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Abstract: A convenient method for the selective hydrogenation of phenolic benzyl ether, Cbz, 
benzyl ester, nitro and olefin functions distinguishing from the MPM (4-methoxybenzyl) 
protective group for the phenolic hydroxy groups was accomplished by the addition of 
pyridine to the PdlC-catalyzed reduction system. Copyright © 1996 Elsevier Science Ltd 

Although bcnzyl groups arc widely used as excellent protecting groups for hydroxy functions, the lack 

of chemoselecfivity between the benzyl groups and other sensitive functional groups toward Pd-catalyzed 

hydrogenation is a serious problem.l Recently, one of us disclosed that addition of ammonia, pyridine or 

ammonium acetate to a Pd/C catalyzed reduction system strongly inhibited the hydrogenolysis of an aliphatic 

benzyl ether with smooth hydrogenation of other reducible functions such as olefm, Cbz, benzyl ester and 

azide. 2 However, the benzyl protecting group of aryl ethers is promptly deprotected under the same 

conditions. Therefore, the selective inhibition is not applicable to the hydrogenolysis of phenolic benzyl 

ethers. 2'3 To the best of our knowledge, there is only one method for the chemoselective inhibition of the 

hydrogenolysis of phenolic benzyl ethers. Davis et al. reported that a stefically crowded 2,4-dimcthylbenzyl 

protecting group resisted Pal/C-catalyzed hydrogenolysis. 4 We continuously investigated an applicable 

procedure for chcmosclectivc inhibition of the hydrogenolysis of a benzyl-typc protective group for phenolic 

hydroxy functions. This paper describes the selective hydrogenation between the 4-methoxybenzyl (MPM) 

protective group and other susceptible functions to Pal/C-catalyzed reduction using a heterogeneous Pd/C- 

pyridinc combination. 

We fn'st investigated the effectiveness of pyridine in chemoselective hydrogenolysis of I, 5 which 

possesses both phenolic benzyl ether and substituted benzyl ethers within the molecule, with 5 % Pd/C at 

ordinary hydrogen pressure (balloon) and temperature. As indicated in Table 1, hydrogcnolysis of the 

substituted benzyl groups (R = 2,4-dimcthylbenzyl, 2,4,6-trimethylbcnzyl, and MPM) of I was depressed 

(see: the ratio between 2 and 3 in Table I) by the addition of 0.5 equivalent of pyridine, respectively, even 

though the bcnzyl protection of I was hydrogenated smoothly in each case.2~ Throughout the course of the 
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reaction, hydrogenolysis of the 2,4,6-trimethylbenzyl group and the MPM group was completely blocked by 

the addition of pyridine even after 24 h (Entry 3 and 4). Even if pyridine was not ~ded to the reaction 

mixture, the sterically bulky 2,4,6-trimethylbenzyl group was hydrogenated very slowly, showing only 11% 

hydrogenolysis in 24 h (Entry 3). However, the depmtection method for the 2,4,6-lrimethylbenzyl group is 

limited to the use of TFA (trifluoroacetic acid). ~ Therefore, the more commonly used MPM protection was 

chosen for further investigation because of the easy deprotection under a variety of conditions such as DDQ or 

CAN oxdation, ~ treatment with TFA, s reduction with NaBH3CN-BF3(OEt2) 9 and Pd/C catalytic 

hydrogenation. ~ 

Table 1. The Product Distributions after 24 h for the H y d r o g e n o l y s i s  

_ ~  5 % Pd/C' H2 (BaUoon) _ ~  - ~  

BnO OR Pyridine (0.5 eq), 24 h " HO OR + HO OH 

1 2 3 

Products ratio °'b 

Entry R 2 : 3 

1 Bn 17 : 83 (0:100) 

2 - - ~ C H 2  90 : 10 (60:40) 

3 - - ~ C H 2  100:0(89:11) 

4 MeO--~CH2 100 : 0 (49:51) 

"Reactions were followed by TLC scanner (Shimadzu CS-9000). bTne products ratios in 
lxtrenthesis wcxe obtained without pyridine. 

The hydrogenation of several phenolic MPM ethers coexisting with phenolic O-benzyl 4, Cbz 6, 

benzyl ester 8, nitro 10, or olcf'm 12 functions within a molecule was demonstrated, to As shown in Table 2, 

the novel techniques selectively inhibited the hydrogenolysis of the MPM group but smoothly hydrogenated (7- 

benzyl ether," Cbz, 12 benzyl ester, nitro and olefin functions. The selectively hydrogenated products 5, 7, 9, 

11 and 13 were obtained in excellent isolated yields. Although the reactions of 4, 6 and 8 were completed 

within 1--2.5 h, the MPM group remained intact even after 24 h (entry 1--3). Control experiment of the 

dipeptide 4 indicated that, under standard 5 % Pd/C hydrogenolysis conditions without the addition of pyridine, 
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both benzyl and MPM groups were dcprotccted to the corresponding Boc-Tyr-Tyr-OMe in 78 % yield. 

Table  2. Chemoselect ive  Inh ib i t ion  of the Hydrogenolys i s  of MPM Ethers  ~° 

5 % Pd/C, H 2 (Bolloon) 
ROMPM 

Pyridine (0.5 eq) in MeOH----dioxane or DMF 

Entry Subsl~ate (ROMPM) Reacdon lime (h) Product Yield (%)c 

OBn OMPM 

OMPM 

CbzH N~COOMe 
OMPM 

BocHN~COOBn 

M P M O ~ N 0 2  

I 0  

MPMO--~.~ COOMe 
12 

24" 

24 b 

24' 

5 

OMPM 

H2N~CC)C)Me 
OMPM 

BOCHN~OOH 

M P M O ~  NH2 

11 

13 

96 

86 

95 

94 

96 

*Reaction wascompleted within I h by TLC scanner (Shimadzu CS-9000). bReacfion wascompleted within 2.5 h by the TLC scanner. 
°Isolated yield. 
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In conclusion, employment of a Pd/C-pyridine combination as a catalyst is a very useful method for the 

selective removal of phenolic O-benzyl, Cbz and benzyl ester protecting groups and for the selective reduction of 

nitro and olefin functions in the hydrogenation of phenols protected with the MPM group. These 

discriminatory results are apparently aurihutable to the effect of pyridine. The MPM group could be 

extensively applied to ehemoselective hydrogenation as a protecting group for phenolic hydroxy functions. 13 

Further study of the scope and limitations concerning the optimiTatinn and applications of this methodology is 

under way. 
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