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Progress in the Synthesis of 3-Substituted Phthaides

Li, Quancheng Jiang, Lan Bai, Rui Han, Yongkang Li, Zhengning™*
(College of Environmental and Chemical Engineering, Dalian University, Dalian, Liaoning 116622)

Abstract  3-Substituted phthalides are widely distributed in plants and fungi. They are active ingredients in traditional
Chinese herbal medicines, and have attracted much attention in modern medicinal chemistry. The synthetic methods of
3-substituted phthalides are reviewed, especially those in enantioselective manners. The main approach involves: (a)
construction of lactones from C—C bond formation reactions, e.g. an aldol/lactonization cascade reaction of 2-acylbenzoates
and alikes, (b) construction of lactones via C—O bond formation reactions, e.g. reductive lactonization of 2-acylbenzoates or
reduction of 3-alkenyl phthalides, intramolecular oxidation/lactonization, or intramolecular redox/lactonization. These methods

are of great significance for the high stereoselective synthesis of phthalides and drug research.
Keywords phthalide; isobenzofuran-1(3H)-one; synthesis; enantioselectivity; natural product
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PR AL SR A A B 3- B AR R Bk e BB 72 —. LA
B o-H BB SV o % R, 7 RREm AL T AT
aldol LRI TR C—C %, 5 1R IEA T AT ER AL
SN RIATFE % p-2R BB (Eq. 1). 2017 4F, BEAIGREEROL)
B-HAFZ(R' =COH, R?= Ar)fE AsE % il fIaT 4, Sm&
e Bt o L 0 R R R S 2- PRI R R HR R N, 30

min 5 PL 65%~85% MR 1S3 3-HACIRAK.

CHO o

FIEFRIS, ZrOClLe), PR

it K-10127,
ARSI PhB(OH),2N%: 1 a] F AL S Bi(Eq. 1). X%

REEPILE AL R M (R=R'=H, R>=Ar), A {E5%
FAT R 0] 25 3 3-(B- 35 2R K. i@ HPLC-MS 2047 s B A4
AP EHS M MS 55, fEETR RN AR RS
BEAEA R R, 5 E AT T NHB LR 3-I oK
Bk, BB (ERR I 2 R 05 5 LR (I I S A xR 11k
1) 3-HE IR BRI AT AL BRI BE, 2 25 i A6 A 3-8k HR
FE KRR (Scheme 1).
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Figure 1 Basic structures of phthalide and some biologically active phthalides
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Scheme 1 Possible mechanism for the aniline-catalyzed aldol/lactonization cascade reaction
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FHRAELLEMEAANE 2, LK ST RN, th
53 BIFHI 45 B (7 F 58%~95%, 34%~91% ee).

BB 77 S U0 T 1 Q0 R R g i AT R A e
& F AT ARG S, SLARE R 5 R AT N
BRI TR, A0 T NG RN, b B 381
133 3-FHCRER(Scheme 2).

15~80°C,10~24h

N A
= H >N
X
H
(0] Amberlyst 15
R = H, 3,4-(OCH,0), Br, Cl, F; R" = H, Me, OMe, DOM.rt.

OBn, F, Cl, Br, NOy; R2=H, Ph; X=CH, N

5 mol% Cat.1
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Figure 2  Structures of the catalysts and ligands in metal-catalyzed syntheses of phthalides
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Scheme 2 Synthesis of 3-monosubstituted phthalides via a nucleophilic substitution reaction
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Scheme 3 Synthesis of chiral 3-monosubstituted phthalides via a Pd-catalyzed arylation/lactonization reaction
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Scheme 4 Synthesis of 3-monosubstituted phthalides via a [Cu]-catalyzed direct carboxylation

OH
. 3I_— <
R'-—=——B(0Pr), + =—R? + =

R4

Ru(Cp*)(COD)CI

B ———

1 ) 1
R ofr R' o
B, Pd(OAc),/PPhg
R2 O CO, p-benzonquinone R? 0
R R R R

BIX 5 Ru MEATE BRI FI bR = 58 S

Scheme 5 Ru-catalyzed formation of benzene framework via cyclotrimerization reaction of alkynes

R [Rh(Hs-BINAP)IBF,, 1
— R2 R

R2

(I

0" o
Rl R* _, 5 mol% [Rh(COD),IBF,
7+ RI—_| R (R)-Solphos
Et0,c—— OH

(10)
/d
Rz R®
2.2 Wpk C—O BRI AR R
221 EJRERESR/ A BEAL R AL

1988 4, Takaya F1 Noyori 25153 ] Ru-(R)-BINAP
AL AR 20Tk 25 2R FF R (10348 J/ M B 1k B (Bq. 11), BA
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O
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BUARZERL. %36 T, NaBrOs;-NaHSO; 7E B AHE I R4+
&L HEIR R N, DA S B R 17 R — 5 AR ke
FOR REEAE N 3- A HUARIRER (Scheme 8)[4). J Riid 2
A REALHE HOBr X 30T IR, FRERT a-dRARH it
1797 F PSR HUR AR, & 45 fa 7 2 B HUR R it
A7 IR L USRI

o 0

A NaBrOz/NaHSO
R O;" TS R Y ToH
R rt __A__R?
R'=H, Me, NO,, Br
0o

R2=H, Me, Et, Pr, Ph
g X
> R'-- O
7

R2
50% ~ 68% yield

B8 E AL A B 3- B AR K
Scheme 8 Synthesis of 3-monosubstituted phthalides via an
oxidative/cyclization reaction

223 5 FREALR/A BIAL R

75 PRAH SR B[R] I3 A I B AN R B i, R aE
53T PRI 5/ P R A RO AR BORBR (Bg. 16). 2012
4, Schmalz FFSIE CNAFLET, XF<R F I 77 HE AR HE4T
Cannizarro-Tishchenko N, PAHEEZE R UTH 7= R4 0L
T RPR(Scheme 9), FRHEM) S SIHLEE N : CN™ L Fe ik o
BIY R A B T AR, R ET T RNER . T
BB AL NI 2 b AL, S o eh I R 2R AT 0 s/ v BR
SR NETE B B R R T N R AH ).
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61% ~ 74% yield

B 9 Cannizarro-Tishchenko SN & Al 3- B EUAC ALk
Scheme 9 Synthesis of 3-monosubstituted phthalides via a
Cannizarro-Tishchenko reaction

Yoshikai Z£°01L CoBr,- T B L A4 14 4 J8 o 41 ok
FLIRM Y H-FE R AL (Eq. 16), K IL(R,R)-Ph-BPE( 2,
L12) 1% 5 2R LT (185,1'S,2R,2'R)-Duanphos < (R,R)-
Tol-DIPAMP. (R,R)-Me-DuPhos “5HC{A; [FN, 4@ f
UM NI F= 3R A ee B, LA In AffE. KH 10
mol%[t] CoBry-(R,R)-Ph-BPE F1 20 mol%[¥] In < 12 h,
DL SR, >90%01 ee {H1F3 3-brikali KRR
BK. ¥ 2-D-HEEER Ol 2-H-HEEHE-5-H A HE K 4
FRE A — 2528347 RS, D JRFIASITRE 3 5-F A2
K CHABAERIER) ¢ BT E, XERWH H-BRAL RN N5
TN RN IIED T Ia N, BPASZ T Tishchenko #1133
17. B /1AL R R (1.1+0.1), ) C—H HiELIF
e D, R, 38 JE T bR R oy peigs.

Dong %5167 F-#E DuanPhos MU EL A 2, L13)Al
Ag WIAE(E R, J8id Rh fE1b(Eq. 16)3K13 T 75%~95%
IR AT 92%~98%1] ee fH. S NN BRIGEENE . [ B
A AR W] 32 B0 T (BE, « NO3 « MsO ™
TFO )2, BCALRE 775 = Y 4 5 5 3 BUHE =y 0 il e
FEIE.

Shirai Z58I7E Ir-(R)-SegPhos(/& 2, L14)f#4k T LA
74%~98% ] ee (A3 2 T 3- BRI B = #(Eq. 16). %
I ML EE 5200 3R B AR NS C—H B A Ir—H a4,
TS P B AT IR, F 5 R A3 T ok S 2 A
AN PiE(Scheme 10).

2018 4F, Krische 2R Tr- B 1040 2K — FAEE (1)
I3 F W EAIE JF TR 3540 AR Bl 3-4 T 2 KK (Bq. 17),
T AT 90% LA B ee fH, J5 22T & A spirolaxine F Fk Al
CJ-12,954 X mLfA.
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Scheme 10 Catalytic cycle of [Ir]-catalyzed hydroacylation

o 3 mol% [Ir]-BIPHEP-Phos-OMe
N H oA H,0O (100 mol%)
R1-L + c
L o e KaCOs4
H THF, 100 °C, 24 h

—

>90% ee

Mycophenolic acid(Fd 1, 2)f& BISFERIE S =2 i A
BRI SR AR IR R, T4l 5/ P R AL TR K
RBRE A, 2 fa it g i E A5 2 P 4oy,

Trost 261211 Horner-Wardsworth-Emmons % 82K
3-FpHE-T- AR ALy 6-F25E-2-(2-FR HE O3 R
FER, SRJE 0T 2RFR b A BRI PR S IR AE 14- U —
1[2.2.2] 3 S (DABCO) £ AE T 14T W BE AL (Scheme 11),
4 % Tsoochracinic acid(F 1, 6).

o ) . OH
O (1) (MeO),POCHCO,CH;Na COM
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¢ - P
(2) TMSI, quinoline, 80% CO,H
OH
DABCO oH o
CH5CN
- . o)
COH

Isoochracinic acid

B 11 Isoochracinic acid & ik
Scheme 11 Synthesis of Isoochracinic acid
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Scheme 12 Synthesis of Isopestacin
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Jl/ N BRAG B IR ML (Eq. 18), LA 92%[7= 313 % Chry-
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S FA Capnoidine.
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P 73, AR, SRS 75 45 R 18 51 @ AF AR s BL.
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(1) morpholine, "BuLi O/\O 0]
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(2) CO,
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B 13 Bicuculline &%
Scheme 13  Synthesis of Bicuculline
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