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ABSTRACT

The selective deprotection of several N-Bzl amino derivatives to the cor-

responding amines and the removal of S-Bzl and O-Bzl groups from the

protected amino acids with ammonium formate and commercial zinc dust

are reported. Many other reducible or hydrogenolysable substituents such

as halogens, methoxy, phenol, ester, acid, ethene, and Boc groups are

unaffected.
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INTRODUCTION

The Bzl protecting groups are very popular for amines, alcohols, and

thiols.[1,2] The facile removal of protecting groups from labile or reactive

organic functionalities is an important objective. Although, a number of

methods have been reported for debenzylation, catalytic transfer hydrogeno-

lysis,[3 – 6] which involves a catalyst and hydrogen donor is the most com-

monly used method. The application of Pd/C with ammonium formate for

the rapid debenzylation of N-Bzl amino derivatives[3,7] has been reported.

Although, catalytic transfer hydrogenation is a more effective deprotection

procedure than catalytic hydrogenation, it has not been largely used as it

must be carried out for relatively long times at reflux temperature with poten-

tial damage of particularly other hydrogenolysable functional groups.[8] The

major disadvantage of this method being the use of palladium as catalyst,

which is highly expensive and its pyrophoric nature makes it difficult to

handle.

The use of low-cost metals such as magnesium,[9] zinc,[10] and lead[11] as

catalysts for the transfer reduction reactions was reported from our lab. The

utility of magnesium as low-cost metal for the selective hydrogenolysis of

some commonly used protecting groups in peptide synthesis was also

reported.[12] There are no reports on the use of other low-cost metal as

catalyst for the transfer hydrogenolysis of N-Bzl derivatives. In this context,

we wish to report the conventional hydrogenolysis of N-Bzl, S-Bzl, and

O-Bzl derivatives by using zinc dust and ammonium formate in methanol

(Sch. 1).

The deprotection proceeds in a selective and smooth manner but requires

longer reaction time with moderate to good yields. Based on the reports on the

microwave-induced organic reaction enhancement (MORE) chemistry tech-

niques[13] leading to reaction rapidity and quantitative yield has provoked

us to test the feasibility of debenzylation under microwave irradiation in ethyl-

ene glycol. This method gives the corresponding products in good to excellent

yields (85–95%). The deprotection can be accompanied within 2–3 min. This

deprotection procedure has been employed successfully for a wide range of

protected derivatives and the results are summarised in Table 1.

Scheme 1.

Srinivasa et al.1832
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All the products were characterised by comparison of their TLC, melting

points, IR spectra, 1H-NMR spectra, and specific rotation wherever necessary

with authentic samples. Studies were also carried out to determine the opti-

mum conditions for deprotection. An excess of 2–4 equiv. of ammonium for-

mate (per protecting group) was found to be ideal. We observed the optimal

ratio of zinc catalyst to substrate to be 1 : 5 by weight for each protecting

group to be removed. Methanol was most preferred solvent of choice for con-

ventional method while ethylene glycol in microwave-assisted deprotection.

In summary, we are reporting a new transfer hydrogenolysis method for

the deprotection of N-Bzl, O-Bzl, and S-Bzl derivatives using zinc dust with

ammonium formate. During this process many other reducible or hydrogeno-

lysable substituents such as halogens, methoxy, phenol, ester, acid, ethene,

and Boc groups are remain unaffected.

EXPERIMENTAL

Materials

All protected amino acid derivatives were purchased from Advanced

Chem. Tech., (Louisville, KY). Some of the N-Bzl amino derivatives were

prepared in our laboratory according to standard procedure.[15] Ammonium

formate and zinc dust (particle size ,45mm) was purchased from E-Merck

Mumbai (India) Ltd. All the solvents used were analytical grade or were

purified according to standard procedures. Thin layer chromatography was

carried out on silica gel plates prepared by following the standard procedure

and detected by UV light. The melting points were determined by a Selaco

Can.No103 Melting point apparatus and are uncorrected. The optical rotation

were determined on a Perkin–Elmer 241 MC Polarimeter, IR spectra were

recorded on a Shimadzu FTIR-8300 spectrometer. The 1H-NMR spectra

were recorded on an AMX-400 MHz spectrometer using CDCl3 as solvent

and TMS as internal standard. A commercial, domestic microwave oven

(LG little chef model 194A) operating at 2450 MHz frequency was used in

all experiments.

Typical Procedure

Conventional Deprotection

A suspension of substrate (10 mmol), ammonium formate (20 mmol), and

zinc dust (2 mmol) in methanol (15 mL) was stirred at room temperature,

Hydrogenolysis Using Zinc and Ammonium Formate 1835

D
ow

nl
oa

de
d 

by
 [

Fo
rd

ha
m

 U
ni

ve
rs

ity
] 

at
 2

2:
46

 2
8 

N
ov

em
be

r 
20

12
 



ORDER                        REPRINTS

under nitrogen until the completion of the reaction. After the completion of the

reaction (monitored by TLC), the reaction mixture was filtered through celite

pad, washed with solvent and then the combined filtrate and washings were

evaporated under vacuum. The residue was taken into chloroform or ether,

washed twice with saturated brine solution and finally with water. The organic

layer was dried over anhydrous sodium sulphate, filtered and evaporation of

the organic layer followed by purification either by preparative TLC or by

column chromatography.

Microwave-Assisted Deprotection

A suspension of substrate (10 mmol), ammonium formate (20 mmol), and

zinc dust (2 mmol) in ethylene glycol (15 mL) in an Erlenmeyer flask was

allowed for microwave irradiation 160 power. A filter funnel was placed

over the Erlenmeyer flask to prevent any accidental spillage. A “heat sink”

was maintained to control the microwave energy input into the small-scale

reaction mixture. After the reaction, the reaction mixture was cooled and

then filtered. The filtrate was diluted with water and extracted with ether or

ethyl acetate, and the organic layer was washed twice with saturated brine sol-

ution and finally with water. The organic layer was dried over anhydrous

sodium sulphate, filtered and evaporation of the organic layer followed by

purification either by preparative TLC or by column chromatography.

ACKNOWLEDGMENT

The authors wish to thank University Grants Commission, New Delhi,

India for financial assistance.

REFERENCES

1. Kocienski, P.J. Hydroxyl protecting groups, thiol protecting groups,

amino protecting groups. In Protecting Groups: Thieme Foundations of

Organic Chemistry Series; Enders, D., Noyori, D., Trost, B.,

Thieme, B.M., Eds.; Stuttgart, 1994; 187–632.

2. Green, T.W.; Wuts, P.G.M. Protection for the hydroxyl group, including

1,2- and 1,3-diols, protection for the thiol group, protection for the amino

group. In Protective Groups in Organic Synthesis, 2nd Ed.; J. Wiley &

Sons: New York, 1991; 335.

3. Ram, S.; Spicer, L.D. Debenzylation of N-benzylamino derivatives

by catalytic transfer hydrogenation with ammonium formate. Synth.

Commun. 1987, 17 (4), 415–418.

Srinivasa et al.1836

D
ow

nl
oa

de
d 

by
 [

Fo
rd

ha
m

 U
ni

ve
rs

ity
] 

at
 2

2:
46

 2
8 

N
ov

em
be

r 
20

12
 



ORDER                        REPRINTS

4. Banik, B.K.; Barakat, K.J.; Wagle, D.R.; Manhas, M.S.; Bose, A.K.

Microwave-assisted rapid and simplified hydrogenation. J. Org. Chem.

1999, 64, 5746–5753.

5. Anantharamaiah, G.M.; Sivanandaiah, K.M. Transfer hydrogenation: a

convenient method for removal of some commonly used protecting groups

in peptide synthesis. J. Chem. Soc. Perkin Trans. I 1977, 5, 490–491.

6. Anwer, M.K.; Spatola, A.F. An advantageous method for the rapid

removal of hydrogenolysable protecting groups under ambient con-

ditions; Synthesis of leucine-enkephalin. Synthesis 1980, 929–932.

7. Ram, S.; Spicer, L.D. Rapid debenzylation of N-benzylamino derivatives

to amino-derivatives using ammonium formate as catalytic hydrogen

transfer agent. Tetrahedron Lett. 1987, 28, 515–516.

8. Cortese, N.A.; Heck, R.F. Palladium-catalyzed reductions of halo- and

nitroaromatic compounds with triethylammonium formate. J. Org.

Chem. 1977, 42, 3491–3494.

9. Abiraj, K.; Gowda, S.; Gowda, D.C. Magnesium/hydrazinium monofor-

mate: a new hydrogenation system for the selective reduction of nitro

compounds. Synth. React. Inorg. Met. 2002, 32, 1409–1417.

10. Gowda, S.; Abiraj, K.; Gowda, D.C. Reductive cleavage of azo com-

pounds catalyzed by commercial zinc dust using ammonium formate or

formic acid. Tetrahedron Lett. 2002, 43, 1329–1331.

11. Srinivasa, G.R.; Abiraj, K.; Gowda, D.C. The synthesis of azo compounds

from nitro compounds using lead and triethylammonium formate. Tetra-

hedron Lett. 2003, 44, 5835–5837.

12. Gowda, D.C.; Abiraj, K.; Augustine, P. New hydrogenation catalyst: an

advantageous method for the removal of hydrogenolysable protecting

groups in peptide synthesis. Lett. Pept. Sci. 2002, 9, 43–47.

13. Banik, B.K.; Manhas, M.S.; Barakat, K.J.; Bose, A.K. Microwave-induced

organic reaction enhancement chemistry, convienient synthesis of enantio-

pure a-hydroxy-b-lactums. Tetrahedron Lett. 1992, 33, 3603–3606.

14. Vogel, A.I. Text Book of Practical Organic Chemistry; Addison Wesley

Longman Limited: UK, 1997; 902–905.

15. Fletcher; Jones, J.H. A list of amino-acid derivatives which are useful in

peptide synthesis. Int. J. Pept. Protein. Res. 1972, 4, 347–371.

16. Budavari, S., Ed. The Merck Index, 11th Ed.; Merck & Co., Inc.: Rahway,

NJ, USA, 1989; 3247.

17. Vogel, A.I. In Text Book of Practical Organic Chemistry; Addison

Wesley Longman Limited: UK, 1997; 1298–1398.

Received in India January 1, 2004

Hydrogenolysis Using Zinc and Ammonium Formate 1837

D
ow

nl
oa

de
d 

by
 [

Fo
rd

ha
m

 U
ni

ve
rs

ity
] 

at
 2

2:
46

 2
8 

N
ov

em
be

r 
20

12
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Request Permission/Order Reprints

 

Reprints of this article can also be ordered at

http://www.dekker.com/servlet/product/DOI/101081SCC120034165

Request Permission or Order Reprints Instantly! 

Interested in copying and sharing this article? In most cases, U.S. Copyright 
Law requires that you get permission from the article’s rightsholder before 
using copyrighted content. 

All information and materials found in this article, including but not limited 
to text, trademarks, patents, logos, graphics and images (the "Materials"), are 
the copyrighted works and other forms of intellectual property of Marcel 
Dekker, Inc., or its licensors. All rights not expressly granted are reserved. 

Get permission to lawfully reproduce and distribute the Materials or order 
reprints quickly and painlessly. Simply click on the "Request Permission/ 
Order Reprints" link below and follow the instructions. Visit the 
U.S. Copyright Office for information on Fair Use limitations of U.S. 
copyright law. Please refer to The Association of American Publishers’ 
(AAP) website for guidelines on Fair Use in the Classroom.

The Materials are for your personal use only and cannot be reformatted, 
reposted, resold or distributed by electronic means or otherwise without 
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the 
limited right to display the Materials only on your personal computer or 
personal wireless device, and to copy and download single copies of such 
Materials provided that any copyright, trademark or other notice appearing 
on such Materials is also retained by, displayed, copied or downloaded as 
part of the Materials and is not removed or obscured, and provided you do 
not edit, modify, alter or enhance the Materials. Please refer to our Website 
User Agreement for more details. 

 

 

D
ow

nl
oa

de
d 

by
 [

Fo
rd

ha
m

 U
ni

ve
rs

ity
] 

at
 2

2:
46

 2
8 

N
ov

em
be

r 
20

12
 

http://www.copyright.gov/fls/fl102.html
http://www.publishers.org/conference/copyguide.cfm
http://www.dekker.com/misc/useragreement.jsp
http://www.dekker.com/misc/useragreement.jsp
http://s100.copyright.com/AppDispatchServlet?authorPreorderIndicator=N&pdfSource=Techset&publication=SCC&title=Conventional+and+Microwave+Assisted+Hydrogenolysis+Using+Zinc+and+Ammonium+Formate&offerIDValue=18&volumeNum=34&startPage=1831&isn=0039-7911&chapterNum=&publicationDate=&endPage=1837&contentID=10.1081%2FSCC-120034165&issueNum=10&colorPagesNum=0&pdfStampDate=05%2F11%2F2004+16%3A30%3A13&publisherName=dekker&orderBeanReset=true&author=G.+R.+Srinivasa%2C+S.+N.+Narendra+Babu%2C+C.+Lakshmi%2C+D.+Channe+Gowda&mac=ki0JZu0oHi6KNGR6wriWyA--

