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Structure Identification of 2.4-Dinitrophenylhydrazone Derivatives
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Abstract: The structures and fragmentation pathways of 25 kinds of 2,4-dinitrophenyl-
hydrazone derivatives of carbonyl compound (CC-DNPH) were studied by high perform-
ance liquid chromatography-electrospray ionization-quadrupole-Orbitrap-high resolution
mass spectrometry ( HPLC-ESI-Q-Orbitrap MS). The information of parent ions and
fragment ions for establishing the screening database was obtained at parallel reaction
monitoring (PRM) mode. Full MS/dd-MS* mode was used to obtain peak area of the
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parent ions for quantitation, and retention time and accurate mass of parent ions and
daughter ions were used for screening. At ESI” mode, CC-DNPH formed quasi-molecu-
lar ions (QMD) of [M—H] , and further disintegrated into fragment ions of m/z 76,
122, 181, 163, 105, 152, etc. According to the accurate mass of fragment ions, the
structures of the fragments were identified and the detailed fragmentation paths were
studied. The fragmentation characteristics of saturated fatty aldehydes, unsaturated fat-
ty aldehydes, aromatic aldehydes and ketones were compared. The results of 5 ambient
air samples of Tianjin showed that 24 of 25 target CC-DNPHs and 12 extra CC-DNPHs
were screened out positive. The 24 targets’ concentrations are 0. 006-4. 45 pg/m® and
the extra 12 CC-DNPHs’ concentrations are 0. 007-4. 18 pg/m®. This study provides a
valuable basis for further study on the fragmentation schemes of small molecular com-
pounds by mass spectrometry.

Key words: high performance liquid chromatography-electrospray ionization-quadrupole
Orbitrap-high resolution mass spectrometry (HPLC-ESI-Q-Orbitrap MS); 2, 4-dinitro-

phenylhydrazone derivatives of carbonyl compound (CC-DNPH); structures identifica-

a2k

tion

TR 35 R U H 25 - 28 1 B % (HPLC-
API-IT-MS) fie WL ok #E 17 1k & 0 25 44 figk #r
Michal 25 345 31 % B¢ T HPLC-API-MS" $
ARG B A BB SE P 18 /N oy A0 A 1 ) AR 1
ZUHLAE ., HBESE B TR (ESD 7 R 1Y & 8 i 2h
fg e T HPLC F1 MS I F #4 # 11 ) 8, fiff
HPLC-MS & i & J& A A . AN
10GE H T3 B & B A IV AR B 9, 18 1T L
{2 W) 2R G W) AR B S AN T A A R A e 4
T A4S P H R O B B UM DA T A
N F o0 F A2 B 2R T A g A 2 4%
453, Daniel 25 BF 9% T 78 ESI IE ., 1 & T 1%
T o 58 20 g R 5 B ™ ) AR R 7 W S B L Y
PR R, 2000 4F, 4k & B} 2 &K Makarov
SEOT AR e S OB BE R R $2 1 T Orbitrap
VE Ay — Pl 7 B J5 45t 43 07 5 Lo SR B <<1 X
10° RMEH& /5 1 A 0 0 B TE 1) o RE . T AR
oK R FH H I 25 S S (EST-MS) 25 4 il fi b
(HCD) g Ath i 24 75 142 3E 4k & ) R i i A7
S5 R AT A T S R

BEEI 2SR AL B (CO) s R — 2K
BRI RY RSS2 AR A
PLIR R % o S0 ik A R 1k (PAND Fll kA
B S (SOA) 55 5 Ye 1) T ZE R R 4, 2 b fk
SEMRSE I B R . TR B T CC
[ 5 ¥ 3 E A RO 3 % (HPLO) (<A

% (GO A & 1% - I3 1 (GC-MS) Fil 43
6 BE 1 (SP) 45 17 R AH €8 3% - I 3% 12: (LC-MS
5 LC-MS/MS) 7 7€ 1 75 T By P 3% K K 2 &
T CC ® i g e 1 1 . Kolliker 254190 7 kK,
JEAL 2 W B PR (APCD 1 8 T80 T L i 5T 55
T BF BT o A T A Bk S W IR AT AR )
(CC-DNPH) 19 # 1 45 1, {H 32 BR T 24 i X 4%
K B KV 58 4 B B R] RE AF AR AR AT W 25 . H
Hif - Orbitrap (& 73 B BT 3% 00 5 19 57 42 K5 B2 AR
1 3 BE 3 Sy CC-DNPH (1) % 24 11 33 F 5% $2 fit
TR LR

AR SR AT A - H T 25 DY A
FF /3 v 37 %0038 BF & 43 % 5 3% (HPLC-ESI-Q-
Orbitrap MS) X} 25 F CC-DNPH % 28 #4 i3t 17
f#AT R G W98 CC-DNPH [ [t 3% it 24 1)
g PR A KR L O T T R R s AR
il P O A S A AT . AR L LB T
5 K5 o o1 3, 7 R O 2 LA mT R AE AE 1Y
I G A B EE Z R A b CC i &
R4 A3k 7 vk 22 Ol BRI 4 4 W T80 A
BB R S H .

1 KB&ES
1.1 UREXE

Ultimate 3000-Q Exactive Focus #8 5 %%
VOOAH €5, 5% - 0L T 55 D B A/ H 3 008 B O



AR G RIEAL A W A A W B O3 PR B R R AT R

263

BT 3% AL : 36 B Thermo Fisher 2% ®] 7™ fi
Milli-Q 2l 7K & 4t - 2 & Millipore 23 5] 7™ i 5
Cleanert DNPH-Silica [ i = & % #£ & (200
mg/3 mL) N B A ZBRAE (240 mg/3 mL) . K
AR G LA 7 5 0. 22 pm Je e /K AH &
UERE : L Supeleo 23 /] 7 i .
1.2 #R5Em

25 Ff CC-DNPH F5 #E# # (15 mg/L) : 3
E ChemTek 2 & 7= i s 2. 4- — fil§ 3% 2k (DN-
PH) :4i i 99.5% , B REA A = fhs L
Al A8 E Merk 23\ 77 i s 88 2K : 22 Milli-Q
2l K R G sl A AT
1.3 &N
1.3.1 @iE%4 Thermo Accucore RP-MS
3% FE (2.1 mm X 100 mm X 2. 6 pm); K i
40 C; st : A 25 1 mmol/mol & R -7K %
T, B R U 5 6 B PRIBEAR ¥ :0~5 min(50%B),
8~15 min(50 % ~60%B),15~20 min(60 % ~
70%B),20~24 min(70% ~80% B), 24 ~ 25
min(80 % ~95%B),25~28 min(95%B) , 28~
28.1 min(95% ~50%B),28. 1~30 min(50%B) ;
e 0. 3 mL/min; AR 10 pL,
1.3.2  Faif s HESI g, f i 1
Ko BHEIRIE 325 °C 5+ I I #3R B2 350 °C
W% L 2 800 V3B B HL T 60 Vi — 2 i i
Full MSHIFEAT B0 Wi il (PRMD 250 43 B %

70 000, £ K %5 7t (AGC target) 1 X 10°, £ K
I3 B8 i [B] (maximum 1T) 100 ms, 5 & 9 35 0
FEl m/z 50~600; 2% i1 dd-MS* 8. 4 ¥
17 500, H —{L Al 18 58 & (NCE) (45 420) V,
FORAEHE 2X10°, e KSR BT E] 60 ms. B HE
4 8.0 s,

1.3.3 $¥aab3 >R H Trace Finder 3.3 %X
PRAL BRECH . — JBE B RS B A X 43 IR S
0 Wi S B H 10 000, {5 W& HE B {EL 5. 0, J5 fif
o fu V7 I 22 5. 00 > 10 °, £ B8 I 8] 72 3% f %
30 s R FEFSH D ILECEL 1A, 15
FEBI{E 5 000, T fif b fo 7 4 25 5. 00 X 10°°,
JE T BT B AR T W B — G Bk R i T
L AMR 0 £

2 #FR5iH®R

2.1 RiEFHHML
2.1.1 ErsAmksE A T ESLIE,

U FECT Full MS-ddMS® (1)1t 77 - 2 £ i
BB REF. SRR ERETFRAT,
25 A CC-DNPH A= Jf 1 55 i o {8 1) 43§ 85
EELM—H] s W7 IE S FEAT BRIV B
MILM A= H " 0 {5 2% H AR ) 14 i 10 8 35 B
BB BT L300 pg/L AR HERS W T & L&
P B B Q43+ 85 08 e (s T I8 1.
Al I, L 17 B X B T CC-DNPH £

x10°
14
A IE &7 M I M nmn _
12F O s F#Ek M
1.0F 1 R
08} 1
0.6
0.4}
7 7 i
02+ E z
0.0II T T T T 7T T T T
PR -V S - VIR I - VD PP SRR S P e«
U-<CU<E“.-¢-U£Q§EQN>IU>FDQ><@°-OZQ
< & m =0 Emzm
IQI

. FA. HEE-DNPH; AA. 2B -DNPH; ACR. N HE-DNPH;

AK. Nli-DNPH;2-FA. #iE-DNPH;PA. Ni#-DNPH;

CA. T/HBE-DNPH;BK. T Hi-DNPH; MA. H XN MEE-DNPH;BA. TEE-DNPH; BZA. K HEE-DNPH;IVA. 5 EE-DNPH;
CHK. # & i-DNPH;GA. J§ —#-DNPH; VA. J&f%-DNPH; TA. H L2 H iE-DNPH; MIBK. H 3t 55 T 5L f{-DNPH;;
HEXA. O f#-DNPH;DMBA. 2,5- — H 3£ 2K B E-DNPH; HEPA. gifiE-DNPH; OA. :f5-DNPH; NA. T-f%-DNPH; DA. 2$f£-DNPH

B 1
Fig. 1

E. 1B FHEXT,CC-DNPH # & F 5 F I i = &
QMIs abundance of CC-DNPHs at positive and negative ion modes



264

=)

L I

a2k

2.1.2 AR lf R B B OB R A B RE I AR
SER A T AE R AT NCE B{E 23 5
20.30,40,45.50,60,80 V i}, 25 ff B Hr ¥y #
BERS 5 F 7 B 7R 0. 5 2R 2R B TR A ) /Y A
FERE T 10 AR D T 0 R B W e A AIK T
PR B A o R At T R 288 (A O 7
AN NG 5 T LA T 2H ) B 5 1 g 1 2 4
SR B AH 24 A R R AR R U R A 1 fE
i A — i BT AE S R A Rl B B T . (M —
H ™ K FLRE 8 5 109 AR X e oy 78 A KL B
B, IM—H]™ & 7 F /N, 72 NCE %
B> 30 VB, H I A0 — 1 1 B B 4 3
ZLNCE H{E>50 VI, A K — P &Y Y
BEB 7 B8 2 NCE>70 'V Iy, HoAf % - Ak
R BRI T T 0 5% 1 T DL w1 S IR Y
B A AR DRI AR IE T e RN
B8 NCE #9158 30 V., H A EERHZE NCE )
HH 45 V XA AT 5% 5347
2.2 UEWBBEFHFEFER

st 25 Bl JE S 150 ug/L ) CC-DNPH i
B ARUETRI LA PRM 5 2UR 15 H AR 4 1) £ 88 1
[Fa) B 88 7 FURE B9 7R 0 Joi o 55, g 7 PR g
i A R P LR AR B8 TR 1 G B SR (BT
AR VE M http: / www. jemss. com. en | #)

100f a
X —
=) ol
3 3 &
S - )
g 80 by g
[y >~
= 2] )
<
S 60F & - -
=] — —
5 2 o =
. o 2 —
2 40 o Ros| 2 | Sg g
= = v [Ya el pAY QR d
= 2| & 832 3z | 2€ 8§
Z 200 2| £ 295 3 |82
8 < Qo A - ‘
—_ — N — ke
O || <|3\ I| II'_‘I'_' |I ll |I'-I T
50 70 90 110 130 150 170 190 210
m/z
° 100f- © o < [} o~
N L o = 1)
N = peNToN = I
(5] ) @ < N3 o
§ 801 — ® S S S
1% RS 3 (= o [N
5 60F 4 R4 D o o
o N =QS0 DN | | ®
< S SCain| S |8 | =
Swaw| I29g | =
o 4ok 2 S=—al| oo ||o
> =\ — o= 2| 2293 ||—= v
2 S| =z slsraSllz | &
g el Z= g H9(= |
T 20 S nNHER 2
AN N | 5
= | | S
0l ..||\|..I|. - ||"|| |

T T T T T
60 80 100 120 140 160 180 200 220 240
mlz

TEACACH) G35 2545 2 25 B H AR 4 v A -
RE T Y P 1] P R 2 Y R O o, HC A 2y el ik
B Z /> 5006 43 B BE L W] LASRAS HER 19 H bR 15
Ko 25 Bl FARP B By 7 B 78 1 i o i UE
JETRZES/INT 5X10°° R W] H bn ¥y 1 Jot i 4
JE RLAF AT DL A2 AL W 45 R A AT B O A 7K
SRRy CC-DNPH 48 i K7 T 181 2.
2.3 CC-DNPH Z#3f#

w4 #r 2,4-DNPH Fi 25 f CC-DNPH
BERY 7 M TR R T A AR e S AR
00 07 TR O 0 T 5 A T L BB R B
i 2 vk g PRI B4 1 88 AR TR R 28 57 T m/ =
T6[LC H NJ#E R B T T T Hin i — 9
i & b, By B BN AL S . m/ = 76
E T Wi 07 18 R o T B O T s PR R X e
N R BTN m/2 76, S THEEM T
BN m/z 122, Hofth oy m/=2 152, 2,4-DNPH %
FR TR B R U Ry om /= 137 W R LUK
m/z 167,41 % m i 25K 70% , X P A B+ 7
25 FpCC-DNPH ¢ ¥R K., £ 2, 4-
DNPHZ# %12 5 CC-DNPH A6, 5 H
b T 28 ) B 2R 1 A 22 B AR T W) I
) m/= 133 W R B 7 RAATE W EE . m/ = 120
P18 AR 6T W) 7 A5 PR PR R 8 PP g o T A At

. 100} b
N —
E 2 2
S 80r = ®
< (=1
g b o= ER
E 50 82 3
B 60F N — :: X @
il <
s 8 5leT 2§ o
2 40r © 25| Zz¢8g2 d
E £S5l 7732 3
S 20k g v =g o= -
- Il I B
=
Ol ||I||||I I | |
50 70 90 110 130 150 170 190 210 230
milz
100F 4 2 5
2 = 2 |2 = 5
B S g |2 @ 3
2 80 © o |2 3 S
g EosT |= 2 =
=} 60k S - N “@
= S oo =
| 8 S35 2
g 823
L =
2 40rs R I A =
b= v = N (=3
s © S © 3
g 20 > 2 x
2 & g -
- ©
hl | N

T T T
180 220 260 300
mlz

60 100 140

T a2, 4-TY 3L ME s b, HEE-DNPH;c. PEI-DNPH;d. 2.5-— F L3 B §-DNPH
B2 HEFEXT,HBEL CC-DNPHs — 4 Fik B
Fig.2 MS/MS spectra of typical CC-DNPHs at negative mode



2 4 PRI A W A A 0 B 03 PR B

AT H 265

EWE T AL, 25 Fr CC-DNPH B
WD =R~ R < DA N = S = A S
B P & O JORE AR B R VK B L
PEER 18 u[ H, OJCT [ | C [ Fn 5% [ F1 D 5
FLA A TR W6 V% 0 RF AE B R, 30 ul NOJ (B
FHOE . T M T R HY R N0 T AR 09 Re 7 E RN
B 31 uL HNOJ P o [ T s T R0 PN O 1)
45 u[ CH; + NOJ CT 4 e . W5 P9 9 It i O
%) .46 u[H, N, O] CHEE | 2, 8 1 T9 O 15 55 .
47 uL HNO, ] CHI [ | 9 5 B R0 9 I 55 . 59 u
CHN; OJ (PR | P94 8 AT B 58D .60 u[ N, O, ]
(P T R A T 25) .65 u[ HyNO; | (N 4
BEA T4 ) .76 u[[H,N; O, JCH Al DNPHD |
77 ul HN Oy ] CN M B T 0 5 0 FR 35 79 s 1
55) .78 u[H, N, O, ] CT e T HR AT 45
93 u[HyN; Oy JORHEERN 2,5- U BOR B |
165 u[ Gy Hy Ns Oy JCPER P T I 55 45
WAh . m/z 163 W Fr 25 14 fif B 45 2R 5 3
R IR B Cr H NS O, OFS 1 5t i 50l m/ =
163.038 18) AJdl. iy CsHyN, O, CH 8 i 12 51
om/z 163. 025 60), Foedupk 5 S @ HLEE
530N E S A 25 B E bR 4 ATDNPH R
FERE R R W m/ 2 17 NH, i v #E 5 2 ie
R R OR & A 58 Y B & R WS R RN . BT
AAEY) m/= 181 T Fr 1 A1 X b ¥ 5 T
m/z 182, 3 — Ak & W) ik 1 v Rk W]
) om/= 182 W R B F. 4% 25 FiLM—H]
TR R G T IO B B L AE % i T Y AR
M) 17 I 32 R R B AT RE Y 45 A M R R
. R FHE 3.
2.3.1 2.4 TR§EOR IR 2,4-DNPH
FVERE W B om/= 137.,167,179,138
L fEH A CC-DNPH Hr iy i [ &R 4 ik, £ 2
o AN 3], FHCAT R 1 2R LA R T 4,
2.3.2 (MR mE A AL P TR
FERT /0N S FE AR TR 1 R 224 W F T 5 R AR
ARRT A 20 B T 1 o F B i )N Ak
Wk m/2 76, LR B m/= 133, $RIEWE R m/2
133LC;H;NO, |~ 7] 8 0y 24 it ML HE s T 181 5,
HoA AL FNNE D5 1 G (M — H] —m/z 182~
m/z 152—>m/z 122 fifM—H] —-[M—H—
H,O] —m/z 179—>m/z 163 [y 2L 0 A, i

N B e B R AR B T BN m/x 152,122,163
S5 RF5E 5 A0k 0 B 1 Bk A 2R W o) 1
BRI om /= 152 FH X B8 R, 43 F 0T B
m/z 122 FFEB . KZH LA XK 30,
60[N,0,].165.59 F1 78 u B F . KF 4 ki
BT AE A 18 u i E R

HT T B R SR I R & A b RN T
PEARTR RS E AT 2R B A 2
LB R 7 B TR R ) 4 B Ak 2 AR AL B S
RAESE . BT HEE SR H AR
B i W Bt — B R 2 A5 LS
G R . AT K B B B RN SRR R R
T / S G T T /R R TR MR L 7R AR Y £ 3
AT BIRESE BB . ke S N L R
FRRL P S A R . P SR DM T D T I 22
SEACR R T SRS R e oy T T H
FETN U B LA AR X R N 29 5026 1 m/=z 79
[CH N, |- W T TR R A X AT g2 i T
HIER IR LA 2 A~ N B 7 LR TR G,
RAET o FEART A IR T &)
FE B m/ 2 181 B R o A WA B 24 70 %6 5 T
LN I m/ = 181 B 5 g 1) 3= BE AR T m /=
79 163,290 402, MR T AR O TN UG
W m/ = 205[ Cyo HoN, O; 1 13 1 14 1 5 5 5K 60,
HEWTIE - Z e AR NN, O, 1T 2 [CH, N, O], T
W AEAE AR 2L A LA
2.3.3 ARG AR REN
IR TR SR N M AR 3 R T U A LA
BERE AR R k. TERERERE R 45 VT,
VR T RTTORRE T 1) B B e L B, — B
FE 0, U8 BH 7E A [R) 9 RlE B AE RO 4R R % He
TRUFN T TR L. BE B P om/2 152 A
122 Hom/x 163.181.76.179 F B, W 17
TE(M—H] —>m/z 182—>m/z 152—>m/z 122,
[M—H] -[M—H—H,0] —=m/z 179—>m/z
163 LI [ M—H] —m/~ 181 iy 24 fift i 45, H.
[(M—H] —>m/x 122 §y#EH & 4 x5,
A FIEE 3 R B 18 A1 30 u YR i & 2K,
WS LRI AT o R R Al 3 Fh A
TE 31 A A7 w YW R R . Ak N M AR A7
FEA46.60.65 F1 77 u E R £, T 0 & A
B IR B AEAE A5 MI165 ull i i B2k, BT 3



266 i A EEVES
R R
R Ry
“— - N=C - N=C
a H N NH, H N/ \Rz N/N \RZ
NO, R, ) NO, NO,
+0=C i i s
\R2 2
NO, NO, NO,
198 u R{, Ry=H, D, alkyl, aryl, furan [M—=H]~
,6 ,(_) 6\ NO,
N . .
N L NQ 138 TNz 108
b
NO,
or
0 0 m/z 167
miz 120
-H,O M—-H-NO—-CH;]™
[M—=H—-H,0]~ 2 [ O-CHy]
—-CH;
—-R,R,CO+H R,R,CN, 3
| NOH 1R 2 1RGN
— ~Ry ~R ~R
0 = —N=C _ N=c{ ! _N=c{ '
N N/I\I\ ~ N \R2 N/ \R2 N/ \RZ
N, N~o NO, o o
—— —NO —NO
NO, NO, NO, NO, 0-
m/z 151 miz 179 [M—H-NOJ~ [M—H-NO-NOJ~
[M—H]™
_. _. —R;R,CN+H
NO O —R,R,CN 2
I°n _ - .
N 5N\ N- NH NH
- NO NO, O
N ©/ 2 +H_ ©/ —NO —NO o}
o NO NO
miz 121 NO, NO, 2 2 o
miz 181 miz 182 mlz 152 mlz 122
m/z 163
-N, /NO
NG NT N NT N N
. 0- 0O- Cc. O C- Cs . 6\
=NO —NO | —co_ | [ it
— L C 7 2
O NO, . . . O-
mlz 105 o O © 0 m/z 76
m/z 135 m/z 121 m/z 121 m/z 121 m/z 93 m/z 93

E3 CC-DNPH BB FRATEE(2) LW THNETFEHRI AR TEE (b
Fig.3 Schematic of [M—H]™ of CC-DNPHs (a) and main possible fragment structures and

fragmentation pathways of CC-DNPHs (b)



2R 2R S5 R IEAL B W R AT A W Y R 43 R B 1 BT

H 267

H\N/NH2
NH
Yi < ~NH,
NO,
NO
198 u 2
— 8]
N=N >
\ g NO,
N ~0
mlz 197
NO,
m/z 179

o Q
_NH, 227
N NO,
mlz 138
N _ ~NH,
NOZ % N
m/z 167 O-
O.
mlz 137

4 2, 4DNPHEEBRFEFEMREATERERE
Fig. 4 Main fragment structures and fragmentation pathways of 2,4-DNPH

_ /N CH,

NO, NO,
m/z 209 m/z 191

_N
Nz —NO
NO,
m/z 163 miz 133

5 FHEE-DNPH m/z 133 BREMREEIERERE
Fig. 5 Structure and fragmentation pathway of m/z 133 of formaldehyde-DNPH

NIEEEFETE 7T u IR 2R T I AEAE 46,
65.78 u MM £ K.

2.3.4 FSEBERMMA RPN IR A
FE R P PP LR R 2, 5- T R R R
FEBY S E RS EE m/x 181.163.76.
120,122.151,135.105 Lk &% 48 u[ H,NO, ] &
SRR F . 77,93 F1 165 u Bk K £ KM B T
R TR A o A SR BE Y A X e . O A
& B R AE B om/= 164 C,H N, O] wm/ =
104LC HyN] ™ JerpdE & 2% 28 ul N, |, H A8 Xf
M J 35 N2 1026, No 2 2% 1 AT A 24 fi B A
AT E 6. m/z 121 B R A8 2% F [ o A A X
N2 70 % 76 B DR FE A 2, 5- L OR
PRI %) A 6 e S R 10% . m/ 2 148 AN AF
FEF 2,5 JEOR R R R b, G At 1 AR Ak
ARG ZER .

2.3.5 [ARRHLE EARENER ., T O
i A H 6 S T3 ER . BT AT B-DNPH 9 T A
FHHEAEM—H—H,0] fiiflM—H—NO]~

W, BN 18 A 30 u RRFER L H P 30 u X
I R I A g AELAH [ O3 R ) E n/ =
30 R L ) RH X A . B-DNPH 5 H [
o3 SRR -DNPH A L . Bi-DNPH 4 % 5
FEFER m/z 122,152,178 M, /b B & F
AR X e J97 AR F 5 %0 1 m/= 163 W, T BR
A 5 T i &5 m/ = 76 A0 181 WA
W AFLARDG e o B3I F 1026, RBIIM—H] —
m/z 182—>m/z 152—>m/z 122 1 m/=z 178 {4
B RN R A . PR TR R T
B A AE m/= 178G HyNO; 1™ R AiE 1 J o
m/z 178 W g KA MR B8 TE 7.

2.3.6  EEFNUK M E AL AL Ak Y
T A0 95 8 RO TR (2- 1 R PR ) . R A
PR E P8 2% . 7E NCE SE¥{H 0 30 V B, I,
TUWE BB TR0 AH X i N 2y O BRI om /= 182
[CH,N,O, 1" 19 75% ;24 CE & 40 V B}, A A7
FEREE T AT B R T8 7O m/=2 279
[ChHINO T A, HW) ym/z 163,122,152,



268 B R Ak
R
¢

=C N/ ~ H

o\, (\) H Red—o

I\ll - ?\] _

NO, NO,
[M—H]~ [M H]_ [M—H-N,]™
R=aromatics, furan, naphthenic
E6 FEEN PEBREXIETEE
Fig. 6 Schematic diagram of N, neutral debris loss process of aromatic aldehydes
_ N= C/C)7H2NT| _N= C/C"HZNH /CH ¢N C 3 3
N NCH. N —CH2
S CHZ
NO, :
—NO - n—lH2n 1
NO, NO,
[M-HJ~ [M—H-NOJ~ miz 206 miz 206 miz 178
n=l1,2, 4
B7 m/z17T8BR&EHEERTIRETEE

Fig. 7 Structure and fragmentation pathway of m/z 178

76.197.233 1 179 W H B 1. m/z 197 fil
179 FEH At 24 Ff 5 A5 97 v 10w 7 4% A1 =R &
B, m7E DNPH B B A7AE .

BERE AU LB 47 u[HNO, ] # R &5, H
FEXTIA 3 24 R 50% . m/= 182 AH X 0 )i 24 Hy
m/z 181 (¥ 80 %6, 1 HeAth 24 F H 45 ¥y 18 7 vh
m/z 182 FEXF e N B8 AR . BRI o 2 S
B A X e A i BRAR IR Sl m/ = 76,181,
163,228,182, 151 45, 3= W] 4 [i5-DNPH % 5 %
HoFEmAgrE A M-H] ~[M—H—
H,O] —m/z 179—>m/z 163.[M—H] —m/z
181—=m/z 151 DA [ M—H] —m/z 182,

2.4 EZEERIH

NEFA T3 1 43 B 43 0 F 2020 48 1 ] 27
H3H9H.3HISH.3H21H.3H27TH
TEREET KR M 5 A I8 25 SR b %
25 Mgk B AL G W AT E VE A E I E . 4
FW L AE 5 AL BRFE &L b RO A At
24 B HARY) - XU EAE 0. 006 ~4. 45 pg/m’
Z ],

XF 5 A 13 A T BE A7 AR 1 AR T
s i AL 5 W) AT O A . K Bm/ = 152,122,

163 2 3 2L0E B g 1 01 55 A A 45 R AT AL 2R
i LA o AR A 4 A R DL AL & 0 B o B IR T
012 F BH PR AL G (47 -H SR BE DR 2 T B A 4
Ao AR 1Y 2 B AR 0.007 ~ 4,18
pg/m’ Z (8], For 2 i e gy HO -
B A B ERT L0 pg/m’ . 12 B
PHPE AL & 0 010 £ B ISF 1) RS 4 Jo i B L s 1 %

FRERGRII TR 1.
3 &R
A5 M) P i 80RO €0 T - F B - D

FF /i o S 0T BF 5 o B B3 3k A AT T 25 b
CC-DNPH #4535 24 fif ML HE . P& 1 46 A i
T AN 0 A N D T L O A T L R R TR R ) S5
DNPH 7 4= W) — 25038 b i 240 KU OF i
2T A] T R E VR U A O I . OREAS O vk
FHT 5 B SEBRAE S AL IR 4 R i A 1 13 A
F Aty m] BEAF A 1 HE AL & 9 - RIS &5 44+ 8L 4L
B WA R HE T 12 BB RS 2k
FE LA . AW ] /NI TR AEAL G W BS
S L T PR AR 4



269

o

it
H

i

Bt

¥

Vig

]

BRIEAL W) AT A

PR R

534

102 L2610 °92°09S20 "€9T°02V20 221 E€V61Z "LLE V2220 "2ST 1€°¢ 790238 "LLE E€V61¢ "LLE 'O'NH 1D L6712 HdNA-#=+ gl
162 L2610°9L°09520 "€91°02¥20 "221*8LE0T "€9€° VL2280 "2C1 L9°¢ GEG0Z "€9€ 8L€02 "€9¢€ 'O'NFH D LL°Le HdNA-#—+ [T
61°1 FTO6T "61€°09520 "€91°02¥20 221 €188 "6¥€ 1,220 "2ST 8€ ¢ 19681 "6V€ €1881 "67¢€ "O'NPH 1D 0€ L2 HdNA-#—4 0L
8LV L2610 °92°09820 "€9T*€89ST "12€°02¥20 22172220 "2ST [4y4 9¢8ST "1¢¢€ €89G1 "I¢¢ "O'NEH D 0892 HAINA--FH -2 6
0LT 0 L60G0 "8LT*68TIL 67202720 22188601 "6L2 1,220 "2ST €22 GOTTT "LLe 88601 "6.¢ 'O'NPTH D 99 €2 HAINA-H2-2 8
ARV L6050 "8LT*68TLL "672°02¥20 "221°88601 "6L2° VL2820 "2S1 1272 66011 "LL2 88601 "6.¢ "O'NTH D L1322 HANA-F %-2-3F di-v L
L00 0 02720 "221°L96T0 "8ET*9€ZTO "T8T*TTLS0 "7SZ 8S¢8L0 662 8¢ ¢ 986L0 "66¢ 8G8L0 662 'O'NEH'D 1€ 23 HANA-Fi 2 3% 9
€50°0 L2610 °9L°¥2220 "2ST1°09520 "€91°02¥20 "221*€L020 "Z81 L0°0 12980 "S¥v 81980 STV SOSNTTH ™D V6 '1¢ HINd-I— [-€°2 S
652 °0 09620 "€9T1°26050 "8LT€2V60 "S92°02V20 "221 1,220 "2ST 102 G1660 "59¢ €2760 "59¢ 'O'NTH MO 2602
92€°0 9€2T0 "I81°09520 "€91°€2¥60 S92 02¥20 "221°¥L220 "2C1 802 12560 "692 €2V60 592 'O'NTH MO LS °02 HANA-HH%(-¢/2 e
VITL*0 78620 "8TT°09520 "€91°02¥20 "221*¥8LG50 "TOE €L020 "Z8T 622 €S8850 "10€ V8LG0 "T0€ ‘O'NTH*®D 6V LT HINA-3 4 4
160 °0 9280 "€02°02V20 "221°¥.220 "2ST*858L0 "€92° 65080 "€€C ST°1 7980 €92 868.0 "€9¢ 'O'NTHD 0 LT HdNJ- [ 271 s 1
40T x /30130 (z/u) (z/ut)
(w1 /81y A[nsaa Advindoe ssewt ssewt enuLIO]
aaneInuenbruag (=/uyuor 3onpoid SSEN paInseajy 891191097 T, F— uru /2y punoduos ON
2 o L MR ORTIMECE ORI Ny el o A el

uol 10sIndaIJ S iz fg

SHANA-DD Anisod 7T Jo aseqejep SUIUIRIDG
EHERFHLFEL

T 21qeL

%5 B B (Bl fH BB ) CH 0 S 4 Fh B ik 1

T2



270 i A EEVES
S % 3k : photochemical smog[J]. Sci Technol, 1981,
(1] HOLCAPEK M. JIRASKO R. LISA M. Basic 15(7) ; 831-834.

(2]

[3]

(4]

[6]

7]

(8]

rules for the interpretation of atmospheric pres-
sure ionization mass spectra of small molecules
L. A, 2010,
1217(25): 3 908-3 921.

Journal of Chromatography
FENN J B. Electrospray wings for molecular ele-
phants (Nobel lecture) [J]. Chem Int Ed, 2003,
42(33): 3 871-3 894.

FENN J B, MANN M, MENG C K, WONG S
F. Electrospray ionization for mass spectrometry
of large biomolecules[ J]. Science (New York N.
Y.), 1989, 246(4 926) . 64-71.

ERNST M, SILVA D B, SILVA R R, VENCIO
R Z N. LOPES N P. Mass spectrometry in plant
metabolomics strategies: from analytical plat-
forms to data acquisition and processing[J]. Nat
Prod Rep. 2014, 31(6) . 784-806.

DEMARQUE D P, CROTTI A E M, VESSEC-
CHI R, LOPES]J L C, LOPES N P. Fragmenta-
tion reactions using electrospray ionization mass
spectrometry: an important tool for the structur-
al elucidation and characterization of synthetic
and natural products[J]. Nat Prod Rep. 2016,
33(3): 432-455.

MAKAROV A. Electrostatic axially harmonic
orbital trapping: a high performance technique of
mass analysis[ J]. Anal Chem, 2000, 72 (6):
1 156-1 162.

MAKAROV A, SCIGELOVA M ]. Coupling
liquid chromatography to Orbitrap mass spec-
trometry[ J]. Chromatogr A, 2010, 1 217(25):
3 938-3 945.

LIJ,CHEN] Y, JIYM, WANG] X, LIGY,
AN T C. Solar light induced transformation
mechanism of allyl alcohol to monocarbonyl and
dicarbonyl compounds on different TiO,: a com-
bined experimental and theoretical investigation
[J]. Chemosphere, 2019, 232(9). 287-295.
CARTER WP L, WINER A M, PITTSJR]J N.

Effect of peroxyacetyl nitrate on the initiation of

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

GROSJEAN D, WILLIAMS E L, GROSJEAN
E. Atmospheric chemistry of isoprene and of its
carbonyl products[J]. Environmental Science and
Technology, 1993, 27(55): 830-840.
GROSJEAN E, GROSJEAN D, FRASER M P,
CASS G R. Air quality model evaluation data for
organics. 2. C1-C14 carbonyls in Los Angeles air
[J1.
1996, 30(9): 2 687-2 703.

CARLIER P, HANNACHI H, MOUVIER G.

Environmental Science and Technology,

The chemistry of carbonyl compounds in the at-
mosphere-a review [ J]. Atmospheric Environ-
ment, 1986, 20(11): 2 079-2 099.

ANDREINI B P, BARONI R, GALIMBERTI
E.SESANA G. Aldehydes in the atmospheric
environment: evaluation of human exposure in
the north-west area of Milan, Microehem [ ] ].
Microchemical Journal, 2000, 67(1). 11-19.
KOLLIKER S, OEHME M, DYE C. Structure
elucidation of 2,4-dinitrophenylhydrazone deriva-
tives of carbonyl compounds in ambient air by
HPLC/MS and multiple MS/MS using atmos-
pheric chemical ionization in the negative ion
mode[ J]. Analytical Chemistry, 1998, 70(9).
1 979-1 985.

KOLLIKER S, OEHME M, MERZ L.. “Unusu-
al MS” fragmentation patterns of 2,4-dinitrophe-
nylhydrazine and its propanone derivative [ J ].
Rapid Communications in Mass Spectrometry,
2001, 15(22): 2 117-2 126.

OCHS SD M, FASCIOTTI M, NETTO A D P.
Analysis of 31 hydrazones of carbonyl compounds
by RRLC-UV and RRLC-MS(/MS); a compari-
son of methods[]].
2015(6b); 1-11.
INMAN M. MOODY C ]J.
something old, something new[]J]. Chem Sci,
2013, 4(1): 29-41.

Journal of Spectroscopy,

Indole synthesis-





