NMR spectra were measured and 
found t o  be compatible f o r  a l l  products and intermediates synthesized. 
Op t i ca l  r o t a t i o n s  were measured i n  a jacketed l-dm c e l l  on a Perk in  Elmer 
Model 141 Polar imeter.  An a u t o t i t r a t o r  Model TTT2 equipped w i t h  an auto- 
b u r e t t e  Model ABU12 (Radiometer, Copenhagen) was used t o  mainta in  the  pH 
f o r  t he  reac t i ons  w i t h  Boc-ON and ZC1. 

Na-Benzyloxycarbonyl-NE-t-Butyloxycarbonyl -C- lysine [Z-Lys(Boc)-OH] (3 ) .  

A. 

- L-lysineaHC1 (9.14 g, 0.05 mol)  i n  H20 (75 mL) and dioxane (75 mL) was 

NE-t-Butyloxycarbonyl-C-lysine [H-Lys(Boc)-OH] (1) .- A s o l u t i o n  o f  

ad justed t o  pH 11 .O [ a u t o t i t r a t o r  us ing 2N NaOH] and s t i r r e d  

a t  25". 

(75 mL) was added por t ionwise wh i l e  the pH was maintained a t  

A s o l u t i o n  o f  Boc-ON (13.6 g, 0.055 moly  1.1 equiv . )  

mechanical ly)  

i n  dioxane 

1.0. S t i r -  

r i n g  cont inued a t  25" f o r  24h and the  r e a c t i o n  m ix tu re  was ex t rac ted  w i t h  

e the r  (5 x 250 mL). 

ex t rac ted  w i t h  EtOAc (3 x 250 mL) and readjusted t o  pH 5.15 ( 2 1  NaOH). A 

p o r t i o n  of t h i s  ma te r ia l  was evaporated t o  dryness and desal ted on a G-10 

column us ing  30% MeOH-H20. Evaporation o f  appropr ia te f r a c t i o n s  gave NE- 

- t-butyloxycarbonyl-L-lysine, - mp. 248-251" (dec. ), lit.'' mp. 237-255"; 

The aqueous l a y e r  was a c i d i f i e d  t o  pH 2.0 (2M - HCl), 

t6.670 ( c  - I, 2~ N H ~ O H ) ,  ~ i t . ~ J  Cal i5= t4.7" (c 1, 2N - NH40H); 

ME5= +14.85" (5 1, 0.1M - H C l ) ,  lit.'' Ca l i5=  +14.4" (c  - 1, 0.1M HC1); 
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HElMER , WANG, LAMBROS AND FELIX 

R 0.65 (BuOH-AcOH-EtOAc-H20; 1:l:l : l ) ;  Rf 0.64 (PrOH-H20; 7:3 f 

(EtOH-H20; 7~3). 

Anal. Calcd. for CllH22N204-1/2 H20 (255.3): C, 51.82; H, 9.08 

Found: C, 52.10, H, 8.97; N, 11.67. 

; Rf 0.74 

N ,  10.99. 

B. 

ammonium salt [Z-Lys(Boc)-OH-DCHA] (2!).- - The aqueous pH 5.15 solution of 1 
was adjusted to pH 9.5 (2N NaOH), cooled to 0", stirred (mechanically) and 

reacted with benzyloxycarbonyl chloride (7.2 mL, 0.0522 mol, 1.16 equiv.). 

The pH was maintained at 9.5 (autotitrator using 2N NaOH). 

tinued at 25" for 40h and the reaction mixture was extracted with ether 

(3 x 250 mL). The aqueous layer was acidified to pH 2.0 (2M HC1) and ex- 

tracted with EtOAc (6 x 250 mL). The organic layers were combined, dried 

(MgS04), filtered and evaporated to an o i l  (17.2 g)  and taken up in EtOAC 

(88 mL). 

crystallization proceeded at 0' (24h). 

with EtOAc and dried -- in vacuo to give 19.18 g overall yield (68.3%) of 

Na-Benzyl oxycarbonyl -NE-t-butyl __ oxycarbonyl -c-lysi ne __ di cyc - - 1 ohexyl- . . .- 

- ._- 

Stirring con- 

Dicyclohexylamine (10.8 mL, 0.055 mol, 1.1 equiv.) was added and 

The product was filtered, washed 

e was obtained 

150-153"; 

white crystalline product in 2 crops. The analytical samp 

by recrystallization from MeOH-H20, mp. 147-150", lit. mp 

t7.82" (c - 1 ,  EtOH 

- Anal. Calcd. for C31H51N306 (561.8): C, 66.28; H, 9.15; N, 

C, 66.05; H, 9.11; N, 7.47. 

2 

t7.47" (c - 1 ,  EtOH), lit.12 

7.48. Found: 

C. Na-Benzyloxycarbonyl-NE-t-butyloxycarbonyl-L-lysine - - [Z-Lys(Boc)-OH] (3). - 

A 1.0 g (0.00178 mol) aliquot of Z-L~S(BOC)-OH DCHA (2) was stirred with a 

mixture of 0.05M H2S04 (50 mL) and EtOAc (50 mL at 0" for 30 min. 

layers were separated and the aqueous layer was extracted with EtOAc 

The 
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N'-BENZY LOXYCARBONYL-N~-~-BUTYLOXKCARBONYL-L-LY SINE 

(4  x 30 mL). 

evaporated and d r i e d  i n  vacuo t o  g i v e  an o i l ,  677 mg (100%). Cal i5= -4.80" 

(c, - 1, MeOH), d3 Cali5= -5.87" (21, MeOH); Cali5= -3.48" (c  - 1, AcOH), 

1 i t  . 
Rf 0.73 (PrOH-H20; 7.3); Rf  0.83 (EtOH-H20; 7:3). 

Anal. Calcd. f o r  C19H28N206 (380.45): C, 59.99; H, 7.42; N, 7.36. 

C, 59.52; H, 7.35; N, 7.20. 

The o rgan ic  l a y e r s  were combined, d r i e d  (MgS04), f i l t e r e d ,  

4 -3.0" ( c  - 1 , AcOH) ; R f  0.82 ( BuOH-AcOH-EtOAc-H20; 1 : 1 : 1 : 1 ) ; 

Found: 

6 Na-Benzyloxycarbonyl-N -t-Butyloxycarbonyl-C-Ornithine [Z-Orn( Boc)-OH] ( 6 )  - 

A. N -t-Butyloxycarbonyl-L-ornithine - - [H-Orn(Boc)-OH] (A) .- A s o l u t i o n  o f  

L-orni th ine.HC1 (8.44 g, 0.05 mol)  was reac ted  w i t h  Boc-ON as descr ibed 

6 

above f o r  t h e  syn thes i s  o f  H-Lys(Boc)-OH. The r e a c t i o n  was f o l l o w e d  by 

t l c  which conf i rmed t h a t  a f t e r  23h o r n i t h i n e  was consumed and one major  

p roduc t  was formed corresponding t o  NG- t -bu ty loxycarbony l  - -L -o rn i  - th ine ,  - 4 ; 

R f  0.64 (PrOH-H20; 7:3); R 0.76 (EtOH-H20; 7:3);  Rf  0.53 (CH3CN-O.1M - 

NH4Ac; 7:3). These t l c  systems were capable o f  separa t i ng  t h e  i somer i c  

impur i  ty, N"-t-buty loxycarbonyl  - -C-orn i th ine ,  [R f  0.57 ( PrOH-H20; 7:3) ; 

R f  0.72 (EtOH-H20; 7:3);  R f  0.40 (CH3CN-0.1M NH4Ac; 7:3)] which was found 

t o  be p resen t  i n  o n l y  t r a c e  amounts. 

f 

6 B. N"-Benzyloxycarbonyl-N -t-butyloxycarbonyl-L-orni - t h i n e  d i c y c l o h e x y l -  

ammonium s a l t  [Z-Orn(Boc)-OH.DCHA] (5 ) . -  - Carbobenzoxylat ion o f  5 was 

c a r r i e d  o u t  f o r  69h as descr ibed above f o r  t h e  syn thes i s  o f  Z-Lys(Boc)- 

OH and conver ted  t o  t h e  DCHA s a l t  by t h e  same procedure. The produc t  was 

f i l t e r e d ,  w a s k d  w i t h  pe t ro leum e t h e r  and d r i e d  -- i n  vacuo t o  g i v e  21.1 CJ 

(77.0% o v e r a l l  y i e l d )  o f  w h i t e  c r y s t a l l i n e  produc t  i n  3 crops. The a n a l y t -  

i c a l  sample was ob ta ined  by r e c r y s t a l l i z a t i o n  f rom MeOH-H20, mp. 121-126", 
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HEIMER, WANG, LAMBROS AND FELIX 

lit. 14'15 mp. 128-129'; [u]i5= +4.36" (c - 1, MeOH), lid4 
(c 1, MeOH); [u], = +7.24" (2 1, EtOH),  l i t . 1 4  [u]:"= +7.9" (2 1, EtOH). 

- Anal. Calcd. f o r  C30H49N306 (547.7): C, 65.79; H, 9.02; N, 7.67. Found: 

C, 66.07; H, 8.91; N, 7.49. 

D +5.1° 

25 

6 
C. Nu-Benzyloxycarbonyl-N -t-butyloxycarbonyl-C-ornithine [Z-Orn(Boc)-OH] 

@).- A 1.0 g (0.00183 mol) a l i q u o t  o f  the DCHA s a l t  (5) was s t i r r e d  w i t h  a 

mix tu re  o f  0.1M HC1 (50 mL) and EtOAc (50 mL) a t  0" f o r  30 min. The layers  

were separated and the aqueous l a y e r  ext racted w i t h  EtOAc (4 x 30 mL). 

The combined organic l a y e r s  were d r i e d  (MgS04), f i l t e r e d ,  evaporated and 

d r i e d  i n  vacuo t o  g ive  an o i l ,  669 mg (100%). Lu$= -8.51" ( 2 1 ,  p y r i d i n e ) ,  

lit. 

Rf 0.72 (PrOH-H20; 7:3); Rf 0.90 (EtOH-H20; 7:3); R 0.69 (CH CN-O.1M - 

NH4Ac; 7:3). 

- Anal. Calcd. f o r  Cl8HZ6N2O6 (366.4): C, 59.00; H, 7.15; N, 7.64. 

C, 58.87; H, 7.05; N, 7.42. 

- 

15 25 
[u], = -8.8" (c 1, p y r i d i n e ) ;  Rf  0.85 (BuOH-AcOH-EtOAc-H20; 1 : l : l : l ) ;  

f 3 

Found: 
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