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Recent Progress in the Synthesis of Medium-Sized Ring and
Macrocyclic Compounds

Zhang, Xinyuan Lin, Li Li, Jing Duan, Shiyu Long, Yuhang Li, Jiahong™
(School of Life Science and Engineering, Southwest Jiaotong University, Chengdu 610031)

Abstract Medium-sized rings (8~11 membered ring) and macrocycles (12-membered rings and above) are extremely im-
portant parts of drug and natural products. Meanwhile, they are widely used in the field of medicinal chemistry, organic chem-
istry and other fields. Developing simple, green and efficient protocol to synthesize medium-sized rings and macrocycles has
attracted great interests from chemists in the recent years. The latest ring expansion/cyclization reaction in the synthesis of
medium-sized ring and macrocyclic compounds in the past five years is reviewed, and the prospect of their future and devel-
opment is also outlined.
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Passerini R V. ZJ7ikiBIE— &% Ugi ZH 5 MM, 4R
Ja R REREE KA 20T N Passerini % 2H 73 [ B A
TAHABEFA 15~20 LA K(Scheme 1). 2017 4F, 1%
WA RIE T I8 Ugi-MCR A PRI IR
T35, R FHIPRIR R TR B AN i [ SR AR J o, 00- 24 5
1R, BEJG o,0-Z LR PRIEA RN 5 KA Ugi JBESE
LR, AREH 8~19 T L & 4(Scheme 2).
12 FHMRURN

2019 4F, w2ife. ARSI s RERI2HRE 7 —Fp A
Bronsted f&(BA) AMEALF, HeBER 1 7E 80 ‘C 1) PhCl H
V4, ER8 TA I [AMB R 2 B[N, T
PR EIR(DFT)THE . 3 /130 ) 5 B DL R 2 Al
G070, EERE T VAL B HOTE WEh it
i 1 ] L, AR aE A JE AR ESSIEIES B, 4l
F 14 Bronsted BRI, FrfSH A =9 A"+ W KA 5+

(]‘)—COOK Passerini-3CR

R'-CHO
NG NTEN
Trt—NH, Ugi-4CR  KOOC™ Y, Ly
TMS—N; HN
R cn—"""0 "R
CN%COOMe
E= 1

BOXS AR A AR H, AR 1R E W E B ] =)
C, C RAESTE RVE13]-EHAEREA 8 T 2
(Scheme 3).

1.3 REIMUR R

2019 4E, Unsworth UREEAIHRIE T — N AL M4 T
3 NIEY), &R AT AR R L. 7R =R
FAEF, LA S BERZ MR BT (T3P) A1 NEt(i-Pr), NEALT,
7E CHCL; it +E 30 min, 3 FFAGIEIEIA R & 53R
BT E R N-TE RS T, BE S T R AR
MAERHEA D, D RASTHNEHE, C—N @RS

A 3843 10 J0IF 4 (Scheme 4).
1.4 &EBECIIMURE

2015 4F, Igawa Fll Tomooka HRHZH IR TE T W1t K

TR TEh 245 Sa BN 2- TG 5, 5R0ER)IARIE

LT 6 J2E Double Nicholas [ [, 452504 it AR

N,

N ,N

R1 R2

“ W

R3CHO, R®CHO, NH,CI _

2

RIP BRI & s

Scheme 1 Synthesis strategy toward macrocyclic depsipeptides

THF
(0.01 moliL)

r.t., 60 min

O\O/O
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NH,
Q/(O

OH

)
R o

o
|
)\Rz NC=R®

R1

MeOH (0.01 mol/L), r.t., 48 h

¢s)

B2 Ugi Z44r M

Scheme 2 Ugi multicomponent reaction

Ph Ph H Ph
- |||H
©i\/CT e = °
=
l}l Ph N\Ts
I —
i (OP-NTf
A AI‘ Ax [1,3] Stereospecific
NI’H’Ph
on = - Ph
oH Ph o O o
*/_\% . Y Ph . N/ Ph
A Ts Ts c
B
B3 EkE/[1,3]-EH RN

Scheme 3 Hydroalkoxylation/stereospecific [1,3]-rearrangement
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T3P
NEt(/-Pr),

T 0
NN XN
R~ P J — R _
X7 R FXT R
(o 4 (e}
S)

B4 LA IR S

Scheme 4 Cyclisation/ring expansion cascade synthesis

f1773%(Eq. 1). PA BF3OEt, N7, =%, 5b
8 5c 5 6a KM EAE B IR(X, Y=NTs), £ RKERERAT
76N AR (CAN)ACEE, 7] = Ruhi3kE 8~11 Joifk
7 (Scheme 5).

(OC)3Co—Co(CO)s

LG LG
5a

(OC)3Co—Co(CO)3 XH\(M)JYH (0C)3Co—Co(CO)3
n
6a
OR OR BF;-OEt, X Y
CHCly, rt. \Hn/

5b:R=H
CAN ﬁ
silica-gel
— ", 5

5¢c: R = Me
Y
Etzo, r.t.

o7

7

Kl 5 Double Nicholas Jx N
Scheme 5 Double Nicholas reaction

2018 4F, Chan UREZHISHRIE | LA Au' AREMH, 1-
$5-4,10- —JRBE NI, AEAR 8 TTH I EY)
1] V.(Scheme 6). iKY 8 A= HZS 9 & /E Rauten-
strauch FEHFAER 10, [FIIHIE L &R AETIRCAL, Au!
WA 10 KA 1,5-E /8- N AL, A E A 8 JoH
IR =4 11.

2 ¥¥RM

21 EHV IR

2015 4F, Unsworth PR AZHIOHRE | —FPEefEIE LY
FAH) SuRE % Vi (Successive ring-expansion). 1% b P
R B-FHERBE RIRY), BAAFRIEA 9~24 JUIIIR At
FANEE. BIRR p-BIREE 12« MgCly AAEIEAE CH,CL
G 30 min, X5 MABEROFE SR NP 1~2 b,
A2 BT ) 13, TRAE SN IMNRERE, A2 BT 1)

1880 http://sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

Me
OAc
[Au]
solvent, 4AMS, T,24h ©h
" -H
- [Aul”
Me

OAc
Ph
[Au]

8-endo-dig

Me [Ad]  A&Hshit  AQ
O \A AU
\\

BR 6 AufiEll 1-45-4,10- IR S B
Scheme 6 Aul-catalyzed reactivities of 1-ene-4,10-diynyl esters
14 (Scheme 7). Z M. RIHLEER: HARIGED 15 S240E
B 16 IR JE AR EHE, RS R NIRRT 17.
17 °F A5 4t v BB SAH R ) R sk BE 2k 9 3
(Scheme 8).

Cl XR
o g o
X ‘
XR
EWG MgCl,, pyridine, CH,Cl,

12 rt,1~2h

piperidine, CH,Cl,
m rt, 1~2h

EWG o ewe )

B 7 IR B-NHELEE SURE M
Scheme 7 SuRE reaction of cyclic f-ketoester
2017 4, Unsworth W@ A IE T NBL G ES: S 5
FHAE K 8~25 JLIRH SuRE J2 v (Scheme 9). 2018 4F, 1%
PRAZH SIS HRIE T HT ) SuRE 7k, 1%k DL LR
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16 Y14
XH
Linear
fragment

15
Starter unit

ring
( @ expansion

B 8 SuRE g

Scheme 8 Successive ring-expansion (SuRE)

N, ESS BN, ERMEH 10~24 KA

LRy @%Hﬁ(Scheme 10).
O
@H ¢\)1 repeat
A SuRE

BX9 WELH SuRE [ M

Scheme 9 SuRE reaction of lactam

o
Q )L/ X'PG HL 1
HJ\NH m rL XW‘(’\)}—R

o)
X?PG RT  (InR!
)L/ x C)OL(D%&O
( X
RZ/ﬂm’z

B 10 KIANEE SuRE XM
Scheme 10 SuRE reaction of macrolide
2017 4%, Clayden VRAZHIHRIE 1 DAAT 2K A I
iz 20 NJEY), FIF Smiles EHEIHAT n—n+4 IR
M. TEBASEE N, BELLEREFRIL &Y 18 5EHE LA 19
fl;ﬂ)&ﬂﬁﬁ(THF)tP/%%T%ﬁ 20. 20?“@/@’\] THF 1,
7E NaHMDSEH T RAEEHE, SR8 E5H 9~ 12 6 My
NaHMDS

774 21 (Scheme 11).
/74
( N
20 ‘
THF, 15 min +4 Vo
Ring expansion

18 |
by Smiles
rearrangement

123

B3R 11 Smiles FEHEY I M

Scheme 11 Smiles rearrangement ring expansion reaction

Chin. J. Org. Chem. 2021, 41, 1878~1887

© 2021 Chinese Chemical Society & SIOC, CAS

2.2 ETFIRsKk IR IR N

2015 4F, 2 WIANPNER AR IR ZH 2O TE T P N-fi
T 25 IV f AR R e e B R o S SIS D R B A T 1 e
N HOHUEE A N-RETRE TV i 22 ZEBR A4 A T i 257K
BURE OGS 5 e A B R 23 OB AR R R
E, E 1) C—N BB IR K AR EH 7~8 7T
RHIY IR 774 24 (Scheme 12).

R
) _
l +R1_(\j\n LG = OH, PMe, OAc R |

N™ "LG  catalyst, DCE, r.t. N R
/

|
OTIPS Ts 99 W O g4

23
R1OH 4 R'OTIPS \L
R'OH

B 12 FRRPARRER ALY S8
Scheme 12 Catalytic ring expansion of cyclic hemiaminals

2019 4F, Coquerel 1 Rodriguez Z52UHRiE T £EX( T
ReZ BE AL MR T, 25T Michael IR RS
IS, HALER g DA N-J5 I s A i) 3 T Wi 25
MR IER IR LIRATEY) 26 1ENIEY), FEXNThRER
EMEAFIERTT, &4 Michael IS F, F S04 L
G, i) B Wr R IF RO K IE & A )\ ek i 27
(Scheme 13).

R2
o (@) |\\ bifunctional R3_ NO,
/R1 = aminocatalyst* H
b)\” " _NH o) N~ gi
25 R® 26 NO, 27 O
J Michael fragmentation T

B 13  Michael JilA/T Ik 87

Scheme 13 Michael addition and ring expansion cascade
2.3 IR R
2014 4E, Krische BRAZHPHIE T LAET (0)VEMEALF,
DA S TRORIRY, RAE[A 2R B e R 7
. AT R 28 A1 1,3- 0 29 AT LU NIERAS 30. fEE
WA, B e 30 78 WV g 2K X 2 R R

PhI(OAc), 1EFH R, [n4.013F KA EAZHE, EEH
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9~12 JLI ¥ 31 (Scheme 14).

R
OH /\(R RuzCOyy, ligand  HO
; PhMe, 130 °C, 48 h (Xn o
30
R
PhI(OAc), o =
DCM, 25°C,2~4h (7,
X
31

O

B 14 570V — B IR 4+ 23R Ik

Scheme 14 Ruthenium(0) catalyzed diol-diene [4+2] cycload-
dition

2017 4, Zhao FF23HRIE | UL Pd /EAEAL T, N-FH 2R A
MR IS T IR B AR, R 9 JuAIRT)
[SHA4PR MBS, FEE N HALEN: 35 5 36 VA4
R A H, B S R, 36 123 [ B S 850 b7 [X 38
AR, A RS HAPRMBUR BITE R 9 ToakE 37
(Scheme 15). 2018 4F, Zhao Z524Hi# 1 7ELL Pd(dba)se
CHCLs 1EfeALF, BEECARIER T, it 55—
IHAE 40 CH) CHoCL W M 19 h, 492 10 JoFF
I[6+ 41 IR N (Eq. 2). %5 AT BLA L 6 2%
IEEYI(Eq. 3).

o] R’
NTs AN
/
/ oA IPd TSNF\;
+ O \
- o
o] R —
R! o 1
35 36 37
[Pd]k co ]®
2 Pd—L
a - n
C] ® @ r"\ R1
Pd—L, TsN_/b‘
P \ .J
1
R H o i

B 15 [S+41PR s s
Scheme 15 [5+44] Cycloaddition

% RO

2019 4, FEFEAIRR R UHELPHRIE T LA Morita-
Baylis-Hillman (MBH)®&E 5 5% F8V i N KA, 1%
550 B B XS A AL T, R A R[S+ 3130 0 B R

2.5 mol% Pd,(dba);-CHCl3
5 mol% ligand

c:H2c3|2 40°C, 19 h
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2.5 mol% Pdy(dba);*CHCI3
5 mol% ligand

THF, 25°C,19h

5

MBH 1 38 FIH & F IR % 39 B, FEA[S 431K
LAY 40. 40 75 Hy SR T, IREHERAL 252 24k, [FR
N—N B fE, 5REHE 8 JLIHAHIXIIAT=Y) 41 (Scheme
16).

0]

amine (20 mol%), acid (20 mol%)
Ab NS TFA (20 mol%)
1
®N solvent, 50 °C, 24 h

N—Pph
Raney Ni HO ﬁh NH
N Ha (505 kPa) ;
N EtOH, 12 h :
>19:1dr H N
o H

B 16 % 5 5B XU AL AL IS + 3R 0 B S
Scheme 16 [5+43] Cycloaddition catalyzed by double activa-
tion of amine and mercaptan

24 ETHREIBHYITIRN

2013 4, Tan BREIZHPOHRIE T —FPiz 5 Atk L 051
4 3 [ N.(ODRE). Hrifalfk J ¥ FIHGTE sk E i3 2
TR A TAAR, 1R AR 2 B R HOEAT I B O AL,
TE R IE B AR, W Bl JGER&H 8~11 LIR
43 (Scheme 17). fEILFEAY I, 2018 4F, iZi @4 PHRE
T MR B A DT 3R ON.(ODRE). XA 28 13 1) JES
ML E AL AL T R FLER O W B BH - A,
SR 5 5 I S AZ AR I B AE B = IR 3 & ),
[B] %% Bronsted B2 Lewis FREK — S IRETIH LT LY IF,
(] B 2Ry A BT 95 R A A 7 8 ~11 JGFA(Scheme 18).

X Oxidative
7\ Me Dearomatization
Phl(OAc),
HO n
42 J

Ring-Expanding
rearomatization

TsOH or Cu(BF4), or Tf,0

oiefin isomers &
solvent adducts

RO

B 17 PRSI Y HR
Scheme 17 Stepwise oxidative dearomatization-ring-expanding
rearomatization
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O
MeO.
Me
H PhI(TFA),
MeN02
Y n

B 18 ODRE X
Scheme 18 ODRE reaction

2016 4F, Clayden @4 28k 1 — it 22 341
PRI n—n+3 9 & P PR IR IR G 1 & BRI SR
(Scheme 19). 1% W F T 55 530 N 3 C [ 324K 5E [m) 3L
¥, 44 H-RAL B C ZTACE TR B T, SRR
BT axt N-J5 BRI 3R A7 36 A% Bk 58 iy R AR B
A 8~12 JLIRK] 45.

n+3 NH2

| G On

saallNe)

R 45

BR19 n+3 4 HRM
Scheme 19 n+3 Ring expansion

2016 4F, X CoIniRE A PHRIE | H =P RA. B
B RN R AL TR I 1,24, 1,4-80 1,5-F
He B R R R SRS, RS BT R T S E
Wik 1,2- X0 Tl e AR B A s 7 B A ¥ A PR AR e ) —
SR HEAL SR, AT 2 2 A B- BT BEAL F 8% (Scheme
20). 7EULFEAE b, 1ZIREEIE T RIS &R 9~11 Juf,
DAt — DA N A FIR L3 R 48, BL4E R A AT Be
AR MR, 2R ICIRIE | DUREEIIR a-F2 5

IR, FETIERE 1,4-80 1,5-FRIETH T I v (Eq.
4).

R R=CFy Ny T, CiFs . RI
HO H CF,H, CF,CO,R RGOSR
( n=0,2,3 O CHO
R'l R
o SET
R HO (o 1,2(4,5)-formyl .
> H H migration 3 R
W _R T R
¢ Ri OH CHO

B 20 JAKa 1,2-FF ISR B RE AL A HL A N

Scheme 20 1,2-Formylfunctionalization of alkenes and syn-
thetic applications

n O
0
OH o
N l
R

o)
Loz @

O

R= CF3, Ts, C4F9, CFQH, N3

m=0,1,n=1~3

R

2016 4, X oG PR ZHBOHRE | —Fhid il R s AL
R A RS R =P . BB, BEEE Lo
SRR I 1,4-88 1,5-55 BRI KN, %
KPLCA GRS T 1,4-F0 1,5-05 35588, nI153)
PR RSHE R, B lRERIEE 2. ZRBAE 46
47 R EZ LN 1.0 0 1.2 % T, 78 CuCN (10
mol%) 1 EtOAc HF 60 ‘C T/ 12 h 152 E A 8~11
&Y 14 JuIA) 48 (Scheme 21).

2017 4E, X onif iRy s 7 iE i fE H
B ET R LA C—C B R @S 8~ 14 JuH M)
155y 1 B ) B (Scheme 22). %ML CuCN (10

X X
( ‘ _R2 @R
) =

- 47 O
¢ 0H
[ . ~__R' CuCN (10 mol%), EtOAc, 60 °C, 12 h
- m
46 m=0,1.n=0~3,6:X=C,O,N,S
A-N A = N3, CF3, P(O)Phy, S(O),R, C4Fg
XX
| R Rad
( _ Radical 1,4(5)-
N '«,OE aryl migration 1
[: 2 ° R? I
\WA
B 21 1480 1,5- D5 ST R T B
Scheme 21 1,4- or 1,5-Aryl migration/ring expansion
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BIHEFE SRR
R
! : R
Fégw‘w _/f’RW Cyclic alkenols (17,
JX), R=CFs HoT ]_ R W,
ol (X), 2= 5

BR 22 R OHHIETR AN G BN H]

Scheme 22 Remote radical vinyl migration and synthetic application

mol%) AMEAGTT, 1,4- ZRELE A, Wi m R LT
R (7 1A B R IR B s AR B A ORI . 2
MRz O RS FINLEE: S AP Qb 42t B
B, IEPEVEH I A PN R s s e, AT 21 i I
AW E i K B 5 0R 5 g SO0 AR A )
HhiEA K, HEAE LE B R AT SR H R S
TR/ R b AR M, 3 — 28 o A 54k
7 8~14 LI FE(Scheme 23).

R = CF3, C4Fg, CF,H

= R’
Qn, )R n=1~3,m=1~37 (™ |
HO § P 1o 8~ 14

®) |

Q. / R’ Cyclization 1,3(4,5)-vinyl
HO § ___exo & mlgrahon ‘
(X)Q—
Zi o

/7

B 23 LA R L
Scheme 23 Proposed mechanism for remote radical vinyl mi-
gration

Beckwith-Dowd 4 ¥ Jx 832152 & Bl H K IR AL S 4
) — PP 77k, 2012 4, Lupton /@ 2H B3F] H
Beckwith-Dowd ¥ ik e Ml 4% T — RINMEIR y-N
B, IR PR EY 2, SRR AT 5-exo-trig B 5-exo-dig
MEAEREH 6~10 TTH p- A BE(Scheme 24). 2018 4F,
Itoh RAZH PR E T #1675 3 1 Beckwith-Dowd 373 %
M. ERAHE T, P REST 20 h, DL HI R
(DMSO)YNER, K IW) 49 5% . 415 % B(EB)- 'ProNEt
BE, AR 50. VR HEW H R AL A EB?*
o EB *i% S L HL T#5F5(SET), S50 49 1) C—1 B2,
FEAE ) E R 51 S5 RBL, PR BE C—C SRR e R
A B (Scheme 25). 2020 4E, KRR ﬁéﬁ““?&fé?
H H A T30 AR B AE K I C—C RS
2 I W e AL T ) SRR, JF4E R T ANE T Beckwith-
Dowd #" ¥ [ b H C—C #ade 3 1k W 22 ) JEL AL

2018 4F, XCrn iR HBOMRIE T RS & T
FEAE R E IR () 5 e Co-N I, @il a3 9
IREE KR T R 75 S & & 8~11 JwH N
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[ i
( n=1or2
m=1,3~5
0] R I
o R= \H/
K/\Ph S
(
% Beckwith-Dowd J@\ 5-exo
o Expanswn

B 24 Beckwith-Dowd 3 FF 25 Bk ) B

Scheme 24 Cascade Beckwith-Dowd ring expansion/
cyclization
o}
o O
OR
OR
- 0]
n 1 a9 50

EB2* or EB™

B 25 Beckwith-Dowd #" 3
Scheme 25 Beckwith-Dowd ring expansion

W7 /7 %(Scheme 26). %7772 EA Ru(bpy);Cl*6H,O (1.5
mol%) AYefEAF, BI-OAc (1.5 equiv.) A%EALF, 1,2-—
A LLE(DCEY AR, #ALED X AYE, FiRRMSh
ATLAZRAF 9 JCIAFEY). IZ IR R R NI LEE R
A1 Ru(bpy)s B BI-OAc 1415 3 Ru(bpy)s* I BIe,
JERY) 52 Bl BISFIR B SA AT B e KL H 2k () 44 N, iz
HEH HES BT A R EE O, HRAE C—C HkR
BEFEE P, Rubpy)y” Sk P &AL TR
23 B A1) 53.

2018 4, XL oA IE T it = 5 E
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BI-OAc (1.5 equiv.)

Ru(bpy)3Cla-6H,0 (1.5 mol%)

i Toon DCE, rt., 5 h, blue LED
A n=1~3, Ar=m-CF3CeHs
o %2 -OAc
O-|CGH4COQH

RCO,H + BI* F% (
RCO,H + BI-OAc I

Ru(lll j
Ru( )*L Ru(ll)

O
53

B 26 Fid & b 2 A BE RS 8 20 U

Scheme 26

HHAEE S0 T WIS T AR R8, 5 5 — 5 &1k
A RIS (Eq. 5). Z3RN& 0 U T4 aeH3p: Jmad 4y
THHEBE 1,4-F1 1,5-f58 5B KT 71 = M(Eq.
6). %S AT B IR G B A 54 5 Togni’s ik
7 55 £ CuCN. Fil 25 1F TR 24 h ERREA 8~10
TEHHINFG 56.

OBn 0

Ny R? 0
:liﬁ/\/ Togni's reagent R1ﬂ\(")n/\/|\/\CF3 )
= 25°C N2
HO it n=1,2 N R
OBn
o
L __OBn FFs
' CucN
OH 4 0 ©)
1,4-dioxane
m o rt,24h \
54 55 FsC N+ 0Bn
56

2019 4F, Knowles PR BHRIE | —Fh DL 4 PR E
NIEY), Bronsted TR HEALT, #5t LED 4TS, O—
H ## B AT 184 BT % # (proton-coupled electron

Ir'" photocat.
Bronsted base
n _ blueLEDs

+1
H-atom donor
] HAT
o)
a\)/g\ exo- tr/g

R = Ar, HetAr

e

R Bronsted base
blue LEDs

J O—H PCET/Sscission

Ring-expansion strategies for synthesis of medium-sized lactams from ketones

transfer, PCET), 5E/n—+18n+2 ¥ ). %N
MM PCET A b 5t B R 2 R AT B I
2, R oS-I RS eI 5 T RN I R 45 A
Mﬁfz}ﬁt ST R — T C—C 8 16 n+-2 ¥ 3 e vE
PR, IR AR A B o2, A2
B IEAL B T (A4 CE Brensted B i FLHERR1E ] T i 1
IR n+2 T2, RN H R AR ]
Sl REIR TR LN n+1 ¥ F=Y)(Scheme 27).

2020 4F, PR EPMRE 7 — Rl c— c&%
b7 22 ) T f B T G R A P TR 1 A LA 2
Jiid. RNCE SCAEREAGEAT, 57 G N—H
b, ARt R Q, SR % AR S Oy HEFA
T T, HiafE S FIERHTI C—N 8, C—C
VR, TE BRI R T, &S, A
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