Journal of Organic Chemistry Research FHLILZEFI5, 2023, 11(4), 234-244 Hans X
Published Online December 2023 in Hans. https://www.hanspub.org/journal/jocr
https://doi.org/10.12677/jocr.2023.114023

s

FECopeEHIR HBIHIR

BHE, KEH
WHLITVE RS, A SRPRERL 220, WL &%

Wk H I 20234E9H11H; FHHM: 20234F12H21H; KA HB: 2023412 H29H

H E

CopeEHRIET 1,5 R IFEXRUEMAE — MRS ESEHABRMSRELE W —REHERMN, 1,5
ZIEKICope EF R AEA BRACE P R . TH7E K CopeEF T H KA A NN B, XKE
HR SR LS EIFER— AR MEREFT B R R —EHS, ACKEERTTEERK CopeEHERAT
IRV

X §Ei7]
CopeEHE, 1,5 M, HRTES

Study on Aromatic Cope Rearrangement
Reaction

Liying Ru*, Mengjiao Zhu

College of Chemistry and Materials Science, Zhejiang Normal University, Jinhua Zhejiang

Received: Sep. 11th, 2023; accepted: Dec. 21“, 2023; published: Dec. 29“‘, 2023

Abstract

Cope rearrangement is a class of rearrangement reactions in which 1,5-pentadiene compounds
are rearranged into carballyl structures through a cyclic transition state. The Cope rearrangement
of 1,5-pentadiene is widely used in synthetic chemistry. However, there are relatively few studies
on the Cope rearrangement of aromatics. This kind of rearrangement reaction is one or two ole-
fins of 1,5-pentadiene, which is part of the aromatic system. This paper will study the Cope rear-
rangement of this kind of aromatic system.
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1. 5l

Cope FHEZ AL 7 AL 1,5 % Wi [3,3] o-iTR AL HERO S, 7EXEMA, —4 o A
AR IR T PR SRS A — A o . 1 1940 AR RILLUK TR E AL . B0, MRS L
SERFTLI LT 03— B2 BIRRE R A6 ] [2] [3]. Cope HHEHE ZXLI—HAE (k25574 Cope &
HE[4], FErb 1,505 TP ) — A (/W Ko G TE 5 ER I o S S T HE A0V IR U IR R S S A
TIHEA, o T B R VTS R/ 50 C-H ThRRAL AL B A Bl Ak 53 ., Claisen 3t [3,3]  HEFIEH =X
Yo 22X LA SRV LKA TR 2 SRR 1 405065 P 35 5] [6] [7] [8] [9], 75 Cope BLHEAF LUAR IR 7 5%
3o 2% 5 A P T R T BT 9 1 S o A SO Bl Cope BRI A HEAT #R3F [10] [11] [12] [13],
WD B Jy RS, R SRR, A AT LB R AR S e G 561 [14] [15] [16] [17] [18].
2. SEMFE Cope EHIERMIHE
21 ARARBEFELSNH. SECHEFRREGHNEXRDEFTLEEH

Cope % NFE 1940~1941 455 YRHRIE T WA R IEHS AT A WU PR ISLAT AR 10— R 81 1,5- 0110
“SRRARRPIRPIRI R X RIS R A 4 “Cope HE” . BAERILZA), miA ARE
Yo i — G S T 55 A AT HEAT 95 8 Cope HE, 55— MBI T MR 18 SERTAL (e 0L SE BRI (2
1), AR ST T R R AR, A P R IR P e %, NTTZE T 2R 5 AT,
LT A ST M, S e TR PR — s R PE[19] [20]
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Figure 1. First aromatic Cope rearrangement achieved by phenanthrene derived substrates
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P EHEF=PICRE 82%, B ALtEF 73% I [21] [22] [23].
EtO,C EtO,.C
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Figure 2. Aromatic Cope rearrangement substrate range
2. 757 Cope EHIEYISERE
NC
MeO NC\<> MeO MO ‘
ISHEIES SO Ag
> Me
Me A Me
Me
a b
Base Ratio of product (a/b)
1 LiOAc 2.46
2 NaOAc 3.15
3 KOAc 2.63
4 Li,CO3 0.68
5 MgCO3 0.76
6 CaCO3 0.25
7 MgO 0.85
8 NaOH 0.92
9 NaOMe 1.75

Figure 3. Screening of base conditions for rearrangement reaction
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2017 4F José Gustavo Avila-Zarraga /NAR S T —Fh & IR E BB T8, XK T REmE—
SR EA XM SRR EY), KEZBOMERLER. RIERFER L. R, fELin =g
XA G AR AR IER), BRI KZ T AR IR )& O EFEAEH T\ T E R . %
INH— BT IR -1-05 H-2- CIR I T HE AR R 10 SOBE I R — 2P 855 75 & T Cope ELHEIMELE,
B b — MR Y SR, — 20 56 GRS R EE D5 R o il B R BT O ER 25 44 1R 7 R I A B
SERK Cope FEHEMFE S o I S BRURT SN 2% A B R 45 A A T e R X3 6, LAVl e AT 1% Cope I
B R X SR B A FE i, AT P AR S O AL S P B B 2RI R AL &

W 3 s, NaOAc F=AE T S BIWEE o 8 W68 R I I P8 02 — N4 ) A ) 2 Ll 431 1) S Bk [
1, PR E SRS EHR R, KT — @ iR E 2P IE BT . PR R, A1k E7E NaOAC
24 N 110°C B 12 h (40 1E] 4), BRI K S 2% 2 AR 0 1R B 2N 8] P B it 17 A RH 8 v LA PR B 0
F=¥). Cope BHAE A Bl & KA AR VZ M. [24] [25] [26]

NC

o, A o]
O - AN aa.
7 Me
Me ZaN Me

a b

Temperature (°C) Time (h) Yield (%) Ratio (a/b)

1 100 24 30 7.86
2 110 12 100 4.20
3 120 6 90 3.41
4 130 3 100 3.15
5 140 1 100 2.35
6 110 6 65 3.78

Figure 4. Screening of rearrangement reaction temperature and time

El 4. EHRRRE KA BRI

RSO A DL 60% IS8 T R FE MBI A B, AR 75 R A ] S R AR
DB R 95 7 IR AN 205 AR T30 T bk i 2 iz AR 2019 4F, Jon Tunge /NHIRIE T —Fh 753 2046
TR e & A A BA B 10 7 v, 57 S U IR AR 480 T 4 P RO A R 46 S a5 3 20 B3R TR e »
SEGRM, fE 150°C (DMSO) T, IRl s RnT LR Sk, BT IR RETFOCER, 43 B ah #4053 1
4= Cope HHHAS B SR B R IF 20 BRI =) (W11 5). [27] [28]

2022 4, Christophe Meyer 55 A\HRGE 7 —F HH (-7 52 M A bt IR o- B BEHEE 46 G AR B 1,2- A 530
PIkE, IXFPEERIIRES 5 K A= Cope F1 Winstein HHE, 732 FHURH) 1,4-28P J5 5 218 =AN ik du o i) — 4%
NS RN, B, XFPEA B IR LooikER, BA T D TP AT AR & A (A 6).
RELLE R T LIRS BN G A FF RN & F SR EHE G T & BB [29] [30]
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Figure 5. After the reactive conformation of arylvinylcyclopropane is formed by dynamic equilibrium, the aromatic Cope
rearrangement produces benzocycloheptene
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Figure 6. After the reactive conformation of arylvinylcyclopropane is formed by dynamic equilibrium, the aromatic Cope
rearrangement produces benzocycloheptene
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{R[3,3EHE LR E 75 F T RURE 22, BRI A T35 Bl ) = 45 SL P B 58 A M 7 B B 2 5 WAL O 3L 50
e, HESONTRMRIRML T — e iRtk [#75% Cope EHEAT LERIRA M4 N &4, Frelif -1
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Figure 7. Aromatic oxygen group Cope rearrangement

B 7. FESE Cope Ei

b RS i X AN G HE R P DG B R SR T O S VS (AR P AR L 7E 1979 4 Marvell
T AR H T B8 IX — R AR B A 2 DA R b 3l ) 2 B, SRR R A

1978~1980 (8], Jung K H (Rl FATIAE I B R L 1B 1 Cope EEHFTS THI HUAS S 1tk Jeg , A AR &5
A RIN[2.2. 1) Bk A2 3 1 B B o =R [R] I 2R AT I 05 R 4 o R B kO s 28 4k &0 L A0 Bk
FRILA, ERRRESPIEIUERE R EE L h, SR EHY5 3] 88%U 2 [31] [32] [33] [34].
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OH ‘ NaH
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Figure 8. Aromatic Cope rearrangement of norbornene compounds
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Figure 9. Aromatic Cope rearrangement of norbornene compounds
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i 5 NS FESE Cope EAFEY, W LARHRSCILIT & Cope EHFHIBN /1A MatG. 4G 0L EGIT, Rk
BRSO TR AR E [3 B EHR I IS, HAUPUXAN i e RSt 2 D e oRAR e I A R ik
e, A AR R, (UE I R AR IS A RESE DL DT A Cope HELHRIH SLE) ) ARk, &
AT HABRFIE R S5 . B0 B3R Jung At ) [ AT IHEE 1 (5] 8) &4 223 IR UK Aol AL S T s BX
55 % Cope HLHF, LA 2 55 B PRI 2 55 B AL IO RE R R DU 51 NI 25 S0 40 vl 38k [ A s 1 O
A LABEAR DT & i Cope FHFIZ) 112#[35] [36].

AR T 2ARATAE MRS, Cope HHFSNRCRE % . Uyehara J LIRS T T — ML AR ST fe ]
LS I 5 0 32 75 75 1 8k Cope EHE. 1131 10 IR & A — 78 B HIMF k45 BT 2R (AU AR [2.2.2]
SENIL YD, BMEST R AR AR, B R AERTE T INE ) 5T A A2k Cope HAE, SRR,

MeO O%ﬁ{ MeQ OMe
/_}
THF reflux
yield 10%

Figure 10. Aromatic Cope rearrangement of phenyl substrates reported by Uyehara
[# 10. Uyehara IREMFE RV L EF5F Cope EHF

FHHIA BT A2 75 & Cope BLHERLIEASHIM P SE L 70 AL 0 #w — N ar i T2 RIRRE 1o kD
XA BB R YE P VE F LEBCA BR . fildn, 131 10 o B i) SRR BitE, TEik5E 75 7 Cope
FAE, (HAR AT LA S8t . Karikomi Uyehara FT[R] 555 k3 Ff Cope BHERII I TR BRGS0

o EAE yield 88%

Figure 11. Aromatic Cope rearrangement with benzene substrates

11. BEFEWHIFEE Cope EHE

Hug A SHRIE T HUERRATA R 1,2- — 2R3 “RRRYI(n &l 12), EBPEInRGEIE T, A mis ™
W, €W KA 55 R [T 25 57 KA S PRl 400 0 i) e 57 R PRI 5 R T IS 2 7 A [ it 57 A v TR A 7
IRAEFAF A, PIR R R TTRES A P ANF . [37]

Base o\ /o : ’
—— (0] (@) —_— HO I OH HO I‘ OH

Figure 12. Electron donor facilitated aromatic Cope rearrangement of polycyclic compounds
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2016 F Matsumoto A IR S S T F -9 B AT 7R 445 I AL BE 1) 4% 1) 75 & 7Y Cope JE#I4E3d Cope
AR ORI FIE BRI AN RS, AR T AR 0 e R (] 13)0 RN B KA T — AN 25 B AR
ket F3,3 HHARNL, FNRPIFLAL T — /N B0 P IT M I R, A I Bl A T ) 22 (R 35 [38] [39]
[40].

0] F X
//Lx/”\ HO F KHMDS
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790 o
0 THF, -78 °C 0 THF, 0°C o
Figure 13. Application of Matsumoto et al. in Aromatic Cope Rearrangement

[#] 13. Matsumoto & A& Cope EHF S EARIN A

BEAh, %N COREX R AL P T R LB R R, 2020 SEARATIAR SR T T IXFE A AL (A
14), AIKEYAZ AT L FEER), T BRI EH Y02 a: b oy 111 FPITAh AR R A4 14 [38] -

F 0O
MgCl
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Figure 14. Application of Matsumoto et al. in Aromatic Cope Rearrangement
14. Matsumoto % A 72 Cope EHES EHIR A

AR 1,5-1 I AE 5 7 ik Cope BEAHEJT AT 7oA IR, 1R DA ARG+ 77 BLR FH T 2 2419016 1
2022 FARIE T —Fh Sz S Cope BEHEMHTBER (NI 15). BT E T E B 1A A R
(B 05 S A [ D B S5 MR, TSR R R RO P 2, S8 JLIRILHU(E =, DA BT AR B e it
W E AR R IR IR Z A 55 B S . IRk, JEIIASR S A= iR e 2N 2 S 8k ) 4 itk
ITERIRIM . [41] [42]

500r75°C
toluene, 12-24 h

Figure 15. Indole Dearomatic Cope Rearrangement
15. W5|MEBRFS Cope EHE
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