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Abstract: Mass spectrometry (MS) is a kind of analytical method widely used in chemis-
try, life science, medicine and other fields. This method can provide information on
molecular weight and is very helpful to structure analysis of unknown substance. It has
advantages of high resolution, informative, less dosage of samples, sensitive, rapid,
etc. MS plays an important role in the determination of accurate molecular weight of

organic compounds, its structural analysis and the reaction mechanism research. As
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chiral drugs separation is a hot research topic in the field of medicine, MS has also been
gradually applied to the distinction between the chiral impurities in recent years. With
the continuous development of MS technology, it has obtained more and more attention
in the analysis of chiral drug. This paper mainly reviewed the application and develop-
ment history of MS in drug stereoisomer analysis of late years. The primary chiral MS
methods in the current state come down to four categories, such as host-guest (H-G)
method, ion/molecule (equilibrium) reactions, collision-induced dissociation (CID) and
ion mobility mass spectrometry (IMS). The collision-induced dissociation (CID) of
diastereomeric complex can be subdivided into three types for kinetic method (KM),
fixed ligand kinetic method and chiral recognition ratio method (CR). All these MS
methods were introduced considering their stereoisomer analysis principle and character-
istics in this review. Examples were taken to make detailed instructions of the applica-
tions and advantages of the KM and IMS, which are two most popular MS methods said
above. It has been widely accepted that mass spectrometry techniques have obvious ad-
vantages in separation and quantitative determination of stereoisomers owing to their
high speed, accuracy and sensitivity. In conclusion, MS does not need complicated sam-
ple preparation and expensive chiral column when used to the optical impurities separa-
tion of chiral drugs, which greatly enhances the efficiency and accuracy in analysis of
drug stereoisomers. The development of the mass spectrometry techniques would great-
ly promote the cutting-edge investigation and analysis of chiral impurities separation of

drugs with multichiral centers and complicated conformation (such as polysaccharide,
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peptide) in the future.
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Fig.1 Principle of the MS kinetic method
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Fig.2 Principle of ion mobility mass spectrometry
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Table 2 Applications of mass spectrometry in chiral molecules stereoisomer distinguish

G3HT T a3l SCHR K TR
Analytical methods Applications References
MS/MS T 3 Ll e R B o N A A R ST R A R AT A Yuan %56
PL3-GRUT S A AT R BB W BRI AR o AR 19 Fh Yao (1]
UUE-8-3 DR R 7 L % N
MS. 8 T/ 43 T SN2 LA B-BRBORS B 4y B TN R R &R R R %5 /N 0y T J AR M v /& Grigorean %(8)
SR
MS. 3 J3 2 05 ¥k FIHZ M Cu B FBCAL 43 125 Fik 20 02 I 2R 1 Tk e d ik Tao %17

MS, [ & B4R 3l 1 2% 7 s

B0 RS (IMS)

TP 7 i B3 (CIMS)

3 7R R B 5 i B IO 3%
(FAIMS)

18 Cu 7 Bo AL AR Al L, 08 05/ T 24 SRR AR 8 TR R A, r s 2 ik L &
HURF B RR B 2R R R B A 2 W B T S A R

TESH AR NAR JHEREZ M ATERARE S H . UL Cu B T N B AL
Hd s AT PRI S

BRI T R T Ni MNP R = 0% & W TE B3 sl ) 207 ik
THEAT TR AR 0

Ni #1 Cu B T A BLAL G /NG 7 B 8 A — 6 0 JE R A3 A4 ) . Oy I 1k i
(R R kL A ] 7

TE 535 3l J1 2405 15 SR Cu /N3 7 5 e X — 6K SR U — 4 2 O 5
F R AT S5 49 53 #r

XS R D-o LI G W iR A W 1 TR Bl <8 05 T B B R
AT 2 )8 & T /N T 2 SRR A BENDE IR = sl 4% A . TE R IR IR B 9
T X R A5 A L 25 1 2 BT A AE i

JEiE B 2 7 i A2 & Zh Flindokalner JEAT 44 2% 1K) 23 B R E 4347«
JE Bl Sy 2 05 1 92 BN BT 2 T 25 1k A 22 QB PR A BT AR R GSK2251052A
5 R RIZR BT 8

Vet Cu B T BNy 1T & IR Ay B A Z2 5 00 1 9 /8 o3 1 IO AT T4
AN T4 S A 1% 245 4 00 5E

T [7 S TG A% 95 552 B LI T A7 08 e (A R S 0 I 14 45 00 2 0 43 8

TP (8] 7 HC A48 = AR AN Tk AR R YRR LI RR 2% A Cu i T2 B D E
Z B T2 IR

PR B 8 5 JF ST A S A A 8 JRR B B 7 88 0 B B0 A/ 20 A IR A S B
IrHE .

I BE SR T 22 0 T P RS DS SRR A A A A A A I

VATE T B T C O AT AT 40 b 0 B B R 0 R T A i 2 R VR R
M2 % 443 T B0 e S F 1

A A X 0 0 38 5 4 A A MORE B, DL S
N T RAIER N TFAE R

A8 X0 ik S R R TR R AR L 22 BR A 6 T L R R A AR S )
Sy B R R

Tao 4[10]

Wu Z013]

Wu L1530

Hyyrylainen £33t

Major 247

Li 45

Fouquet 432

Young 4145]

Wu 4gle6]

Nagy Z[14]

Nagy %L1

Lee &g04t]

Holness 4§22

Jia &5

Dwivedi 2&[23]

Mie 40287

Mie % [30]




4

TE S0 T 45 < JC3E 125 7 2490 7 44 5 ¥ A DX o 9 10 ) % e

407

5%
(1]

(2]

(3]

[4]

(5]

[6]

[7]

(8]

(9]

[10]

(11]

Sk

Mon. FHEZMESFHAY A ML b
Bl A, 2009,

AWAD H, ELANEED A. Enantioselectivity of
mass spectrometry: challenges and promises[]].
Mass Spectrometry Reviews, 2013, 32(6): 466-
483.

SHEN Z W, LV C, ZENG S. Significance and
challenges of stereoselectivity assessing methods
in drug metabolism[J]. Journal of Pharmaceuti-
cal Analysis. 2016, 6(1). 1-10.

U.S. Food and Drug Administration. Compila-
tion prepared by U. S. department of health and
human services, 2011-2014[EB/OL]. [2016-12-
01]. http: / www. fda. gov/Drugs/Development
Approval Process/Drug Innovation/default. html.
MURPHY R C, GASKELL S J. New applica-
tions of mass spectrometry in lipid analysis[J].
Journal of Biological Chemistry, 2011, 286
(286): 25 427-25 433.

YUAN H, LIU L, GU J, et al. Distinguishing
isomeric aldohexose-ketohexose disaccharides by
electrospray ionization mass spectrometry in posi-
tive mode [ J]. Rapid Communication of Mass
Spectrometry, 2015, 29(22). 2 167-2 174.
TAO W A, ZHANG D X, WANG F, et al. Ki-
netic resolution of D, L-amino acids based on

gas-phase dissociation of copper ( [| ) complexes

[J1. Analytical Chemistry, 1999, 71 (19):
4 427-4 429.
GRIGOREAN G, RAMIREZ J, AHN S H,

et al. A mass spectrometry method for the deter-
mination of enantiomeric excess in mixtures of
D, L-amino acids [ J]. Analytical Chemistry,
2000, 72(18): 4 275-4 281.

LANUCARA F, HOLMAN S W, GRAY C J,
et al. The power of ion mobility-mass for struc-
tural characterization and the study of conforma-
tional dynamics [J]. Nature Chemistry, 2014,
(6): 281-294.

TAO W A, GOZZO F C., COOKS R G.
spectrometric quantitation of chiral drugs by the
kinetic method[ J]. Analytical Chemistry, 2001,
73(8): 1 692-1 698.

YAO Z P, WAN T S, KWONG K P, et al

Chiral analysis by electrospray ionization mass

Mass

spectrometry/mass spectrometry. 1. Chiral rec-
ognition of 19 common amino acids[J]. Analyti-

cal Chemistry, 2000, 72(21).: 5 383-5 393.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

YAO Z P, WAN T S, KWONG K P, et al
Chiral analysis by electrospray ionization mass
spectrometry/mass spectrometry. 2. Determina-

tion of enantiomeric excess of amino acids|[]].

Analytical Chemistry, 2000, 72 (21): 5 394-
5 401.
WU L M, ANDY T W, COOKS R G. Kinetic

method for the simultaneous chiral analysis of
different amino acids in mixtures[ J]. Journal of
Mass Spectrometry, 2003, 38(4): 386-393.
NAGY G, POHL N L. Monosaccharide identifi-
cation as a first step toward de novo carbohydrate
sequencing: mass spectrometry strategy for the
identification and differentiation of diastereomeric
and enantiomeric pentose isomers[ J]. Analytical
Chemistry, 2015, 87(8): 4 566-4 571.

WU L M, TAOW A, COOKS R G. Ligand and
metal-ion effects in metal-ion clusters used for
chiral analysis of a-hydroxy acids by the kinetic
method[J]. Analytical and Bioanalytical Chemis-
try. 2002, 373(7): 618-627

CHA HR., KIM J, KUMAR A P, et al. Mass
spectrometric discrimination and quantification of
D/L-amino acids using a kinetic method through
online derivatization[ J |. Bulletin of the Korean
Chemical Society, 2015, 36(4): 1 254-1 257.
BAIN R M, YAN X, RAAB S A, et al. On-line
chiral analysis using the kinetic method[J]. Ana-
lyst, 2016, 141(8): 2 441-2 446.

YOUNG B L, COOKS R G.

quantitative chiral determinations using the mass

Improvements in
spectrometric kinetic method [ J]. International
Journal of Mass Spectrometry, 2007, 267 (1/2/
3): 199-204.

KONG X. Chiral differentiation of amino acids
by the kinetic method by Fourier transform ion
cyclotron resonance mass spectrometry via a dif-
ferent dissociation pathway[J]. Rapid Communi-
cations in Mass Spectrometry, 2012, 26 (7).
870-873.

LIM, LT HM, XIONG X C, et al. Theory and
application of mass spectrometric kinetic method
[J]. Journal of Chinese Mass Spectrometry Soci-
ety, 2012, 33(4). 202-207.

HOFMANN J, HAHM H S, SEEBERGER P
H, et al. Identification of carbohydrate anomers
using ion mobility-mass spectrometry [ J]. Na-
ture, 2015, 526(7 572) . 241-244.

HOLNESS H K, JAMAL A, MEBEL A, et al.



408

=

L I

$38%

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Separation mechanism of chiral impurities,
ephedrine and pseudoephedrine, found in am-
phetamine-type substances using a chiral modifi-
ers in the gas phase[ J]. Analytical and Bioana-
lytical Chemistry, 2012, 404(8): 2 407-2 416,
DWIVEDI P. WU C. MATZ L. M, et al. Gas
phase chiral separations by ion mobility spec-
trometry[ J ]. Analytical Chemistry, 2007, 78
(24): 8 200-8 206.

BLET T o WR RO B8 L 4. B T B i K H N
HERLIT. 255097 24 75,2012, 32(5) :912-918.
CHENG Shugiao, CHEN Minhui, CAO Ling, et
al. The ion mobility-mass spectrometry and it's
application progress[J]. Chinese Journal of Phar-
maceutical Analysis, 2012, 32(5): 912-918 (in
Chinese).

FERNANDEZ-MAESTRE R, MEZA-MORELOS
D, WU C. Deprotonation effect of tetrahydrofu-
ran-2-carbonitrile buffer gas dopant in ion mobili-
ty spectrometry [ J ]. Rapid Communications in
Mass Spectrometry, 2016, 30(11). 1 332-1 338.
GHAEMI E, ALIZADEH N. Nanoclusters for-
mation in ion mobility spectrometry and change
separation selectivity of picoline isomers[]J]. In-
ternational Journal for Ion Mobility Spectrome-
try, 2014, 17(3) . 117-124.

DOMALAIN V., TOGNETTI V, HUBER-
TROUX M., et al. Role of cationization and mul-
timers formation for diastereomers differentiation
by ion mobility-mass spectrometry[J]. Journal of
the American Society for Mass Spectrometry,
2013, 24(9) . 1 437-1 445.

MIE A, RAY A, AXELSSON B O, et al. Ter-
butaline enantiomer separation and quantification
by complexation and field asymmetric ion mobili-
ty spectrometry tandem mass spectrometry[ ] ].
Analytical Chemistry, 2008, 80 (11): 4 133-
4 140.

BARNETT D A, PURVES R W, ELLS B,
et al. Separation of o-, m- and p-phthalic acids
by high-field asymmetric waveform ion mobility
spectrometry (FAIMS) using mixed carrier gases
[J]. Journal of Mass Spectrometry, 2000, 35
(8): 976-980.

MIE A. JORNTEN-KARLSSON M. AXELS-
SON B-0O, et al. Enantiomer separation of amino
acids by complexation with chiral reference com-
pounds and high-field asymmetric wave form ion

mobility spectrometry: preliminary results and

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

possible limitations [ J]. Analytical Chemistry,
2007, 79(7) . 2 850-2 858.

NAGY G, POHL N L. Complete hexose isomer
identification with mass spectrometry[ J]. Jour-
nal of the American Society for Mass Spectrome-
try, 2015, 26(4); 677-685.
FOUQUET T, CHARLES L.

quantitation of sugar isomers in ternary mixtures

Distinction and
using the kinetic method [J]. Journal of the
American Society for Mass Spectrometry, 2010,
21(1): 60-67.

LI M, LIU Z Q, CHEN H W, et al.

quantification of D-,

Chiral
L-phenylglycine mixture
kinetic method[]J].
Journal of Mass Spectrometry, 2005, 40 (8):
1 072-1 075.

HYYRYLAINEN A R M, PAKARINEN ] M,
FULOP F, et al. Diastereo chemical differentia-

tion of some cyclic and bicyclic f~amino acids, via

using mass spectrometric

the kinetic method[]J]. Journal of the American
Society for Mass Spectrometry, 2009, 20 (1):
34-41.

BERKECZ R, HYYRYLAINEN A R M,
FULOP F, et al. Chiral discrimination of 3-
homo-amino acids using the kinetic method[ ] ].
Journal of Mass Spectrometry, 2010, 45(11):
1 312-1 319.

TAO W A, ZHANG D X. Copper( [ )-assisted
enantiomeric analysis of D, L-amino acids using
the kinetic method: chiral recognition and quanti-
fication in the gas phase [J]. Journal of the
American Society for Mass Spectrometry, 2013,
122(43): 10 598-10 609.

HYYRYLAINEN A R, PAKARINEN ] M,
FORRO E, et al. Chiral differentiation of some
cyclic f-amino acids by kinetic and fixed ligand
methods[ J]. of Mass
2010, 45(2): 198-204.
KARTHIKRAJ R, PRABHAKAR S, VAIRA-

MANI M. Differentiation of enantiomeric drugs

Journal Spectrometry,

by iodo-substituted L-amino acid references under
electrospray ionization mass spectrometric condi-
tions[ J ]. Rapid Communication of Mass Spec-
trometry, 2012, 26(11): 1 385-1 391.
FLEISCHER H, THUROW K. Fast mass spec-
trometry-based enantiomeric excess determination
of proteinogenic amino acids[J]. Amino Acids,
2013, 44(3)>: 1 039-1 051.

DOMALAIN V, HUBERTROUX M, TOGNETTI



4

TE S0 T 45 < JC3E 125 7 2490 7 44 5 ¥ A DX o 9 10 ) % e

409

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

V., et al. Enantiomeric differentiation of aromatic
amino acids using traveling wave ion mobility-
mass spectrometry[ J |. Chemical Science, 2014,
5(8): 3 234-3 239.

JOYCE L A, MAYNOR M S, DRAGNA ] M,
et al. A simple method for the determination of
enantiomeric excess and identity of chiral carbox-
ylic acids[J]. Journal of the American Society for
Mass Spectrometry, 2011, 133 (34): 13 746-
13 752.

JIN H, THANGADURAI T D, JO S C, et al.
On-line chiral analysis of benzylmercapturic acid
and phenylmercapturic acid in human urine using
UPLC-Q TOF mass spectrometry with the kinet-
ic method[ J]. Microchemical Journal, 2012, 103
(1). 170-176.

KARTHIKRA] R, CHITUMALLA R K,
BHANUPRAKASH K, et al.

ferentiation of p-amino alcohols under electros-

Enantiomeric dif-

pray ionization mass spectrometric conditions[J].
Journal of Mass Spectrometry., 2014, 49 (1).
108-116.

LEE M K. KUMAR A P, JIN D. et al. Deter-
mination of enantiomeric compositions of DOPA
by tandem mass spectrometry using the kinetic
method with fixed ligands[J]. Rapid Communi-
cation of Mass Spectrometry, 2008, 22(7); 909-
915.

YOUNG B L, COOKS R G, MADDEN M C,
et al. Chiral purity assay for Flindokalner using
tandem mass spectrometry: method develop-
ment, validation, and bench-marking[ ] ]. Journal
of Pharmaceutical and Biomedical Analysis.,
2007, 43(5): 1 602-1 608.

WU L M, VOGT F G, LIU D Q. Flow-injection
MS/MS for gas-phase chiral recognition and en-
antiomeric quantitation of a novel boron-contai-
ning antibiotic ( GSK2251052A) by the mass
spectrometric method[ ] ].
Chemistry, 2013, 85(10): 4 869-4 874.
MAJOR M, FOUQUET T, CHARLES L. Iso-

meric distinction of small oligosaccharides: a bot-

kinetic Analytical

tom-up approach using the kinetic method[]J].
Journal of the American Society for Mass Spec-
trometry, 2011, 22(7). 1 252-1 259.

FERNANDEZ-MAESTRE R, WU C, JR H H.
Buffer gas modifiers effect resolution in ion mob-
ility spectrometry through selective ion-molecule

clustering reactions[J]. Rapid Communications

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

in Mass Spectrometry, 2012, 26 (19). 2 211-
2 223.

CHEN K, JINH, LIY, et al. Isomeric quantifi-
cation of O-diglycosyl flavonoids by a complex-
free kinetic method using ESI/Q TOF mass spec-
trometry[ J ]. Microchemical Journal, 2014, 117
(21): 46-51.

LEE H H, HONG A, CHO Y. et al. Structural
characterization of anticancer drug paclitaxel and
its metabolites using ion mobility mass spectrom-
etry and tandem mass spectrometry[J]. Journal
of The American Society for Mass Spectrometry,
2016, 27(2). 1-10.

WRIGHT S, MCINTOSH A 1. Method and sys-
tem for monitoring biomolecule separations by
mass spectrometry. US20160003787[P]. 2016.
ENDERS J R, MCLEAN J A. Chiral and struc-
tural analysis of biomolecules using mass spec-
trometry and ion mobility-mass spectrometry[ ] ].
Chirality, 2009, 21(le): E253-E264.

WU L M, MEURER E C, COOKS R G. Chiral
morphing and enantiomeric quantification in mix-
by mass spectrometry[J]. Analytical
Chemistry, 2004, 76(3): 663-671.

JIA C X, LIETZ C B, YU Q, et al. Site-specific

characterization of D-amino acid containing pep-

tures

tide epimers by ion mobility spectrometry[]].
Analytical Chemistry, 2014, 86(6) . 2 972-2 981,
WU L M, VOGT F G. A review of recent advances
in mass spectrometric methods for gas-phase chiral
analysis of pharmaceutical and biological compounds
[J]. Journal of Pharmaceutical and Biomedical Anal-
ysis, 2012, 69(69) . 133-147.

ANTUNES N J, CAVALLI R C, MARQUES
M P,

metoprololandits metabolite a-hydroxy metoprolol

et al. Stereoselective determination of
in plasma by LC-MS/MS:; application to pharma-
cokinetics during pregnancy[J]. Chirality, 2013,
25(1D) . 1-7.

NAKANO Y, KONYA Y. TANIGUCHI M,
et al. Development of a liquid chromatography-
tandem mass spectrometry method for quantita-
tive analysis of trace D-amino acids[J]. Journal
of Bioscience and Bioengineering, 2016.

WANG L., CHAT Y, NI Z, et al.

and quantitative analysis of enantiomers by mass

Qualitative

spectrometry: application of a simple chiral chlo-
ride probe via rapid in-situ reaction[ J]. Analytica

Chimica Acta, 2014, (809): 104-108.





