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Abstract

The Diels-Alder reaction, as a classic method for constructing six-membered ring frameworks in
organic chemistry, holds an irreplaceable and important position in fields such as pharmaceutical
synthesis, functional materials development, and biomolecule modification due to its efficient ring-
forming characteristics and broad substrate applicability. In recent years, with the continuous in-
novation of catalytic technologies, this reaction has made groundbreaking progress in areas such
as catalytic system design, stereoselectivity regulation, and the development of green synthesis
pathways. This article focuses on catalytic systems and systematically reviews the latest research
achievements in metal-catalyzed, organic-catalyzed, and chiral-catalyzed Diels-Alder reactions in
recent years, aiming to provide strategic references for expanding its applications in cutting-edge
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fields such as complex molecule synthesis and novel material preparation.
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1. 5|8

I S5 R FH 2 BT B AR 73 1 T BRI BE ARAL OBE[ 1] X288 S REAEA LG Rl B
TR, BRGS0 5 AFAE T S P IS I 7 F AR =W [2] (3]0 BEAh, X NA] 4 Ak
%, BRI TN B —Fh o TR B K AN B AN AL T RS, BAP AR IR A
W, TS AN N RS, AT PR AEERAR 3 1+[4] [5]. Friedel-Crafts B2 %75 &, Diels-
Alder RIS TE RS TOIR, RPN e S IR BE[6] [7]0 IRk FAth ) U A i Ja R 1 s Iz fg —
AN RGBSy, B4 Bucherer-Bergs X N[8]+ Nazarov 3 L[9]. Pictet-Spengler ¥ [10]#1 Fischer-Indole %
[i[11]. Diels-Alder ¥ M8 B 4% H1 Otto Diels A1 Kurt Alder 76 1928 5E R FRH ). 1% NS 4 S
R IR I R IR SE, T R— AN 7S TGN, K= XAk S AN ST ARG AT R i ), il 1 pr
/N[12][13]. Diels-Alder K NEIEIZED AL “ IR BT ARYE BT A 0 )@ F0oE 0, AL mT LU
A FE SRS R SRR R B, TS ML T, SR AR TR AU, TSR A
—FERZ T T, A S 2R S, — B T BOE T ERH, e R A s
PR, RNEESIRE O, AT FEYIISIARA 0 1 R AR RS WIS LA 2 DL
THEASMI M E I[14] [15]. Diels-Alder W FEAPFIZEM: endo Al exo, F=HIMISLARIL S /S T0HA
HOBT T BRI o BRI B e [16]. ANFEZEAL Diels-Alder 8RR SN AT LR BT K (1) 0 Ao — 4k
UM AT 203, IR R . IEW ) Diels-Alder SN2 5 WL, ¥ RS0 @@ sk 17]. 3
Diels-Alder J 87 2&—/ M7 1) A5 — A8 BT ISR A R B[ 18], 115 Diels-Alder JRFZ&—
AR R T M 5 S A O TR R OR B RONI[19]. Lewis FRAEILH) Diels-Alder S VA< & AL 1)
Diels-Alder J 873 A H Lewis BRELE: & fh AR B0E — 4 Fl 5% —J157[20] [21]. 72 F M Diels-Alder <
LG R B 2 I AN A 2 A — 1 B N TR R IR A & [ 22]

1 — &1 — O
x Ng

Figure 1. Diels-Alder reaction
1. Diels-Alder & [

[4+ 2RI R AR A LA RO AR AN BT, B O 6 1 2 R IR =4 23R A s 4k
HEWe HREEE (1 2)2 6-9-WWE KM THC) ) —Fh & e, HHIR M5 THC MEATAY) Diels-
Alder RN . T 637 L0 B3 07 5L RSB AIIR o Bhah, Atk dr (] 2) & i me i A s X
PIFERE 2 [A]F) Diels-Alder [ B & B, Bl G #EAT GRS, F 1697 2 T Ae i A0l 20 ik o= 1 o [FIRE,
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Figure 2. Drug structures synthesized by [4 + 2] cycloaddition
B 2. [4 + )R INBL & AR B 2451

2. AEMELTIELR Diels-Alder KR
2.1. BILEKLTIMEL Diels-Alder K

2020 4F, FTIEREE /N [25)F F 2% Diels-Alder B, DL 2-8FE-4H- B )@ - OR 208 8 SRS
BT SH-TU 2, 3-b]tiE . R Cs:COs+ KoCOs. NaOH. DBU Z5AN[EBfA DMF. 2.1, HRZE AR [ E
FNT [ N AT A . FEFTE A AR 20 &0, DMF #1 DBU (7= %0, 1E 63%~84%2 [i)(&] 3), 2-4
Fe-AH-E 5 (5, 1 mol)AI(E)-1-F 48 FE-4-(2-H35)75(6, 2 mol)fE DBU f7F4EF, 7E 120°C NN 9 /M, &
V)23 W= s, N 84%. IXFNHT R AL & e A SH-B @ T [2, 3-bIMbBEdR AL 1 —FhSE 72,
A IR T R G5 S TR, B R 52 Pk R 4F AR 2 i Re il B, PRS2~
W5 T A E IME R 2R G EEA R

~

o DBU
N0, DMF
| . /@/\/
~ 120°C, 9h
0" "NH, g 84% yield
21 2.2

Figure 3. DBU catalyzed [4 + 2] cycloaddition reaction
3. DBU f#1LAI[4 + 23R N AR = K2

2023 4F, Beeck WFFt/NH[261JF KR T —Fhidid 2 4 50 RN & R BEEUC Y 1,2- A ZE50 7. EiX
B, AR MRk, BRSSO EESSTE USRI (THF) LA 6,10- - FH3£-9,10- 1l (Me,-DBA) i 5 i g Al
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FERE, (£ 65°CF & RBIEESE 1,2- A28, WWEW 2.7 177508 51% (18 4). 704 7 — R B
WERTAZ IR NI S B o SRTIT, 12 S N AA 8 AT TR 52 (SRR A JR PR, 4-F SRR RIS fe ME — —Fh AT L™ A2
Jrits PRI BRSO HARBREE AN BE S Mep-DBA JERUEC &4, AT BUY BB ESS -

see

Me,-DBA
H Amine, THF,
0 65°C (oil bath) (
N ﬁ/\/ . 2 .
N/
N—N -H,O /©/
_N2
24 25 2.6 51% yield 27 Another cyclic adduct

Figure 4. Me2 DBA catalyzed [4 + 2] cycloaddition reaction
4. Me2-DBA HEALEI[4 + 215/ AR & RL

2022 4, PEANIRBTTC/NA[27 1T T oS- A EFERER(H o- ATRE A A )5 1,2- 28 44-1,3 ZIEH
7 77 SR % Diels-Alder [N o PL o, S-ANHUFIBR B A28 — Wy, DR R B G T ANER) 3,6- —4-2H-
1,3,4-ME “IEATAEY) . MhAh, TEAMEBEMAEE T, XSG LA L 5,6- 4 -4H-1,3,4-18 " . R
AR K, DL KsPOs AHE, FARAIER, WA 99%, =0ia A A F i s m . KsPOs AR
PRHE T EE I, AT AE R N CREAZ RS AN BT I IR, a5 BRSO R 1,2-
TA-1,3- (2.8, 0.24 mmol) F AR iE(2.9, 0.2 mmol)7E K3PO4 (0.24 mmol)fA7E 5 FRAE = N M. 16 /)
IS, AL S 2.0 R RE, 53] 99%.

?Z S OEt $20Et
NH
- _N
N Z K3PO,4 N X
Br —_— |

| A + Toluene, RT | AN S
P 16 h
R/ 99% yield R/ Z
2.8 2.9 2.10

Figure 5. K3POs4 catalyzed [4 + 2] cycloaddition reaction
5. KsPO4 4L BI[4 + 21 ER N AR Iz KL

2019 4F, ZEXOUHIFFU/INHL 28 R FH s e e v 1) 445 0 et 5 A0 A e o TR JEAT 100 HE 7 75 SR 19 Diels-
Alder [ N 6) o SR, AU BB IR A A0 75 PT LAASE el TR S ] 5 04 P 6 1,2 2 R]o 5 308 H 55 SR 1) Diels-
Alder A A B UEREE R SR . 7EX SR, U RIS S, RIS AR R A
FEAE, RUNERIEYI R A 2R F A KRB ZEAFEAT T Ak, SRR, WA OB, HH &7
B =1(84%). &5 SBAEZHBEF, PA(E)-1,4- —2KFE T -3-4%-1-F7(0.13 mmol)F(E)-5-(4- 5 4 3) K -4-4-2,3-
(0.1 mmol) A EEAL, 7E 213 BIFEE T, fEEIR NERLED 2.4, ZE R 90%, ee {HA 92% (>20:1 dr).
ZR LR HER A A 5 A AR IR RR Y, e fg B RS =T L &R ANk, H
SFWUEREE R P2 S . 5 OMIPREMLL, 2R BRI T AR BoE s . thst, @t
FEVEAT W R A — 0 Ak, o] DA R B A AN RS SR A ME LAY

2019 4, ZfE R FT/INH 29 | FH X REAEAL TS B,y- AN EANERRZAN B,y- AN A -o- B BE HEAT 1 305 HL 1
72K (1) Diels-Alder Ko 1% BAE By B HAERENE, AR — S0 A 80 3R (99 %) AT At
IR (>99% ee)o AL TR 5B SR, 8 g 25 5T T o R A TR A AR 0 BE I R A AR . XU R
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Figure 6. Thiourea catalyzed [4 + 2] cycloaddition reaction

[ 6. FRARMEALEI4 + 2R AR KL

AL F(2.17)7E IR FAI(MeCN) 1 -40°C B 24 /INEF, AR R RIS =P IIICR N 98%, ee N 99%. U
7 Hs By-AHUFIEEZ(0.24 mmol)F B,y- AN Fl-a-BilE(0.2 mmol) 7 MeCN H15 14 /£-40°C T . 24
AN, AR FIAE S P0(2.18) 77 N 99%, ee A 95% (>95:5 dr). BILIZREIRER] T — RIS H=A
L F VR AT AR . thAh, MEPREE AR RAFIE KR, ESGHRAITREAYN RS
L[], I HH A TE ) 1 B S SRR R T 2 R 5 h) G i) R Je DA S 2 4+ R A

CFs
B vl
Y CFs3
S H K
o} Q N
o = \ /
N ~_Ph + 7 Catalyst 2.17
) 0
=N CH4CN, -40°C,
R 24h
2.15 2.16 99% yield

2.18
R = -CHg, -OCHj, -CI, -F

Figure 7. [4 + 2] cycloaddition reaction catalyzed by bifunctional catalyst

7. MINREELFIEILRI[4 + 2)5R M0 AR /2 KL

2022 4%, Chithanna W78/ 30138 = 2050 IRBA B T — F 41 1,330 Hil F0 VU S0 8 R 05| Wil & 1)
B-REa ik BRI A F R, 1,3-2F R B R TR I AE 1,4-F SR A[2.2.2]F i (DABCO) Al CH3NO,
(10 4E)VFAE TR . DABCO & —Figdt e AT, AT AR BOEAZ A, Sk 5o ik A s s,
HBEFTE I T LA o BT AR R B-X S R (A4, SRJG AT 77 A Diels-Alder MRIIRRCA BAL A -
Y 6-JR-4-FRFEEIR(1 24 S-FHEME-2- (1 &) RN -2--1-84(1.2 48 7E R 8 FTas 1 H 2 A
FIF L 4 /N, A& 2.22 77 R R, 35 92%. A HEMK-2,4- 8 A BU o it b 2 0d N-JRBE
HATE 0 IR AN NaBH, JEXF e BV SR, 19 2N IG[3, 2¢]EIRAT AL IR 4438

@
OH N
Br DABCO,
x o 0 CH3NO,
* Y + HaN
| Y, X
H (@)

Toluene, Reflux
4 h
219 2.20 2.21 92% yield

Figure 8. DABCO catalyzed [4 + 2] cycloaddition reaction
8. DABCO fE{LAI[4 + 23R MR R B

2022 4, EEHEHTTNBIHTIT 1 SRR H I o-IRK AT REACIRIE I 70 5 WIS B . 24
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KPR RZAE EON AFAE N T 110°C RPN, ST 1,4- 8% 1ZRNEHE )T A Diels-Alder %
JS2 .y J5T R MR it SR AL LR BT B R 1 C-C B R AL BEAT o 211 9 R, R (E)-4-(R3E((2)-3-1%
-3(3-MAE I )M A H ) S JE-4- 80 T 2-JA R IR (23)E AT 110°C\ EtN (4 HEMFAE T RN 20 /N, L&)
2.24 (77 E e, 3K 77%. BN RN AR BIfEBEIR 7564, R WM AIIE A . SR 1% 055
TS o- IR LI REAL IS SR 5 T BRI AL e 0T, A2 ) (R R A S VR K

0
| o~ o Ox O
o EtsN
Ph._N 110°C, toluene, /N O
~ V@\I 20 h, 7% yield PH |
Br
223 2.24

Figure 9. Et;N catalyzed [4 + 2] cycloaddition reaction
9. EuN B4LA[4 + 215 AR R R

2022 4F, FEITCHEF/INH32]HIR T AE[4 + 20PN BB H S FH A A s AR U e 1l 22 BOPR L g
e o DL N-ZREEIRIE IR SR — H B (2-4-2- 2K S8 AR N k), A4k 1 B2k, S5 R, DLBK
FREH(K2COs)s = ZJH(EGN). S L FE(DCE)M = ZBR(CF;SOsH) MR ARL, a] &R 95% K174, (ERRYEIR
BT, BAAA R TREIR AR, ATAESIRINEY . & 10 KR, (Z)-N-ZRE2R IR IR S(2.25, 0.1
mmol) - F B (2-41-2- % 2. 3% ) AL 1#(2.26, 0.2 mmol)7E KoCOs:EtsN (1:2)F1 DCE 538 e v 1 /N, 4R
JETEZER N CFSOsH ffk, &mAtEY 2.27 MR s, BE] 95%. &%E BTSN IRV & v
2, BRWAHA Z RN F R R, O AR A A SO B R A T B AT, AT HESAE G
BRI JFE A A R S AT, RSB AL R R T SR .

Ul O

KoCO3 / EtN (1:2)
ey | DCE, RT, 1h O
X N /S X (6]
N” \© + ® CF3SO3H, I
B2 RT, 5min N\
95% vyield

o
2.25 2.26 2.27

Figure 10. [4 + 2] cycloaddition reaction catalyzed by EtsN and K2COs
B 10. EsN #1 K2COs #EALEI[4 + 23R I Ak = R

2021 4E, WEHIERHE 58 /N33 148 DABCO (0.2 mmol)fE(E R, 7E AT T 1-(Q-FR R H)-3- 55k
PR bE-2 -85~ 1 - R A PR Joe e B e - 2 - R R TR P vl SR . o R IR PR B AE SRS S G B ], DABCO Fiffie
BEEEIRTTRR, MR BERT FE =T, SRS & 3 R )77 28 . AR (2.28, 1 mmol) FIAER Kt
%£(2.29, 1.5 mmol)7E DABCO fZ7E I H 2K B 36 /N, ALA4 2.30 ZEMy T AE M IR e, ik 31 54%
(B 11y SR, 2 2 R G 1 45 M 1 47 el AR TR G R T, AT HAth 28 AR 103& FH M AT HR 52

2.2. FHMENTIMEX Diels-Alder KM

2022 4, THATHUETTE /N34 8 T BERR (S-CPA), B3 1,3- 5 I 3- 203k 22 i3 e 1 7 R
i %-Diels-Alder N A T 2K HWEMESEMENE . TP AL RIS 2 VE A I MR AR — 50 0 T I i) s S et 3
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Figure 11. DABCO catalyzed [4 + 2] cycloaddition reaction
B 11. DABCO f1LEY[4 + 23R I AL R B2

HrE A . SRS R A IS PRI A BRI INE ). TEFE 12 H1, (B)-N-(6-1 R FE[d]MEmE-2-38) 7, /1%(2.31, 0.05
mmol) F(E)3-Z&3E-1H-Ef -l (2.32, 0.05 mmol)7E FHEBERR(2.33, 10 mol%) Al DCM 75 F, =i T &M 12
INEF, A ERAL G 2.34 IR B, N 83% (98% ee, >20:1 dr). mi A AREFIEAE1S1% 7 I AE & LA 4y
EMI A NANEY T BAH BENS, WG MRV SR UG T 7L 1 B A .

2, 4, 6-(I-Pr)3CeHy
o : &y
oh Y, 2, 4, 6-(i-Pr)3CeH,
OOy -
S ®
N
H

S)-CPA, 2.33 N .@
DCM /@ =N
RT, 12h Br S
83% yield

2.34

Figure 12. Chiral phosphoric acid catalyzed [4 + 2] cycloaddition reaction
B 12. FHBMBRELR4 + 23R MR

2022 4, Koay WFFL/NH[35]3IE T aurone fTAEM 1-H% —H#5(2.35, 0.1 mmol)5 3- 24 5EM|W(2.36,
0.18 mmol)fEALARIFR4 + 2]FR IR A B AR I MR fl & (1 DU e (14 13), 7228 RIF(99%). I HAEF
WRERAFAE R, AR R A I B ME AR 4 (I8 99% ee). SRTM, FHT-¥0H & R SRR 3- 2453405
WD, RIHZ R AN R 55 FEEUAR Y 3- 203505 Wk . CPA T8 i SV B B4 F 0 aurone ATAEH 1-fH4
TN 3- 207N e, R U 038 B 7 5R Diels-Alder N EAE RN . LAY 2.38 SETETFPERER
RIS (MS)FALE T, (R IRAIE T LA SBEAERHG Y, DCM (2:1) B 20 /NSRS, 9 99%,
ee N 92% (>20:1 dr).

C|C6H4

I
> oPOH
NH
4-CICqH, C 3
N F
(R)-CPA, 2.37
- o
an
Et,0: CHZCIz @:1) @
RT, 20 h

99% yield

Figure 13. Chiral phosphoric acid catalyzed [4 + 2] cycloaddition reaction
13. FHBBREWAI[4 + 2)EF AL R KL
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2.3. &BEWH Diels-Alder K

2022 F, Mendoza iff Fi/NH[36]LL Y(OTD); AT, F-1EML g XK Mk (PyBim) ATCAE, 8T o-4
Pk S SR (1) Diels-Alder AR T FHEEAIR O . 1277 52 T 4 35 Mk B 570 o R B AR A 7= p ol 75
R A -4-TF . LIRS M)A a- CBEEIRIAIN( M2 NEE, 5 Y(OThH; MR (PhCTE 23°C
RN 72 /NEE, ISR B ETE 90%. fEIE] 14 H1, BL2,3- T -1,3- RGO 3 T -1-06-2-3 2, 2-
K TRIE(2.40) 45K, 1E Y(OTD); Al PhCLAA4E T, 7E 23°C TR 46 /M, BL 99%F1 97%[1) ee A T
WEY) 2.41. B SHEHARAZRSEIRIF TR, ZSHLHEES K 2055 R SR g g5 4,
SRR 5 IR BRI S TR R e R IR N RT DL 2 Bl AN oo A R S SR A, A A
ZREMTF A I O I 45T T A SR, B 1A, Jb T R0 B SR IR AR A ) B ]

I Y(OTf)3 PhCI
23 C,46h "3 p
90% yield

241

Figure 14. Y(OTf); catalyzed [4 + 2] cycloaddition reaction
14. Y(OTH)s AL R[4 + 21FF IR L

2022 4, Ngamnishiporn #f 78/NH[37]#]IE T 7E Cu(OTH), MIAEAE R FIF T BRI i A0S0 e 11 431 17]
R A% Diels-Alder FR 18 N (1] 15)0 ZA4-DA SN AT T8 s fh 3-75 25 DU S 55 e, 5 s SR N 89%.
IR, 5 EI7E Cu(OTH: (20 mol%) I H (0. IMEWF, 1E90°CF, Z5EE/KE(0.2 mmol)ff 1,4-
TEEIFAI[L, 21Ky 3-E AL (2.42) FI(E)-1-ilFE-2-(2- R M3 K QA MAEAE R, LA 89% i i R
BRNED) 2.44. ZERIA OIS ZAFET R 2900 FRDIReM R, 120580 e I
AT HIE AR T A BOER

© )
.0 Cu(OTf),
©:/\§ ’ 7o Toluene, 90 °C N>
0 | o : 5
18 hr o
2.42 89% yield
NO,

244

Figure 15. [4 + 2] cycloaddition reaction catalyzed by Cu(OTf):
15. Cu(OTH): #EALEI[4 + 23RN B R 2

2022 4, R EBEF/INA 381 HRIE T 1E 4-F2FE-2- 20 5 R (1) BRIR 3 A1 o T8 75 JR W 2 (8] 3004 T PR A e
A L 75 5K 1) Diels-Alder RE(E] 16)0 [ORZAFARAMERI, EOTAF R DIERBEFNTREY, 15 2.47
IFEAE T2 95% =PI INEW) o ABRBRA T BR(4-52 R 1-2-J- 1-55) iR (2.45, 0.2 mmol)HI(E)-2-
(RN -2- k3L )-3- R FE T I 175 (2.46, 0.1 mmol)7E Pda(dba); FIAELE FAE IR FAERG A KD FIEFE &
YIRS 20~24 /NI, A A 2.48 TR ESCR N 92% (92% ee, 6:1 dr). [ a-FIEE/REISL, 2 MM
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RT, 20-24 hr Y
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Figure 16. Pd catalyzed [4 + 2] cycloaddition reaction
16. Pd 1L AI[4 + 23R AN AR R R

2021 %, Shcherbakov B 5t NH[391H] FH &(DIE MBI AN FUL (1) 7 Diels-Alder P11 BRI
A, AR 2,6- B SEMEE AU (] 17). AR LR =2 Rk 99%) & R . 81/ DCM. MeCN. H
IREEY T LA B SRRV 25 AL RV A R R S AT AR AL . BL DCM RIE 7], BA IPrAuCVAgNTE A fiE Ak 7l
AR, RN -8I%. thEW 2.51 HENE(2.49, 2.50)7E =i F/E DCM H (1] IPrAuCl/AgNTE /74E K LA
FEER(99%) B il . LRI LRl N-J5 3Lt ng SR FIA N IAERE S 5 OB, X345 0T LUE ik (X028 JEC 420 11 225
el 2 AR AR 2R ML e R 2, 1-a) W51 Wbk,  BEREIH 2 ZREILIN G TR R, NE 82tk . Mk
THERREE T FEE RS2 R,

QR
S=0 R IPrAuCI/AgNTf,
——N 2_\ — DCM X @]
/ \ + N—=N ——M > | _ \\S,R1
RZ_/ RT, 24 hr RQ/\N N [i]’ \\o
2.49
2.50 Ry

Figure 17. [4 + 2] cycloaddition reaction catalyzed by Au
B 17. Au L[4 + 23R A R R

2020 4, Stefaniak B 78 /NH[40 1R IE | 7 =560 T el REFIC &5 BOX BUfA MR T, fE
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Figure 18. Zn catalyzed [4 + 2] cycloaddition reaction
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Figure 19. Pd catalyzed [4 + 2] cycloaddition reaction
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Figure 20. Zeolite catalyzed [4 + 2] cycloaddition reaction
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Figure 21. Tandem [4 + 2] cycloaddition reaction
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