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Mass spectra of cyclic depsipeptides have 

MASS 

Liverpool 

been reported, a ,a 

but only one cyclic peptide, namely cycle (Gly-L-Ala-D-Phe-Gly- 

-D-Ala-L-Pbe),4 has apparently been examined.' This 

communication goes further by determinations of accurate masses 

of all the main fragments produced by electron impact on the 

same cyclic peptide and four others, namely cycle (Gly-L-Leu- 

-Gly-L-Leu-Gly),6 cycle (Gly-L-Leu-D-Leu-Gly-Gly),' csclo 

(Gly-L-Leu-Gly-Gly-L-Leu-Gly)' and cycle (Gly-L-Phe-L-Leu-Gly- 

-L-Phe-L-Leu).' Sequences in cyclic peptides, which are not 

susceptible to all the usual methods of structural determination, 

can be deduced from their mass spectra. 

Ring opening, with subsequent multiple fragmentation, occurs 

by several processes. For example, at a phenylalanine residue a 

transfer of hydrogen occurs which leads to an open-chain ion: 

-R- L-R- 

R - remainder of chain 

This ion undergoes further fragmentations as shown in the example 

3041 



3042 No.31 

later on. 

Another, general , process is one leading to a radical-ion 

which initially loses an amine fragment, with or without 

hydrogen transfer. The resulting ions undergo further 

decompositions in a characteristic way which gives important 

informaticn on the amino-acid sequence. The initial ring 

opening oc'curs at a position adjacent to a 

side-chain , possibly due to the release of 

energy a8 rotational energy: 

bulky amino-acid 

excess vibrational 

NEl - CG CB ; NH ‘- c - NH-C. CH = NH 

L-,1 t__,i 

The initial fragmentation by loss of R'C~CHWH (Type A) 

is accompanied by loss of fragments containing respectively one 

less hydrogen atom (Type B) and one more hydrogen atom (Type C). 

These ring-opening processes are described fully in the 

following example showing the fragmentation of cycle (Gly-L- 

-Phe-L-Leu-Gly-L-Phe-L-Leu), mass 634. 

General process of ring opening at - 

(i) Leuc:.ne 

F(CII, )a 

~KC,%Z CH, WCs% 
I 

co.,NH.,cHa., co.NE.,CH.,CO.,Nfz.,CH.CO.NH.CJ&.CO.NH.CH.C~~ 
0 8 I 6 I , 

549:521:506 :492 ;449;345;317: 302 . . . . ...*..... Type A 
’ ’ I 

550'522' 1493 
' fi 1 

0 450:3461318: 303 . . . . . . . . . . . . . Type b 
’ I s : 8 I ’ 

549: I 8491 . . . . . . . . . . . . . * a I448:344;316* 301 ’ I Type C 
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(ii) Phenylalanine 

3043 

yt2 ce”s C% 

,CH..CO..~X?I.,CII,., C0.,NH.,CH.C0.NH.CH.C0.NH.CH2.C~O+ 
, I I 1 , I 
; ~1-72I402; 374 I359 ; 34.i; 31 71302 . . . . . . . . . . . . . . Type A 
I 1 

I t I ’ : 
,$ 14031375:360 Type B 

I 
51.1[ 486: 

: ; 
j 346; 3181303 . . . . . . . . . . . . . . 

/401:373. 
: ’ , 
! 344:31ti;301 . . . . . . . . . . . . . . Type C 

(iii) opening by phenylalanine hydrogen transfer: 

,C, 115 
21 ‘;‘y 

* 

‘NI%’ 

C, H, CH(CH, i, u CH ( Cl& j 2 
I I 

CH C’i, CII, C, H5 
I I 

CH, 
I + 

CH.CO.,?JH..CH.,CO. 
, ’ t 

,~H.C~.CO.NH.CHiCO.,NH.CH., CO.NH.Cli,.CO.~~ 
I 

1:J1:11&11Jj2~11~ I20 :-I& 
I I 

<F&3 151: ZOO1 618 
. 

The jdeI,titles of ~11 1 ions shown were conl’irmed by accurate 

mass measuremertts, tile measured mass to charge ratios being 

within i p.p.m. of ille calculated ratios. Similar schemes may 

be writ,ten for tile other four c?_cljc peptides; the CompoSit~iOnS 

of tl.e relevant prominent ions in rhe mass spectra of these 

peptides are si~own in Table 1. .\ll five cyclic peptides give 

a prominent ion at PI-U wllicll is due to the loss of a molecule 

of HNCO. Furthermore, althougtr the spectra are rich in 

melnstable pealis, none of these correspond to the further 

fragmerltatioli of the II-43 ion, whereas the open chain ions 

previously described undergo numerous fragmentations. This 

strougl:- suggests that the M-L:: ion has a cyclic structure 

reslrlt.ing from loss of HSCO in a qclic process: 
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R' 
I 

NH. CH-CH-c 

I 
+ CONH 

1-R - -R- 

The loss of neutral fragments from the centre of chains of 

atoms without disruption of the chains is not unusual.' The 

less of a molecule of RNCO is not therefore 

loss of CO, with ring openings which occurs 

peptides. 

analogous to the 

in cyclic depsi- 

In addition to those fragmentations just described, the 

cyclic peptides lose side-chains by the normal processes well 

recognised for open-chain peptides: 

OH 
I 

NH- CH- c -NH 

.+ 
0 
II 

RR-CH-C 

L_l R 

A few subsidiary fragmentations oocur in some ions 

produced from the leucine peptides. The ion of m/e 969 

produced in all three cases by type A fragmentation can lose 

both a C,J& and CsR, fragment from the side-chain, as shown 

by the appnarance of metastable peaks (values shown in 

brackets). 
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+ 
Ciz%%O4 

m/e 269 

3045 

(189.92 + 
C,%,E3 04 + (Cl%),c=* 

(166.6~ 
m/e 226 

+ 
%=i,%O4 + (ca, LC’CK 

m/e 213 

Where an ion of m/e 212 is produced, loss of a C,B, fragment 

occurs: 

Y(C% )a 

7% 
CH, 

+ (134.7) II 
~CB.co.NB.cH,.co.NB.cEI,.c~o - CB.co.NB.ctr,.CO.NB.c~.Cr~ 

m/e 212 m/e 169 

Figures 1 and 2 ahow respectively the mass bpectra of 

cvclo (Gly-L-Phe-L-Leu-Gly-L-Phe-L-Leu) and cycle (Gly-L-Leu- 

-Gly-L-Leu-Gly). -411 spectra and accurate ma88 measurements 

were obtained on an A.E.I. M.S.9 mass spectrometer using a 

direct Inlet system and source temperature of 250'. 
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CYCLO (GLY-PHE-LEU-GLY-PHE-LEU) 

634 (M+) 

448 

u” 

I, I. 1 

FIG. 2 

CYCLE (GLY-LEU-GLY-LRJ-GLY) 

341 397 CM+) 



T
A
B
L
E
 
1
 
-
 
N
o
m
i
n
a
l
 

M
a
s
s
e
s
 

a
n
d
 
C
o
m
p
o
s
i
t
i
o
n
s
 

o
f
 
I
o
n
s
 
f
r
o
m
 
F
r
a
g
m
e
n
t
a
t
i
o
n
s
 

(
i
)
,
 
(
i
i
)
,
 

(
i
i
i
)
 

I
 

w
 I
&
 

c
y
c
l
e
 

(
G
l
y
-
L
-
L
e
u
-
G
l
y
-
L
-
L
e
u
-
G
l
y
)
,
 

C
,
,
H
,
,
N
,
O
,
 

(
3
9
7
)
 

1
4
3
 
C
,
H
,
N
,
 0
,
 

1
6
9
 
C
,
$
N
,
O
,
 

2
1
3
 
C
8
H
,
,
~
O
o
,
 

2
2
6
 
C
,
o
=
,
,
N
a
O
,
 

2
6
9
 
C
,
,
H
I
,
 
N
3
0
4
 

2
5
5
 
C
,
,
1
1
2
i
N
,
0
,
 

1
5
4
 
C
,
H
,
,
N
O
,
 

1
6
9
 
C
,
H
i
3
N
,
0
,
 

2
2
6
 
C
,
=
,
,
%
O
0
,
 

2
5
4
 
C
,
,
H
,
,
 

40
4 

2
7
0
 
C
,
,
~
,
N
,
O
,
 

3
1
1
 
C
,
,
%
,
N
,
O
,
 

1
5
5
 
C
,
H
,
,
N
O
,
 

1
7
0
 
C
,
H
i
d
N
,
O
,
 

2
2
6
 

C
,o

J%
,%

“,
 

2
5
5
 
C
,
,
H
,
,
N
,
O
,
 

2
8
3
 
C
,
,
H
,
,
N
,
O
,
 

3
1
2
 
C
,
,
K
~
N
~
O
,
 

1
5
6
 
C
,
H
,
,
N
O
,
 

2
1
2
 

C
,o

~
,,N

,O
, 

2
2
7
 

‘G
o%

,%
“,

 
2
5
6
 
C
I
;
H
,
,
N
3
0
,
 

2
8
4
 
C
i
z
K
 
O
N
,
%
 

3
1
3
 

‘%
3J

%
i%

%
 

c
y
c
l
e
 

(
G
l
y
-
L
-
L
s
u
-
D
-
L
s
u
-
G
l
y
-
G
l
y
)
,
 

C
I
,
H
a
l
N
,
O
,
 

(
3
9
7
)
 

1
7
0
 
C
,
K
~
N
a
O
,
 

1
9
8
 
C
,
H
,
,
 N
2
0
3
 

2
2
6
 
C
,
H
,
,
 %
O
,
 

2
5
5
 
C
I
I
~
7
Y
0
4
 

2
6
3
 
C
,
*
%
N
4
0
,
 

3
1
2
 

‘A
3 

=2
 

04
 

“5
 

1
7
1
 
C
z
r
I
I
i
b
N
a
O
n
 

1
9
9
 
C
,
 H
,
,
N
,
O
,
 

2
2
7
 
C
,
o
H
i
,
%
 

03
 

2
5
6
 
C
,
,
=
,
,
N
a
O
,
 

2
6
4
 
C
i
z
~
 
.
N
,
O
,
 

3
1
3
 
C
,
,
K
I
N
,
O
,
 

1
7
2
 
C
,
H
,
,
N
,
O
,
 

2
0
0
 
C
,
H
,
o
N
3
0
,
 

2
2
6
 
C
,
o
=
,
,
%
 

03
 

26
9 

C
, 

2 
H

z,
 

N
3 

0,
 

2
9
5
 

C
,,%

ih
O

, 

1
9
7
 
C
,
H
,
,
 N
2
0
3
 

2
1
3
 
C
,
H
,
i
N
3
0
,
 

2
5
4
 
C
,
,
=
,
,
N
,
O
,
 

2
7
0
 
C
i
p
~
o
~
O
,
 

3
1
1
 

C
,,%

 
N

,%
 

c
y
c
l
e
 

(
G
l
y
-
L
-
L
e
u
-
G
l
y
-
G
l
y
-
L
-
L
e
u
-
G
l
y
)
,
 

C
a
o
H
,
,
N
,
O
,
 

(
4
5
4
)
 

1
6
9
 
C
,
$
 
N
a
0
3
 

2
2
6
 
C
,
H
,
,
N
,
O
,
 

2
5
5
 
C
,
,
H
,
,
N
3
0
4
 

2
9
5
 
C
,
,
%
,
N
,
O
,
 

3
2
6
 
C
,
,
%
,
N
,
O
,
 

3
6
9
 

%
%

3N
50

5 

21
1 

%
o=

i,N
2’

J3
 

22
6 

C
,o

%
,%

O
, 

2
5
6
 
C
i
i
H
1
s
N
3
0
4
 

3
1
1
 
C
,
,
H
i
,
N
,
O
s
 

3
4
0
 

C
,4

%
2N

5”
5 

3
7
0
 
C
,
s
N
a
,
N
s
O
,
 

2
1
2
 

‘G
oK

aN
aO

3 
2
2
7
 
C
i
O
B
i
7
N
3
0
4
 

2
6
9
 
C
i
z
H
i
~
N
s
O
4
 

3
1
2
 
C
,
,
H
,
.
N
,
O
,
 

3
4
1
 

‘%
4=

23
%

“5
 

21
3 

%
H

,,%
O

4 
22

8 
C

,&
,,N

3”
4 

2
8
3
 
C
,
,
H
,
,
N
,
O
,
 
3
1
3
 

‘A
,J

%
iN

4%
 

3
4
2
 

%
4=

24
N

5“
5 

21
3 

‘G
o=

z,
N

20
3 

2
5
4
 
C
,
,
H
,
,
N
,
O
,
 

2
8
4
 
C
,
,
%
 

o&
O

4 
3
2
5
 

%
4’

%
i%

“5
 

3
6
3
 
C
,
,
%
,
N
s
O
,
 

c
y
c
l
e
 

(
G
l
y
-
L
-
A
l
a
-
D
-
P
h
e
-
G
l
y
-
D
-
A
l
a
-
L
-
P
h
e
)
,
 

C
,
,
~
,
N
,
O
,
 

(
5
5
0
)
 

1
3
1
 
c
,
H
7
0
 

2
3
1
 
C
i
3
=
i
5
N
a
O
a
 

2
7
6
 
C
i
r
H
i
s
%
O
0
,
 

3
7
3
 
C
,
,
H
,
i
N
,
O
,
 

4
0
2
 
C
,
,
k
N
,
O
,
 

4
3
1
 
C
a
o
H
a
s
N
s
O
8
 

1
4
6
 
C
,
H
s
N
O
 

2
5
9
 

‘G
,K

sN
2“

3 
3
0
2
 
C
d
b
%
0
4
 

3
7
4
 

‘&
%

24
%

 
4
0
3
 
C
,
,
%
,
N
,
%
 

4
6
3
 
C
,
,
B
,
r
N
4
0
5
 

1
6
0
 
C
,
o
H
,
o
N
O
 

2
6
0
 
C
,
,
H
,
,
 
Y
O
,
 

3
0
3
 
C
,
,
H
T
l
,
N
,
O
,
 

3
7
9
 

C
22

K
rN

30
3 

4
0
4
 

C
,,B

,s
N

50
5 

4
7
9
'
C
z
a
H
,
,
N
,
O
,
 

1
3
8
 
c
i
i
H
,
o
N
O
a
 

2
7
4
 
C
,
,
H
,
,
N
,
O
,
 

3
0
4
 
C
I
,
H
,
,
N
.
r
O
,
 

3
6
7
 
C
,
,
I
I
,
,
N
,
O
,
 

4
0
6
 
C
,
,
H
a
,
N
,
O
,
 

5
0
6
 

C
27

%
2%

“5
 

w
 

20
3 

‘G
i=

,,%
O

, 
2
7
5
 
C
,
,
=
,
,
N
,
O
a
 

3
4
7
 
C
,
,
H
a
a
N
,
O
,
 

3
8
9
 
C
i
p
%
r
%
O
,
 

4
3
0
 

C
20

%
4N

50
5 

s 



3048 No.3l 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

REFERENCES 

Part XIX. D.S. Jones, G.W. Kenner, J. Preston and R.C. 
Sheppard, Tetrahedron, in press 

N.S. k'ulfson, V.A. Puchkov, V.N. Bochkarev, B.V. Rozinov, 
A.M. Zyakoon, M.M. Shemyakin, Yu. A. Ovchinnikov, 
V.l'. Ivanov, A.A. Kiryushkin, E.I. Vinogradova, 
M. Yu. Feigina and N.A. Aldanova, Tetrahedron Letters, 
No. 17, 951 (1964) 

C.G. McDonald and J.S.. Shannon, Tetrahedron Letters, No. 
31, 2087 (1964)_ 

B. Brockmann and K. Zellerhoff, Tetrahedron Letters, No. 
27, 2291 (1965) 

K. Heyns and H.F. Gldtzmacher, Liebigs Ann. Chem., g, 
189 (1963): this uauer dealt with material of 
unspecified stereochemistry but mass spectra of 
diastereoisomeric cyclic peptide are similar and 
indeed the published epectrum ie very similar to ours. 

G.W. Kenner, P.J. Thomson and J.M. Turner, J. Chem. Sot., 
4149 (1958) 

P.M. Hardy, G.W. Kenner and R.C. Sheppard, Tetrahedron, 
g, 95 (1963) 

Yang Cben-au, K. Blaha and J. Rudinger, Coil. Czechoslovak. 
Chem. Comm., 2& 2633 (1964) 

9. R.A.W. JOhn8tOne and B.J. Millard, unpublished results. 


