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Abstract

Ester bonds are among the most fundamental and important functional groups in organic chemistry.
As a key structural motif in modern drug molecules, the ester bond plays an irreplaceable role in pro-
drug design, pharmacokinetic optimization, and activity enhancement. This review article summa-
rizes the synthetic methods for ester bonds in representative drugs approved both domestically and
internationally in recent years, including acid-catalyzed esterification, esterification promoted by an-
hydrides, acyl chlorides, and coupling reagents, nucleophilic substitution reactions of carboxylic acids
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with alkyl halides, transesterification, and redox dehydration strategies. Building upon this foun-
dation, the advantages and limitations of each synthetic approach are discussed, and future direc-
tions for the synthesis of ester bonds in pharmaceuticals are proposed.
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1. 5l

BRI 5 R B ) — S LA &4, BRI A P iR Al IREZE M E R 2 —[1]. BR
FAEWAE HIRT DT ZAHE, WEEER RS ARRER], W T ISR, KW
RPUVERLAER, ULIARITRAZIEIR B R S AR

H B2 S EL DL S R A 2 A T SR I A P i e P R, AR 24 e = A0Sk 1) 2 8 i A P 24
o731 B 5 it 21 BT 24 (Prodrug) S #5522 N EE[3] o R SR 45 R 1 D 2 WU BIE A AT ) DR B 245 R0 141
FER 245907 IR AW 7E Kl 4 L2 PR E AN BRI DI RE, 5001 BORN& R . IR VR [
KRN IAAT AP RAEER R EEH . BRE PO TR AT, BB E T BRR eCE F
B, BRI TELI R KR TE . BREIEE . AR E VEIF LB R 45 2555 [4] [5]. i BR AL Hems 51 A s
VAR P R R 29 T AR IR SR e T, B R AR T 2 BERR AT MR S MIIRAT A5 2
Tolt B AT QU RT A PN S 245 W 5 2 S L RETIR, 38245 2 D BIE . Bl P s 25 s =5,
e R TR IR RO 8 F T 2G,  H D HRIECR B35 58T B w] DLAR K IR R B/ 2, AT K IR
R G Hoxk i 8 R AN

2. HPEEREY A T A

B I O A IR Z AN [6]-[9], AN i@ SC A ZMEA LURIR S HATAEY N Y i) ELRE IR A S (B 45 A
BEAL SN) o MRS S NI AN S SL A A AR, BRAL SN AT BA7 9 BAR L3R BRIEAL I BRAL SR 3 1 177
TRt MIBRAL SN FRIR S s AU AR IR  BEASHNL  SR IR i it 7 S B 5

2.1 BREMERILR M

2 S B P RA ER R B TR A ) Fischer FRAL RN, 7E M1 T, @RI 5 R BB K
AR TE RS . AL ST IR AL A, IRERERE A B AL AR M, N B2 s % I Lewis
FEMEALTIA BFsy AICIs. ZnClp EERSE: BR[04 & xR Hi5 Y, e sieE, i
Bdeoe el vEEMAHERE N, RS OMEUAMTT M. FREIIERR N AR IS RN, B R
PLHERE, RS )2 [ 2 AL B A EHRRAS .

PRt BERRE, WA ESMHEPREEREME RPN Z.

BRal: RVTFIHA, ekt ERPRBREFEESE; SRR T ERBHANEZE.

FH 2R 72 F] 7 (Carotegrast methyl)2—Fh ik a4 3520177, 2022 45 3 H 28 H7E H AR -7,
T RI7 R B M LG A 6 . IR R AR FIRF A4 2 16 BUR & ML Fischer BRAk R Bi[11], 1

ik
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Figure 1. Synthesis of pharmaceutical intermediates by sulfuric acid catalyzed
esterification reaction

B 1. MBERENHIELR B & R El

(0] OH Sulfonated charcoal
\/\/\/U\ ¥ >
OH HO\)\/OH 98%
3 4
0}

Triheptanoin

Figure 2. Synthesis of triheptanoin by acid-catalyzed esterification

2. BRI OERIL R & A = BRER HH B

= BRI H 9 e (Triheptanoin) & — & B 85 H i =B, 5 SRR (1 i 17 18 40 2 A 20mi 1 45 /A
[, Hogm =R R, 7 MR 7). 2020 4F 6 A 33 E & 5 259 2= (FDA) L ifE
b, AERAR R EANNE IR A RYR, VR TT IS A T2 Wi A B B G D7 R S AL B RS ) LR RN B
Triheptanoin ()& Al Fi [ 4% R M AL 71l —— AL R [12] . BRER(TL &4 )R H (L &4 4 TEIMIMAE T
K S, BL 98%HICRAT B =4 (1 2).

2.2. FEWRTR VB R B

2.2.1. BRETHMRHABEIL R BL

FR TR it BRI N 25 IR AN, & — RPN LA 2 B g4t . BRI N b Ab ), SR £k
PSR I, BN AN T R, 3@ BT 23 1A B R (R 22 Tl AT e ANV AT G 7 e DA % A A% R
VIRIAY, o T VR A 750 SR A 7R 220 R A BRI (R i PO R AL S BT, 76 LA R AL TR, B2 R i
FERSERGEE . AL RN R R S S R . W R AL BRI . =AU = RALE.
Xt AR IR S s H R OB AL R AN BRER N bnE S AT AE S . LRt g S f A 75 1k
o AR A R 21 15 PG TR B oot i (b 5 v R4, I S 2 R
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Figure 3. Synthesis of artesunate by anhydride-promoted esterification reaction

B 3. BREHR BRI R N & R E SIRES

H Il (Artesunate) & — P B R ATAEY, JETHEZER. 1998 F/EHE A B, 2020 4F 5 H
26 H3R15L[H FDA itk b7, FEHTRITERR, JUHE B R [13]. 75 78 R AR A PR M H 22 4 P e
AR LRIRYIE SR NEERL, @i 2225 Bin 77 23R [14]. & el R N s 5
RBFRILLER) 6, SRJ5/E DMAP AL T 5 T R (LAY 7) B4 F &I, WP MERE = 2nlik

90% LA (%] 3).
</[< NH \H\ )K( >_/< <//< NH
HO
- Et;N, DMAP -
6 ) 7% 6 )
>< 8 >< 10

Molnupiravir
HO OH

Figure 4. Synthesis of Molnupiravir intermediate by esterification reaction promoted by anhydride

B 4. BREMRARIERULR N A BRIERF PiEF

Bk 5 (Molnupiravir) & — i Fl T30 97 BN A 328 iy BEAE vei YRS A1 3R P 28 v R R el DR 53 2%
QBB PORTELM. 2020 5 11 7 4 H, e [ 24 f S A R it 2R B SR AL s [15]. VR Hih
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—H A
i

A N-FR Ik R E A% EF IR AT 28, 124 A% 0 B RE 11 8 3 PR I o PO i A e Iz 46 (1R (1 4) [16], — 2%
PRI ST 8 1F 4- R IEMIE (DMAP) AL T 557 T ERIT (I &4 9) N, (8] = LA IR
LA 979%™ F 45 B 5 it h 6 5B rh (Al R (L &4 10).

2.2.2. BiRIRHMNEEL R

SR — 2R miE MR, RN RE T, RBEZR, RN, AT RN, F TR ER SR T
M CABE A I ECH, e ) 3 FH 1 25 (B0 PR I B DL B 22 T RE IRk . S5 M B B S — R 5 T 1, o
SERIMEE T EAH SOCl. (COCI),. PCls Zl A I M4 . BEE et IR tb e N, VISR = A ddh
2o WEMABPERAHAT R W OB =% eSO Ea MLgsm, e Xt
FIEA RN A REFIIE R ER o BERUIEBEMIERIL S B & KA FHEER, IAERER, SNV RCRE LT,

e RGERMR, Befbhe/iom, S5HERAIE S T,

SR B MIBEEA GRS AN AT, B RAETUR. THBRA SR SN . IS 24 R0 s B
AR A I E AL ST RSB R ER, BRI BN 2= K E S SR K, A KL

ST 1 H 8 (Glycerol phenylbutyrate) & —fft Fil 4 Bhi6 7 R 22 08 FRERS 1 37— A AUE KR 77 - 2023 4
6 H 19 HIREZXRZ MR EHRER Eh . AR & s sk & e s I ls = M [17], KT B
(B 11) 5N =B AR RN, EERRT = ORI, RSEHATIR], 7% 90% (] 5).

+ >
Cl HO\)\/OH 90%

1" 4

T

Glycerol phenylbutyrate

Figure 5. Synthesis of glycerol phenylbutyrate by acyl chloride promoted esterification
B 5. BtSRHMERL R & RE T B Hmls

» o
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0

Cl > Cl
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Figure 6. Synthesis of trospium chloride intermediate by acyl chloride-promoted esterification
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it =] S8z (Trospium chloride) 2= Eh 454, FA BUIRBRAE F A0 fg= A FH[18]. 2025 4F 12 H 25 H,
P ] 5% 24 ot M B A B e 1 Sk v B 7ie, P TR T RO R R B0AE . il =] SUEHh (A14A 14 (96 BB R RS
12 7£ PCls 125 1F T Il & BEA[19], TR SR ED) 13 [N, MEREVE RS 1k s B ) 25 I 5 A Ak 711
WD RN 2 78% (K 6).

2.2.3. MEBFEHBEL R

Steglich FEAY [ W& —Fh 32 8 TR BRI & Flis (1 S Ri[20] [21], PABR — 040 &R A i
DMAP ALK s B & i, |2 TABORFE A BRRSTAE R IR G5 . Bk T RE 2R 40 Gl
f14% DCC ( N,N'- 3O3R %) DIC (N,N'- 5 K35 %), EDCI [1-(3- ~H &L HH)-3-2.3
Bk W ERRREh Y SF4hH, BR 1Bk EE, HARER W CDI(NN-$iekk ki), BOP-CI [XX(2-%AK-3-4%
M) IR S &, R T ER LR N

PRt iaitr U%rlﬂ*fr% PG, FAREA, SRR,

B ZHEAEEARIABEE, TR, MAKRBUE; AR .

HO

CDI, NaOt-Bu
PhCH, 93% \C —

\C CO,Et

Sofpironium bromide

Br COzEt

Figure 7. Synthesis of sofpironium bromide intermediate by esterification reaction pro-
moted by CDI
7. CDI R HIER K I B2 & FR R MR 2 eh 8] {4

I IR % (Sofpironium bromide)ili it 5 52 & 45 & FHI S 5, AT 4H ARk BT, 2024 426 H 21
H, 2[E FDA #it#fE Sofpironium bromide %tf% i, FT¥RT7 9 % DL LE RIS S5 R VEIR s 2 e i
& . BMLIEER 25 ARSI A iR MR BRI & 15 Hi KR [22] [23], 1€ CDI 44 T 553 E 16 &
I, A8 AR AT BN, SONEF AR 93% (1] 7). AT —1RAVE, HLEY) 15 1) = R AT S B R
ANAZ, A T 35 I = G R A DK AR A S

75 % 5] (Sirolimus), X4 “HIAER” , KA LSEEEE W ARSI, &R TR A g
AN FI[24]. 2023 4F, BRINZGHDE HLIR (EMA)KE FLA 0 4 oK 21 5 45 775 M e ARk A S 19 T8I 35 .
AR IIRTT . I SR B P RAR I A RE ] T Steglich B  BZ&AH[25], 7 DCC HIMERF,
DMAP 1E AT, 7 SR BEiET, SCBL 7 40 A) e g 1 v 20 (14 8).

2.3. SRR RN R K
RATIA SNV AF, RIS AR I RAZ BRSNS, SEF AN S A R sk, i AUk ok i ik
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7, SIEMIRIR N, B Sn2 IS HLEREAT o

sk SRR, PPN

Rl AURRIEA IR, SAE MR s R T ZE A0 IR 4% .

2% H3#% R (Landiolol), 2002 £E 1 YRAE H A BT, 2020 SE4EH EERAL B, &Rl o & p1-15
FRRE SRR A, FERATFAR ARG PR O RE IR SURIT . S R BSR4 24 1A K
DILA W 22 1 23 SHJEA[26], EERERAME N, DAL BRI A BB R BT,
b &Y 23 R I RS 5 RB(E 9).
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Figure 8. Synthesis of sirolimus intermediate by esterification promoted by DCC
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Figure 9. Synthesis of Landiolol intermediate by nucleophilic substitution reaction

B 9. FHBARNERZME/RPEF
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= OH /k\ (\/\/ko
" M | . HO

N
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HO HO

OH

Latanoprost

Figure 10. Synthesis of latanoprost by nucleophilic substitution reaction

10. FERBR RN A RRERTYIE

hrIH AT 512 (Latanoprost), X AZFIHAETHIIRE, RRTFIIRER F2a fiT4EY, EH T AR EEIR & EiR
JE B W REIATT » PLHATH RS URIRI &Y 25 NJEYI[27], LAARE AR, 7646 Wl DBU (1,8-
BAIR[G.4.0]+—8-7-1E) IER T, 5 2-NKE(IL &9 26) v, LA 80%)= %453 2| H bx =9 (14 10).

2.4, BEXZ ¥ B

FRIRIE AT ST RS RN, AR AL A AR S — RGBT o XA ORI S L PR T 5 S
HE T, —IUﬁH s 5 45 2 I Ba ) 5 BRI . BR eI AT DL T B A e S MR fiE AL, )
PRAEACTATIRIR s X FORRATR S, B A A 77 P R X B 2 o

e fif‘%ﬁ:/mﬁﬂ, SRS EAY (A8 =R i

BRds BVESRAET, AEMTRARMER.

(6] HO/\/N\ (0] |
/@)J\O/\ 28 . /@)J\O/\/N\
NN CH3;ONa, 78% PN
H 27 H
Tetracaine

Figure 11. Synthesis of tetracaine by transesterification

Bl 11 BescieRNERT FE

Je B BRI 25 T 1 [Fl (Tetracaine) f & %[ 28] [29] uzﬁﬁ@ﬁm‘aﬁfi% 27 NIEY, TEH RS T,
5 N,N-—H 3 2B (th &4 28) ) 5, ] 130°C~140°C, @i Ae AT e ;e R = T R, 775 78%
(1 11).

2.5. |IT R IR 7K 5z B2
SEALIE T 7K SN AR T P AR, — R E N AL, B FA2[H]), S — AR E N
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W RS — 5T 480 ([O]) » SBIE 20 1A it 7K 2 B (H20) o 28 3L 10 SR AN I T /K S B A A 95 B 38 A5 AL (1)
FEete, PR PYIERE, L PMEN[O]1%Z244k, LhinZ $if¥) Mitsunobu S /%[30] [31]F1 Corey-Nicolaou <

A
STo

(0]

o)
HOJ\/R1 O{/m

30

\

TMTU, NCS
NMI, CH;CN/CH,Cl,

From Testosterone or Nandrolone
31, R"=CH3, R2=CHs, 79%
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Figure 12. Reaction synthesis of drug molecules based on the redox esterification reaction of thiourea

12. BETHRKNENEREELR NSRS T

T, A FT I BAARGE T LA HLER A 9 [O] 32 A (1 SR A 8 iR e /K 5 82 [32] [33] o 5256 ABR IR N [O] 52 7 s
YIRS T B SR B N o 1% NSRRI, RN, ERVEE), AT 2R T R
T4 DLDYF AR AR (TMTU) AT N-SURT BRI 2 (NCS) A S BN F), 7E N-FIEEBRIE(NMID 25 F T, BL
S2 R B U (B 29) IR, ST IRECE RN R (LA 30) SN, BRINA R T TR TR 52 1R (1 &4 31)-
RNTRET(AEY) 32). RINBR G R( &Y 33) 5255y 1, 73 76%~81% (4] 12).

3. GRERE

R, BetR SO B NNER ory —, HAEUCR AR MIE S BUEENE . SSILEIs RS
29V SRR AT 25 1 A S 7 T FE B AN T BRI Sh BB . B % & BB IO ANBITIR N, RO AL S
R AT [T 4R P AE B HEAL SE B & O . SR T LU RN B =£[34]45 HIAL 22 [35] 4K
NSO TS XTI RYE IE . F RE LT 52 AN S NI AT U5 Thy ) e B bh R 2 A %, omab
THEGIRERE 2 RIRE.

i LRk, BREE REORIERAAE SR, SRS SEAR O TT M RR S, R R TR OB SR
KRB 25 73 1 B DB R S IR PR AT 7 3002 1 MRS B SHORIEA . B 2 AR A& 1A T
RAG, BB G RAE 29 AL 22 UK AR A 5 B AT SRt it — D301, A B e A LA 57k
AL 7 (B AT SRR

E&WH
TIEG 2 AR SHET LI H 5. 232102311166).
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