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A Mechanistic Study of Formation of Radical Anion from Fragmentation of
Deprotonated A 2-Diphenylacetamide Derivatives in Electrospray lonization
Tandem Mass Spectrometry
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Abstract In tandem mass spectrometry, the formation of radical anion from fragmentation of deprotonated ions disobeys
the “even-electron rule”. However, such unusual fragmentations were often observed and the mechanism was traditionally
attributed to be a simple homolysis reaction. In this study, a novel mechanistic insight into radical anion generation in
even-electron anion dissociation was gained and supported by experiments and theoretical calculations. A series of deproto-
nated N,2-diphenylacetamide and its ring-substituted derivatives (R'CqH,CH,CONHCgH,R?) were produced in an electros-
pray ionization-ion trap mass spectrometer and then were subjected to collision-induced dissociation. In the fragmentation of
all the deprotonated amides studied, when R' # NO, and R*=NO,, the 4-nitrophenyl isocyanate radical anion was formed as
the dominant product ion, but the corresponding phenyl isocyanate radical anion was not formed for other deprotonated de-
rivatives. Taking compound 3 (R'=H, R?>=NO,) as an example, the mechanism was proposed as a single electron transfer
(SET) reaction via an intermediate [benzyl anion/4-nitrophenyl isocyanate] complex which derived from the initial heteroly-
sis of the benzylic CH,—CO bond of the precursor anion. Benzyl anion could be observed as a minor product due to the
separation of the ion/neutral complex. The density functional theory calculations indicated that the formation of 4-nitrophenyl
isocyanate radical anion was much more favorable than that of benzyl anion in terms of energy and the activation energy of
heterolytic cleavage of the CH,—CO bond was much lower than that of homolytic cleavage of that bond. Theoretical calcu-
lations also revealed that the intra-complex SET reaction was considerably exothermic and so it was feasible. Obviously, SET
was the key step in the new mechanism. The gas-phase SET reaction of 3-nitrotoluene with benzyl anion was confirmed to
occur in the bimolecular ion/molecule reaction and had been reported by others in the literature, which indirectly supported
the SET mechanism in the present study. For fragmentation of different precursor ions, only when the electron affinity of
(substituted) phenyl isocyanate was higher than that of the corresponding (substituted) benzyl radical, the SET reaction in the
complex was achievable, which well accorded with the thermodynamic properties of electron transfer reaction. This study
provides a new perspective on the formation of radical anions in the fragmentation of even-electron negative ions which helps
us better understand the mass spectrometric fragmentation reactions.

Keywords electrospray ionization mass spectrometry; radical anion; even-electron ion; ion/neutral complex; single electron
transfer; negative ion; N,2-diphenylacetamide
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Scheme 1 The structures of N,2-diphenylacetamide and its derivatives
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Figure 1 CID mass spectrum of the [M—H] ion (m/z 255) of
N-(4-nitrophenyl)-2-phenylacetamide. Excitation amplitude, 0.72 V
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Table 1 The formation of (substituted) phenyl isocyanate radical anion
in the fragmentation of deprotonated N,2-diphenylacetamide and its de-

rivatives
o

Compound R! R*> [M—H] (m/) OCNORZ

1 OCH;  NO, 285 164 (100)"

2 CH;  NO, 269 164 (100)

3 H NO, 255 164 (100)

4 3l NO, 289 164 (100)

5 NO,  NO, 300 164 (—)

6 H CF; 278 187 (—)

7 H H 210 119 (&)

8 H OCH; 240 149 (&)

9 OCH; "Br 318 197 (—)

Cmlz (AR EE %).
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22.1 FHAE

LG 3 9, HEMDX A AP 3 - FR e
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3 ARy R F W I GBI T i e AR — AN R 1 B
T, A-1. 1E CID 414 F, A-1 ) CH,—CO %t 733477 —
ANET/HEE AW AR Int-1. Int-1 YRR T B
A R, T 4B R S SRR IR A R IR R L
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Table 2 High-resolution masses of product ions in the fragmentation of
the [M—H] ion of compound 4

Measured Calculated Error Elemental com-

Ton .
mass mass  (ppm) position

[M—H] 289.0385  289.0385 0 CiHoN,O5Cl
4-Nitrophenyl i -

TOPICIYE — 150CY™ 1640227 164.0227 0 CHN,O5”
anate radical anion
4-Nitroaniline anion 137.0357 137.0357 0 CsHsN,O,
4-Chlorobenzyl anion 125.0164 125.0164 0 C;HeCl™
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Scheme 2 Proposed fragmentation pathways of deprotonated N-(4-nitrophenyl)-2-phenylacetamide
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- NO, - NO, . NO,*~ Table 3 The EAs of some selected species
— SET Species EA“/eV EA’/eV
+ +

4-Methylbenzyl radical 0.84 0.77

Benzyl radical 0.912 0.85
BR 3 AUHS T/ T RN TR TS 3R FOR K Rl T 4-Chlorobenzyl radical 1.174 1.11
B o . . 3-Nitrobenzyl radical 1.59 1.58
Scheme 3 SET in ion/molecule reaction between benzyl anion and
3-nitrotoluene 4-Nitrobenzyl radical — 2.28
PR 20 " e I s N 4-Nitrophenyl isocyanate — 1.64
IR BE T RELL 3T AR R 2 . AT AKX Chlorodonitton o s
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TR FEGT SRR WA i a5 3 1 L 501 Nitroh 006 2o
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“ These data were obtained from the NIST Chemistry WebBook. ? Calculated
adiabatic EA using DFT at B3LYP/6-31+ +G(d,p) level of theory with
zero-point energy corrections.

A-THHER R RIRERN EA £1°8 1.37 eV, MURIFHA
HHFEM EA (KT 1.37 eV IF, MK (AR 4 2 7
B 4-THFR SR MR 1 W B ROV AN e 8 A A2, R
P22 3 A, 3L AL A AR EA & 1.59 eV, M
oAV i 35 L R iF 25 B 4 (P SRR R AR A 4-iF 3 2
H LM BA KT 3-fiHFE %38 H thIE 1 EA, HH R {EIA
2] 2.28 eV, Tl 4-FHIEREA E 15 4-IHEE R R R IR
B2 A RE R AT, XS56EY 5 24 =k
- IR R & A RS 8 A&, R
B USRS [ L EA (HAMIE T 1.37 eV, FTLLA
MR I [ S 4-fHEE IR 5 SR e 2 1) [ v 7
R RN A, XML Bk 3 P
B¥a RIDUEFER Y EA {520 1.000 eV, 17— 3 F 32K 1)
EA fEHIIA 0.00221 eV, SRR — 5 RLHS L 5n
W HL 3, (R AR R LAk Y. e J 35 4 A AL S )
1) EA, FrCUCY2RIR ERATIHAEIRE, k&Y 6~9
2 A AR B AR DRI 2 e U BB 1) EA (DR AR 45
AEHAR, TS RNARE KA, FTblxJLAMLEY)
PR 2 Iz 87 P 8 38 AT %o I 1) 28 e S R i 91 125 1 el
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Figure 2 Potential energy diagram for the dissociation of deprotonated
N-(4-nitrophenyl)-2-phenylacetamide using DFT at the B3LYP level of
theory with the 6-31+4 +G(d,p) basis set. The dashed line represents the
homolysis process

4.705; )\‘J

292/ i278

B354

B3 ARALR Int-1 ROE5H. REE AR BN 3 2 [ R, Bfr
A

Figure 3 Optimized structure of the Int-1. The dashed lines show the
distance of the two corresponding atoms (A)

Acta Chim. Sinica 2012, 70, 1805—1811

© 2012 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

gh R B H R RN RE AT IR 4 A — B, AR AR
TR T R 4-H R R SRR I i T 88 I NAEFAT)
2 PR LR RN MR N RS AL e B b, —
AL ZE TR B ) S RO R B AT IR S AL RE, BT LA
CH,—CO 4t 5 24 it 75 19 B8 et K 35055 1 A2 e 1y o i) 44
Int-1 [{fERE, 1l CH,—CO #a A 24 ifd F 75 2 v e — A
IREBEZA(TS), Pl CH,—CO B 2 L LI %%
Wit %. WA, TR R e T B v Ak
BECS, (H T AR X T AN S b s T A (R B 3R

I L T2 B8 I IR A REAE AR SCH B AN VE-E— 2D (13
8, AAERRIBETT, (HE Tk s g5 WaR W% i 14
BN BT it (TS AL REAR TT RE 2 LUK (1, R AE DUAN AR
R A-fiE IR S R IR R B 2 7 H IR R N A, 1% R
JeF LR A R BT, AN SCHR ) 6 2 1 2R s 1
BT/ AN TR TR R LB R T
DFT #g vH5L ISR

3 #Hi

A SCHRIE T 2 LB B AT E MR CH4CH,CO-
NHCH,R*)F HLIWE 25 i 471 2 TR R I CID R %
N AERTR A A, M R OIIEIEH R AR
SEAHFERT, 4-fif 2R S TR R D 25 7 1 e RS AR
V5 S = R R 3, L e U A AR A 2R %
TR B 1. ARG R A 8 P 1 8 1 24 = A [
T E R R A RIS ). AR SO T —ANE
IALEE, R A8 7 97 2 P 2 = AR B 7 A 3 e —
ANEBEI 20 IOV 45 B B H i i AL A ) S 2
B/ RS RRR AR BEYh R PR
SR A B B SRR AR . %R N HLER AT LA
AR U Hiy FH R AAREAS SCH T ST 06 5 R 48 S . [ e I A
SN ATLER A4 ] DA T30 e 40 8 R R N, ds
FZHUEL I — AN EEKIE B L S5 TS
VRS KL, A I T R A BRI 2
A, WP ARSI TR RER, s BT
B — AT RE T, T 4R s . P ) R T RS S
I BEAE A2 NI = A2 BH 257 A EH 3.

4 ZWES

41 UESEH

CID SEIJEAF Varian-500MS J5i il F 5
(Varian 5], FEE), {XBSECA IS BT I5 A1 27 ik
R Mo, BdE b ] Varian Workstation 2044, 5256
TR I ERE S HOh: FERSE R I, Mk G
TEESZELL 10 pL/min FIETE NS I8, ZAHEE
WSR-S, K143 241 kPa Fil 83 kPa; T
W 300 C; B B 50 C; B TALER
BT, WU AR S —4000 V; W E HUER

http://sioc-journal.cn 1809



W F F R

MR

H—600 V; ZHAFERERE S, R IE R A
H5 1 mlz.

5 53 R U S0 A AT U PR B O 2 AA(7.0 T)
(1) ApexIIl & 37 A% 46 B - [] Ji 2k 4% 5t 3% 1% (Bruker
Daltonics, 52[H) b4 &R 58 ). AXE A 7 E
(1) BSI Y. DL =5 B8 ER BN My SMbR BEAT HEAf T B 20R IE.
FEMETRAMESR, TERARERN 150 C, &
ME LA 4090 V. 78 - JFntsizag i &S AR
FE A, X BEES T RF 22 FE AL 4R ik o 30K (Sustained
off-resonance irradiation, SORD)IEAT CID S5, #udkAb#
1 XMASS6.1.1 8.
42 HEMEK

2 mmol ZE 4, 2 mmol ZEJI%, 2.4 mmol —- 3 L EL Bk
R E(DCC)AT 0.4 mmol X — S LA BE (DMAP) K
25 mL BB, A6 mL 5 g s, =ik
SR, R IR B R NV IERE. RN SERCCL R,
SN B8, BBV TURN B R KRR TG K i R
TP PTG 25 RAN S S A BRI R A i
M o B alifl. N-(4-F B 2R)-2- 28 5k i (3): 'H
NMR (CDCls, 500 MHz) &: 836 (s, 1H), 7.99 (m, 2H),
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