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Formation of [M—H " for Tertiary Amines in MALDI-TOF MS

HAO Xin-yu, LI Ya-ming
(State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian 116024, China)

Abstract: Strong [M—H]" ion peaks were observed for the cinnamide derivatives with
tertiary amino groups in matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS), while no [M—H " ion peaks were observed on elec-
trospray ionization mass spectrometry (ESI-MS). To investigate the possible mecha-
nism of the [M—H]" formation for these compounds, a series of experiments were per-
formed on the effects of different matrices. In all the experiments, [M—H]" ion peaks
were observed significantly. It was considered that those cinnamide derivatives with
tertiary amino groups could firstly form M™ or [M+H " ions in MALDI source with
the loss of an electron or the acceptance of a proton at the tertiary amine group. Then

induced by continuous collisions during the secondary ionization process, an iminium ion
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could be formed via a dehydrogenation process between the tertiary amino nitrogen atom

and the adjacent methenyl-carbon atom, and furthermore the C = N bond of the imini-

um ion was stabilized by forming a conjugate system with the adjacent groups. The con-

jugation results in the internal energy reduction of the cation, thus these ions tend to be

generated abundantly in MALDI source and detected as [M— H | ion peaks eventually.

The results of DFT calculation indicate that the dehydrogenation process to form

[M—H]" is a thermodynamic spontaneous process. Further experiments are performed

with other compounds also containing the tertiary amino moieties and the results are in

good agreement with above mechanism of the [M—H]" formation.

Key words: tertiary amine; matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF MS); dehydrogenation; [M—H]" ; conjugation
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Table 1  Structures of a series of cinnamide derivatives
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R, 6 —CH, —CH; —CH, —H

9 10MH 11 5 Ay ) pl R B TR X
PUBE T B HE BB T I R R L A ST BB R
PR,
1.2 HREEREH

FREC 1 mg K 5, 7 F U A0k IR B ) i
JER 1 g/L B . FREL 10 mg FE 5T, % T P4
A L O SO BE Ry 20 @/ L BT .
1.3 MALDI-TOF MS %38 74 %

BUL 2 95 R A TR B AR 1 1
1: 10,1 100CV/V)ILBIRA L1 pL IRA
WA TA G B fRE A AR TG A
MALDI-TOF MS w, ] 5 52 F rf fiy 1% 21 55 99

KATE A O JE 12 000 V, MCP 1 J&
2 350 V.36 % 5 Hz, 43R 5] H 1 [8] 500 ns,
TE B A I
1.4 ®BBEZRIE(ESI-MS) ik 7 &

Y B O NG Bk 1 /L R S
WA BEE 1 mg/L, &S #HAFE (10 wl/min)

IER SRR 100 C L P F1 R 250 °C
HEFLAIH 100 L/h, B FIS MK 60 L/h, 5
fb 2 JE S 0. 65 MPa, iF 5 FRIK

FE— 7 0 [ PR 1 AR A DG I L R S 8
FEAS TR FE T R . B 40 A8 R T L B AL
H H IR A2 S 9 8 Y AT I Dl 1~4 KV,
20~80 V.,40~100 V,
1.5 AYMMITELI A X

DFT 3% i Gaussianl6 #&J5% 4 470,
TR0 BISLYP 2 )1 A IR T 2

6—311+g(d, p) 4. M &M T k. IF
HEAT AR5
JiF R F- A B S B 298 K, 1. 01 X 10°Pa
SMEAMFTHERME" " R,
G(e”)=—3.616 0 kJ/mol
H(e  )=3.135 1 kJ/mol
G(H")=—26.310 1 kJ/mol
H(H*')=6.139 4 kJ/mol

2 #RE5iTie
2.1 PIEEBLRR AT 4 Y H & % MALDI-TOF MS
ARG 45 R
2.1.1 A 25 &0 T RE S 1 MALDI-TOF
MS WK E5 R 6 Bl P I I AT A 1 (B i 1~6
SO G IRE A B AR B A R A
L 2 % R 6 O R e R P Ak
AIMAH] 8k E T ABRTFIER M,

i MALDI-TOF MS il s I 34 # & . 43 51
L CHCA.DCTB,DHB,DTH,SA Jy % i . ¥
MR A AN 1 1(V/ VD, LU
DHB Jy 3L 5 T 8 FF i 1~ 6 5 1 B 3% & 7R
B 1,3 ] B ) oy [M—H L JF oK B
BHIM+H] fI M,
2.1.2  A[AOGRE & T RE S 1 MALDI-TOF
MS JAZE A 78 bR S50 o by AR 2 5 8 15
JERE R M RE s BT A 3 B AT AR A AR (M —
HI]" RZ#OCRER M E W, %45, L DHB
FE T L B A OGRE R T AERE S 1R 3 Y
T s B A i M A-H



324 JE 3 2 R a1
%103 20 x]10%
3.5F 425.2 4252 ’ 4533 4
a [M—H]'L ok ? -y L
8 25t r 8 i
g | g 12t -
2 k= i
E 1_5_ T T T T E ()_8_ Eants f AI T
< . < [M+Na]*
0.5- [M+Na] 0.4 4773
. 4491 |
= T T = Ii T 1 T OO T T T T T
350 400 450 500 550 600 400 450 500 550 600
mlz mlz
x10° L6 x10°
3.5r 461.2 4612 ' 4432
c [M—H]| d [M—H]" 4432
1.2F r
8 25f I*_ 8 L
5 [M+Na] L 5 B
k= 4852 T 08f
.-g 15 [ [M K]+ T T 1 T ..5 T T T A T
< +
501.1 0.4 [M+Na]"
0.5 I 4j)7.2
‘m T mﬂlh T . I d I‘IJ 00 - T d ‘LH’I — T II T
350 400 450 500 550 600 650 350 400 450 500 550 600
mlz mlz
x10° g x10°
B 497, 4232
or e [M_H]27 3 497.3 f Mo 4232
3 - g o I
E 4f i g I
=) =)
s = 4+ r
E A T B E A A L Ao
< | < N T T T T
2 [M-+Na]* ok [M+Na]
5213 44|7.2
o= | ||. | | 0 | M ||| Ll .
400 450 500 550 600 650 350 400 450 500 550
miz miz
Hoa FED Lsb BESY 250 FEAR 35d. FRAD 4se. BEML 550 FES 6
1 A DHB AEFRMIX 1~6 S# MmETER MALDI i% &
Fig. 1 MALDI mass spectra of No. 1-6 samples with DHB
2.1.3 AR SR KT MALDI-TOF HAHBIMAH] 85585 T4 2,

MS K45 5 B CHCA . DHB.DCTB =}
B R ARFR L R RE 5 T R A LR
110 A1 100CV/V), Ik 1~6 S A5 . 5
2. 11 75 el i) o 1 AT X L. A5 R,
A B A R A ELM—H] T,

THh U IR B IR A LB 1 10
A1 100CV/V)OIE, KL DHB b 3 i 1) 3% &
Zx[F e A A M +H]" £ W] DHB [
i m4s 2B M+ H] AR R

2 |,k MALDI-TOF MS il i& 1~6
B AN TR) 38 5 AN Rl O e B AN AR &
el e A i E LM —H ], Si b,
1E DHB 2y 5 5t 1) #8 43 55 56 25 18 °F 5 A b 3% &

2.2 AEBRITEYHERE ESIMS iyl
MR

FEL GG 25 Pl e P S T b R L U A TE
J FL 3 23 B TP Y IR DR T 4R T AE
S5 i A R T R IR L R A 2 R AL R
M AT T ™ AR B T AR S PR T Y AT
AR b R AU BT BT R
w LA A HTBRE B L 7E ESIEMS i A] B AL
[M+H]" .

FEHLIBESS BT Fi 1~6 SR dh . 20 L
BN Z NG VR i) AR B R Sk g [M+H T,

DL B 3% 14 WIS O E e —
JE YU PN O B A0 R SR ICAL L e AR



H4 KB4 AU A W 7E MALDITOF MS s 8 sl &00E 8 FLM— H1™ i AL BT 5 325
F2 1~6SHEMRIEMNIER
Table 2 MS results of No. 1-6 samples
BE R R LV /V) v H
fj@/ii B ESI 5255 7 Fil Sl
Sample-matrix ratio
sonree (V/V) or solvent for ESI ! 2 3 4 0 6
MALDI* CHCA 1:1 O O O O O O
1:10 O O O O O O
1:100 O O O O O O
DCTB 1:1 O O O O O O
1:10 O O O O O O
1:100 O O O O O O
DHB 1:1 e ) O o] J O O O
1:10 @] ) @] ) ol J o] ) (@] ) (@] )
1: 100 o] J ] J 0 oe ] ) (] )
DTH 1:1 O O O O O O
SA 1:1 O O O O O O
ESI F e () [ [ o (] [ )
ZhE [ ] (] [ [ o (]

HE:0 #R[M—H]" . @ £R[M+H]";

» MALDI-TOF MS 828 % 42 7 & Fl 5 BUZE A [ SO g i AS T RE -8 IR A LU R i 1] 8 — A F i s IM—H] "

M+ HIT TEZEE T FREOR@;

*x ESI-MS S8 e, LU B 95 51 25 56 AN [l v T T B 9 335 P AT — 25 R R I BA LM — H T s [MHHO ™ AR 29 56

FREOH @

JE i S0 T it 25 R o M+ H]T L 4
A
2.3 MALDI-TOF MS ta[M—H]* F= £ gy 7]
BEHLIE

DL S5 45 2R & 9], U fE MALDI-TOF
MS P . 1~ 6 5 i 5T RS R H BB B
[M—H]" i, HA# R [ 3 5 A [A) 30% RE
AN TR) A i T b P s 0 I 0 9 AN
ZUEFEAIS ., Hit.,[M—H] @iy
B 7E MALDI J5 b () B 3 a3 B2 5 265 55 4, 6
FATT A= 0 0 R B8 b A 50 AN 5 FLPE AN ) 1 B
1R3E L BEA W 2 A A I el 3 A G sy
A A TR U 3 A9 17 42 91 48 MALDI-TOF MS {il]
WA M—H] g, F. [M—H] ¥
T 15 i 28R i B R 26 8 G L i 5 L 46
A H ) AT 25 R BT AR O

£ MALDI Y5 Hp, £ 5 5 07 28 30 B
Jer AR A W 1E R RO S L R . 45 OB
FAE S TP R e AT B A RO, R AR

BTt 5 TR RS A . IR IR AU
RIETARRBETFaEERHmMMAR 14
H EBIM+H] (K 2 &% a), WAl fek £
LAHFIIER M (B 2 %42 b)), iX & MALDI
FL 8 U R DL 1 T

[M+H]" 8 M 4k 2 76 B I8 5 4 Fh
L AR lE 4 R RE B 4 B8 L A BUNE U 4B AL
YR Ik SR A W L RS R 2 —
S FEAE 2 BF a1 AE A B AR B 2
AR by ) W TE AU A5 T 55 48 A7 Uk HY 5 ik Jit
%Zl‘ﬁﬂﬁzﬁmﬂ%ﬁJ%@Jﬂﬁﬂi?%‘%)c:ﬁio 1 A
M 4T RE % 5 A 4B 1 2R IR T BB A 1 2L B 45
F BT N REREAR , AR B M . TE R il
R S B A R iz R Y T R AR A L
W B F-7E MALDI Y5 o AT DL K & e A7 7E
R Ry s o g 2 i [M—H ™ . AL R
FH 2,

X — Bt ] DL g RN AT 4 24 DHB I ]



326 %

i3
g3
=i

1%

|
—— N
a
LT o O
+H* |
/ R ITI
) ) )
N N R R
| X 12 Rl Rz
R 1

(] HT [ij -

2 1~6 SHERFEM—H]IT WA REERE
Fig.2 Possible pathways of [M—H]" ion formation for No. 1-6 samples

e, 2 A EWRHIMAH]T A, XZR 2.4 Gaussian FHX M BB & EHABN
Jy DHB J&—Fh“ % 7 e it JNEE R 5 2 HEER

JCPIAL 1 3 R B R AR L B T4 TR 3 A OIS LU L L AT O . 6 5K
N &AL A 53 MR SE i CHCA L DCTB B 5L DLt g JE A O 3 OB B 2 AN R 1R
/. PR, 25 DHB Fl & sk, af DUGRAE7A S A A L B 3 A $RG80 R 1 31530 R ik
XEZWIMAH]" . JERTREME 5 R I T3k 3,

x3 AMEERENAMETESER
Table 3 AH and AG value of two paths

wAE a B b
1 et
it 4 55 Path a Path b
No.
AH/(k]/moD) AG/ (k] /mol) AH/(k]J/mol) AG/ (k] /mol)
3 —929.3 —926.7 830.5 797.8
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