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THE PREPARATION OF ~-t-BOC-2,3-DIAMINOPROPIONIC ACID (DPR) 

AND OF @-t-BOC-2,4-DIAMINOBUTYRIC ACID (DBR) DERIVATIVES 

SUITABLE FOR SOLID PHASE PEPTIDE SYNTHESIS 

C. Freeman Stanfield, Arthur M. Felix and Waleed Danho* 

Peptide Research Dept., Roche Research Center 
Hoffmann-La Roche Inc., Nutley, NJ 07110 

Cyclic peptides have become increasingly important recently due to the 

fact that conformational restriction is induced by cyclizing a peptide. 

This restriction may reduce the number of conformers which are available to 

the peptide, e.g. from an almost infinite number for a linear peptide to a 

few well-defined conformations in favorable cases. The reduction of pos- 

sible conformations which a peptide can adopt is essential for eliciting 

information regarding the bioactive conformation, antagonist design, and 

development of potent agonists. Additionally, cyclic peptides are resis- 

tant to degradation, and therefore may have prolonged biological activity. 

The possible methods of cyclizing peptides can be divided into four 

categories: (a) C-terminus to N-terminus; (b) C-terminus to side-chain; 

(c) N-terminus to side-chain; (d) side-chain to side-chain. Of the f o u r  

possibilities for peptide cyclization, three require that an amino acid 

possess a reactive functional group in its side-chain - generally an amine, 

an alcohol, or a carboxylic acid. This manuscript describes the prepara- 

tion of 2,3-diaminopropionic acid (Dpr) and 2,4-diaminobutyric acid (Dbr) 

and their corresponding protected derivatives which are suitable for 

cyclization using either a solid phase or solution phase synthetic metho- 

dology. The side-chain p-amino or y-amino group was protectedas the Fmoc 
"1990 by Organic Preparations and Procedures Inc. 
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STANFIELD, FELIX AND DANHO 

derivative to enable side-chain to side-chain cyclization by our recently 

reported strategy. 

Na-t-Boc-2,3-diaminopropionic acid (Dpr) and Na-t-Boc-2,4-diamino- 

butyric acid (Dbrk were synthesized by Hofmann rearrangement of Boc- 

asparagine or Boc-glutamine, respectively. 

~ ( ~ 0 - ~ 3 ) 2  

CO2H I LO2H 

~-BUO~CNHCH-(CH,),CONH~ t-BuO,CNHCH-(CH,),-NH, 

1 2 

comwut?d 
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2b 
2c 
2d 
3. 
3b 
3c 
3d 

2 
2 

C-a Confipuration 

S 
R 
S 
R 
S 
R 
S 
R 

Fmoc-C1 I 
t-Bu02CNHCH-( CH2),-NH-Fmoc 

&02H 
3 

Experimental details are provided for the preparation of four new 

derivatives: fl-t-Boc- (L) -Dpr-OH (w, fl-t-Boc- (L) -Dpr (Fmoc) -OH (w, 
Na-t-Boc- (L) -Dbr-OH (a, and fl-t-Boc- (L) -Dbr- (Fmoc) -OH (a. In 

addition, the corresponding D-enantiomers (212, a, 26 and 3) have also 

been prepared. Except for a, these compounds were difficult to crystal- 
lize and retained varying amounts of water. However, spectral data fully 

support their structure. 

The Fmoc protecting group was introduced for side-chain amine pro- 

tection using a standard procedure employing the chloroformate in aqueous 

dioxane .5 

Na-t-Boc-Ny-Fmoc-(L)-Dbr-OH (&) for the solid-phase synthesis of peptide 

hormone analogs. It is anticipated that the ready availability of both 

enantiomers of Dpr and Dbr, in protected form, will be generally useful for 

We have used the products, Na-t-Boc-NP-Fmoc- (L) -Dpr-OH (%) and 
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Na-~-BOC-2,3-DIAMINOPROPIOMC ACID AND OF Na-~-BOC-2,4-DIAMINOBUTYRIC ACID 

side-chain amino group cyclization, cross-linking, or other synthetic 

purposes. 

EXPERIMENTAL SECTION 

Melting points were determined using open capillary tubes and are uncor- 
rected. [Bis(trifluoroacetoxyiodo]benzene was purchased from Aldrich 
Chemical Co. and used without further purification. Dimethylformamide 
(Fisher) and pyridine (Fisher) were Spectroquality. The protected amino 
acids were purchased from Bachem, Inc.(Torrance, CA.). All other solvents 
and reagents were reagent grade or better. Low resolution (60 MHz) IH NMR 
were recorded on a Varian T-60 instrument. 
obtained at 250 MHz on a Bruker instrument. Mass spectra were recorded in 
the fast atom bombardment (FAB) mode. Detailed preparation of four com- 
pounds is provided: fl-t-Boc- (L) -Dpr-OH (W, fl-t-Boc-NB-Fmoc- (L) -Dpr-OH 
(h) , fl-t-Boc- (L) -Dbr-OH (k) and fl-t-Boc-NY-Fmoc- (L) -Dbr-OH (&) . The 
preparation of the enantiomers was carried out using the same experimental 
procedures. 

High resolution 'H NMR were 

.- A mixture of 40 mL of p-t-poc- (L) -7 3-- . .  . .  

aqueous DMF (l/l, v/v) and [bis (trifluoroacetoxy) iodolbenzene (3.2 g, 7.4 

mm01)~ 

magnetic stirrer. 

was placed into a 100 mL round bottom flask equipped with a 

The mixture was stirred at 20° until the yellow solid 

was dissolved (3-4 minutes) and then @-t-Boc- (L) -asparagine (1.3 9, 5.6 

mmol) was added in one portion as a solid. The reaction mixture was 

stirred for 15 minutes and pyridine (0.8 mL, 786 mg, 10.4 mmol) was added 

to the clear yellow solution and stirring was continued for 3 hrs. The 

solvents were evaporated in vacuo and the residue was dissolved in 50 mL of 

water. The aqueous solution was extracted with diethyl ether (4 x 25 mL) 

to remove neutral by-products. The aqueous layer was evaporated in vacuo 

at R.T. and the residue was evaporated with absolute ethanol to remove 

residual water. The @-t-Boc-(L)-Dpr-OH was recrystallized from ethanol/ 

diethyl ether to yield 900 mg (79%) of yellow crystals, mp. 205-205.5°; 

Kaiser test positive; [a]$5 = +16.1Z0 (c, 0.98; MeOH) ; mass spectrum: [M + 

HI+, m/e 205. 
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STANFIELD, FELIX AND DANHO 

W .  Calcd .  f o r  CgH16N204.H20: C ,  43.22; H, 8 .16 ;  N ,  12 .61  

Found: C ,  43.95; H ,  7.18; N,  12 .48  

Naa_t-Boc- (D) -DDr (2b)  .- The ( D )  enant iomer  was p r e p a r e d  u s i n g  t h e  pro-  

cedure  described above f o r  a. Y i e l d :  518, mp. 196-196.5'; K a i s e r  test  

p o s i t i v e ;  [ a ] i 5 - l 8 . 7 4 '  (c,  1 .2 ;  M e O H ) .  

W .  Calcd .  for CgH16N204'1/2 H20: C, 45.13; H ,  8 .05 ;  N,  13 .16  

Found: C, 44.84; H ,  7 . 4 6 ;  N ,  12 .55  

- S- t -BoC-  ( L )  -2,3- p - t - B o c - N p m c -  (L) -2*3--) . ,  . .  

d iaminoprop ion ic  a c i d  ( 6 . 3  g ,  30 .9  mmol) (h) was d i s s o l v e d  i n  1 0 %  Na2C03 

(62 mL) i n  a 250 mL round bottom f l a s k  equipped  wi th  a magnet ic  s t i r re r  and 

a p r e s s u r e  e q u a l i z i n g  a d d i t i o n  f u n n e l .  The s o l u t i o n  was c o o l e d  wi th  s t i r -  

r i n g  i n  an  ice b a t h ,  and d ioxane  (35 mL) was added. 9-Fluorenylmethyl  

ch lo ro fo rma te  (8 .0  g, 3 1 . 1  mmol) was p l a c e d  i n  t h e  a d d i t i o n  f u n n e l ,  

followed by 4 6  mL of d ioxane .  The f u n n e l  was a g i t a t e d  b r i e f l y  t o  d i s s o l v e  

t h e  ch lo ro fo rma te .  The ch lo ro fo rma te  s o l u t i o n  was added dropwise  ove r  30 

minu tes  t o  t h e  amino a c i d  s o l u t i o n .  The ice b a t h  was removed a f t e r  one h r ,  

and  t h e  r e a c t i o n  was a l lowed  t o  warm t o  room tempera tu re ,  s t i r red  f o r  2 

h r s ,  and  poured  ove r  i c e / w a t e r  ( 8 0 0  m L ) .  The aqueous d ioxane  was e x t r a c t e d  

wi th  d i e t h y l  e t h e r  (2 x 250 m L ) .  The aqueous phase  was c o o l e d  i n  an  ice  

b a t h ,  a c i d i f i e d  t o  pH 2-3 wi th  1 N  s u l f u r i c  a c i d ,  and e x t r a c t e d  r a p i d l y  a t  

0' wi th  e t h y l  a c e t a t e  

f o r  each  e x t r a c t i o n  t o  ma in ta in  approximate ly  0'. 

a c e t a t e  e x t r a c t s  w e r e  washed wi th  wa te r  ( 3  x 150 m l ) ,  dried ove r  MgSO4, 

f i l t e r e d ,  and evapora t ed  in vacuo. The r e s i d u e  was dried i n  vacuo 

o v e r n i g h t  t o  o b t a i n  t h e  Na-t-Boc-Np-Frnoc- ( L )  -Dpr-OH a s  whi te ,  

( 3 . 7  g, 2 8 % ) ;  Ka i se r  t e s t  n e g a t i v e ;  mp. subl imes  a t  75-100'; 'H NMR 

MHz, CDC13) : 67 .7 -7 .1  (m,  9 H ,  Fmoc a romat i c s  ( E ) ,  - N H - ) ,  6 . 0  (m, 1 H ,  - N H - ) ,  

4 .4 -3 .5  (m, 6 H ,  a-CH-, P-CHz-,  -O-CHz-CH-),  1 . 4  ( s ,  9 H ,  

( 2  x 300 m L ) .  Ice was added t o  t h e  s e p a r a t o r y  funne l  

The combined e t h y l  

foamy s o l i d  

(60 

(CH3) 3C-) ; [a]%5 = 

+0.20 '  ( c ,  1 . 0 ;  CHC13). 
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Na+BOC-2,3-DIAMlNOPROPIONIC ACID AND OF w-pBOC-2,4-DIAMINOBUTYRIC ACID 

&I&. Calcd. for C23H26N206'1.5 H20: C, 60.94; H, 6.01; N, 6.18 

Found: C, 60.46; H, 5.76; N, 6.02 

@-t-Bwp-Fmoc- [D) - D U  .- The (D) enantiomer was prepared using the 

procedure described above for a. Yield: 38%; Kaiser test negative; mp. 
sublimes at 75-95'; 2 5  [a], = -0.60' (c, 1.0; CHC13). 

w. Calcd. for C23H26N206'1/2 H20: C, 63.46; H, 6.25; N, 6.44 
Found: C, 63.01; H, 6.52; N, 6.57 

.- A mixture of 50 mL of aqueous P-t-Boc- (L) - 7 . 4 - - u t v w  . .  ( 2 ~ )  

DMF and [bis (trifluoroacetoxy) iodolbenzene (4.0 g, 9.2 mmol) was placed 

into a 100 mL round bottom flask equipped with a magnetic stirrer. The 

mixture was stirred at 20° until the solid was dissolved. @-t-Boc-(L)- 

glutamine (1.7 g, 6.9 mmol) was added in one portion as a solid. The 

reaction mixture was stirred f o r  15 minutes at 20', and pyridine (0.9 mL, 

870 mg, 11.4 mmoL) was added. The reaction mixture was stirred at 20' 

overnight (22 hours). The solvents were evaporated in vacuo at R.T. and 

the residue was dissolved in water (50 mL). The aqueous solution was ex- 

tracted with diethyl ether (4 x 25 mL) and the aqueous layer was evaporated 

in vacuo. Attempts to recrystallize the @-t-Boc-(L)-Dbr-OH were unsuc- 

cessful. The @-t-Boc-(L)-Dbr was obtained as a clear, colorless oil 

(1.4g, 93%) which was used directly for conversion to the NY-Fmoc deri- 

vative (k); Kaiser test positive; [all, = +7.34O (c, 1.1; MeOH); 'H NMR (60 

MHz, CDC13): 64.2-4.0 (m, lH, a-CH-), 2.8-2.6 (m, 2H, y-CHz-), 1.5-1.4 (m, 

2H, P-CH2-1, 1.4 ( 5 ,  9H, (CH3)3C-. Mass spectrum: [M + HI'; m/e 219. 

U. Calcd. for CgH18N204: C, 49.52; H, 8.33; N, 12.84 

Found: C, 49.62; H, 7.54; N, 12.55 

25 

P-t-Boc- ( D )  - D h  ( ? A )  .- The (D) enantiomer was prepared using the pro- 

nhydrin test 

Mass spectrum: 

cedure described above for &. Yield: 34.8%; Kaiser n 
positive; mp. 197-198.0'; [a]?= -11.3O (c, 0.8; MeOH) 

[M + HI+; m/e 219. 
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STANFIELD, FELIX AND DANHO 

Anal. Calcd. for CgH18N204'HzO: C, 45.74; H, 8.53; N, 11.85 

Found: C, 46.21; H, 7.76; N, 11.12 

. .  p-t-Boc-Ny-Fmoc-fi)-7 4-dl- [3c) .- W-t-BOC- (L) -2,4- 

diaminobutyric acid (1.4 g, 5.7 mmol) (k) was dissolved in 10% Na2C03 (20 

mL) in a 100 mL round bottom flask equipped with a magnetic stirrer. The 

solution was cooled in an ice bath with stirring, and dioxane (10 mL) was 

added. From a pressure equalizing addition funnel, 9-fluorenylmethyl 

chloroformate (1.85g, 1.2 mmol) in 20 mL of dioxane was added to the amino 

acid solution dropwise over 45 minutes. 

one hour after the addition of the chloroformate was completed. The ice 

The reaction was stirred at 0' for 

bath was removed and the reaction was allowed to warm to R.T., stirred 

overnight (ca. 14 hours), and poured into ice water (300 mL). The aqueous 

dioxane was extracted with diethyl ether (2 x 250 mL). The aqueous phase 

was cooled to O', acidified to pH 2-3 with 1N sulfuric acid, and extracted 

with ethyl acetate (2 x 150 m L ) .  Ice was added for each extraction to keep 

the temperature at 0'. The combined ethyl acetate extracts were washed 

with brine (3 x 15 mL), dried over MgS04, filtered, and evaporated i n  

vacuo. The @-t-Boc-NY-Fmoc-(L)-Dbr was obtained as white crystals after 

the residue was dried under high vacuum overnight; 1.4 g (35%); Kaiser 

test negative; mp. sublimes at 85-95'; [a]: = -3.63' (c, 1.0; CHC13). 'H 

NMR (60 MHz, CDC13):67.9-1.1 (m, 9H, Fmoc aromatics ( a ) ,  -NH-), 4.3-4.2 

(m, 3H, -O-CHz-CH-), 4.1-3.9 (m, lH, a-CH-) , 3.2-2.9 (m, 2H, y-CHz-), 

2.0-1.6 (m, 2H, B-CH2-), 1.4 (5, 9H, Boc). 

w. Calcd. for C24H28N206.1/4 H20: C, 64.78; H, 6.45; N, 6.29 

Found: C, 65.19; H, 7.03; N, 6 . 4 4  

poc-@-t-Boc-Ny~moc - -  [D) Dbr (a) .- The (D) enantiomer was prepared using 

the procedure described above for &. Yield: 38%; Kaiser test negative; 

mp. sublimes at 85-100°; [a]i5= +2.22' (c, 0.9; CHC13). 
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Na-~-EOC-Z,3-DIAMINOPROPIONIC ACID AND OF ~-~-EOC-2,4-DIAMINOEUTVRIC ACID 

m. Calcd. for C24H28N206' 1/4 H20: C, 64.78; H, 6.45; N, 6.29 
Found: C, 64.87; H, 6.43; N, 6.16 

-.- The authors acknowledge Dr. T. Williams and his staff for 
the NMR measurements, and Dr. F. Scheidl and his staff for the micro- 
analyses and optical rotations. We also thank Dr. W. Benz and his staff 
for the mass spectra. 
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