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Advances on the a- and B-Reactions of Deconjugated Butenolides

Zhou, Lin* Yang, Hong

Yang, Chuan
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(College of Chemistry and Environment, Southwest Minzu University, Chengdu 610041)

Abstract Developing the construction methods of y-lactone derivatives due to their anti-inflammatory, antitumor, anti-cancer
and other biological activities has important value in organic synthesis. Among them, the deconjugated butenolides have shown
great potential and advantages in the synthesis of y-lactone derivatives. As the direct and efficient method, it has attracted more
attentions of chemists, and is one of the hot topics of organic synthesis in recent years. The a- and f-reactions of deconjugated
butenolides are reviewed, in which the characteristics of various reaction systems and the mechanisms of some reactions are
discussed. At the same time, the future development is prospected in this field.

Keywords deconjugated butenolides; a-addition; f-addition; nucleophilic attack; cascade cyclization
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Figure 2 Reactivity comparison between 2-silyloxy furans, conjugated butenolides and deconjugated butenolides
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RN ARE KA. IXFH], HCL X M B A B i
F, ATAEREA HCL R B 58 T AR 3650 T 4% P I 1
1) a-H R, 43I0 HCLEF, ARG S BN R SLHi R
(EGNHCL), ki B30T 4 P B8 1B 7T =
T A R T R AL DR T AN AT RERI AL
PEFR: %%, EaN (REFIEILSE T % A EE 1 55 IR e
I T T ER IM-1 AT EGNTH. AR S, A
1 IM-1 A2 BRE N o-17 3E X a-BAER B 23 (BB, [H
i, EGN'H ¥ H S5 HIEE LS, AR oy- U )&
IM-7, IM-7 i85 45— o-H, JRAI#% EtN BifR, Tk
ouy- IR A B 47 B 1 [ 4R IM-8 R Bt;NTH. $2
Tk, EGN H ¥ H B 2 0 1 251 IM-8 (1) p-iK, £
PR T2 ap- BRI T 1 N B AT 4242 24 (Scheme 8).

AL, I RIMAEARF RS T, a-4 )3 A EE 1a 78
AT 5 = 5 H 3 U 25 A HLHE a-Aldol i AR BR S
B, AR ay- BT IENEERTEY 26
(Scheme 9).

Et3N (10 mol%)

¢ Ph™ "CFs DCE, 30°C, 18 h
1a 25
(0]
O (0]
(0]

=@ OH * \ K OH

Ph” “CF,4 Ph” “CF,4

a-adduct yadduct
85% yle'd, >19/1 rr21/21'

26 26’

B 9 o-HHAAMS =Zm PR ERE o inpe B
Fatk

Scheme 9 Direct a-addition cascade isomerization of a-ange-
lica lactone with trifluoromethylacetophenone

1.5 FEZER BRI

2017 4, Zhou FI Lan S5R71F) F =V MERRR AT 25 14 77 15
Jie C2, SEILT AEILHE T A AN EE 1 540 H £ (0-QMs)
27 FIASKIFR o- B HR 1 23 N R AC 4 OS2, 7E 10 mol%
WER 7RG C2 NfELLFT, 30 “CF CHCL W e, JLF
PLRE B M IA 99% ee I 11.3/1 dr A3 RIS
ANE SRR T 0 34- T ABF S EATEY 28
(Scheme 10). #R¥ELAMEIRIE, 1EHRYIGEE: JELH5T
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MBS 15 0-QMs 22 PSRN, it T8 28 & A AE
AEILHE T H R 1 1 p-0r, ARE B THhEk, Hoxt
SRE A AT N B RE S, KA TN oxo-Michael Sl
%, 52T WERFAATAY 28" (Scheme 10, path a). 2R
M, F5E EET T AR T B 1 5074 B 0-QMs
1) eIk, HEmRAD T WIS, K 34-—AFT
% 28 (Scheme 10, path b).

RN, TSNS GBAT A B NR R 77 B A Re
WAZ R BL, ABARE T 5 e AT A=, B RAT A= 0 (0 Sz Ak
I BE 0859, AR WU ee Ml dr M. HE— %8k
I, FEFRURE SRS AR B i B 1 A B, 5 X
FEHEXTBLIEREME, CHCL & B R R BIEF. %A R
BHBIG RS EE, SERMAET, SFPERH
(1-F 2R Je ) 25 W 135 DA 12 14D 7 3R R R4 PR ST AR i
PEPEAE UM B A S RATAEY) 28, Hidh, ZRIF EEUR
L DA RO INVANE| SO Svik = E ¥ SR SN A I 1S EE N 1]
RPN dr W BAR T XL SR AR 24, AT fRg )R
Rl 247 BUAREE B BRI 2= (B AL BE, ASF)F 37 k4
il Ak, FH(L-FR B KB T AR B AR (- R e )
Z5W, SOSERVE PRSI PR R B2 N R 5 — 5T,
EFLHE T I TR 1 - s B AR ek B R 7R B
AL, 2 g 77 U, SR A E % i ise 4
P I 2 BRI

NT T IZI AT R I o- X ORI, 1R X
SR REAT T % RV R B (DFT) vF A28, e %2 Fhoad 3
B SEORIL, a- NG REA IR 2 e I AR T 9-
bk, Az 8.8 Al 19.3 kI/mol(B Ak &5 5
30). RIGAIESE, 1% s B 1 X 3 428 M P S A Rl A 3R
WS, o-INARTEREE LR IIA R, DFT 15550504,
—3.

2019 4, Xiao, Lu F1 Lan 25270 H 4% Pd-P-S At &
Y L1 A AR, SeEl T AR T A NER 1 5206
FEHUR IR E I RS 29 FIARKIFR o4 74 2k BUA HR Bk
T NEARIRIL, FRAG RIS AN E LB T 1 O )
3,4- S WEMRER 51 A9 30 (Scheme 11). {EFHEM: R
AR PAO-P,S FLAYS C MR BRI IR & 2 F AR R
29 JkAESEAL IR A PAME 1,41 B Uk o A 4
IM-9. $:5, FEHBIT MBS 1 1 a-f75 IM-9 KAEAR
AR LB, FESLB AR, SRE T o-fHH
B A )24 IM-10, 3 6 50 B 5 A4 PAO-P.S i &
Y, IM-10 K50+ W2 A5 31 3,4- SRR 30.

EZRRIN, ZFTFIE P-S lifA S Pd JE AL A
e & 3 e A % S B, AEARES T F itk 5 K 2 ki 2k
P-S Fitk, FUEBEZEATAER K 2K P-SFifk L1 A
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Scheme 10 Direct a-addition cascade transesterification of deconjugated butenolides with 0-QMs
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Scheme 11 Direct a-addition cascade aminolysis of deconjugated butenolides with cyclic vinyl carbamates
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o 8- BRI i H 7 R0 %o of ek A AN ) i, 5
B 8- Ak L AR Bl R PR ARG A 52 T H B 6o Bl i
FYE. o7, BT AR 1 BRI 2 R
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\_Cy <>

; o0 v
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Scheme 12  a-Substitution cascade aminolysis of deconjugated butenolides with cyclic propargylic carbamates
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34 (Scheme 13). fE& FAIBAR: p-HUARIEILHE T 45 4 g
1T TERPE 6 T 5 N-B AR T e W Jie 33 OB, TiHTE
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Scheme 13 Direct a-bis-sulfenylation of deconjugated bu-
tenolides
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A (Me, OMe) sk HL(CL, Br) B IE 1) N-6iAC T ik
TEH% 33 25 RE LA 3 1177 22 (78 % ~ 96 %) A= LA L H #57™
Y. JFE(Et, Bn) U BIBRAR AR e A 2R I B, AHE
B, A5 5 PR 2 IR (55%, 67%) A AR =4,
FRESRIE T, N-BRARAE A — H BRIV 7R DL 85% M) 77 %4
R B, WAk, AEFHIEELR T o- I RE-p- R B4R IR0
TIENES 1e FIBACR L, RIIBURH N-BAR T B
Jliz 33 H5 A LA 5 7% 22 (88% ~98%) A AR . ar- BALBRAX,
T I BERTAER) 35 (Scheme 14).
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1c

;leSRZ J\/\O)<SR2
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Scheme 14 Direct a-sulfenylation of a-methyl-y-phenyl decon-
jugated butenolides
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le MEAAKIFR a-BRfCR AT THISIRE, L N-Fi
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fAEF, CHCL 1 10 ‘C FJRAL 5 h, Bh 98%[lie %R,
42% ee 'ERABRTEY) 35ca. JLE H TR
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Scheme 15 Catalytic asymmetric a-sulfenylation of a-methyl-
y-phenyl deconjugated butenolides
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Scheme 16 Direct 5-1,6-conjugate addition of deconjugated butenolides with p-quinone methides
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38, JHZ YA EwOBF; I, JUT-A&HA A =9 38.
MR T HEERE, Bi(OTH: BA BN RE, [F55
AN BRSPS, R, VAR N R
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Scheme 17 f-Aldol condensation cascade transesterification of deconjugated butenolides with alkyl aldehydes
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Scheme 18 Direct f-addition cascade intramolecular ammonolysis cyclization of a-angelicalactone
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Rhodamine 6G fEE F Al 5 W W5 GHEST T, H R ERHES 44
WSk, R A RV IE IM-15, 3ET S a-24 N g
1a &A= f-Mannich ISR 671 N RN, A2 BB
AL e AT AR 43, FCARSATE T ik G fd FH 4 @ fi AL
. BRI ZMOLE I, {H Rhoda-
mine 6G EA B, FRELF. FR, 2500787
BIRe AR B, {2 HoSO4 18R S2 s R AT, 1 1EE AL
KR EBEH IR &V, RSN, SRy
HUAR H BRI 44 268 UL 251072 2 (31%~72%) 4 R H
FRreW 43, B4, HARREE 44 MBI MG PEA R
Kim, MHEF COOEt, H &l (COOMe, COOPr,
COO"Bu, COOBn, COOPh %§)JE4) (35 1t B S PG, 4R
M, WA 2 U IR H &R EE 44 158 K A2 b
WM _LE a-H )TN EE 1a 251 f-Mannich I
BRIRAL I N, TV A B2 10 = 2143 e B o 2 A AL AR G,
BT T AR SRS, FAZ O A2 S T BT e v [ 7=
Y IM-15, 5 a-24V)AW G 1a &2 Mannich JnEE %
SRR IM-16, BEi AR E S FNEM, REE
FR I e 43, DX E TS0 18] =40 TM-1S R TR B 7
2y )
S RPN FFEMAE 41 5% Lewis FREL
Bronsted B34 I P4 B BR S 42 & 25 D0 i B, TR A ik
T E =4 IM-15; 285, o- 24V 1a 7 X
FERZRF, H ﬁ-{ji(ﬂ‘ IM-15 3% 3 % (Mannich),

CuCl, (5 mol%)
H,S0O,4 (10 mol/L, 50 mol% 22 examples
MeCN, air, r.t. R2 36% ~80% yield
Ho § @) i}
N
1\)kOR2 A
R + o
@)
44 1a (b) Rh-6G (5 mol%)
H280, ( 40 mol% 18 examples
MeCN, air, r.t. R2 27% ~ 72% yield
5 W blue LEDs

BR 19 o201 P s H 2RISR 1A SR TR AR TR U

Scheme 19  Aerobic oxidative cross-coupling cascade aminolysis of a-angelicalactone with glycine esters
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Scheme 20 Proposed mechanism of the f-addition cascade ammonolysis cyclization of a-angelicalactone

WA IM-16; FJ5, IM-16 KA TN EAAE
MIAMEF=H) 38 (Scheme 20, path a). FALIHECESIE N:
HABREE 44 KA B LA A BRIV JZ 18 =4
IM-15, J54E p-Mannich filfH B2 T W R AL 564
#H1F](Scheme 20, path b).
23 By-WEREHK
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FIN B RIE 9o AT s 5 Z PPl B, F T i
C—O0 5{ C—N #P. BAR, »-BURAEIL B T /AR 1 5
WASEALA DI Aldol sy, WK AR T H AL T
WA, ATk, 2019 4F, Baidya Al S0
Cu(OTf),, SEPL T ARSLHE T/ AR 1 5 ASEAL AP 45
(1 By-XUE BeAL B, 31T R - Ee-y- R UK T 4
WEEATAEY) 46. 40 Scheme 21 iz, BL CHLCL 1RV 7,

76 No A5 S F1 5 mol% Cu(OTh), AL R, AEILHE T H A
B 1 52 MnO, S AL JEAL A BRI RS AL 59 45 v,
7E IR T DML R IR (85%~96%) 2 4 By-AUE
REAL IR =) 46. 52 IL: A MnO, & LAk
7, [FIEFZ5h Lewis BR[41 Fe(OTf)s, In(OTH)s, Sc(OTh):
A1 La(OTH); S ReMEAIZ MY, H Cu(OTH), EHLHE
RS AL RLRE, RIZ40F T LTl &R AE K H
FRr=4) 46. [FIEF, WEFITRAT RN BB, {8 I
AT (A0 CHSCN, THF 4§), S5  E FAR, 0
155 FAEB VR 55 PhCH; B 58 M 1435 77 (CH3OH, DMF A
DMSO 5, RNAKA. RV E ML Z R T
FEIRY) 45 D58 IR 0 fL T RSN B SOV LA
SO Js B R PR AN X IE R, K2 05 RERY) 45 YR
DLRUF =26, AR5 IR X IR 2R A B,y- BUE AL =)

2,
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Scheme 21 p,y-Bifunctional reaction of deconjugated butenolides with nitrosocarbonyl compounds
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5109 By-XUE Bt =B, FERE T8 A 7807 ).
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i, o o-fr F5 & MR ERGIER, ARAERL a- a2
FEN(E RN SRR B A, i — DAk
RN - BEATAE Y (0u,y-X Michael JIIRR o0 Hf G
W a-MEER BRI a-BUC B BEMLAE). M T
o-Pr L, ARSLHE T @ N B B-0r R N T LR A,
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B0 T I e -0 S SR 5 B B AR S R, oA
BB S AR AE 2 PR, FRATTIA N LR L A 15 2k
(1) -0 B 75 BRI, X R U b & ek B
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