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Progress in Electrochemical Reactions of
[60]Fullerene-Fused Heterocycles

Niu, Chuang Wang, Guanwu™
(School of Chemistry and Material Science, University of Science and Technology of China, Hefei 230026)

Abstract Due to the potential applications of fullerene derivatives in materials science and biological science, chemists have
been devoted to their synthesis over the past 30 years, and have reported a great diversity of synthetic protocols to fun-
ctionalize fullerenes. Among the numerous methods, electrochemical synthesis has been considered to be a novel and efficient
strategy due to its mild reaction conditions, good regioselectivity and relatively high yield. The electrochemical functionaliza-
tions of [60]fullerene-fused heterocycles have recently attracted wide interest, because electroreduction results in the car-
bon-heteroatom bond breaking and rearrangement of the heterocyclic moieties on the fullerene skeleton, consequently provid-
ing new addition patterns of fullerene derivatives. The electrochemical reactions of [60]fullerene-fused heterocycles since 2011

are reviewed.

Keywords [60]fullerene; [60]fullerene-fused heterocycle; electrochemical reaction; new addition pattern
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W2 B BEFR N[6,6]-58. Coo 60 /N[5,6]-8EF1 30 4~
[6,6]-5#. H1T[6,6]-5# B AT 5 2 B AR o, ALtk e BE
— MR AAE[6,6]- 5 F. Coo BIALZ2 5T AL TS50 FEL 1)
HHIZWEIE, 5T RAERMM. EZINR. B H3En K
TR JiR s 37 5 22 A s IO, gy 38097 IR L Rl £ 35 ) R
i, fERBHBEFME. T T8 F PUBZiY. JRIEM
B B4U%E, JEAE . A Al A SRy
AT Z RN AT, W51 T R FA TR R 8.

[6,6]-bond
[5,6]-bond 0.136 nm

0.147 nm

0.707 nm

Bl 1 Ce M5 T45H
Figure 1 The structure of Cg

X G L SR TS FIAR RE SR B TE R B, Coo AL R R
B 56 A B, 18 Coo BR IS AN, Haddon 251 it
THRRI, Coo IIRARA L4 7T HLIE(LUMO) AL T RE
BRP ZE WIS, BRI &2 gz 6 M1
BE G, 183 AR 23k (CV) . 2 5 Bk pi AR %2 15 (DPV)
Osteryoung 7 R 2292 (OSW V) FIHE HL A7 L fi# 3% (CPE)
8 T3 BT BRI AT A S A B AT AR L A
o1 T O Sk B AT AT AR T DL E
I (R L2, 2 HOAA R R LS AR, R Ah, AE
B R EEA R TR E], o LASLHLY)RE 2 T
WU B 12 F & JL 0 D 05 & R AT AR i AT R
BRI, AR RGN FMHZ] RN
BN ELZE N 2 0 s MR TR S D AE DA 23 BS S5 .
T A R (10 R 2 O T T R RS R I 0 AL
FOIREAC IS, PRI S R B R A AT 1, SNy
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K, MNMTVRILE BGH& 2 I S e AL B g 3R 15
PTG, B E 4L b B o R A Tk R
FEIRAE BRI & s BT, RS R HR A
IR E R R I P R B I I A
B O BOA R BURT Y B R AT A ) B L. Eche-
goyen ZE1OI7E 1998 4F % LI & s S BLATAE I FLAL
FRNBAT T RGVFIR. (T 40 E ks A R R
I (A1 AR, R 5 P FAG 2 OB D, AV K B s
PG ARG S HAL 2 SO A ARSI+ R s
GG A Y A AT AR BE, F2 =0 %
A KRBT T 453k, DUHARI AR T il Bhid
2 s BT R A S ).
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1 ZMAL Ceo TEMBIIIRRART

I8 5 0 S s A B ) 3G 0, AR AT AR ) X S
PR B 2 SURIBE N, AN 330 T & AR BBl 4
L ST Ceo HI[241]- [2+2]-+ [2+3]-8k[244]-FF
IR B, G 2 1 ST 2 — A [6,6]-5 LRI A
W, FERT LA — D R A ML N A F 8 ol X I
EREREY), B cis-1. cis-2. cis-3+ e ZE5A k(& 2),
g b, Coo FIEIRMEVIAIUIR NG 2514 46 1
262 ANATRERI X I MR, | AT CIRIE R P T Rk
Ceo NTAEMNFCH WIS 1,2,3,4-E0(A) 1, 1,4,11,15-
mEm®B). 12,415 &), 1,2,3,16- 44
D)L R 1,2,4,17-INEVIE). T NThREAk Ceo fiTAE
Y LIS 1,2,3,4,5,6- AP0, 1,2,4,11,15,30- 4
MG ILA I 1,2,3,4,9,10-I1&I(H) (K 2b, 3). &
2R IR B G A O, (B2 IhR b E
AT AR 0 X R B A AT B TR R Pk

B2 (@WET 6,618 cis T e FMIAZMBT—4
[6,6]-FAN—AN[5,6]- 811 cis SRR Coo HIRUAAL AT A=A AN
(b)BR R T4 "5 1) Cgo Schlegel

Figure 2 (a) cis and e isomers fused to two [6,6]-junctions and
cis' isomers fixed to a [6,6]-junction and a [5,6]-junction for bis-
cycloadducts of Cg, and (b) Schlegel diagram of Cgy with num-
bering of the C-atoms

2 CooMAHRMMLEYNBUFERMN

H 2011 FFEE—A Co WA MUAEYRIHEILE R
U 3 LUK, R 2 1) s TR A ML A
PR EELA 2 S B A A 36 2 I 87 2 i A X BT B2y
H1,2,34- 0088 1,2,3,16-01)8 1,4,9,25-IMk% 1,2,4,17-
IO 1,4,9,12-J0 8% PA B Fo & m el =X
21 1,2,3,4-M5AK Ceo ITEMMEBEE K

2011 4F, EAIREA Y ARE T S S A 2
LA AL AT AL RN, B AT VR T
Ceo FHETEMEME — 415§ 125 PhCH,Br KRN, KN
Coo P EBEMEMKAT R PIAN LTI, Coo—O B KAWL,
TEMN PhCH,Br J&, 53] 7 XCREAL 1,2,3,4-Coo B
WEMIRAT Y 3, FREZN 50% (Scheme 1), XANITFE
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B3 HWIUDIREA AN /S TREAG Coo T AR I N A
Figure 3 Common addition patterns of tetra- and hexa- func-
tionalized [60]fullerene derivatives
i 5 I8 e b A DA [6,6]- 5 1) 5,612 O T 6 B AE. 3
143% 5 5 I PhCH,Br 1 PhCD,Br, PAX 7> EREA 3% E
INREE] Coo S WEMERE — 508 7R RN E, R TEm:
MR PR IEFEVERD AR C—O B 1) W 4T R RN 8 HE A 3R,
54b, B F A E AR A A 1R 2a (¥ AR
18 (NBO) HL i 2 £ 70 AT, UESK 1 Bk oAy sk vk
C(4)F1 C(1).

2014 4F, ERaiRE A OHRGE Tl A

PhCH,Br
N5, 3 min

FFEN Coo AL IR — 5725 F da® HIBFALRBL. H
12538 JFAE TG Coo H A W51 WEINR 42 732 PIAN TG Coo—
N #RAW R, B G H =5 LB (TFAE R TR, N
SRS 20 min, BRT i R B M L 1S B AW
1,2,3,4-Cso B85 5| WRIRAT A2 6 (Scheme 2). IXNIEFEH
£k BE % 4430 16,6182 I [5,6]- 5 1 Wr ik 5 B HE. [FI,
R HS TR ORI 42 10 B 8 R T H AT R R
{7 R C16)FN C(4), L T] LAAS 2P mT GE 1 Hh R 44,
o, BRI A RE C(H IR B 6 S R S,
RS T JE T AR E] 6. IXANGE R, P X
Sl 3 R P R T R TR THD A7 AT (1 A o 3R BRI K
NFIF= D AR 6 A e

2020 4, ZRBAMARGE T B EE RN Coo
FERH G R NE T 7 BT M. b
IEBL 7 AT LA TFA T4, OB 15 min BV AT i 24075
B ZEALI 1,2,3,4-Coo FIAPRME & ERATED 8, 7%
N 94%. BRI, 7 AL B PhCH,Br 7 30 C [ 3 20
h, AJCUEPEMEHAS 2R 1,23 4-T0FRERILE
BIGATEER 9, 23K 78% (Scheme 3).
2.2 1,2,3,16-MAk Ceo iTEMIHIEE K

2014 4F, EHERBA LA Coo F4 VRN 42 Hy
Y, W HALEIR SR 4’ BEERESAE TS
RIS 5 h, FRCGEFEMEAE T 1,2,3,16-I0
A B U E se AL ATAEY 11 A 12, FFiEE 11a Y
R X R ATIAIESE T P20 7 745 #(Scheme 4). H

Ny, 2 h

Ny, 2h

2b 3b, ~50%

B 1 Coo M A IEMEIR Y FELAL 22 R IR S

Scheme 1 Electrochemical benzylation of the Cqp-fused oxazoline
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B 2 Coo B G WAk 1) FELAL 27 S 1A S

Scheme 2  Electrochemical protonation of the Cgy-fused indoline

TFA
Ar, 25 °C, 15 min

PhCH,Br
Ar,30°C, 20 h

BR 3 Coo AR 7 5K A AL 2T REAL S

Scheme 3 Electrochemical functionalizations of the Cgp-fused furochromenone

2, EEMPANa)AFESRFAENEL T, &8
I 78 R LA 4y ) X 30 B PR b e — A B0 A
CH,Ph/CH,CO,Et £:[4]. fE15 2N f5, Ceo HE1]
WK AE T Coo—N SRR, B2 7 — MR 6
Bk, M7E C(16)A Ik — CH,Ph/CH,CO,Et
KL G, 2% )44 N [6,6]- 5 2 HE 2 [5,6]- 58 A & 24 24
(R 10, BRAGTHSEE TR, S BE I X 3835 498 1 52 P faf
3 12 [ [R] 2 1R 00 e 42 .

F4E, A R T 1,2,3,16-DU B REH
1 E B IERT A ) FAL 5 B(Scheme 5). AT HLAL
AFFNN Coo FAAEMENE — 4157 13> 55 ArCH,Br
(Ar="Ph, o-BrPh) Jx i, = Z 12| T IUE 6t 41k 1)
1,2,3,16-5 ¥ A12EY 14, [RINHEAG D& E GERILR
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HEHE, il 4435 M [6,6]-5# HHEF[5,6]-58. PKMEIA LY
2% PR T B A6 15 7 = B 2 2 R RS e 5 21 1,2,3,16-
IR =4, T 38 B T SRR I 53 A = 52
FIRREmWA K. (HEALATT R R, 1,2,3,4- 00k
FEPIR AR B TR 1,2,3,16- IR PR
WA, XA FEE R, EMEATAEY RS T
(AR e Ve TR 2 M T fE PRI ZR, Ao LR 2% 11 e e 22
INMFZ . BEAR, MATIERE T T AL B Cyo FHEIK
MRebR — A7 B IR SR AR R, AR R T R AR, H
Je P PR A K EE AR,
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11a, R = Ph, 55%
11b, R = COOEt, 55%

BrCH,R, NaH
L
N2, r.t.

BR4 1,23, 16- &M A K
Scheme 4 Electrosynthesis of 1,2,3,16-adducts

Ar,3h

1,2,3,16-adducts

14a, Ar = Ph, 34%
14b, Ar = 0-BrCqHj, 46% 15b, Ar = 0-BrCqHj, 5%

16a, Ar = Ph, 3%
16b, Ar = 0-BrCgHy, 5%

15a, Ar =Ph, 7%

1,2,3,4-adducts 1,2,3,16-adducts

B 5 Coo HH G BRIERRR ) FEL AL 22 R SR A S B

Scheme 5 FElectrochemical benzylation of the Cqp-fused imidazoline

2015 4F, ZAG ISR IR C oo 8 £ TR IR i
IR BT () 1,2,4,15-Cop MK 17 HIRJR S, £
BIA 1,2,4-Co — 1B T []44 18 LA S PhCH,Cop — 11 5
T19. 255 PhCH,Br M, H 2k hth 2] 1 Py
HREHIMLI 1,2,3,16-Coo fTAHEY 19 DL R HAL 1
1,4-Ceo FTAEYD 20, AR Z BTRAEMITE C(15)1 4k 4k Kk
AT, AE DU ThAREILIN 1,2,4,15-& SR EM
21 (Scheme 6). XiH 1,2,4-Cqo — 7158 T 4K & A Fa
SEW, 2EAEN 1,4,9-Co — BT AN, DAZRIK 17
NIEVIHEAT B AL N, 53] 1,2,3,16-F2 9 ik £ 1
EEARATT 2 AT 4RGE 1) Coo HH A R PEIB 13 NI FEAL 2 J
o7 USOh g Pk T, U B R B I R At A
B AE AT £ 8T BN R X & B AT A i 7.

2017 4, ER QR RE T —Fh e X ik %
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PEFRIEAL B Ak 207 vE, T DA B B B ERIELL ) Ceo
T W) IR AT A2 ) 24 (Scheme 7). 38348 F BRA S 45
BEE A IRAS 23 5 Coo FG VIR — 51 81 42> X
N, TSR E B Re AR T LLR 23 5 e 2 3 & BB
205, IF Bk P AR DU RE AL 1,2,3,16-Ce AT
AW 24. FHBE)SE, RIELE NaH /77 Rt R A T 3k
FAL N, WA, A NaH 748 T, MisA 44k
[ 1,2,3,4-TUE BE 14k Coo iTZEHD 61140,

[F4E, SRR HRGE T Coo FA R H ML 252
RGN, B 22 IR SRS B ) Coo G 2R IF
W — 411 252> 7F NaH 7£7E F 5 PhCH,Br 7 i T
SN2 h, BT DOEPEE A 2 DY B REAE 1,2,3,16-Ceo
AT 26, 77 %4 31% (Scheme 8).
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Ar,rt,1h

PhCH,Br

22 20a, X = O, 80% 21, 83%
20b, X = N-benzoyl, 83% 21, 83%
1,2,4,15-adducts 1,2,3,16-adducts 1,4-adduct

BR 6 1,2,4,15-Cgo HEEIER — R AL 22 N IEAL SN
Scheme 6 Electrochemical benzylation of the singly-bonded 1,2,4,15-Cqy dimers

24e, 39% 24f, 30%

B 7 Coo B G W WK 1) FELAL 7 BB AK S

Scheme 7 Electrochemical monoacylation of the Cgo-fused indoline
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PhCH,Br, NaH
Ar,25°C,2h

B 8 Coo Bl I IR ) AL 2 R A S

Scheme 8 Electrochemical benzylation of the Cyy-fused benzofuran

2.3 1,4,9,25-MAK Ceo iTEHIHIEE K

2019 4F, EEHRIREHPHE T CoME 3.4-24A
WA E F[1,6-a]"5] Wik - 1(2H)-Fil (27) (1) — F 51 B AL 2% RO
Ceo BAE 3,4- A MENE FF[1,6-a]"5] -1 (2H)-BH — A1 851
27°" 5id& PhCH,Br 1 NaH S, AJ LA FIR/ D4t
TP B B MG 1,4,9,25-Coo FiT2END 28, FFiEIT X
SR B AT 2 T 45 R (Scheme 9). [FIH, 277 R LA
e TFA i 146N —EAb IR 1,2,3.4- 5 8@y 29, IF
A 5 PhCH,Br/PhCOCI £l TFA 4335 [z N A5 5] B fe Fi /0%

PhCH,Br, NaH
Ar,40°C, 12 h

1,4,9,25-adduct

(ii) TFA, Ar, 0 °C, 30 min
(iy PhCOCI, NaH, Ar, 0 °C, 24 h

FALI Coo B 3,4- S MENEIF[1,6-a]M5 M- 1 (2H)-Bi AT
AE9) 30/31.
2.4 1,2,417-MAK Ceo iTEMIHIERE K

2020 4F, TR ERERA RSN Coo B A NI
da [PJHALZE R BATIRAE, B KSR B G A T
B cis-3"-T VU B Re B0 1,2,4,17-Ceo fiTAEYD 33 F
“S” RINERERIL I 1,2,3,4,9,10-Ceo BTA) 34, FFHE
DA B T 3K Bh 7S 0 AT A2 0 1) B i 45 44 (Scheme  10).

29, 79%
ATt 423 4-adduct
15 min

(i) PhCH,Br,
Ar,rt, 5h
_——
(i) TFA, Ar
r.t, 30 min

— 30, 75%
1,2,3,16-adduct

1,2,3,16-adduct

B9 Coo BG 3,4-FMENEIF[1,6-a]5|Wik-1(2H)-BH ) AL 2 D RE AL S R
Scheme 9 Electrochemical functionalizations of the Cgo-fused 3,4-dihydropyrimido[1,6-a]indol-1(2H)-one
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+2e
_—

Ar, 25°C

B 10 1,2,4,17-% 1,2,3,4,9,10-Th A Coo FTANDI HAL 2 R
Scheme 10 Electrosynthesis of 1,2,3,16- and 1,2,3,4,9,10-functionalized C¢, derivatives

AT Ceo B A MBIMEE — 6155 7 da” 548 RN R,
76 0 CH ] DL B L IS 21 2 /i STk v R s 1) B A
AN AR 1,2,4,17-I069) 33. TAE 25 CHF, N
AR AR E ) 1,2,3,4- 64 32, Ak, 33 53—/ HL ¥
JETE25 C R h, AW EaE 2 32, 30
B HAAE R 1,2,4,17- AW 8T 337 1Tk,
AT LA A 1,2,3,4,9,10- 00 Bk X HLE RS ks 57 -
PRI 7S ThEEAL Coo ATHD 34.

FI4E, ZAREA I PHAIRIE T Coo HH A 151 W 4 f1) FE
ZEXRIEAL N, $RAF T cis-3' Coo FTHED 35 LUK
“S” A Coo TN 39 (Scheme 11). I LAk 227714
Cooo B W WRIRRIE J5 S — A 61 88 rh ()44 4% )5, BRI
TR B, SIEEERS T cis-3'% 0
&, BN 1,2,4,17-D9 B $id s 2E4 35, FFdid B dn g
FARESE 73X MO pei s, X — D00k & i At —
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HAE 1 equiv.i) TFA (775, @i i% 0 AL 2208 i 7 5
TAIAR Y “S” AU, B 1,2,3,4,9,10-/SINECE
EIEATAEY) 39. BbAk, BEARIXM 1,2,4,17-DUNEE
BIRATEY T FesE. AT E Bd D =Y v H
TAEE, RS TR KA F, 98T 5
[6,6]- 7K %-Cqy- 1 18 H iR (PCo BM)AH AT 110 L B4 40 550%
(PCE).
2.5 1,4,912-MAk Ceo iTEMIHIEE K

Blr, EERIEBAPHRIE T Coo Ml A 15IWENE 42 5
ANF) KA PR S AR I Ak 22 e S AL I B, 153 T AN
[ () 52 2 45 B (Scheme 12). HLAL 22 AR 1) 42 5 KAz FH
M) 2,4,6- =5 Ik = F L O e 87 AT DL 1) SUbE B AL T
1,2,3,16-I1E%) 40a BN 1,2,3,16-I159) 41a.
MIELZ R, 42> 5 AL RH I — 23 R B e () Al b a4k
MNABRAFE] 1,2,3,16-01540 40b, {HA R XUEESEAL [
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+2e
4 _—

Ar, 25°C

+1e
35 _—

Ar, 25 °C

39a, 40% 39b, 33%

39c¢, 32%

B 11 Coo H 5 MR ) AL 2 XU BE AL LA B ik — 2 AR 22 i 1A

Scheme 11 Electrochemical diacylation of the Cyy-fused indolines and further electrochemical protonation

7 DU AT DAAS )85 i 4R PY 1,4,9,12- 724 41c
PR 1,2,3,16-IN8 R ELF=4) 41b.
2.6 HEMMER Co iTEMMB AR

2013 4F, B a4 R0 v R R A A VR PO g

T LA Coo FAA TR NG 42 NIRYD, 83t Fa Ak 2200 R F54E
1) 2% EL A TR i A ) B — SR AR 43 FOHT AL 1,4-Ce fiT2E
W) 44 1) Ni(Scheme 13). AT I, JRAL A BT Ceo B
B AR A B AN U T 42°7 5 PhCH,Br [ N AE R 44
FEII Coo FIA TR NEREHZ — AN TG Co—O

Chin. J. Org. Chem. 2020, 40, 3633~3645 © 2020 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 3641



BT RIRE R

Br
Ar, 25°C Br Ar, 25 °C
-~ 43 + R
(1) 10 min 5h
or (2) TFA, 10 min
Br
40a, 39% or 51% 6%
41a,
1,2,3,16-adduct °
1,2,3,16-adduct
HPh, 5 Ph
Ar, 25°C ) r Ar, 25°C
2 g, | 2
(1)1h Ph”™ “Ph  NaH, 10h

or (2) TFA, 10 min

40b, 44% or 58%
1,2,3,16-adduct

41b, 13% 41c, 35%
1,2,3,16-adduct 1,4,9,12-adduct

B 12 Coo B3 131 Wbk 5 AR AR e 2 TR AR 0 FLAL 2 e A e B
Scheme 12 Electrochemical alkylations of the [60]fulleroindoline with bulky alkyl bromides

PhCH,Br

_—
H+
Ar,rt.,9h

-e

43, 86% racemic

B 13 AL I Coo ATy Coo B AR
Scheme 13  Electrochemical reduction of the Cqy-fused sultone to the Cgp-fused sulfonic acids
TP SRR, BE— SRR Coo A G R N B — 41 G R IERIE BT 250 5 AR R T L AR
FUE T 42° 8 AR R B — AT R, 13 MIPR R GEAL R NE. 7E 257 57 B L 5 85 A 1 S N2 A7)
HERE ZRAR 43, JFRE Bk — P AL s AR R F) S AL B A X A R, FEEA R T e Atk 45 DL
AR IR Coo B4 5 B TR PY I 42. DREMIBER trans-3 TR 46 F1 47, I H IR TR T
2017 47, EERREHAPHOE T BASERN Co e FIPRIIH S (Scheme 14). A2, {8 23 4L
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BEAS A i — AR R — 2350 PhCH,Br 1F 3%
HLAR TS, Coo BH-G 2R IR — 01 55 1 & #)@ R L
SN SRR, XIOEBEMEHIR R T e M trans-3 i1
&8, MR 1,2,3,16- 8= gbsh, P&
IR IF R A AT R R IR [6,6]- 58 B 4F 21[5,6]- 5, X
HHE CoME LB EATAES R Z M= IR A
HATF.

46a, R = 3-OMe, 1%
46b, R = 4-Cl, 10%
trans-3 bisadducts

2019 4, iZUREA P 7T T AL I Coo F A
WElE BT 48% P . PR, mfk
SR JEAE R Coo BA N ER — 575 F P AR TE O 1R
(ACOMITERT, Mt A A Coo H-E A 49, 1A
FETIHAR) A 1,2,3,4-Coo fiTAERI ), 723 85%~
91% (Scheme 15). IX & 1 XARIE 1) P s B H2 348 )57 R B
BRI, MRS W2 B RS Baeyer-Villiger %

(EtCOz)ZCBrz
_ >
Ar,rt,2h

453, R = 3-OMe, 30%
45b, R = 4-Cl, 26%
e bisadducts

47a, R = 3-OMe, 8%
47b, R =4-Cl, 4%
trans-3 bisadducts

B 14 Coo B4 & HIFIRIR ) H AL 23R DY e Al S

Scheme 14 Electrochemical cyclopropanation of the Cqo-fused benzofurans

+2e

Ar, r.t.

AcOH (10 equiv.)

_ =

Ar, r.t., 30 min

9 examples
85% ~ 91% yields

BR 15 Cy FE WS FLAL 2218 Baeyer-Villiger < B

Scheme 15 Retro Baeyer-Villiger reactions of the Cgy-fused lactones
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BIHE

PRI SR AT 138 G YT AN X 28 5 AT S X T
FPEREAT 7 RAE, H HL 3@ I 5 I8 5256 ] B 17 s ML
B, Coo B TR 49 KA HIALZEIE 5L, Coo—O HEIKT
HARIFARR —71BT 48. T AcOH HIRRMERTS,
BT LRI ) AcOH 77276, th A 67 48°
R RAR B B T 0 T4k, BRI AT 50. A,
HHIEA 50 22 T NIME, R =S AR E (ks
i A —F ) AcOH H AN H] Coo B4 FRER 49.

B, ZUREAPREE T Coo BIA R 48/51
(1) AL SR TR S B, 193 T = Fh 282 (1 T A 3
Whney), X552 BB R Co MG XA UE I
W R AR I 13 2 1 P 2R B 1R KA [F) (Scheme  16).
FHE 0 6-p-PI TG A7 1 48 A1 517 Y mT w34k, 3F
DAY AR I A B S AL RIS AL I & 4. #R
P S50 25 R KR T, AATTZA T T RE Y R RLALER
Coo B N TG 48/51 B2 AN HL T )5, Coo—O BEWIZLTT IR
AR AR T AR 4877 /5177, B TR —AN UL AR 0 A
1E Cg L, 75— R S A fE R R AR 4 R 7 &
BEJG, 55— AR RRR AR T L, 338550
B 2, B E A RN, R T
43 F PhCH,Br K4 Sx2 M, AERL 1,2-IE%) 52/56
I 1L,4- NG9 53/57. WK TFA #E47 514k, NI#53 3]
12-E40 & s 55/59. F4b, AREMERE $hid =i H
EASER T K PHAE Vb I B P A R, B8 T
PCsBM B =1 ] PCE.

3 RES5RE
TR TR A G R R R R 2 S AT LA

PhCH,Br, NaH

—_—

Ar, 25°C, 12 h

48%/512-

PhCH,Br

T
Ar, 0 or
25°C,3h

J iz R HET 5, A BB & AT AR R E BE R
TR T A0 ) AT 20 T R S S 45 0 1)
TR HH IR R 1 5 FL AR R sE A%, T R 5 28 FL T &
A R R X PR R A () SRS Bl R PR B T L
MR SLYE T, il i F Ak A BOMURE & B0 2 ThRe AT
AV EF IR X, RN KRR T & ¥
REM RN, & #id R FLAT AR pid i i fk ks JiR, mp
DA SR HL 0 3R T P R AT 20 A, 7 S e 5 A6
) EL A 25 FE BN, BE 5 TR AR S UM, AT AT DA )
— B2 i Ak, 2 7 LA B B 0 s = e
T Ceo BFIA 2R EDD, EAEBIFA BT 5 23k
(B2 S e o i AR W, eI #hi g8 AR E Re
ABR SR - 1 H i 5 B R A — R 2 IR S IR E AR I
B PR A1 A7 Bl A7, Xt A2 5 5% F R R s B 1 B8 — M r
M. B SESIEAE Y 00 RN R HR R
BN, BB A D B, WA 1,2,3,4-.
1,2,3,16- 0 5 7= ;5 o B AR A B AOK, T 25 26 A
1,4,9,12-+ 1,4,925- M=), Bbak, A=A x) A
JE MR R PR IR B B BN 2R, RIS e S5 M1
FEVIE S 5 e . I AR B Coo A ZMLE
M RS T 5 RHARA R S, S E BT AR N
BT — RIVH R B HRTRTFER Coo FE L
BV AL R BN A IR, T2 Coo PG 2L
BRI B S N AR TE. SRR Coo FA 23R L
BV AL IR RO 2 2 A R B 2 B Re AT AR
VI EEF B BB Ce PG /ST EY
LICHIME GBI Coo TG AP HLAL 22 S B
20 UG & B ra AL AT 98 1 R BT ).

59, 79%

B 16 Coo B P IR A FEAL 2 R IR AL S M

Scheme 16 Electrochemical benzylation of Cgy-fused lactones
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