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Synthesis of sitagliptin related substances in sitagliptin
phosphate tablets preparations
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(1. Analytical & Testing Center, Hefei University, Hefei 230601, Anhui, China; 2. Hefei Huafang Pharmaceutical
Science & Technology Co., Ltd., Hefei 230088, Anhui, China )

Abstract: Sitagliptin related substances (I, II) were prepared by aza-Michael addition reaction (or
amination reaction) between sitagliptin and dimethyl-maleate or maleic anhydride, respectively. Sitagliptin
impurity I with 76% yield, 99% purity by HPLC was obtained using sitagliptin and dimethyl fumarate as
raw materials, 1,8-diazabicyclo(5.4.0)undec-7-ene (DBU) as catalyst, stirring at 25 °C for 10 h under N,
protection, followed by alkalized by lithium hydroxide, separated, and purified by ethyl
acetate-hydrochloric acid solution crystallization system. Sitagliptin impurity [I with 97% yield, 99%
purity by HPLC was prepared by one-step method using sitagliptin and maleic maleic anhydride as raw
materials, stirring at 40 °C for 3 h in the catalytic amount of K,CO;. The methods for the synthesis of
sitagliptin impurities have the advantages of short route, low energy consumption, low production cost, and
simple operation, give high yield and purity, which are suitable for industrial production.

Key words: sitagliptin; sitagliptin related substances; aza-Michael addition reaction; dimethyl fumarate;

maleic anhydride; fine chemical intermediates
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1.1 RFI 588

wGIR T WEE (BT rE 98.9% ). PUtkSIT
(JEA %50 99.3% ), A AEAE T BE 2GR AT BR S 7
DBU, AR, i iHARAF; SokIREF, AR,
KR FI A RA T, APk (DCM ), DY S kg
(THF ). =& M (TEA ). MrE (Py ), A4 fLHA
(NaOH ), S&fk# (KOH), &E b (LiOH),
AR, HEZAER ARG RAF; LR HE-Eh R
W, A,

Agilent1290 = AR (35X . AB4000 —H
DU AT HR B T A ( ESI+JE ). Nicolet 6700 {# Bt
LIHMETEAL, PRk KRB (R D) ARAFR]; AV
Ml 400 MHz BIZREIEIRIETEIL  ( DMSO-ds ¥
#, TMS AHNFR, it Bruker 24F],
1.2 A&
1.2.1 ®\#ITHXHR 1 696 m%
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] 100 mL SR RO ATERE ST 2.00 g

(5.0 mmol ), PUSMEIE 20 mL FlE SR —HfiE 1.40 g
(10.0 mmol ), ZFiREHFE 30 min, A DBU 1.60 g
(10 mmol ), W BB WAL, 25 CHtHkE I
10 ho ¥ S #H 2 mol/L HCL iAW (50 mL) #&%
DBU, &M EeaE, &IFAHUZE i
IKVEW i, TCKBRRREA TR IS, TR 28 & AX
BRI, St RERCHEZ Mo 8 [ IE O be/ O R LR
FREEVEMS (IRFRLE 10 0 1 & 5 1 1)) 424l 7] LIFS 5
F e ER T ALV

7E 50 mL KA HEHARGIMAFHEAIV 1.00 g
(2.0 mmol ), E 444 0.14 g (3.2 mmol ) 1 10 mL
VU Sk IR 5 K TR A % ( V(THF) = V(H,0)=4 :
1), SEWBPERN 1 he VA pH ol 8~9, [n])X

o, OH
(0]
LiOH F HNHO
Ethyl acetate/HCI/H,O " N/\'//N\N
F KVM{

PEAESITTA L% | CF,

N HINA 20 mL 5 A, ARG 3 R KA.
LR LTR-ER R ROR T pH A 6~7, ¥4, X
HUKFET 24 h, REHCERENTS, 55 092¢gH
O RER, 723 76.0%, 4R T 99% (FishH

V[ BERREhZE i (0.01 mol/L KH,PO,, JHWERRM pH
2.0)) : N(ZHE)=85:15, =205 nm, IRJE 40 °C,

FiiE 1.0 mL/min, (43%H YMCCN 150 mmx4.6 mmx
5 um}. '"HNMR (400 MHz, DMSO-dy), J: 14.39 (s, 1H),
8.91 (dd, J = 8.6, 3.7 Hz, 1H), 7.52 ~7.35 (m, 2H),
6.35~6.11 (m, 2H), 4.98 (s, 1H), 4.95~4.77 (m, 1H),
4.43 (d, J = 14.3 Hz, 1H), 4.25 (q, J = 6.4 Hz, 1H),
4.08 (d, J=5.5 Hz, 1H), 3.95 (p, J=6.1. 5.4 Hz, 2H),

2.94 (dt, J = 13.3. 6.3 Hz, 1H), 2.77 (qd, J = 15.7.
14.7. 6.8 HZ, 4H), ESI—MS(WI/@ . C20H19F6N505,
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523.1, [M-H] =522.1,
122 &N THEAMR I GE %
FEARHITT A i T & B U F s

OH

F _ F o [ o
) N :2 mol/L HC:I \ N
oy N(};(Nm, K.CO, H,0 I N(/\Nr\’(\N
CF, CF,
VEREFIT A R 1

] 100 mL S HIAPEE31VT 2.00 g (5.0 mmol )
FILSEFRET 0.98 g 10.0 mmol ), LA PUS(HERR 20 mL,
FIRPE BIA T A, VIR A P B A A
210y, YREEAE Y 3~4 ho K JE7K K,CO51.38 g (10 mmol )
IMAB R R, FEIAZK 20 mL, #£ 40 °C'F
Ptk 3 ho FEPURRFITT RN 5845, A 50 mL & H
BEAEROH , A IZ . K2 G108 N £ R
PE pH K 6~7, FI 100 mL — 40 P e A UM 3, )
WAEVZE, AIFE UM E K VER, Jok
TR TS5 W R R e 15k B W, SR QR FNIE
CobEELE M, 58 1.99 ¢ FHEOERRER, HPLC 4
ERT 99%, WHE 97%. 'HNMR (400 MHz,
DMSO-dg), 6: 14.39 (s, 1H), 8.92 (d, J = 8.3 Hz, 1H),
7.53~7.35 (m, 2H), 6.33~6.13 (m, 2H), 4.98 (s, 1H),
4.94~4.81 (m, 1H), 4.49~4.36 (m, 1H), 4.32~4.19 (m,
1H), 4.14~4.04 (m, 1H), 4.00~3.91 (m, 2H), 3.03~2.87
(m, 1H), 2.84~2.70 (m, 3H); “CNMR (100 MHz,
DMSO-d), 5: 169.46, 166.02, 165.40, 157.60, 155.28,
151.43, 151.25, 147.39, 145.09, 143.23, 142.84,
133.15, 132.08, 122.62, 120.30, 119.83, 117.61,
106.10, 47.36. 32.52; ESI-MS (m/Z) : CaoH;7FgNsO4,

505.1, [M+H]" =506.2, [M+Na]'= 528.1,
2 H#HREITE

21 FEBITMEVEXYR | ERREEGH
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211 Al RO B 1) Fe iR s R 6 %R

STPERE N TT A KW 1 -8 e R R iR —
H B AT PO AR SN TT R JRE, FEBR IS5 1 N 1T J 4%
S ZR B S i #1745, 3 3 0 A [E) A ML T
ik BE, 35 TEA . Py Fl DBU, SEERZ5R I3k 1
J7R o

1E 0 °CHF, 3 FloAy HILAK G s I BT AR A5 A4 R 24 i
ORI = PRSI 2ZEA K, B RAR (£
1 PS5 1~3). YR REMRESEFER 25 °CHF, 78
DBU 716 F, [ZRiIHE 6 h, FA0 5 /R A= Pl
KAk 68% (£ 1 55 6); KNAHE 10 h, Yen]
3 82% (£ 1 F5 7). MEEHRET -, N

WRREIWIZ , BAE SR PR T ke
(R 1VTFS8.9), Frlh, Sk RViRER 25 °C,
n(DBU)/n(FEREFTT)=2.0, WA 10 h, n(FE#E 5
7Y ¢ n(E DR =10 : 2.0 (£ 1F5 7).
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Table 1  Optimization of the synthesis conditions of
sitagliptin related substance 1 *
¥ I/ °C W RBIEER W%
! 0 TEA 24 15
2 0 Py 24 13
3 0 DBU 24 19
4 25 TEA 6 25
: 25 Py 6 34
6 25 DBU 6 68
7 25 DBU 10 %2
8 50 DBU 2 47
0 50 DBU 6 40

On(PEHFIT) + n(E 58 ) : ()= 1.0 5 2.0 : 2.0,
SYBCE.

VAR BT R B R — P o 20 5 2 s B vz
] 5 B8 v R A IV 2 i 2857 il PR A B TT A G o 1 i
KRG — L AR, S LAY, o T PAR S
TR R ey, MrkEsoR, s
AWASET RN, SibXERER . Sy 78 ] A IV
A PP I R K A R A A AP 3R, A
PPV 7K fife AT A 7 A X T4 300 20 A g ) K e 7 )
PEARSITT A R 1 RMAR KRB, BrlL, A
SCRPEAR ST AT ST 1 -6 T 12 WAL 6T, 5
A AL T 58 R NS AT BRSO, SR IR AT AL
P K SN o ASSCHEWR BEAT 1,4 I R AT LR
JU: (1) PEAR S TTZE AR 55 0947 HLIR DBU /=R
R E RN R T, SRR, EE AT 1,4-0;
(2) REAFT L2-Is= W, Bk 25 °C
8 SN RE AT LA R AR s (3) Bk
R T 14 AT R/ N sl 3 2 [ 7 BEL R /I i e £
PEFEA AR, HE AT R ol 5 22 (] 43 LB A e ¢
Sy RE LA, & SR_MERIET o p-AH I
RIRIE, ARXTT o, f- AR FIRR A U5 25 (8] 57 AR, B
AT ARA LA 1FF HED A PLEAE 5 S0 g0 45
FAFBN = o 1, 4- s> WAV &
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2.1.2 B TS WA X | AT e A

17 35 A [7) TC AL R 2 2% 2 5 2R 0 B Py A 7
BEZK A BN, PR S VOAS SITT IS A W i 1 1)
IKMIELE AR, 25 °C RS STT NG YA X8
BT AT bR Tk, S5k 2 Fin. HEEL
n(LiIOH)/n(IV)=1.6 . I Wit ] 1 h VA K i i B L 2%
1, FIHK AR - LR LR -3 FRAR AR S A i 1 e A
M, BRI TR IIT IS A XY R 1, 1%
20 37 IR AR, @k HPLC Al 4l B K F
99.0%.

0. OH
0O Q
F 3 F. L OH
F o~ 5 HNH O
HNHO WAEKR AR NN
N/\r/N ~ F I\/N\’<
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Table 2 Optimization of the crystallization conditions of
sitagliptin related substance 1

JF5 IREEC VRINA R LY ROl B % /%

1 25 K,CO; 2.0 12 15 33
2 25 KOH 2.0 5 8 25
3 25 NaOH 2.0 5 22 36
4 25 LiOH 2.0 5 49 58
5 25 LiOH 1.8 3 59 72
6 25 LiOH 1.6 1 76 >99

On(LiOH)/n(IV); @HPLC Kl 4l

22 ARITEXYRITEHRMEEGHHESE

TETCHUIAFAE ST, PUAS YT X E K R I 1)
AL T S B s R AN B, RO 2R DA dn
3PN IR 20 °CHY, T KOH Myms i id 5% ,
s N AR R PRI 2, M LiOH B,
T LiOH myBkPEAXT 855, [eh 12 h, HIKME 56%
W, M KoCOs fikbEIE H, Rl=Hriel, Piss 57T
JEOBHAR S TE 4, fim W 3RAT 77%W0R . T
T BE X T H R BRI R IR A AR HEE T, BT LAk Sg
PR 2] 40 °C, AT MR FE 40 °C
T, n(KoCO3)/n(FukgHNIT)=2, W] 3 h, ZeidiR
b, — Dk A A ST A e T,
I m ] LAARAS 97% MR

OH
F
/
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Table 3  Optimization of the synthesis conditions of
sitagliptin related substance Il
g HRIE/°C W R OR%
1 20 LiOH 12 56
2 20 NaOH 12 48
3 20 KOH 12 39
4 20 K,CO; 12 77
5 25 K,CO; 6 85
6 40 K,CO; 3 97

Ee on (I /n (VEREFNTT ) =2,
3 g

(1) 7 AL EcA ML, 235 DBU ., Py,
TEA. LiOH. NaOH. KOH. K,CO; ZE07EN, Xf
TPUREHNTT A S 5L 1 G sk A v 8 %) 11 P 1 0 i
Frxt e &, A LB T Pa #5107 A 25 1 A
TG B SR GF AR, IR Y B TC AL P A%
VT W5 T Hp a) (A 7K fige ke 2 AR 4 B AL ROR
TCAILGHXS PaA& 5 TT A7 S o 14 ke 20 AR 4 19 i Ak
e

(2) VEREZNITA W T 7= A i D R4 Ay
FE I R PaAR 57T 5 H B R A A I
PR Ak v AU A R 2 v RN, /K A A B VG A%
FITA R T o VERE ST A S8 177 A i D A
I Ay 2 7E 0 PR A BT 5 e — b e
JI O e = T A e e A e B g, A B PEAS BT
AP,

(3) PERgFNVT NG WA T 1 AE K rfis i
WK, FRACA BRI /K S /K P B AT A 1) G A
s WAL KR AT R R R S Al = S AT, BT AR
M R O 3, HA DG I R A dE . Ky H
i MR . PEAEE DA KR TR, AR
SCHF K B KA - TR TR -0 R B BT fb A 2R i Dl 13X
Sefn) i, 7E pH=9 ., n(LiOH)/n(IV)=1.6. ZEi& THiH:
K1 h, B ERE, KPR, PEASSIT
BXRY TR s E] 76%, HPLC 4hifE KT
99%.,

SE

[11 LIANG Wenchang (#£3CH), REN Yuezhong ({LEK/E). Research
progress of dipeptidyl peptidase IV inhibitor in the treatment of
diabetes[J].Foreign Medicine: Endocrinology ([EZFE2%: P4
2£), 2004, 24(1): 58-60.

[2]  WILLIAMS K H, VIEIRA DE RIBERO A J, PRAKOSO E. ef al.
Circulating dipeptidyl peptidase-4 activity correlates with measures
of hepatocyte apoptosis and fibrosis in non-alcoholic fatty liver
disease in type 2 diabetes mellitus and obesity: A dual cohort
cross-sectional study[J]. Journal of Diabetes, 2015, 7(6): 809-819.

(T#:% 1080 W)



