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The Mass Spectra of Amino-acids and Peptides: Benzyl Migration in 
Benzyloxycarbonyl Derivatives 

By R. T. APLIN and J. H. JONES 
(Dyson Pemins Laboratory, South Parks Road, Oxford) 

and B. LIBEREK 
(The Higher Pedagogical School, Gdansk, Poland) 

THE increasing use of computer interpretation of 
high resolution mass spectral data1 has emphasized 
the necessity for the documentation of skeletal 
rearrangements occurring under electron impact2 
The recognition of such processes is particularly 
important in the mass spectra of peptides, where 
computer analysis of total high-resolution data is 
currently being used for amino-acid sequence 
determinati~n.~ During an examination of the 
effect of different amino-protecting groups on the 
mass-spectral fragmentation of various amino-acid 
and dipeptide methyl, ethyl, and phenylthio 
esters, it was observed that the benzyloxycarbonyl 
group behaved in a manner different from that 
reported by Bricas et aLI4 these authors reported 
that the main fragmentation is the elimination of 
benzyl alcohol. 

ions were observed (Table), together with the usual 
modes of fission of the peptide bonds and side 
chains.' Fission to give fragments of the type (b) 

+ 
PhCH2.OCO-NH = CHR (b) 

was particularly interesting since all these frag- 
ments showed subsequent loss of CO, (Table), with 
concomitant benzyl migration (Scheme 1).  

The mass spectra of the analogous phenylthio 
esters fail to exhibit molecular ions, the highest mass 
fragment being M -  109 (-PhS-j. The remaining 
fragmentation is derived from the acylinium ion 
(a )  and is shown in the case of the amino-acid 
derivatives in Scheme 1. The rearrangement of 
the species (b)  again represents a major fragmenta- 
tion pathway. * 

? 
PhCH2.0C*NHw +- PhCH2.OH + [O=C=NHw]+ M - 108 

This process we observed to occur only at  
temperatures > 200' when the well-documentedsta 
thermal decomposition to give benzyl alcohol and 
isocyanates occurs. The spectra then consisted 
essentially of that of benzyl alcohol superimposed 
on that of the isocyanate. All the methyl and 
ethyl esters examined gave good molecular ions 
(Table). In all cases M--107 (loss of PhCH,-O-) 

The sequence b + c was also observed for all the 
benzyloxycarbonyl di- and tri-peptide phenylthio 
esters examined. A second rearrangement ob- 
served for the simple amino-acid derivatives was 
the formation of (d )  m / e  200t (Scheme 2). 

The absence of fragments due to the N-carboxy- 
anhydride supports the suggestion that this is a 
genuine fragmentation and not a thermal process. 

* Similar results were obtained for the 1-piperidyl esters. 

t The analogous ions PhCH,.SePh and PhCH,-OPip were observed for the phenylselenyl and 1-piperidyl esters. 
' f '+ 
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TABLE 
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Major fragments in the mass spectra of some benzyloxycarbonyl amino-acid and peptide estevs 

M+ 
mle % 

Z*Gly.Gly-OMe .. .. 280 16 
2.Ala.Gly-OMe . . .. 294 9 
2.Leu.Gly.OEt .. .. 350 4 
2.Val.Gly.OEt .. .. 336 8 
2.Ser.Gly.OEt . . .. 324 1 
2. Phe. SPh .. .. 
Z.(Br).Leu.SPh . . . . 
2-Leu-Gly-SPh .. .. 
2-GlyPheeSPh . . .. 
2.Leu-Gly.Phe.SPh .. 

Base 
M--107 peak a b G d e 
mle yo mle mle % wale % mle yo m1e 7;  mle % 
173 27 91 249 2 164 1 120 11 
187 2 91 263 1 178 20 134 28 
243 1 91 305 3 220 34 176 52 
229 1 91 291 3 206 36 162 46 
217 1 91 279 1 194 6 150 10 

91 282 10 254 9 210 11 200 11 
169q 326 6 298 8 254 4 278 6 
91 305 15 220 1 176 4 170 11 

110s 338 3 120 5 204 12 
1105 452 1 220 17 176 19 204 3 

2 = CO.O.CH,Ph; Z(Br) = CO.OCH,C,H,Br-p; T[ BrC,H, Q HSPh. 

The production of the fragment (a) from the fragmentation which is typical of diketopiper- 
dipeptides gives rise to a strong diketopiperazine azines.8 In the tripeptide examined, diketopiper- 

azine ion (e) formation occurs only from the frag- 
ment (u) and not from in-chain cleavage. 

T 
PhCHe*O.CO -NH - CH -CO -SPh 

-5Ph i -e  

I..?(? /y 
PhCH2*0-CO-NH-CH-C=0+ 

*I -co 
$- 

- 4 -  
PhCHe -0-CO-NH=CHR 

W *I -coz 

+ 
PhCH,.NH=CHR 

Scheme 1 

* Metastable peaks observed 

(4 
(M-  109) 

Ph PhCH2:gPh (d) 

OhNAR 
H 

Scheme 2 

+ o  

J-XH o+ 
0 

Scheme 3 
ion (8). This transition is accompanied by a 
metastable ion indicating that its formation is not 
a thermal process. The diketopiperazine structure The possible use of the fragmentation 
for (e) (Scheme 3) is supported by its further triggering properties of other thioesters for 
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mass-spectra1 sequence determination is currently 
being examined. 
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