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Abstract: Diphenylsilydiethylene- (DPSide-) group has been developed as a new primary amine 
protecting group. The new protecting group exhibits novel orthogonality against other commonly 
used amine-protecting groups and excellent chemoselectivity for unbranched or-amino acid esters. 
Removal of this protecting group was effected under mild fluoride-based cleavage conditions. 
© 1999 Elsevier Science Ltd. All fights reserved. 

Amino groups abound in molecules possessing biological activities such as alkaloids, peptides and 

nucleotides. Proper choice of  protecting groups for the amino functionality plays a critical role in the 

manipulation and synthesis of  such compounds. Several widely employed amine-protecting groups include 

benzyl, tert-butyloxycarbonyl- (t-Boc-), benzyloxycarbonyl- (Cbz-), 9-fluorenylmethyloxycarbonyl- (Fmoc-), 

trimethylsilylcthyloxycarbonyl- (Teoc-), and phthalimide (-NPhth) groups) It is of  a paramount importance 

for these protecting groups to exhibit orthogunality 2 against each other. From our continuing efforts in the 

synthesis of  unnatural amino acid analogues, we have been looking for primary amine protecting groups 

which do not leave an acidic proton on nitrogen and resist acidic, basic and hydrogenolytic conditions and 

found that protecting groups that meet these requirements are rare. t'3 In this note, we wish to report a new 

silicon-based protecting group derived from bis[2-(p-toluenesulfonyloxy)ethyl]diphenylsilane (3), which not 

only satisfies the above criteria but exhibits novel chemoselectivity towards unbranched tx-amino esters. 

~ M g B r  Ph Ph 9-BBN, rt, 3 h; Ph Ph 
Ph2SiCi2 =. ~, , , 'Si , ,~ ' :  

THF, rt, 12 h 3N NaOH, 30% H20; H o ~ S t ~ / ~ O H  
98% 1 reflux, 3 h 88% 2 

I 
p-TsCI, Et3 N Ph, Ph I 

CH2CI z, rt, 12 h," T s o ~ S f ~ o T s  - -  

95% 3 

R.NH2, EtaN ~ .Ph 
= R - N  Si 

DMF, rt ' ~  "Ph 
4 

Ph Ph 
RR'NH, EtaN R . N ~ S i ~ o T s  

DMF, rt t 
R' 5 

Scheme 1. Preparation and reactions of the silyl protecting agent 3 

Preparation of  the reagent 3 and subsequent protection reactions of amines are shown in Scheme 1. 

Reaction of  dichlorodiphenylsilane with vinylmagnesium bromide provided diphenyldivinylsilane (1). 4 

Hydroboration ~ of  compound 1 using 9-borabicyclo[2.2.1]nonane (9-BBN) and p-toluenesulfonylation of 
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subsequent diol 2 ~ furnished the ditosylate 37 in overall 82% yield from dichiorodiphenylsilane. In order to 

investigate the utility of 3 as a novel amine-protecting agent, we have carried out reactions of various primary- 

and secondary amines with 3. As summarized in Table 1, all the primary amines examined, when treated With 

3 and triethylamine in DMF (1.0-0.5 M) at room temperature for 12 to 24 h, furnished the desired 

diphenylsilyldiethylene-protected amines (4) in good to excellent yields (entries 1-8). s In the case of secondary 

amines (entries 9 and 10), however, the major products were tertiary amine derivatives (5) having only one of 

the two p-toluenesulfonyl groups displaced by the amine. In addition, a small quantity (less than 5%) of a 

quaternary ammonium salt was formed as a by-product. Though tertiary amines such as triethylamine and 

diisopropylethylamine did not appear to participate in the reaction with the silyl reagent, reactions at higher 

temperature (>50 °C) resulted in the decomposition of the silyl reagent. 

Table 1. Results of  DPSide-protection of amines with 3.' 

EnW Amine Time (h) Yield (%)a 

1 BocHN~NH2 12 91 

2 CbzHN~NH2 12 94 

3 MeO2C~NH2 24 90 

4 MeO2CJ'~NH2 24 92 

5 ( / ~ N H  2 12 90 

Entry Amine Time (h) Yield (%)" 

6 Ph~NH2 12 96 

7 p-MeOPh~NH2 24 92 

8 Ph~.~NH2 18 85 

9 ~ '~CO2Me 24 73 b 
H 

10 (/~-~NH 24 50 b 

"Isolated yields of compound 4 after silica gel column chromatography, bYield of compound 5. 

With the successful protection of primary amines using 3 in hand, we decided to investigate in detail the 

orthogonality of the DPSide- group with other commonly used amine protecting groups (Table 2). For this 

purpose, we have prepared singiy-protectedp-xylenediamines having Boc-, Cbz-, and Phthalimide groups (6a, 

6b, and 6e, respectively), m° These derivatives were converted to orthogonally protected diamine derivatives 

(Ta-c) with 3 in high yields following the reaction conditions described above (entries 1-3, Table 2). Generally 

cleavage of silyl- and silylethyl-" protecting groups is accomplished by treatment with tetrabutylammonium 

flouride (TBAF), hydrogen fluoride or cesium fluoride in THF, DMF or CH3CN. n2 In the case of the 4- 

silapiperidines 4, employment of either TBAF or CsF alone has given only a partial success in the 

deprotection reactions. However, a combination o f  TBAF and CsF (1:1) in DMF or THF has smoothly 

effected desilylation furnishing the desired free amines in high yields. Using these reaction conditions, 

deprotection of silyl groups was completed in the presence of Boc-, Cbz-, or phthalimde groups (entries 4-6, 

Table 2) at rt for 2 h to furnish the desired monoamine derivatives (6a-6e, respectively). Finally, the Boc-, 

Cbz-, and phthalimide protecting groups were removed in the presence of the DPSide- protecting group to 

compound 8 in excellent yields according to the conventional methods n (entries 7-9, Table 2). 

Having identified the compatibility of the DPSide- group with other common amine-protecting roups, we 

turned our attention to the relative reactivity of the silyl protecting reagent 3 towards amino groups under 
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Table 2. Orthogonal protection and deprotection reactions involving the 
silyl protecting reagent 3 in the presence of Boc, Cbz, or  pbthalic groups. 9 

~L%. j .~ . . .NPr t  . " Phl:~i NPrt ~ Ph-s NH 2 
B Ph 

8a-c / a, NPn',:NHBo¢\ 7s-c 8 
b, NPn':NHCbz) 
c, NPrt:NPhth / 

Entry Starting Reaction material Path Reaction conditions Product % Yields a 

1 8a 7a 85 
2 8b A 3, EtsN, DMF. rt, 24 h 7b 89 

3 8c 7c 80 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 7a 8a 87 b 
TBAF-CsF (1:1) 

5 7b B DMF, rt, 2 h 8b 92 b 

6 7c 8c 80 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 7a TFA, CH2CI 2, rt, 2 h 8 95 

8 7b C Pd/C, H 2, EtOAc, rt 12 h 8 98 

9 7¢ NH2NH 2, MeOH, rt, 2 h 8 89 

'Isolated yields after silica gel chromatography, bTwo sets of column 
chromatorgraphies on silica gel (mesh 70-230) were required eluting first with ethyl 
acetate then with acetone to obtain products free from TBAF. 

different steric environments. Since c~-amino acid derivatives are frequently encountered in the synthesis of 

peptides and peptidomimetics, we were curious to see whether the reactivity of  the sily reagent 3 could be 

differentiated with representative a-amino acid derivatives having different steric requirements. As outlined in 

Table 3, reactions of  3 with amino esters having no branching at ct-position such as glycine benzyl ester and ~- 

alanine methyl ester proceeded smoothly (92 and 89%, respectively, entries 1 and 2). However, in the case of  

a-branched ct-amino esters such as alanine methyl ester and benzyl esters of  phenylalanine and valine, the 

reactions were very slow and mostly unchanged starting materials were recovered after 24 h (entries 3-5, Table 

3, respectively). In a competition experiment, where a mixture of  phenylalanin¢ benzyl ester and glycine 

methyl ester was subjected to reactions with 1.0 equiv of 3, most of  the glycine ester was converted to the 

protected product (82%), whereas only a small amount (<5%) of the protected form was obtained in the case 

of  phenylalanine benzyl ester (entry 6, Table 3). 

In summary, we have devised diphenylsilyldiethylene- (DPSide-) group as a new protection for primary 

amine derivatives. The new protecting group exhibited resistance to acidic, basic or hydrogenolytic conditions 

required for the deprotection of  t-Boc-, Phth-, and Cbz- groups, respectively, thus showing excellent 

orthogonality against these common amine-protecting groups. The new reagent also exhibited good 

chemoselectivity for the protection of  unbranched ct-amino esters against branched ones. Further study on the 

scope and synthetic application of  the new protecting group is in progress. 
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Table 3. Chemoseleetivity in the reactions of  reagent 3 with various amino esters. 9 

3, EtaN 
Amino ester , N-Protected amino ester 

DMF, rt, 24h 

Entn/ Amino ester N-Protected Recovered 
amino ester amino ester 

1 Gly-OMe 92% _a 

2 13-Ala-OMe 89% _a 

3 Ala-OBn 3.8% >90% 

4 Phe-OBn 5°/, >900  

5 VaI-OBn <1% 

6 Phe-OBn + Gly-OMe P-Gly-OMe (82%) 
P-Phe-OBn (¢5%) 

>90% 

"Starting amino esters were not detected upon HPLC analysis. 
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