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Abstract

The mass spectrometric behavior of NHpenzyloxycarbonyl(Cbz)amino]arylmethylphosphonate monoesters was studied under positive ion
electrospray ionization (ESI) conditions. The most interesting feature is that all titte compounds predominantly undergo four-membered ri
rearrangements to yield mainly nitrogen-containing fragment ions by loss of a carbon dioxide, phosphite, carbon dioxide plus phosphite, or ber
loxycarbonylphosphonate monoester. The fragmentation is obviously different from the correspondi@pZ-gmino)arylmethylphosphonate
diesters, which show a tendency to undergo an intramolecular six-membered ring benzyl rearrangement.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction to produce benzylphosphonate ions besides the eliminations
of ether, benzyl alcohol, phosphite and an ether plus benzyl

Phosphonate esters are an important class of phosphorus aadcohol from molecular ions under ESI conditiofis’]. We
logues of amino esters and peptides, which have been wideipvestigated the mass spectrometric behavior of methyl and
applied as enzyme inhibitof$,2], and haptens for the produc- ethyl 1-(N-Cbz-amino)arylmethylphosphonate monoesters and
tion of catalytic antibodies with esterase oramidase ac{8i4]  found they showed remarkably different fragmentation pat-
because they are considered either as transition-state analogtesis from the corresponding diesters under ESI conditions.
[1,2] or as nonhydrolyzable phosphate surrogiigdVany syn-  Herein, we present the ESI-MSragmentation of 1/-Cbz-
thetic methods for the preparation of 1-aminoalkylphosphonatamino)arylmethylphosphonate monoest&sheme L
esters have been reported till n¢6v11].

The mass spectrometries of aminoalkylphosphonic acid
have been studied either by derivatizatift?—14] or by
chemical ionization (CI)[15]. The mass spectrometries of .
1-(N-Cbz-amino)alkylphosphonate diesters have been investj Methyl and ethyl 1-§-Cbz-amino)arylmethylphosphonates

gated either under the electron impact ionization condition§_6 were prepared by the method described in the litera-
; re [18]. The mass spectra were acquired using a Bruker
(El) by Yuan et al.[16] and under the electrospray ion- ure [18] P W aul using "

it dit : nct ith tand ESQUIRE~LC™ ESI ion trap spectrometer equipped with a
Lfgn'g:rycigslll_i/ln;) 'Eycﬁr;”[]ln% Iogrev\vlliouslf;l/n Vs;n f(r)r:;zs t;gtec'gas nebulizer probe, capable of analyzing ions up/t06000.
dimethyl and diethy 14¢-Chz-amino)arylmethylphosphonates The experiments were operated in the positive mode as follows:

f bl d i bered rind b | Nitrogen was used as a drying gas with flow rate 4 L/min; neb-
avorably undergo a six-membered ring benzyl rearrangement;, o pressure 7 psi; capillary voltage 4kV; heated capillary

temperature 300C. The samples dissolved in methanol were
* Corresponding author. Tel.: +86 10 62792673; fax: +86 10 62781695.  i0Nnized by electrospray ionization and continuously infused into
E-mail address: mayuan@mail.tsinghua.edu.cn (Y. Ma). the ESI chamber at a flow rate ofud/min by a Cole-Parmer

3. Experimental

1387-3806/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
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H 0 OR 1. Ar=Ph, R=Me bon dioxide to yield 14-benzylamino)arylmethylphosphonate
Z 2. Ar="Ph, R =Et monoester ions(a), which could further undergo a four-
Ph_©O N\l/#\OH 3. Ar = pCIPh, R = Me ons(a) g .
\[r 4. Ar = p-CIPh. R = Et membered ring rearrangement to produce protonated arylim-
o A 5. Ar = p-MeOPh, R = Me inium ions(d) by loss of benzylphosphonate monoesters. The
1-6 6. Ar = p-MeOPh, R = Et ions (d) could also be yielded directly form the protonated

molecular ions # + H]* via a four-membered ring rearrange-
ment by loss of Cbz-phosphonate monoester. The nitrogen-
protonated ionga) could also undergo a four-membered ring

. rearrangement to eliminate phosphite monoester to frm
74900 syringe pump (Cole-Parmer Instrument Company). Thgenzy| aryliminium ionge), which could also be formed directly
scan range of the ionsig'z values from 50-500 and cutoff mass ¢.om the molecular ionsM + H]* via two four-membered ring

50 was used during ion accumulation. The ions of the massgarangements simultaneously by loss of a carbon dioxide plus
to-charge ratio/z) of interest were isolated and fragmented i ogphite monoester together. The protonated molecular ions
through the collision with helium to obtained MSpectra. The [M+H]* could undergo a four-membered ring rearrangement
fragme_ntatipn amplitude values are 0.5-1.0V and the fragmeng ajiminate a phosphite monoester to give ris&46bz arylim-
tation time is 40 ms. inium ions(b). Both ions(b) and(c) could undergo ancleavage
to generate benzyl carbocatic).
3. Results and discussion For compoundsS and 6, in which aryl group ispara-
methoxyphenyl, their molecular ion®[+ H]* could yield proto-
The fragmentions observed in the tandem mass spectra of tigted 1-¥-benzylamino)arylmethylphosphinate iaifisby loss
titte compounds are listed ifable 1 The fragmentation patterns of a carbon dioxide plus hydroxy group, which could also be
of the title compounds are presentedicheme 2Compound  formed via the ionga) by loss of a hydroxy group. Their molec-
was selected as a representative sample. Its ESI| and tandem Edr ions [/ + H]* could also undergo arcleavage to eliminate

Scheme 1. Structures of MCbz-amino)arylmethylphosphonate monoesters
1-6.

spectra were shown iRig. 1 a molecule of benzyl carbamate to give rise to arylmethylphos-
All title compounds1—6 show similar fragmentation path- phonate monoester ioig).
ways under positive ion ESI conditionsS¢heme 2 The It is very interesting to note that W{Chbz-amino)

nitrogen-protonated molecular ion& - H]* could undergo a alkylphosphonate diesters are favorably protonated or formed
four-membered ring rearrangement to lose a molecule of casodium adducts at their oxygen atoms of phosphonate moiety

Table 1
Fragment ions observed in the tandem mass spectra of compbsfhds
Compound Precursor iong/z (ion) Fragment ionsp/z (ion, relative intensity percentage)
1 336 (M +H]") 292 (a, 20), 240 b, 23), 196 ¢, 100), 106 4, 27)
292(a) 196 (, 24), 106 4, 100)
240(b) 196 (¢, 100), 91 ¢, 19)
196(c) 91 (e, 100)
2 350 (M +H]*) 306 @, 21), 240 b, 18), 196 ¢, 100), 106 ¢, 30)
306(a) 196 (c, 38), 106 @, 100)
240(b) 196 (, 100), 91 ¢, 13)
196(c) 91 (e, 100)
3 370 (M +H]*Y) 326 (@, 22), 274 b, 16), 230 ¢, 100), 1404, 48)
326(a) 230 (, 51), 140 4, 100)
274(b) 230 (c, 100), 91 ¢, 11)
230(c) 91 (e, 100)
4 384 (M +H]") 340 @, 34), 274 b, 13), 230 ¢, 100), 1404, 57)
340(a) 230 (¢, 40), 140 ¢, 100)
274(b) 230 (¢, 100), 91 ¢, 54)
230(c) 91 (e, 100)
5 366 (M +H]") 322 (a, 5), 270 b, 53), 226 ¢, 14), 136 4, 6), 305 €, 48), 215 g, 100)
322(a) 226, 74), 136 @, 42), 305 £, 100)
270(c) 226 (¢, 100), 91 ¢, 6)
226(b) 91 (e, 100)
6 380 (M +H]Y) 336 @, 4), 270 b, 28), 226 ¢, 8), 136 (1, 6), 319 €, 39), 229 g, 100)
336(a) 226 (¢, 62), 136 @, 67), 319 £, 100)
270(b) 226 (¢, 100), 91 ¢, 6)

226(c) 91 (e, 100)
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Scheme 2. Fragmentation observed in the ESI tandem mass spectra of conip@unds
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Fig. 1. The ESI mass spectrum and tandem mass spectra of protonated ma#gbz-amino)(4-methoxyphenyl)methylphosphonate monoesten@er positive
ion ESI conditions.
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