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Study of Fragmentation Mechanisms of Pyrrolo[3,4-c]pyrazole Derived
Aurora Kinase Inhibitors by ESI-QTOF-MS/MS
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Abstract Aurora kinase inhibitors represent an emerging class of drugs against various tumors such as acute lymphoblastic
leukemia and hepatocellular carcinomain. A variety of drug candidates have been developed and investigated including a
group that comprises pyrrolo[3,4-c]pyrazole core such as danusertib (PHA-739358). Due to their novelty and medicinal pur-
pose, four pyrrolo[3,4-c]pyrazole derivatives were synthesized and were conducted to provide information on typical frag-
mentation pathways by electrospray ionization (ESI) and collision induced dissociation (CID). The product ions derived from
protonated molecules were investigated by ESI-quadrupole time of flight tandem mass spectrometry (QTOF-MS/MS) and
theoretical methods. It should be pointed that four favorite protonation modes were observed and each mode had its own
characteristic fragmentation pathways. Major and general findings contained the elimination of R? group from [M~+H] and
the dissociation of C(4)—N(5), C(6)—N(5) bonds, which was depended on the most favorable protonation mode, while the
other product ions were formed based on the other protonation modes. Interestingly, the loss of 18 Da from potential aurora
kinase inhibitors 3, 4 was occurred, even though there was no free hydroxyl group. Accurate mass measurements have al-
lowed us to determine that a molecule of water was eliminated from protonated molecules directly. This process may start
with the most favorable protonation mode; then a conformational change implied by rotation of the acetyl group around the
internal 3-amide bond of protonated molecules occurred to yield an intermediate. Followed by the hydrogen transference and
elongation of C—O bond, a molecule of water was expelled to give the product ion [M+H—H,0]". The process was sup-
ported by the theoretical calculations. Additionally, two other special product ions were formed according to the hydration
reaction. It was viewed that the origin of H,O was the elimination of protonated molecules. These observations may provide
some applications for monitoring and characterization of their presence and metabolites in complex mixtures, such as urine
and blood.

Keywords aurora kinase inhibitors; pyrrolo[3,4-c]pyrazole derivatives; ESI-QTOF-MS/MS; fragmentation mechanisms;
isomers

* E-mail: lirui@scu.edu.cn; Tel.: 028-85164063; Fax: 028-85164060
Received March 21, 2013; published May 16, 2013.
Supporting information for this article is available free of charge via the Internet at http://sioc-journal.cn.
Project supported by the National Natural Science Foundation of China (No. 30901743), the Doctoral Fund of Ministry of Education (No. 20090181120113)
and the National Key Program of China (No. 2012ZX09103101-022).
T B2 5 A KR 3 4 (No. 30901743) 7T #5110 HU 3 42 (No. 20090181120113) LA J% K 5 Rk A % 35i(No. 2012ZX09103101-022)% B,

Acta Chim. Sinica 2013, 71, 1161—1166 © 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 1161



MR

Aurora SR8 TR R IR/ 42 B IR N, LA AT
’\f‘i,ﬁﬂigﬂ’hﬂﬁl? FEFFR ] PR SR
I G o A PR EEHE R e € A2 2 1) M 45 A rh
A 2 OCE BRI ) AR Aurora S ) iy LR IA
ol R, AR TS AR, HERK
iR U4k, Aurora BESHINEI IR A L AT )

GFOT AR SR H YU 250 2 —, RN A2 i) /g
TPV P L. HAT, SRS IF[3,4-c it M2k

YIAE N BTl Aurora I 57 2219 2 WE SRR
O i TA%%A R (PHA-739358, N-(5-(2-methoxy-

2-phenylacetyl)-1,4,5,6-tetrahydropyrrolo[3,4-c]pyrazol-3-
y1)-4-(4-methylpiperazin-1-yl)benzamide) & 1% 5 25 b )
Tl Aurora WSS FTA K L, %F Aurora A, B Fll C [
I1Cso {H 53510 13, 79 F161 nmol/L; % i Al 2k bk (2
A0 1 A A AR N A S5 o 3 B AT AR G IR T AL
02,13,

HEY, 5<T Aurora B /N7 140070 1 70 BTt 52
MANZ WL, A HLE 5 Ui (Electrospray ionization mass
spectrometry, ESI-MS) W 51 it 1 3 [3,4-c] Wt M A7 A2 (1)
Aurora JHAEHIHIH, AR WSCHERIRIE. P, ASCHE
WF9T 4 Futkrs JT[3,4-c]nkMERT AR Aurora Y5 57
(B, RS Mz s o 75 0 e S i), AR5
I HRL T 25— K AT I TA) R G BT 3% (Quadrupole  time of
flight tandem mass spectrometry, QTOF MS/MS)iFF 5T
FE TG R, G T AR . R R R
11-#4.(Density functional theory, DFT), iX4&Zd @ iif15
FUE AU,

2 FERE5HE
21 BRHEMRFUHAR
TR, AP ) 72 b P2 (Density  func-

tional theory, DFT)PXLE A4, BHIswFE &, H
RER o v 5 B, TR R B T
F«zaﬁrfﬁ““sl CLE A AR 22 1) 2 5 W Fl DFT
D7 AR T SE R, TR AT B 1 o S g L ER S,
FATTIZH DFT HEA LS IF[3,4-c]nt AT A= 40 ] e (1)
TR AR AATIR (K 2). AR EkA, P6 izt it
R4 B T R AR R AL BT T B R R BE B B R(0 keal/mol).
P1, P3 A1 P5 B b I 5 2L B RE = 400l 2 12.3, 5.4
A1 15.1 keal/mol. 1 P2 Al P4 X A Jof 14k BT 75 () it e
5 #5(28.1 keal/mol A1 32.2 keal/mol), ££ ESI £ 5% o
ATy R R, FATTF2EM PL, P3, PS Fil P6 VYA AT HE
(R AR AR AT I 5 [3,4-c TR MR AT ZE 0 4E. EST Hi Bk
JTURE o () 2R A
2.2 Aurora FESEEINGIF 1, 2 ROREHIE

LG 1 R, FATHENIX A AP {E EST IE 2
?%ﬂa&bﬁ o R SRR, IS 1 PR, AR ST
W, A 1 B ER TR AP AN
Xﬂiﬁ%ﬁ‘]%% . £ CID (collision-induced dissociation)
MR, BRI RPN, B R BTG s g6
FRE R BT Fy (m/z 271). 1 C(4)F C(6)H H
R4 S5 C(4)—NG)F C(6)—N(5) Bk, T Fr
BT Fy (m/z 256). AH T VUICH Tk JIAE T, BAr T3
CIE LA D RUR. TR BT Fe, WERA TN
SE 45 PR S H T KA N [CeHs05] (3R 1), 1M1 SCHkIRIE
B e (P e L R P AR R AE P e s U202
TRATHEN Fo I BEJEAE P3 AR I b S 20 = A=
MR BB 2). IbAh, B 57 Fs UESE, 75 ESIH
PTG 1 C(4)y—N(5) A1 C(6)—N(5) 5 W2 J& v 47 1.
A E R AEAE 5 — AN IR SR T (PO, &
AL BF B 1 Rk — 20 T HIRE(42 Da), MIMIJE B
B F, (m/z 389, K3 3). Thielking!*F1 Tul*1 5% 5 14 56
R I ) S ABA IR N L B AR 0, 7R A IR AR
BT NG -FPER, BAarEr N 3EShIE &1,

N
O
Ny
\ N
I uC

NH
RPN
1 R'=
5 J OCHs
Q R Y©
O~/ OAc

B 1 kg If[3,4-cIb AT AR 4h e 2 2 B TSR (M)

M R'=CHgz R?=CH;
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Table 1 Accurate mass measurements of the fragmentation ions of aurora kinase inhibitors 1 and 2
Frag. 1 Calculated 1 Measured Elemental Mass error 2 Calculated 2 Measured Elemental Mass error
Ions  mass (m/z) mass (m/z) compositions (ppm) mass (m/z) mass (m/z) compositions (ppm)
F, 389.1244 389.1241 CyHy7Ny OI —0.771 495.1663 495.1660 CasHasNy O; —0.606
F, 361.1295 361.1298 CyoH 7Ny O; 0.831 467.1714 467.1719 Cy7Ha3Ny OX 1.070
F; 271.0826 271.0829 Ci3HiNy O; 1.107 377.1244 377.1247 CyoH 7Ny OX 0.795
Fs 256.0717 256.0712 Ci3H N3 O; —1.835 362.1135 362.1139 CyoH N3 OX 1.105
Fs 166.0863 166.0866 CoH,N O; 1.806 194.0812 194.0815 CioHioN O; 1.546
Fs 149.0233 149.0237 CsHs O; 2.684 255.0652 255.0648 CisHyy OZ —1.568
F; 121.0648 121.0645 CHyO'" —2.478 149.0597 149.0602 CoHy O; 3.354
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Table 2 Accurate mass measurements of the fragmentation ions of aurora kinase inhibitors 3 and 4

Frag. 3 Calculated 3 Measured Elemental Mass error 4 Calculated 4 Measured Elemental Mass error Anmass
Tons  mass (m/z) mass (m/z) compositions (ppm) mass (m/z) mass (m/z) compositions (ppm) (Da)”
F; 227.0927 227.0923 C,H,; N,O" —1.761 241.1084 241.1079 Ci3HiN,O' —2.074 14
F, 212.0818 212.0815 C,HoN;0' —1.415 226.0975 226.0978 C;3H ;N0 1.327 14
Fs 137.0709 137.0705 C;HyN,O' —2.918 123.0553 123.0552 CeH/N,O' —0.813 —14
Fe 105.0335 105.0338 CH;0" 2.856 119.0491 119.0495 CH,0" 3.360 14
F; 92.0495 92.0496 CeHoN™ 1.086 78.0338 78.0336 CsHN" —2.563 —14
Fg 330.1349 330.1347 CoH (N;O" —0.606 330.1349 330.1348 CioH(N;O™ —0.303 0

Fo 211.0978 211.0974 CppHyy NX —1.895 225.1135 225.1133 Ci3His NX —0.888 14
Fuo 149.0709 149.0713 CsHoN,O* 2.683 135.0553 135.0559 CHN,0" 4.443 —14
Fi 138.0550 138.0553 C;HgN O; 2.173 124.0393 124.0397 CeHN 0; 3.225 —14
Fi, 120.0444 120.0447 C;HNO" 2.499 106.0287 106.0284 CeHNO" —2.829 —14
Fi3 110.0600 110.0602 CeHsNO" 1.817 96.0444 96.0441 CsHNO" —3.124 —14

“ The difference in mass between the fragmentation ions of aurora kinase inhibitors 4 and 3.
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