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Ammonium formate catalytic transfer hydrogenation:A convenient method 
for removal of halogenated benzyloxycarbonyl and benzyl protecting groups in 

peptide synthesis 
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A new appli cati on of ammonium fo rmate catalyti c transfe r hydrogenolysis, in the presence of pall adised carbon , for 
removal of 2-chlorobenzyloxycarbony l (2-ClZ), 2,6-dichlorobenzyl (2,6-C 12Bzl), bromobenzyloxycarbonyl (B rZ) and 
phenacyl es ter (OPa) from amino acids , peptides and high molecul ar weight polymers is reported. 

Rapid and selecti ve removal of protecting groups un­
der moderate, neutral and ambient conditions is often 
a necessary step in the a,rea of the peptide chemistry. 
A number of reagents have been developed for thi s 
purpose. The utility of ammonium formate in the 
presence of I 0% palladium on carbon as reducing 
agent for various functi onal groups has been reviewed 
by Ram and Ehrenkanfer in 198i. It has been suc­
cessfull y empl oyed for the removal of some com­
monl y used protecting groups like benzy loxycarbonyl 
(Z), benzy l ester, benzy l ether and nitro groups from 
peptides2

. Further, it has been applied to the release 
of peptides from the Merrifield polystyrene res in un­
der moderate reacti on condition and pressure in a 
neutral medium3

.4. Several further applications of thi s 
sys tem have since been described; reduction of aro­
matic of aldehydes and ketones to methylene deri va­
ti ves5, reducti on of nitroketals to aminoketals6

, the 
selec ti ve deprotection of the 2-hydroxy group in 
methyl 2,3-d i-O-benzy lidene-a-D-gluco-pyranoside7

, 

the select ive reduction of the heterocyclic rings in 
quinolines and isoquinolines8

, reduction and cycli sa­
ti on of orthonit ro-omega-nitrostyrenes to indoles9 and 
deoxygenation of heteroaromatic N-oxides 10

. 

The protec tion of Lys res idues as Lys(Z) or the 
masking of Tyr res idues as Tyr(Bzl) would not pre­
vent signi ficant side chain branching when tert­

butyloxycarbonyl (Boc) group is used for Na-protec­
tion. The benzyl group is unsati sfactory for 0 -
protecti on of Tyr not only because of its rapid re­
moval in 50% TFA but also because of its partial re­
arrangement to give 3-benzyltyros ine. W:-Deprotec-

ti on and subsequent W:-branching were enhanced by 
removal of the Boc group during each cycle by treat­
ment for I hr with 50% TFA-CH2Ch when the Z 
group was used for N £-protection of lys ine. 

Subsequently these problems were solved by em­
ploying more ac id sta(?le 2-chlorobenzyloxycarbonyl 
(2-CIZ) 11 group for W:-protection of lys ine and 2,6-
dichlorobenzy l (2,6-CI2 Bzl) 12 group for 0-protection 
of Tyr. However, removal of these groups by hydro­
genation, even after several days, was incomplete . 
This necessitates the use of even more vigorous 
ac idic condition during the fin al stages of the synthe­
sis. As a result , these groups were commonly de­
blocked by low HF treatment for 2 hr13

• The HF 
treatment of longer peptides always results in low 
yie ld . Our own ex peri ence of synthes is of prote in­
based high molecul ar we ight polymers, HF treatment 
produces low yie ld and low molecul ar we ight poly­
mers 14

. 

We report here in that ammonium fo rmate catalytic 
transfer hydrogenati on can be con veniently employed 
for the removal of 2-chlorobenzy loxycarbonyl groups 
of Lys(2-CIZ), 2,6-dichlorobenzyl group of Tyr(2,6-
Ch Bzl) and bromobenzyl oxycarbonyl group of 
Tyr(BrZ) which are commonly used in peptide syn­
thesis and deblocked by HF treatment. Further, 
phenacyl esters of carboxyl function can al so be de­
blocked. Typical examples of the appl ication of thi s 
procedure are li sted in Table I. To address the issue 
of its applicability to bio logically ac tive peptides, 
leucine-enkephalin, Boc-Tyr (2,6-C I2Bz l) - G ly - Gl y­
Phe-Leu-OC4H9-t was deblocked. The deblocking was 
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Table 1-Products obtained after removal of 2-CIZ, 2,6-Cl2Bzl, 2-BrZ and OPa from Lys(2-CIZ), Tyr(2,6-CJ2Bzl), Tyr(Brz) and Boc­
Pro-OPa by ammonium formate catalytic transfer hydrogenation 

Substrate Product Reaction Yield mp (°C) [ a]p Specific Rotation 
period (%) Found 
(min) 

Boc-Lys(2-CIZ) Boc-Lys 10 95 202-203 
Boc-Tyr(2,6-C 12 Bzl) Boc-Tyr IS 90 136-37 
Boc-Tyr(2-BrZ) Boc- Tyr 10 92 136-37 
Boc-Pro-OPa Boc-Pro 10 95 135-36 

completed in less than 15 min (as monitored by TLC) 
with a good yield of about 92%. The resulting pep­

tide, Boc-Tyr-Gly-Gly-Phe-Leu-OC4H9-t was re­
markably homogeneous product which corresponded 
in all respects to a highly purified authentic sample2

• 

To further address the issue of its applicability to 
large and more complex peptides and proteins, high 
molecular weight elastic protein - based polymers are 
deblocked. This method of deblocking gave a yield of 
about 87% of poly[9(GVGVP), (GYGVP)] as against 
52% of yield obtained when HF was used for de­
blocking15. The yields of poly(GKGIP) and 
poly[4(GVGIP), (GKGIP)] are 89% and 87% as 
compared to 67% and 68%, respectivel/ 6

. The pro­
tected peptides and polymers used as substrates were 
obtained in our laboratory as intermediates in the 
synthesis of analogues of elastic protein - based 
polymers. 

The procedure is simple. A solution of protected 
amino acid or peptide or polymer in methanol or 
DMF containing 10% palladium on carbon (1/10 to 
115 the weight of peptide) and ammonium formate (2 
to 4 equivalent) is stirred at room temperature. After 
completion of hydrogenolysis, which cau be moni­
tored by TLC or carbon-13 NMR spectra, the catalyst 
is filtered off and the filtrate evaporated to dryness. 
To remove excess ammonium formate, the product is 
either dialyzed and lyophilized or dissolved in an or­
ganic solvent and washed with saturated NaCI solu­
tion. The yields are virtually quantitative and the 
products are analytically pure. Verification of the 
products is achieved either by comparing with 
authentic sample or by amino acid analysis and also 
by NMR data. The presence of all requisite peaks and 
the absence of extraneous peaks verifies the de­
blocking satisfactorily . 

In conclusion, we describe a new application of 
ammonium formate/palladium on carbon for removal 
of 2-chlorobenzyloxycarbonyl , 2,6-dichlorobenzyl, 2-
bromobenzyloxycarbonyl 'and phenacyl ester from 

Reported 17 Found Reported 17 

202-203 - 10.8° (c 0.9, AcOH) -10.7° (c 0.87) AcOH) 
136-37 +3.1 o (c 2.1, CH30H) + 3.9°(c 2.04, AcOH) 
136-37 +3.1 o (c 2.1, CH30H) + 3.9°(C 2.04, AcOH) 
134-36 - 68.0° (c I, AcOH) - 68.5° (c I, AcOH) 

amino acids, peptides and polymers. This system be­
ing readily available and easy to operate provides 
products in good yields, and in certain cases in high 
purity without necessity for further purification. 

Experimental Section 
General. All the amino acids used were of 

L-configuration unless otherwise indicated. All Boc­
amino acid derivatives were purchased from Ad­
vanced Chern Tech (Louisville, Kentucky, USA). 
Ammonium formate was purchased from E Merck 
and 10% palladium on carbon was obtained from Al-

drich Chemical Company (USA). All solvents and 
reagents were of analytical grade or were purified 
according to procedures recommended for peptide 
synthesis 17

. Thin layer chromatography (TLC) was 
carried out on silica gel plates obtained from What­
man, Inc., using the following solvent systems: chlo­
roform-methanol-acetic acid (95:5:3), chloroform­
methanol-acetic acid (90: I 0:3) and chloroform­
methanol-acetic acid (85: 15 :3) to check the homoge­
neity and completion of deblocking of the peptides 
and amino acid derivatives. The compounds on TLC 
plates were detected by UV light, after spraying with 
ninhydrin or by chlorine/toluidine. Melting points 
were determined on a Thomas Hoover melting point 
apparatus and are uncorrected. Optical rotations were 
determined on a Perkin-Elmer 241 MC polarimeter. 
Carbon-13 NMR spectra were obtained on an FX-100 
instrument (Jeol , Japan). Amino acid analysis was 
performed on a water HPLC Pico-Tag analyzer. Hy­
drolysis of the sample was carried out using 6N HCI 
containing I% phenol by volume at I I 0 oc for 72 hr 
in a sealed tube under vacuum from which the air had 
been removed using nitrogen . 

Hydrogenolysis of amino acid derivatives. A 
solution of the protected amino acid derivative (0 .5g) 
in methanol (5 mL) containing I 0% palladium on 
carbon (0. I g) and amonium formate (0.4g) was stirred 
at room temperature. After completion of the hydro-
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genolysis (monitored by TLC), the mixture was fil­
tered through Celite and the catalyst washed with 
meth~nol. The combined washings and filtrate was 
evaporated in vacuo to an oil, which was extracted 
into chloroform (2x25 mL), the extract was washed 
with saturated sodium chloride solution (2x I 0 mL) 
and dried over sodium sulfate. The solvent was 
evaporated in vacuo and the product recrystallised 
from appropriate solvent. The reaction periods, yields 
and physical constants are listed in Table I. 

Hydrogenolysis of Boc-Tyr (2, 6-ChBzi)-Gly­
Giy-Phe-Leu-OC4 H9·t. Boc-Tyr(2, 6-ChBzl)-Gly­
Giy-Phe-Leu-OC4H9-t (0.4g, 0.46 mmole) was 
deprotected with I 0% palladium on carbon (0.1 g) and 
amonium formate (0.3g) in methanol ( 10 mL) for 15 
min as described above to give Boc-Tyr-Gly-Giy-Phe­
Leu-OC4H9-t, yield 304 mg (92%), m. p. 106-107°C; 
[a] 0

25-16.5° (c I, DMF) [Lit2
. m.p. 107-108°C; [a] 0

20 

- 17.0° (c I, DMF)] . 
Hydrogenolysis of poly[GK{2-CIZ}GIP]. A so-

lution of poly[GK{2-CIZ}GIP] (0.5g, 0.8 mrnole) in 
DMF (30 mlL) containing I 0% Pd-C (0.2g) and am­

monium formate (0.5g) was stirred at room tempera­
ture for 2 hr. The catalyst was filtered off and the sol­
vent removed under reduced pressure. The polymer 
was dissolved in water, dialysed using 50 kD, mol wt, 
cut-off dialysis tubing for I week and lyophilized to 
yield 0.32g (88%) of poly(GKGIP). The carbon-13 
NMR spectrum is shown in Figure 1. Amino acid 
analysis: Gly 2.02 (2.0), Lys 1.0 ( 1.0), lie 0.99 ( 1.0), 
Pro 1.0 (I .D). 

Hydrogenolysis of Poly[4(GVGIP),(GK{2-
CIZ}GIP)]. Poly [4(GVGIP),(GK{2-CIZ}GIP)] 
(0.5g, 1.1 mmoles) was treated as above to obtain 
0.41g (yield 89%) of poly[4 GVGIP). (GKGIP)]. The 
carbon-13 NMR spectrum is reported in Figure 2. 
Amjno acid .analysis : Gly 2.04 (2.0), Lys 0.2(0.2), Ile 
1.05 (1.0), Val 0.82 (0.8), Pro 1.0 (1.0). 

Hydrogenolysis of poly[9(GVGVP), (GY{2,6-
ChBzi}GVP)]. Poly[9(GVGVP), (GY{2,6-

T 

DMSO-d6 

Figure l -Carbon-13 nuclear magnetic resonance spectrum of po ly(GKGIP) performed at 25 MHz, 30°C in dimet h ylsulfoxide-d~ with 
tcrtamethyl sil ane as reference. 
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DMSO-d6 

Figure 2-Carbon-1 3 nuclear magnetic resonance spectrum of Poly[4(GVGIP),(GKGIP)] performed at 25 MHz, 30°C in dimethyl sul­
foxide-d~ with tertamethyl silane as reference. 
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Figure 3-Carbon- 13nuclear magnetic reasonace spectrum of poly[9(GVGIP),(GYGVP)] performed at 25 MHz, 30oc in dimethylsul­

foxide-d~ with teramethyl silane as reference. 
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CI2Bzi}GVP)] (0.5 g, 1 mmole) was treated in the 
same way as above to obtain 0.36g (yield 87%) of 
poly[9(GVGVP),(GYGVP)]. The carbon-13 NMR 
spectrum is reported in Figure 3. Amino acid analy­
sis: Gly 2.0 (2.0), Val 1.85 (1.9), Tyr 0.1 (0.1), Pro 
1.0(1.0). 
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