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The fast-atom bombardment mass spectra of phosphonopeptides, having an a-aminoalkanephosphonic 
acid as the acid-terminal residue, have been recorded using a glycerol matrix and a primary beam of 
xenon atoms operating at 6-8 kV. The identities of selected ions were confirmed by exact mass 
measurements. All peptides gave characteristic pseudomolecular ions, [m', which appeared as the 
base peak in many cases. Protonated dimers, [2M + HI+, higher clusters, and ions resulting from 
association with glycerol were also observed, particularly in the case of dipeptides. Fragmentation 
occurred mainly by the elimination of a-amino-carboxylic acid residues, via peptide bond cleavage with 
hydrogen transfer, and by elimination of phosphorous acid from the aminophosphonic moiety. I n  
addition, evidence was seen in certain cases for amide-bond fission with formation of an acylium ion 
which subsequently lost carbon monoxide. 

Key words: Phosphonopeptides, FAB mass spectrometry. 

INTRODUCTION 

Phosphonopeptides are of considerable interest as molecules with potential for 
application in medicine and agriculture.' There are numerous references to methods 
for their preparation*' and to their activity as antibacterial agents,'*4 plant growth 
regulators and  herbicide^,'.^  fungicide^,^,^ and inhibitors of collagena~e,~ and other 
peptidases.8 Fast-atom bombardment mass spectrometry (FAB MS)9 is an ideal 
technique for use in the characterization of zwitterionic compounds of this type 
but its application to phosphonopeptides has hitherto received only limited atten- 
t i ~ n . ~  We now report the principal characteristics of the FAB positive ion mass 
spectra for a representative range of phosphonopeptides having an a-aminoalkane- 
phosphonic acid unit as the acid-terminal residue. lo 

RESULTS AND DISCUSSION 

A number of phosphonodipeptides (1 -6) and phosphono-oligopeptides (7- 11) 
were prepared by previously described  procedure^.^ In each case, fast-atom born- 

*Authors for correspondence. 
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I72 H. R. HUDSON ef al. 

1 (It1: H ,  R' :. E t )  

2 ( R ' =  Me, R' : E t )  

3 (R1= E t ,  R' = E t )  

4 (R1= Me, R' = n-C5Hll) 

5 ( R ' :  Me. R Z  = r r C , H 1 3 )  

(I (R1= PhCH,, R' = E t )  

7 (n = 1. R1= H , R' = Me, R3 = E t )  

8 (n 1, R ' s  Me, R' = H ,  R" = E t )  

9 (n = 1, R1= Me, R 2  = Me, R3 = E t )  

10 (n = 2,  R'= Me, R' = Me, R3 = E t )  

11 (n = 3. R'= Me, R' = Me. R 3  = E t )  

bardment mass spectrometry was shown to be a useful aid in their characterization, 
giving prominent pseudomolecular ions, [MH] + . Cluster ions corresponding to [2M 
+ HI+ etc. and ions associated with a molecule of glycerol were generally recorded 
for the dipeptides but were less commonly observed for tri- or higher peptides. 
The principal ions observed in the FAB MS of the di- and oligo-phosphonopeptides 
are shown in Tables I and 11, respectively, and a typical spectrum, obtained for 
N-(L-ala-),-0-aminopropanephosphonic acid (lo), is shown in Figure 1. 

Two principal modes of fragmentation were observed. The first, which is com- 
monly observed in carboxy-peptides for which FAB MS is a well-established method 

x 

100 200 300 400 600 700 

1 / z  

FIGURE 1 FAB mass spectrum (glycerol subtracted) for N-(L-ala)3NHCH(Et)P03H2 (10). 
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PHOSPHONOPEPTIDES I73 

of analysis,'l involved peptide bond cleavage with hydrogen transfer and the elim- 
ination of one or more amino-carboxylic acid units. The fragmentation is illustrated 
in Scheme I for a typical dipeptide, from which the N-terminal amino acid unit is 
eliminated as a neutral fragment whose structure is uncertain but for which the 
molecular composition is equivalent to that of an a-lactam (GH3N0 in the case 
of a glycyl residue or C,H,NO for an alanyl residue). The second mode of frag- 
mentation, which has previously been observed in the FAB MS of a-aminophos- 
phonic acids,I2 occurred by the elimination of phosphorous acid, &PO,, from the 
phosphonic moiety by phosphorus-carbon cleavage (Scheme I) (Table I). The latter 

- C,H,NO J - H3W3 \ 
m/z 140 (20.1%) MZ 129 (12.8xx) 

SCHEME I 

TABLE I 
Principal ions in the FAB mass spectra of phosphonodipeptides 

[2M t H I '  [ 2 W  - X I '  [W]' [MH - XI' [MH - H,W,l* 

1 393( 15.8) 336(4.0) 197 (100) 140(22.8) 11 5( 17.4) 

2 421(18.8) 350(4.8) 211(100) 140(20.1) 129(12.8Id 

3 )a9(22.0) - 225(86.0) 140(6.7) 143(10.0)* 

4 505( 17.5) - 253( 100) 182( 14.0) 171 (15.5) ' 
5 533(15! 5 )  - 267(79.8) 196( 17.6) 185( 16.2)' 

6 573( 10.3) - 287(58.3) - 205C6.5) 

* Alanyl residues have the L-conflguratlon; all other aminocrrboxylic and 

aminophosphonlc resldues are racamic. X = C,H,NO (when R1 = H) or C,H,NO 

(when R'  = Me) ; G = glycerol. Also m/z Also d z  289 ([MH + GI*, 12.3). 

303 ([MH t G] ' ,  3.8); m/z 232 ( [W t 0 - XI', 2.3). Also m/2 897 ([a t HI', 

0.7); m/z 673 ([3M t HI*, 2.3);  m/z 58 (EtCH=NH,'. 100). ' Also ra/t 100 

(PC,H,,CH=NH,*, 83.51. AISO r/ l  114 (~-c,H,,cH=NH,*, 100). AISO m/z 120 

(P~cH=NH,*, 100); m/z 91 (c,H,', 13). 
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174 H. R. HUDSON er al. 

process, however, was observed only for the protonated dipeptides or the proton- 
ated a-aminoalkanephosphonic acid fragment. Fragmentation of the higher pep- 
tides appeared to occur preferentially by cleavage of carboxy-peptide bonds (Scheme 
11) to yield sequence information (Table 11). In the example illustrated (Scheme 
II), it was shown by linked scanning that the protonated a-aminoalkanephosphonic 
acid fragment (m/z 140) is a product-ion of m/z 211. 

Elimination of phosphorous acid from the protonated a-aminoalkanephosphonic 
acid fragment, derived from either di- or oligo-peptides, generally gave rise to one 
of the more intense peaks in the spectrum, assigned to the iminium ion, 
RCH=NH: (Scheme 111). However, the elimination of metaphosphoric acid, I-P03, 
an alternative fragmentation observed in the case of certain a-aminophosphonic 
acids,', was not detected in the present investigations. 

In the case of N-(gly-L-ala)-a-aminopropanephosphonic acid (7 ) ,  a series of ions 
at mlz 631,568,489 and m/z 350,421, and 279, were assigned to fragments derived 
from [3M + HI + and [2M + HI + , respectively, by the loss of a number of amino- 
carboxylic acid residues (see Table 11). Examples of the elimination of amino- 
carboxylic residues from [2M + HI + and from [MH + G] + were observed in other 
cases also (Tables I and 11). 

A further fragmentation, observed for the N-(Lala-),-, N-(Lala-),-, and N-(L- 
ala-),-derivatives of a-aminopropanephosphonic acid (9 ,  10, and 11, respectively) 
(Table 11), involved peptide bond cleavage with the formation of an acylium ion, 
which itself fragmented further by the loss of carbon monoxide (Scheme IV). This 
fragmentation pathway has been recognized in the FAB MS of carboxy-peptides. I I  

In addition, N-(Phe-)-a-aminopropanephosphonic acid (6),  underwent fragmen- 

m/z 353 (100%) 

m/z 282 (17.4%) m/z 211 (36.3%) m/z 140 (10.3%) 

SCHEME I1 

SCHEME 111 
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PHOSPHONOPEPTIDES 175 

TABLE 11 
Principal ions in the FA9 mass spectra of phosphono-oligopeptides 

m/z ( x ) ~  

[UHI' [W - XI' [w - x - YI' [c,H,,N,o,I* [ C ~ H ~ ~ N , O I *  

Peptide' 

288( 1.0) 21 i (100) 140(50.1) 
C 

1 - - 
8 268( 15.4) 191 (1 5.5) 140(9.2) - 1 i5( 51.2) 

9 282( 100) 21 l(21.4) 140( 10.7) l 43 (  12.8) 1 15( 58. 4 I d  

10 353(iOO) 282(26.0) 211(35.0) 143C34.5) 115(22.0)' 

11 424C12.0) 353(86.1) 282(100) 143(60.0) 115(41.0)' 

Alanyl residues have tk L-configuration; aminophosphonic residues are (RS).  

Y = C,H,NO (when 

R' = H )  or  C , H p  (when R z  = Me); 0 = glycerol; [C,Hl1N,O2]' = [ala-ala-1'; 

[CSHIIN20]+ 1s assigned the structure [NH,CH,CONH=CHEt]' i n  the case o f  the 

L-ala-gly-peptlde ( 8 )  (1.e. t4H - X - H,FQ,]', but i n  other cases i s  considered 

t o  be formed by the loss o f  CO from [ala-ala-I*, 1.e. [NH,CHFleCOnH=CHMe]*. 

Also m/z 631 ([3MH - 3X]', 2); m/z 568 ([3MH - 3X - Y]', 3 ) ;  m/z 489 

([3MH - 3X - 2Y]*, 3) ;  m/z 418 ([2MH - XI ' ,  2.0); m/z 421 ([2MH - 2x1'. 18); 

X = C,H,NO (when R' = H) or C,H,NO (when R' = Me); 

m/z 350 ( [ 2 W  - 2X - Y]', 24); m/z 279 ([2MH - 2X - ZY]', 17); m/z 129 

([MH - X - H,PO,]*, 9); m/z 58 ([EtCH-NH,]', 69). Also m/z 374 '([UH + CJ'. 

4.1). m/z 58 

([EtCH=NHz]*, 41.5). ' Also & 211 ([MH - X - 2Y]*, 68.0); m/z 140 

' Also m/z 705 ([2M t HI* ,  1.5); m/Z 140 ([MH - X - 2Y]*. 8.0); 

( [ W  - X - 3Y]', 11.5);  m/z 58 ([EtCH=NH,]', 90.0). 

- H,NCMkCOWHCHEtPO,H, 
3H1 > w3- 

* I  I I I 

d z  353 (100%) 

Ik Ik Ik 
I *  - co I *  > w,- 

I 
w1- 
m/z 143 (53.8%) m/z 115 (36.53) 

SCHEME IV 
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176 H. R. HUDSON ef a!. 

tation to give the iminium ion, PhCH-NH: (m/z 120) as the base peak, and the 
C,H: ion at m/z 91, with a relative intensity of 13%. 

In summary, FAB MS provides an excellent means for the analysis and structure 
determination of phosphonopeptides, giving prominent pseudomolecular ions which 
are useful for the confirmation of molecular weight, and characteristic fragment 
ions which parallel those observed in the mass spectrometry of carboxy-peptides" 
and a-aminoalkanephosphonic acids. l2 

EXPERIMENTAL 

Starting Materials 

a- Aminopropane- and a-aminohexane-phosphonic acids were prepared as described.Izb An analogous 
procedure gave a-aminoheptanephosphonic acid, m.p. 272-273"C, 6, (D,0/D2S04) 0.86 (3H, t, CH,, 
'JI,H 6.0 Hz), 1.33 (8H, br m, CH,) 1.62-2.12 (2H, br m, CI-IZCH), 3.20-3.53 (IH, m, CH); 6,. (D,O/ 
D,SO,) 16.0 (s, CH,), 24.5 (s, CH,), 27.6 (d, CH,CH,CHP, 'Jpc 8.6 Hz), 30.3 (s, CH,), 30.6 (s, CH,). 
33.2 (s. CH2), 50.7 (d, CHP, IJpc 152.0 Hz); 6, (D,O/D,SO,) 14.4. Other reagents were obtained 
commercially. 

Moss Spectrometry 

Positive ion fast-atom bombardment mass spectra were obtained on a VG ZAB-1F spectrometer fitted 
with a saddle-field ion source (Ion Tech Ltd) operated with a primary beam of 8 kV (1 mA) xenon 
atoms, or a Kratos MS30 spectrometer fitted with a capillaritron direct insertion probe FAB gun and 
target (Phrasor Scientific Inc.) operated at 6 kV (40 FA). Samples were prepared in a glycerol matrix 
(in the spectral data, G = glycerol) and the spectra were recorded at a scan rate of 10 s/decade. Accurate 
masses were measured by peak matching at a resolution of 10,OOO (10% valley). 

Preparations of Peptides 

Dipeptides (1. 2) and tripeptides (8,  9)  were prepared from I-(RS)-a-aminopropanephosphonic acid 
and the corresponding amino-carboxylic acids (glycine andlor L-alanine) as described.' The following 
new peptides were prepared from the free a-aminoalkanephosphonic acids by the N-hydroxysuccinimide 
ester method in the presence of either sodium bicarbonate (Method A) or triethylamine (Method B),, 
or by the mixed carboxylic-carbonic anhydride procedure (Method C).) Nmr and other analytical data 
were obtained as described.) 

(IR,S)-I-(DL-butyrinylamino)propanephosphonicacid (3). (1.2 g, 30% by method B in ethanol), m.p. 
260-262°C (Found: C, 37.3; H, 7.5; N,  13.4. ClIHl,N204P~H,0 requires: C, 37.5; H, 7.6; N, 12.5%); 

1.41-2.16 (2H. br m, C&CHP), 1.90 (2H, q, CH,CH,), 3.67-4.09 (2H. br m,  CH); 6, (D,O) 11.4 
(s, CH,), 13.6 (d. CH,, 'JPc 13.4 Hz), 25.7 (s, CH,CHP), 27.2 (s, CH,), 53.5 (d, CHP, 'Jpc- 147.7 Hz). 
57.9 (s, CH), 172.8 (br s, W); 6, (D20) 17.9. 

(IR,S)-~-(L-alanylamino)hexanephosphonic acid (4). (0.6 g, 29% by method B in ethanol), m.p. 228- 
270°C (Found: MH', m/z 253.1315. C,H,INIO,P requires: m/z 253.1313). 6, 0.87 (3H, t, Ckl,CH,, 
'I , ,  4.4 Hz). 1.28 (8H, br m, CHJ; 1.48 (3H, d, CH,CH, 'JHH 6.84 Hz), 3.65-4.23 (2H, br m, CH). 

(fR,S)-l-(L-alanylamino~hepfanep~osphon~c acid ( 5 ) .  (0.57 g. 80% by method A in ethanol), m.p. 
278-279°C (Found: MH' m/z 267.1479. C,,,HI,NIO,P requires: m/z 267.1474). [a]:!,, '2.6 (c = 2% 
in water); 6, 0.92 (3H. br t, CH,CH,), 1.30 (8H, br m, CHI), 1.48 (3H, d, CH,CH, )JHH 7.32 Hz), 
1.48-2.25 (2H. br m, C&CH,). 3.83-4.25 (2H. br m, CH); (DIO) 16.3 (s, GH,CH,), 19.2 (s. 

CH,CH), 53.7 (s. CH&H), 173.2 (m, W); (D20) 18.2. 

( I  R,S)-I-(DL-phenylalunylamino)propanephosphonic acid (6) .  As the monohydrate (1.44 g. 46% by 
method B in DMF), m.p. 243-244°C (Found: C, 47.1; H, 6.6; N. 9.6. C12Hl,N,04P~H20 requires: C, 

4, (DZO) 0.93 (3H, t. CH,CH,CHNH,, ' J H c C H  7.21 Hz), 1.03 (3H, t ,  CH,CH,CHP, ' J H < . c H  6.84 Hz), 

C1i,CH). 19-7 (S. CH,CH), 24.9 (s. CHZ), 33.9 (d. CHI). 51.8 (d, CHP, 'Jpc 147.1 Hz). 52.3 (s, 
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PHOSPHONOPEPTIDES 177 

47.4; H, 6.9; N,  9.2%); 6, (DzO/D,SO,) 13.0 (d, CHFH,, 'Jw 17.7 Hz). 24.5 (s, SHZCH,), 39.7 (s. 
- CH,Ph). 52.0 (d, CHP, I& 152.6 Hz), 57.6 (s, CHNH,), 58.0 (s. CHNH,). 131.1 (s, Ar-C4),  132.3- 
132.6 (m, Ar-C2, C,, C,, C6), 136.2 (s, A r - C J ,  136.4 (s, Ar -C , ) ,  171.9- 172.5 (m, c--O); 6, (D20) 
17.9. 

(1R.S)-I-(glycyl-L-any1amino)propanephosphonic acid ( 7 ) .  (0.8 g, 41% by method C), m.p. 253- 
255°C. [a]$,, +6.6" (c = 2% in water), t$, (D20) 0.90 (3H. 1, Cki,cH2, '&CH 7.3 Hz), 1.43 (3H. d. 
CH,CH. 'JHcCH 7.8 Hz), 1.52-2.0 (2H. br m, CH?), 3.70-4.50 (ZH, br m, CH), 3.87 (ZH, s, CH2NH,): 
6, (D,O) 13.3 (d, CH,CH2, .'.IK 13.4 Hz), 20.0 (s, CH,CH), 26.0 (s, CH,), 49.6 (s, CH2NH2), 52.2 (s. 
- CHCH,), 53.2 (d, CHP. lJK. 144.7 Hz), 169.9 (s, c--O), 177.5 (s. M); 6, (D20) 18.3. 

(IR,S)-l-(L-alanyl-L-alanyl-L~~nylamino)propanephosphonic acid (10). (0.6 g, 48% by method A 
in ethanol), m.p. 239-241°C (Found: MH', m/z 353.15981. C,,H,N,O,P requires: m/z 353.15901). 
[a]$,, -54.0" (c = 0.5% in wafer); 6, (D20/D2S0,) 0.93 (3H. t, CH,CH,, -?I,,,, 6.8 Hz), 1.13-1.34 
(9H. m, CH,CH), 1.34-1.75 (ZH, m, CH,), 3.78-4.25 (4H, br m. CH); 8,. (D,O) 13.4 (d, CH,CH,, 
'JK 12.8 Hz), 19.5 (br s, CH,CH), 25.9 (s. CHJ, 51.9 (s, CHCH,). 52.7 (s. CHCH,), 53.0 (s, CHCH,). 
53.0 (d. CHP, 'JK 146.5 Hz), 177.4 (m, c--O); 6, (D,O) 18.4. 

(IR.S~-I-(L-alanyl-L-alanyl-L-alanyl-L-alanylamino)propanephosphonic acid (11). (1 .O g, 67% by 
method A in ethanol), m.p. 258-260°C (Found: MH+, ndz 424.1971. C,,H,,N,O,P requires: m/z 
424.1%1), [a]:& -35.6" (c = 4% in 0.5 M NaOH); 6, (D20) 0.90 (3H, t, CH,CH,, ?I,,, 6.8 Hz), 
1.42 (6H. d, CH,CH. '&CH 6.8 Hz), 1.55 (6H, d, CH,CH, ,/HCCH 6.8 Hz), 1.65-2.25 (2H, br m, 
CHL). 3.52-4.5 (5H. br m, CH); 6, (D20) 13.3 (d, CH,CH2. '1, 13.4 Hz), 19.4 (s, CH,CH), 25.9 ( s ,  
CH2), 51.9 (s, CHCH,), 52.5 (s, CHCH,), 52.8 (s, CHCH,), 53.0 (d, CHP, lJPc 147.7 Hz), 173.6 (s, 
(LO) ,  177.4 (br s, (LO);  S, (D20) 18.3. 

ACKNOWLEDGEMENTS 

We thank KenoGard AB (now RhBne-Poulenc Agro AB), Stockholm, for financial support and the 
SERC for access to FAB mass spectrometry facilities. 

REFERENCES 

I .  R. Engel, "The use of C-P Analogue Compounds in the Regulation of Biological Processes." ch. 
11 in "Handbook of Organophosphorus Chemistry," ed. R. Engel, Dekker, New York, N.Y.. pp. 
559-600 (1992); "Aliphatic C-P Compounds as Herbicides," ch. 15 in "Handbook of Organo- 
phosphorus Chemistry." ed. R. Engel. Dekker, New York, N.Y.. pp. 739-805 (1992). 

2. P. Kafarski and B. Lejczak, Tetrahedron, 45, 7387 (1989); V. A. Solodenko, T. N. Kasheva and 
V. P. Kukhar. Zh. Obshch. Khim.. 8,37 (1989); C. Yuan and S. Chen. Synthesb, 1124 (1992); P. 
Hermann, I. Lukes, B. Maca and M. Budesinsky, Phosphorus, Sulfur, and Silicon, 79,43 (1993). 

3. D. G. Cameron. H. R. Hudson, M. Pianka and J .  F. Volckman. Phosphorus, Sulfur and Silicon, 

4. J .  G .  Allen, F. R. Atherton, M. J. Hall, C. H. Hassall, S. W. Holmes, R. W. Lambert, L. J .  
Nisbet and P. S. Ringrose, Nature (London), 272, 56 (1978); F. R. Atherton, M. J .  Hall, C. H. 
Hassall, R. W. Lambert, W. J. Lloyd and P. S. Ringrose, Antimicrob. Agenrs Chemother., 15,696 
(1979); F. R. Atherton, M. J.  Hall, C. H. Hassall, R. W. Lambert, W. J .  Lloyd, P. S. Ringrose 
and D. Westmacott, Antimicrob. Agents Chemother., 22,571 (1982); E. Zboinska and H. Sztajer. 
Wiad. Chem., 43, 329 (1989). 

5. B. Lejczak and M. Kijas-Kaczanowska, Pept. Chem., 315 (1987); P. Wieczorek, B. Lejnak, M. 
Kaczanowska and P. Kafarski, Pestic. Sci., 30. 43 (1990); H. Sztajer. E. Zboinska, I. Zbyryt. J .  
Kieleczawa, B. Lejczak and P. Kafarski, Biol. Plant, 32, 28 (1990). 

6. L. Maier and H. Spiim, Phosphorus, Sulfur and Silicon, 61, 69 (1991). 
7. R. E. Markwell, S. S. Rahman and R. W. Ward (to Beecham group PLC), PCT Int. Appln. WO 

91 15,506; Chem. Abstr., 116, 152409s (1992). 
8. P. A. Bartlett, C. K. Marlowe, P. P. Giannousis and J. E. Hanson, Cold Spring Harbor Symp. 

Quant. Biol., 52 (Evol. Catal. Funct.), 83 (1987); Chem. Abstr., 109, 88472h (1988). 
9. M. Barber, R. S. Bordoli, R. D. Sedgwick and A. N .  Tyler. J .  Chem. Soc., Chem. Commun., 325 

( 198 I ) .  
10. Preliminary reports of these results have been given elsewhere: C. S. Creaser, S. Crosland. F. 

Bawa. D. G. Cameron, H. R. Hudson, M. Pianka, 0. 0. Shode, and J .  F. Volckman, Proc. XV 

88, 15(1994). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
7
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



17K H. R. HUDSON et al. 

EMSS, 1986. 179; F. Bawa, D. G. Cameron, C. S. Creaser, H. R. Hudson, M. Pianka, 0. 0. 
Shode. V. M. Soares, and J .  F. Volckman, Proc. X Internat. Conf. Phosphorus Chem., Bonn, 
FRG, Aug 31-Sept 6, 1986, ed. R. Appel, F. Knoll and I. Ruppert, Phosphorus Sulfur, 30,743 
( 1987). 

1 I M. Barber, R. S. Bordoli, R. D. Sedgwick, A. N. Tyler and E. T. Whalley, Biomed. Mass Spectrom., 
8,337 (1981); H. R.  Morns, M. Panico, M. Barber, R. S. Bardoli, R. D .  Sedgwick and A. Tyler, 
Eiochem. Eiophys. Res. Commun., 101, 623 (1981); D. H. Williams, C. V. Bradley, S. Santikarn 
and G. Bojesen, Biochem. J . ,  201, 105 (1982); P. Roepstorff and J .  Fohlman, Eiomed. Mass 
Spectrom.. 11,601 (1984); R. B. Johns, P. F. Alewood, J.  W. Perich, A. L. Chafee and J. MacLeod, 
Tetrahedron Letters, 27, 4791 (1986); D. Renner and G. Spiteller, Biomed. Environ. Mass Spec- 
from., 13, 405 (1986); F. Rigga, R. M. Spina, C.  M. Sutera and R. P. Bonomo, Nuovo Cimento 
SOC. Ital. Fk., D., 13D, 837 (1991); I .  A. Papayannopoulos and K. Biemann, Pepr. Res., 5 ,  83 
(1992); P. Roepstorff and W. J .  Richter, Inr. J. Mass Specfrom. Ion Processes, 118-119,789 (1992); 
A. G. Craig. S. C. Hoeger and J.  E. Rivier, Biol. Mass Spectrom., 22, 31 (1993); W. D. Van 
Dongen. C. G. De Koster, W. Heerma and J. Haverkamp, Rapid Commun. Mass Spectrom., 7 ,  
241 (1993). 

12 (a) D. G .  Cameron, C. S. Creaser, H .  R. Hudson, M. Pianka and H. Wright, Chem. and Ind., 
774 (1984); (b) D. G. Cameron, H. R. Hudson and M. Pianka, Phosphorus, Sulfur, and Silicon, 
83, 21 (1993). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
7
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1


