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Identification of amino alcohols related substances of atenolol by LC-Q-

TOF/MS
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Department of Pharmaceutical Analysis,School of Pharmacy,China Pharmaceutical University,Nanjing 210009,China

Abstract To identify the amino alcohols related substances in atenolol. The related substances in atenolol and
its stressed samples were pre-column derivatized with 9-fluorenylmethyl chloroformate. The separation was car-
ried out on an Inertsil ODS-SP column (250 mmX4. 6 mm, 5 pm) with linear gradient elution by methanol-ammo-
nium acetate solution as the mobile phases. Electrospray positive ionization high-resolution Q-TOF/MS was used
for the determination of the accurate masses and elemental compositions of the parent and fragment ions of these
related substance derivatives. The structures of all the detected substances were identified by spectral analysis
and synthetic analysis. Under the established conditions, atenolol and its amino alcohols related substances were
well separated, and a total of 14 impurity peaks were detected and identified, of which 12 were related substances
and 2 were derivatization reaction by-products. The established LC-MS method provides a reference for the exam-
ination and quality control of atenolol related substances.

Key words atenolol; amino alcohols related substances; degradation products; derivatization; LC-Q-TOF/MS;

structure identification
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Figure 1  Pre-column derivatization HPLC-UV chromatograms of

atenolol test and stressed solutions.
a:Blank; b:0. 1% Reference; c: API; d: Acid; e: Alkaline; f: Oxidation; g:
Light; h:High temperature. Peaks 1-15 represent fifteen derivative prod-

ucts; * blank peaks
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Table 1 Related substances identified in atenolol by LC-Q-TOF/MS

B[ IR () MS/MS FAiE LC-Q-TOF/MS 75 i
VIR A 8 19 [ M+H | M0 ot 10 489. 237 2,
58730 CoH N, O A/ R, TiE B BT 5 9 /R 5 FMOC-
CLATA AL R N A s EE oA 1e 1 A — )
TP (& 2) A i 2 AR AR B8 F e m/z 445. 247 4
(C,xH;N,0.7)  m/z 293.148 9 (C;H,N,0,") . m/z
267. 169 8(C,,H;N,0,") \m/z 248. 127 5(C,,H (NO,")
m/z 179. 085 1(CH,,") Fll m/z 145. 064 2(C,,H,0"),
53 55 [M+H ] b & 3% B R s B 0T B 2 i i o+
CO, B2 9- 2 st i 2% 9-275 S H I Lt 25 9- 2 sl
R IR A A 9-2 1E 15 1 A R It FY I e I A i e
FJEEIEARIRA MR . BIE T 458 Hh LB IT )
FMOC-P i A AR B 4548 . Bl & /R AT A= 4
B 2 S A A AT (L 4) o HoAb AT S ) Jo 45 4
B HT e B S %15 3,

HEWM R LAY R.2 3R I% IR Y
AR AR 2% T, A6 SORE £ 35 OR B AR 55, AH N 25
T BAT BRI o B il 45 1 M+H | i) A o
ok 206. 080 8, 5 B T2 C, H,NO, AH I , 5 Bl ¢
IRIIICE AL, 2> CH, N, AT g 55 B 25 9% /R Y
AALIE S SE BT AR Y, O BRI AR AR O 2%
P8 A 8 FMOC-CLT A AL, T LAiZ 2% BT FE 2544
NS AR AR . g (& 2) ol
4 m/ 161.0594 (C,H,0,' ) Fl m/z 133.064 4

Code ~ Parent ion Ton Diff. Product ion
No. TRT (m/2) formula  (109) (m/2) Origin

1 0.159 2060808 C,HNO, 034 161,133,103,79,77 Oxidation

2 0171 2391024  C,HN,0,° -0.93  206.,189,176.161,131,107,77 Oxidation

3 0175 2550976  C,HN,0¢ 001  210,190,176,152,145,131,107,104,91,77 Oxidation

4 0280 2951645  C.H,N,0, 050  277,267.260,232,190.,173,162, 144,102,100 By-product

5 0403 2661377  C,H,NO, 058  248,161,144,133,105,102,100 Light

6 0926 5052312  CuH,N,0F 021  487,443,338,291,179.160.,116 Light

7 0968 3561849  C,H,NO, 077 179,160,134 Light

8(API) 1.000 4892372  CuH,N,0 178  445,293,267.248,179,145 API

9 1028 3911645  C,H,N,0,° 168  374,196,179,152,107 Oxidation

10 1032 5172332 CuHuN,0; 030  277,232,218,179, 145,126 By-product

1 1091 5052332 CuHuN,0; 021  487,283,265,223,206,190,179,165,145,131,114,107  Oxidation

12(6) 1095 4902211  CuHNOS 173 446,294,268,248,226,179, 145 Degradant

13 1102 4712269 CuH,N,0,  1.86  427,293,275,249,207,179,172,145,116 High temperature

14 1200 5042373 CuH,NOS 053  460,308,282,248,240,205,179, 145,116 Degradant

15 1372 7283311  CuH.N,0 169  711,489,471,293,276,248,190, 179 Degradant

"RRT:relative retention time with reference to atenolol derivative
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Figure 2 MS/MS spectra of atenolol and its related substances with FMOC-CI derivatization
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Figure 3 Chemical structures of atenolol and its related substances with FMOC-CI derivatization
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Figure 4 Fragmentation pathways of atenolol derivative 8 [M+H]" ion
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Figure 5 Fragmentation pathways of RS 1 [M+H]" ion
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Figure 7 Fragmentation pathways of RS 3 [M+H]" ion
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Figure 8 [Fragmentation pathways of RS 5 [M+H]" ion
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H %4 i 9: LC-Q-TOF/MS A5 47 54 5 9 1
AEI [ M+H ] B HERf B i 391, 164 5, 55 75X
CosHoyyNO AN, 5 BT 9 IR AT A= ) oo R 4 L 2D
CoH 00, R WA B9 SRR AL S T, A BB T
Rk it ot ek R b 3R RS B . MS/MS (&
2) H AR AE T R BS T m/z 374. 137 7(C,,H,NO,") |
m/z 196. 059 8(C,H,(NO,") .m/z 179. 084 9(C ,H ")
m/z 152.070 0 (CH,NO,” ) Fl m/ 107.048 5
(C,H,0"), 43 5 [ M+H ] JBi 25 NH,  JB 25 9- 25 B
A= 18 9- 25 1E B F 2% 9- 2 SR Ik ke LA R i 2



HFS51EE S

FF3CHT L 4 LC-Q-TOF/MS H A KE TE BT R i% /R h a8 FE A K ot 551

Wt iz A Y . m/z 152.070 0 (C,H,,NO," ) Fll m/z
107. 048 5(C,H,0") R fiE#E v 8§+ L H 5 [M+H |*
(1 25 5, UE W] 23 S5 46 v AT SR O/ B 6 2 O & Tk
Jiig B SE AR o PRI A I 122 4% 5 2 B R 9 AR A
AALE R T IR B X 72 5608 2 Wk R | i — 2P 4%
o-Z I A e i 23 o < 4- (1, 2- 2k -2- 12 &
KO, FMOC A AN, o- S FEWE AT A= | 10 40 e
Ao tE . RIS RERE e (K110) , 1
WHIE T4 W) BT 9 FEAE I -2 BE R S e I 4
UM R E R S5

A * i 12: LC-Q-TOF/MS il 154 54 5t 12
AR [ M+H "B R BT f  490. 221 1, 5 &+
3 CoH,NOG AR, 55 B[ 98 SR TG A ) o6 25 4 1A
Fb, T 32 20% Jo 2 B A2 96 7K v ) Bk i 35 A 9 /K A
BORMR S5 o i ig (1] 2) i 32 SRR
H BT m/z 446. 231 6(C,H,NO, ) .m/z 294.132 6
(C,sH,NOS" ) . m/z 268.153 5 (C,,H,NO," ) . m/
248. 127 2(C,,H,NO,") .m/z 226. 106 5(C,,H,NO,") .
m/z 179. 084 8(CH,,") Fll m/z 145. 064 2(C,,H,0"),

“FMOC “FMOC

OH + H
OH OH © . O
+ — — H,C .
H;N H
HN HN O
9

Cy3HygNO,* CigHy”

CpHysN,0,
FVa Exact Mass: 374 138 7 Exact Mass: 179.085 5

Exact Mass: 391.165 2

N H\

OH 0
+ OH OH
‘ SO RN
+

HN H,N H,C
>——OH
0

CoH yNO,"
Exact Mass: 196.060 4

CgH (NO," C;H,0*
Exact Mass: 152.070 6 Exact Mass: 107.049 1

Figure 10 Fragmentation pathways of RS 9 derivative[M+H]" ion

539 55 [ M+H ] 2 35 H R s B e i 26 v 1 ) T
CO,  EHE W AR 5 y- 2 3 (0 TR S e 3R 5 L S s
JI8 2 925 AR H Ik ok PR i O 2 R R LB 2% 9- 2 4R
PRI B M A B 9-275 1 15 1 | LA B A R P ot 7 i
I R ER R ICI SR I AR (B 11) . A XK
Wy J5 12 2 BT R 065 IR Tk e i P 7K ik RS2 T2 114 e fie
A5, 5 EP9. O HHLE 1 I A4 G AF Y .

OH  FMOC OH  rMm
+ oA _N_ cn; . oA _N_ cH,
TR T
CH CH
HO 12 3 HO X 3 CH,
CyoH3,NOG* CygH3NO, CrHy

Exact Mass: 490.222 4
l 0
0/( CH3

N~ O
HO
HO Ci5HyNOs™

Ci4Hp,NO,"
Exact Mass: 268.154 3

Exact Mass: 294.133 6

N~
/O/O\/\\/ CH,
H;C Cy4H gNOs*

Exact Mass: 248.128 1

Figure 11  Fragmentation pathways of RS 12 derivative[M+H]" ion

H % 4 % 13: LC-Q-TOF/MS il 1547 5 %) Jfi 13
TR [ M+H () e BT i R 471. 226 9, 55+
3 CooHy, N,O, AN, BT I& /R AT AL e R AR L
DH,0. ZGFEE (] 2) B RRE R R F m/e
427.236 9(C,HyN,0,") .m/z 293. 148 5(C,;H,N,0,7) .
m/z 275.138 0 (CH,N,0," ) . mk 249.158 9
(C,H,N,0," ) . m/z 207. 112 1 (C,,HN,0," ) . m/z
179.084 8(C,,H,,") .m/z 172. 075 0(C,,H,,NO*) .m/z
145. 063 1(C,,H,0") Fl m/z 116. 068 9(C,H,,NO,") ,

Exact Mass: 446.232 6

Exact Mass: 179.085 5
OH

o _N_cn, © ]
v
H,C

CHj
CoHoO"
Exact Mass: 145.064 8

boon

1o
HO

CiHgNO,"

Exact Mass: 226.107 4

4355 [M+H ] 22 56 F R iR B T it 2 b i 4 1
CO, J 25 9-Zy it & 5 F R TR 5 T I Jie 28 5 ot 2
9- 2 Pt I 2 9-2 S ok G 9- 25 AU HH IR RN 44 A
B 9-25 1 B - i S R IR PR OT S 2R R A IR
7K (m/z 172. 075 0(C, H,,NO*) ) . it FFF Pt g I - PR 4 i
It 2 35 FHY PR TR PR IT 5 AR IR LR DA B 2 9- 2 -
VR B 2R g AFL R (1 12) 5 0 E 32 2% 0 -5 B 9% 2K
IEFE I 2-FR LAY 1, 2- LK PE AR



‘? @ B # X # 224l Journal of China Pharmaceutical University 2020,51(5) :544 - 555

51 4%

552
FMOC
'Sonant
H,N B3 CH
CaoH3NOy 2

Exact Mass: 471.227 8

! FM

Sonae
H
H,N CHs

CasH3 N0,
Exact Mass: 427.238 0

l o
L -

OH

+ +.N__CH

S5¢ T
CH, CHs
CigHyy” CsHoNO,"

Exact Mass: 179.085 5 Exact Mass: 116.070 6

Figure 12 Fragmentation pathways of RS 13 derivative [M+H]* ion

HEM R 14 LC-Q-TOF/MSMFFA 54 5 14
AP [ M+H ] A9 HERf BT 528 504. 237 3, 51
3 Cy Ha,NOG AR, 55 BT 98 SR AT AR ) o0 22 AR L
% CH,0 Jf/0 NH,, 54 XY B 12 AR LI £ CH,.
TR R (B 2) o R R AR R ms
460. 246 3(C,,H,,NO,") .m/z 308. 148 2(C,H,,NO,")
Flm/z 282. 169 0(C H,,NO,") , EAITHIIT X 4 185

(0]
N H + o CH
— e OO
N CHj H,N CH.

CisHy N0,
Exact Mass: 293.149 6

H
—_— wo\/\/NYCH3 )OE/Q/O\/\/NH2
CH
H,N } H,N

CiyHy N0,
Exact Mass: 249.159 8

+
OH
IYOu I
H,oN

2

(0)
OH

3
Cy5HioNx05"
Exact Mass: 275.139 0

CpH N0,
Exact Mass: 207.112 8

O
S0
H,C

CoHO"
Exact Mass: 145.064 8

CyH;NO*
Exact Mass: 172.075 7

I E A W T 12 B A R R B T 22 CHL 5 HoAth i
Hom/z 248.127 1 (C, HNO," ) . m/& 179.084 8
(CH,") Flm/z 145. 064 2(C,,H,0") , M| 54 4 5t
12 G AH R B 8 T2 AT . UEBAE S i 14 /2
AR 12 BB R 0T . G R IE R A A
F (B 13)  RfIE T A S 5T 14 (4 F R 25 .

OH  FMOC OH EM OH
. oA N_ cH, + oA _N_ cH, + oA _nn,
S e ST e D
HsC., CH HsC., CH H,C.
3 (o) 14 3 3 (o) . 3 3 o .
C3oH3NOg* CaoH3yNO, C,HgNO,

Exact Mass: 504.238 1

oL

CHS\

Exact Mass: 460.248 2

Exact Mass: 240.123 0

OH . o

H
N"( OH O\)\/N CH; OH '
OH OA~" e, T HyC.
HiC CHj Y )
H:Csg N CysHyyNO, CioH 305
Cy6H2aNOs Exact Mass: 282.170 0 Exact Mass: 205.085 9
Exact Mass: 308.149 2 |

N~
o
N
H,C Cy4HNOs*

Exact Mass: 248.128 1

CeH4NO™

Figure 13  Fragmentation pathways of RS 14 derivative [M+H]* ion

H % 4 F 15 LC-Q-TOF/MS Ml 1545 X ¥ i 15
TR [ M+H () HiEw B e oy 728.331 1, 581
3 CuHyoN;O, RN, 5 BT I SR AT A W oo R 4L e
% CH;NO,, Ui Bl 43 T 454 h & A P> FMOC 2
o MS/MS (& 2) o £ ZHEE 8 A B T m/
711. 304 6(C,HLN,0,") .m/z 489. 237 0( C,,H,,N,047) |
m/z 471.226 5 (C,H,N,0," ) . m/z 293.148 6

on
H;c)\/ NYCH3
CH,

Exact Mass: 116.107 0

CoHyO"
Exact Mass: 145.064 8

CiHy "
Exact Mass: 179.085 5

(C,;H,N,0,7) . mk 276.122 1 (C,,H,NO," ) . m/z
248. 127 2(C,,H,NO,") .m/z 190. 085 5(C,,H,,NO,")
Ml m/z 179.084 7(C H,7) , 43 3 5 [M+H ] Bt 2%
NH; 2% 9-277 S8 FH Mt Mg It 25 9- 25 %80 R Tk e e /K
AP REE S y- RN BRI G 25 W R e
5 y- BB R S 30 205 00 i 2 NH, B 25 H e
GRS KA EHE DL S A B 9- 25 IE B F AR . A



HFS51EE S

FF AT, 4 LC-Q-TOF/MS 5 A % 78 Bl 9% K v B A ) i 553

KW A5 W ML S5 A O T 9 A A, m/e
293. 148 6(C,;H,,N,0,") Flm/z 248. 127 2(C,,H,,NO,")
25 5 BT R 9% SR A AR WM TR B R S T, A I AR

OH JFMOC

« o\)\/ N CH3 .
OH,
H,N

“EM 5
oc CysHygN;0;7"
Exact Mass: 728.333 0

|

FM
OC € HEN,0;"
Exact Mass: 711.306 5

o 2 ] 5 % IR - R TR Il 0 i O 2R B, — o
TERFIERE F 8 (B 14) BIBRIE T i oo 2 355 B BT
“%ﬁ? 158 20 2 B (Y S AR AL o

FMOC
CHg
— (1
NS
.
CH,
CiHy "

Exact Mass: 179.085 5

OH  FMOC FMOC + 0
. ’ OH
i O N_CH; S OAUN_CHy |
h T H,N
CHs CH,
HzN + HZN + +
CyoH33N,05 CyoH31N,04 C11H;oNO,

Exact Mass: 489.238 4

l O%O CH;

N

2 +
CysHy Ny Oy
Exact Mass: 293.149 6

Figure 14 Fragmentation pathways of RS 15 derivative [M+H]* ion
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