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One-Step Synthesis of Benorilate Guided by Green Chemistry
Principles and in vivo Dynamic Evaluation
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! School of Pharmaceutical Sciences and Yunnan Key Laboratory of Pharmacology for Natural Products, Kunming Medical
University, Kunming 650500, China.

2 College of Modern Biomedical Industry, Kunming Medical University, Kunming 650500, China.

Abstract: The current synthesis of benorilate typically involves the Schotten-Baumann esterification, which generates
harmful gases HCI and SO2 from the reagent SOCIz, posing environmental concerns. Moreover, the process entails
multiple steps. In this study, we have optimized a one-step method using EDCI/4-DMAP esterification for the synthesis
of benorilate. The product’s structure and purity were characterized through melting point determination, NMR, and
HPLC-MS analysis, followed by in vivo dynamic evaluation in rats based on plasma and bile samples. This evaluation
confirmed the principles of drug design. The improved method not only enhances efficiency but also significantly
improves experimental safety.
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A ESRHCIMNSO,, H HZISFEW & =P N, BIRZE, SLIGFRERK. Fik, THEERME
BT VA B S ER T 2 i s el

TAESR, A 71-(3- = P L I 3E)-3- £ 300 — W (EDCL)#E ) 72 N FH T e 4 R 1k flz et F by 22
BB RMNEER, PPRE. BN DRSS, S8R L 2, A6t sz UL LB K IR A 2.5t
FHEEM AR, fEEDCI/4-DMAPZAY T — kA s 2 ILiEEs) (K1),

)

COOH 500, cocl
Pyridine
—— = HCI+50,+ NHCOCH;
OCOCH; OCOCHS

o
Aspirin @) COOH NHCOCH,
@ = o ~EDCL N
NHCOCHj3 NHCOCH3 owar OCOCH
/©/ NaOH /©/ OCOCH; s HO
H,0
HO NaO Benorilate

Acetaminophen —

over 3 steps

T % B 5k
B T EM TR S Uk SR T ik

Aspirin Acetaminophen

2 SEOES
21 SLRJEE

i IS (1812) 2 23 vt B H SN 2 —, B EORARIE I PR 25 80 25 3 S R BE
FE—DT W, SO AR BIFRRAE DT rh, BRI D 7 BSGRR W PER, sRiedy
BAEM, NS BN AR R B P E R AN, R A EE T, U R S e )T
R o AnAE H AR BT 28 25 DL vk R B R M T 9F & JR B BT B I 250, 1 S BRI IR 50 £ Bt = ki
P BESR Y R DLV, 7 A PN 0 2 80 S 2B R R ) 7 A BEAA 2540, eI £ I 7K A9 P ) AR A B
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T O AR K (DCC)FEDCI, A% FH %3840 A I — MR ZEMA IS A7), nd- — H s Rt g
(4-DMAP), H & RALEE R %66 750 5 R BRI SIE MEREST, 1 54-DMAPAE F A: sRNV-E 2% — S e 7%
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2.2 RXFIA B
ASEIG B A FIM R S e sh M W1 5 3R2.

&1 AAEH

= TR 44 TR K s 1 i flbea
YNV 717 99% Adamas (_F i)
Xt B E S y 99%+ Adamas (_LifF)
1-(3- = R FE R 5E)-3- 2 FE Bk — T i #h % #h (EDCT-HC1) 99% L AL (2 B
N,N'-Z3 23 — W (DCC) 99% g A TR
4-THE WS 1t SEILIE (4-PPY) 99% B 12 (3 )
4-— F S LN TE (4-DMAP) 99% 2 AL 5 (2 1)
U Bk i (THF) 99.5% LR R
ZRIEE(PPhs) 98% i BAL S HR (L)
THA R E — 5 N lE(DIAD) 97% TR R
x2 ERIY
o foalling ] SHSD KRR/ R CHAT & =41) A5 foaling ] SLEGSD K REE/ RCHAT & =4)
B3| 0-1h 3 x| 5-6h 3
1-2h 3 6-7h 3
2-3h 3 7-8h 3
3-4h 3 FHA 0-1h 1
4-5h 3 4-5h 3

BTS2 R : SDHREMER 200 + 10 go MBI HTZRZ: HL50 mg DRV T-0.8 mL DMSOE i il A A K -
DU K B T IRLD sl = 10000 mg kg ™'e #5255 = R H200 gk B DR MABBELDsoff x 1/40. BREEFIZY: RS2,
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2.3 RS EAE
ASSEIG P P SR 90X A WA 3

K3 LRSS
€ Eies g filpea
MS7-H550-Profi /145 £ 4% HHLE R ORI D4 B S BRAL S i
ek A& RAX Yok PR ZE A4 A 2R gt B AL

SHZ-DYEH KX A5 Uk T TR
600M Hztf T iz B4R A R FEAR S I e ¥ Bruker
VY $KAF(Q-TOF) ¥ I H % 5t RN B 3 [ 22 i e

XU 5 S AU 2 R A I8 U RHA 3%

2.4 SERIBBRITE
241 ERIEZHR

(1) Mitsunobu /< 5.——PPhs/DIAD [ NAK £ (Kl4): AW 7T & 26 F Fl Mitsunobu /W 528 T — 1%
AR ULERS, H1E A B KR N1.80 g (10.0 mmol) FURHI N A, NI 12 h, [FE =Y E
ORISR R, ME DB A A . AR EEE T B, MR K A, T
ATHAR, DRI AS S FE N SEaR e 1,

H
N
PPh; 1.5 eq. o /©/ \n/
1. o)
J\ Q/ \n/ DIAD 1.5 eq. dLo
THF
COOH
0°C tor.t. /L

Benorilate

B4 Mitsunobux W

(2) B BRI e 4 & B AL (B 5) 2 A 0 2140, Ak 70 7 JEURE 2 BEK #4182 1.80 g (10.0 mmol) ARt 2.
W 31 1.81 g (12.0 mmol)m;-:E’J}ir“EP%%i’Tﬁ“ 4 7IDCCHEDCI (12.0 mmol). 4L 74-DMAP 5
4-PPY (0.5 mmol)\ WIS S F 5 (30 mL) (FER AR B2 )5 RN IR0, FFH 45 ik
afifb = fh, A VPN TR AR (252020 kR H E 258, ik 3 BIEDCI/DMAP R N AR R (£4).

0 A /©/
1L
OJ\ + \n/ it @fl\
COOH HO

0°C Eim‘%

Benorllate
BS —BEE AR e S AL R S K
R R
kgl fEf R ETR 4iE(HPLC) 4ii 5 711 AL ezl rEFE 4iE(HPLC)
DCC 4-DMAP DCM 38.5% <95% EDCI-HC1 4-DMAP DCM 52.7% >95%
DCC 4-PPY DCM 43.2% <95% EDCI-HCI 4-PPY DCM 49.5% >95%
DCC 4-DMAP Acetone 45.5% <95% EDCI-HC1 4-DMAP Acetone 53.5% >99.5%
DCC 4-PPY  Acetone 48.7% <95% EDCI-HCI 4-PPY Acetone 50.6% >99.5%
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SEIGERE I FE . RS HAFREL1.80 g (10.0 mmol, 1.0 equiv.) ZEE/K#%H251.81 g (12.0 mmol, 1.2 equiv.)
X CER R IRy, B ONBCA W IR 19100 mL SRR BT, N30 mLS BRI, VKoK T
o SRJGAES min N LR IS HINAN2.29 g (12.0 mmol, 1.2 equiv.) EDCI-HCIf161 mg (5 mmol,
0.05 equiv) 4-DMAP, EVK/KW, ZiR F4REmidt. RN FREETLCHN, 1.5h)5, R ZBEK
M THAETE Ao B N AL N 250 mL o+, H IS0 mL R g . iInA30 mLi# 41 mol-L™!
AR R VA MG AT VR, R IZEAEF IR, ARG IMA30 mLIKE A1 mol-L ™' fINaOHE BT Ve, =
SAZEREMK, N30 mLA A& KB — IR, 5t EEA VA AN150 mLAEER+ . PRI
TR I NHE T, §E10 min, P8, JEMOEIT R 705 15 2] A A 142,20 g KR
i N250 mLIAEBE A, FH60 mLIG/K ZBE 78 7 i ik i, NN 40 . 200 mgiditEuk, eI
TG0 min, FARPESUE AR DR RGIE . JEREKKB HER B30 min, i VGRS T
Wredr, BEREEMDE, WEEMEDHE A, AR, T, KR, 78167 5F%R53.5%.

HF DL Eseib gk WAERE, FEBFKZE210.00 11.08812.0 mmol A I FEAE ., AP~ F ANTE
btk — 25 0 % 15 1) 8% S S VDRI B F & (85). IbAh, 7E1.5 hIEml b4k K s SR A, sl e S N
FER40 °CHE60 °C, F=RELIHEIRE.

x5 VRAE
LK Xt IR I EDCI-HCI 4-DMAP AT
1.0 eq. 1.2 eq. 1.2 eq. 0.1 eq. >50%
1.2 eq. 1.0 eq. 1.2 eq. 0.1 eq. <50%
1.0 eq. 1.1 eq. 1.2 eq. 0.1 eq. <50%
1.1eq. 1.0 eq. 1.2 eq. 0.1 eq. <50%
1.0 eq. 1.0 eq. 1.0 eq. 0.1 eq. <40%
1.0 eq. 1.1 eq. 1.1eq. 0.08 eq. <50%
1.0 eq. 1.1 eq. 1.1 eq. 0.05 eq. <50%
1.0 eq. 1.2 eq. 1.2 eq. 0.05 eq. > 50%

WER: RO

2.4.2 ZENESZEHRIE

(1) # A5: aa Ik S s st ) s 4S5

() HFAREE . H600 MHZzE S 4% M LR I WA 52

(3) FEMMAEEEN E, SN RILAE20204 25 55 #7775 B EE LC-2050C 3D CNZAY 5
BOBAR TSI E o« i S5 BB A R )b S e b B S FE AR (150 mm < 4.6 mm, 5 pm); i
M. 1.0mL-min'; HEFEE: 10pL; KM K: 245nm; FEiR: 35°C: WaHM: DUK(HBERR AT pH
#3.5)-HEE (RAILL44 : 56) NimshAH. {8 FT A B

(4) B Hm . HAgilent 6540 Q-TOFHY 5 1 &
2.4.3 RIS 6

(1) BUMARAE e R EE 9200 + 10 gFISDEEYE R A 12 hfim, SEEdH (7 =4)#E B % 70.8 mLIY)
TAEBEDMSOE AR, 2 KRR BIRFITE KD HREL. 20 34 4. 6. 8 hRRIMK24 mL; =AM
B 25 70.8 mLIDMSOMANE R, 2K R TTE RS h K RIM#2—4 mL, 7E#3# A4000 r-min '
9010 min5 B EIE BN LK

(2) B AE S AR E 200 £ 10 gISDEEYE K RRZE /12 b5, SLIRA (0 —4)#E B4 70.8 mL
) DLVEBEDMSOMI AW, 4 K BRIH R R40-1h 1-2h. 2-3h. 3-4h. 4-5h. 5-6h. 6-7h.
7-8 h KB IIAHYT0.5-1 mL. 2% (2% B %5 70.8 mLIGDMSOMWAIAW, 2K B F4E0-1 hy
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1-2h. 2-3h. 3-4h. 45h. 5-6h. 6-7 h. 7-8 hAX R AIAEI0.5-1.0 mL.

3) VLSRRI AL ER 43 UK BB (8] A I 100 pL BHYFFES 100 pL, o\ € af H i
900 pL, REZEH2 min, #3% 4000 rmin’ FE010 min/5 EBREA, F1.0 mLEEH 28R E_EiE
W, 2550.22 pm A HLIE S P8 R A

(4) TGS AE: ARG OB (3l RV B 5, PRI N s 55 B A A 25 (EST)
BEAT S 4T, P B B QU HREE R IE B 78X T s 4 ti(m/z) 50-1000 Da, +
B 740.0 L'min~', 415 B (Temperature, TEM) 200 °C, ¥ H % (Ion source, IS) 5000V, #ii
A (Curtain gas, CUR) 20 psi, M%< (Ion source gas 1, GS1) 50 psi, FiBhIN#= (Ion source gas 2,
GS2) 50 psi, Zf%H JE(Declustering potential, DP) 40 V, A HJ& (Entrance potential, EP) 10 V.
R B TR T N EE AT, mz's [M+H] £0.5,

(5) ik 2k WMK6FTIR.

6 RN ELEKLE

Time/min Flow/(mL-min™") A Y% B %%
0.00 0.8 30 70
5.00 0.8 45 55
10.00 0.8 60 40
20.00 0.8 60 40
25.00 0.8 30 70

* AMNE0.01% F R M R E WG ° BARDNE0.01% FER F /K I

3 &R51H8
3.1 AR

FEENE G RERMR; FRE: 1.67 g PR 53.5%.
3.2 FYAENE S SRS R

HPLC4EJ¥ > 99.5%. 'H NMR (600 MHz, ds-DMSO) J 10.05 (s, 1H), 8.14 (d, J = 7.8 Hz, 1H),
7.76 (t, J = 7.8 Hz, 1H), 7.66 (d, J = 8.7 Hz, 2H), 7.49 (t,J=7.6 Hz, 1H), 7.32 (d, J= 8.1 Hz, 1H),
7.15 (d, J = 8.7 Hz, 2H), 2.25 (s, 3H), 2.06 (s, 3H). HRMS (ESI") calcd. for C;7H;sNOsNa [M + Na]*
336.0842, found 336.0843. m.p.=178-180 °C.
3.3 AT ER

(1) BEHRE AN . 72 RE AR 2H A R 2 DL o B AR U 7= ) —— X S ey (m/z = 152.1),
W R AR TR .

#£7 JEHUPLC-MS#¥H4 R

i i) UG T FE mlz
0-1h 2 % 106 152.2
1-2h 6 % 10° 152.4
2-3h 1 %106 152.1
3-4h 3% 106 152.3
4-5h 1.5 x 10° 152.2
5-6h 3% 106 152.3
6-7h 2.9 x 10° 152.3

7-8h 2.9 x 10° 152.3
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(2) M SAF A - 7 I SR AL oA I 21 DLV B A QU = ) —— X ZBE R By (m/z = 152.1), g
MRS o

#8 IMFUPLC-MSHHTER

i ) VA 5RR B mlz
lh 2 %100 152.1
2h 1.5 % 10° 152.3
3h 1.5 x10° 152.6
4h 1.5 x 10° 152.2
6h 1.2 x10° 152.3
8h 6 x10° 152.2

GERI M AR SNEA1-8 WA B S A I 21 UL I AU P 0 LR By, IR o) R W
fE3 hifl Ja s B 25K FEWEAE, BEVH 2T R BA3 hJE AR XERL I 20 2 B Bk, Ui W HLAE0-2 hAFE AT
JE A PREACET AL . B EAR N Bh PR 45 R 5 DU BR 294030 1 2 2 80— 2, Ul WD DUV I 2 14 TN RE %
PR 7 AR, A B —— KR SR AR, B RAIE T BB S IR

4 Z5E

ARG S S T LS 1 — B G A . SIATEM T ER L, ARSI IE R B, %
PR R FER . EIMELE, HB G T E SR SR A B, AR I T G Ak B i B
B BEAh, ASZIG IR HR AR A ZhA TR IR, B BE T 2 MTE ALK A AR S L, 0 — B RE
T A R, R STIR A A T AL . D A BT S S S 0 1 B AR 1F b5 K R S8 KA
IR RE I G, A8 232 SR 25 W) 0> T L5 WIRORRAT RS 705 BT HPLC 7 v 25 Al P, 3R 2 A 0o 24
TR A R AT AR S o () % R A A DG S S M, T A ST B T S I A R
S8, BRI A MR, E AR 7R S B I R T AR TS AT, LA 2
WFR R T BARMIAED, 90 T 20100 2R ES A Bl ek

5 BIFrEAF SRS
(1) HRfEfise, WL, RMZMRM, ZEmTieE.
() BHETFZHME, RIGEEI e,
(3) EILR AT I UEDE A I, B AT R ST BT 5B ST I R L A R G

z % X M
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