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Microwave Enhancement on Nazarov Cyclization
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Abstract

Nazarov cyclization, a conrotatory 4z electrocyclization reaction of a divinyl ketone through the formation of the
pentadienyl cation intermediate, is promoted by a Lewis acid to provide cyclopentenone. Our group has reported an
enhancement of a reaction rate based on a microwave specific effect. An activation of an equilibrium of conformers was
hypothesized and the microwave irradiation could formally increase a frequency of a formation of the suitable conformer,
resulting in the acceleration of the reaction rate. In this work, our strategy for the acceleration of the ring-closure in
Nazarov cyclization is the microwave-assisted activation of the equilibrium between conformers of the pentadienyl cation
intermediate. When a copper-catalyzed Nazarov cyclization using aryl vinyl ketone derivative containing 1,3-dicarbonyl
moiety was carried out under microwave irradiation conditions, the Nazarov cyclization was dramatically accelerated and
the kinetic rate by the microwave irradiation was 5.8 times higher than that by a conventional heating conditions. We
discussed about the microwave specific effect in terms of a reaction dynamics and the hypothesis of the conformational

equilibrium activation by the microwave specific effect was theoretically supported.
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Table 1: Temperature dependence of microwave enhance-

ment on racemization of biaryl lactone.

Racemization
—_—
THF, Temp.

P + M

Heat Block: HB
99% ee or

4
Bu with Microwave: MW
Entry? Temp./°C® g/ days® 7y / days 4 s/ taw
1 13 16.4 8.7 1.88
2 15 7.2 3.6 2.00
3 20 4.1 2.2 1.86
4 25 2.4 1.6 1.50
5 30 1.0 0.76 1.32

% The reactions were carried out on a 0.67 mmol scale under the
microwave conditions and the heat block conditions. ® The temperature
was monitored by a fiber-optic sensor (the microwave conditions) and a
thermocouple sensor (the heat block conditions). ¢ Half-life under the
heat block conditions. ¢ Half-life under the microwave conditions.
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Fig. 1: Nazarov cyclization and conformers of intermediate.
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Scheme 1: Nazarov cyclization catalyzed by Cu(OTf),.
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Fig. 2: Microwave reactor EYELA WavePro.
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Compound 2: '"H NMR (400 MHz, CDCl3) 5 7.09 (s, 1H), §
6.53 (s, 1H), § 6.19 (s, 1H), 8 6.02 (s, 3H), 5 5.40 (d, J=3.6
Hz, 1H), 5 3.98 (d, J=3.6 Hz, 1H), 5 3.87 (s, 3H), 5 3.80 (s,
3H), § 3.76 (s, 3H), & 3.45 (s, 3H). *C NMR (400 MHz,
CDCl3) & 198.0, 170.3, 160.6, 156.3, 154.5, 148.0, 129.1,
109.1, 104.6, 102.1, 91.2, 90.6, 59.9, 56.2, 55.3, 55.2, 52.5,
37.7.

3. &R
3-1. 24 nREHEFHOKEL

PIIRGTE LT, ARSI D iciie~ A 7 ail
MRS A BRE T D720, BOGKs 2 2 REfE, BOGIR
JE% 50 °CIZEE L, ~A 7 vt h(FH =L ¥ —
) 2B R TEREAT T, —ERFHE DOLERINR &
~A 7w OBMRBS TO~ A 7w RN L
— H:(absorbed energy) & ~ A 7 1 MG = L — &
(input energy) DFHBIIZ DUV TR T72 (3 2),

F20D, A 7w e L2anga, 2 Rk
DA 2 DIFRIL 52% Tho7(entry 1), ¥ 7 1
WHAORNE & 2 bz 2 DILRLBAEL, <A 71
B DI TOW LU TIINERA—E & 2o T, F iz,

Table. 2: Examination of microwave conditions.

Entry® InputE/W?® Absorbed E/W?®° Yield /% ¢
d
1 - - 52
2 7.83+£0.00 3.64 £ 0.00 47
3 15.52 +0.00 4.36 £ 0.00 60
4 27.56 = 1.06 8.10+0.56 59
5 41.70 + 0.00 11.34 £ 0.00 59
6 53.43+£2.29 13.35+0.37 65
7 66.69 + 0.00 15.15 £ 0.00 74
8 73.96 + 4.80 14.75 £0.72 72
9 89.97 + 1.61 14.15+0.51 74

2 Substrate (0.150 mmol) and Cu(OTf), (2 mol%) were used in
DCE (2.50 mL). Reaction temperature: 50 °C. Reaction time: 2 h.
MW irradiation was carried out using WavePro (GPS-1000C,
Calorie mode).'H NMR yield ((R)-limonene was used as

internal standard). ¢ Heat block conditions.
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Fig. 3: Time course of product yield 2 (Input E: 74 W,

reaction temperature: 50 °C).

Table 3: Temperature dependence of microwave enhance-

ment.

Temp. /°C  kyy /h! kyg /7! knew ! ki
35 0.16+0.01  0.027+0.004 58+0.9
40 0.23+0.04  0.063+0.003 3.6+0.6
45 0.39+0.03 0.16+0.01  24+02
50 0.63 +0.02 0294002  22+02

DEEICBIHI SN D Z ENbinoTn, T 35°C
BV kvuw/ kug=58+£09 720 ~A 7 o
FHZ XV FEIT 58 OIS KL E TV D Z &3
BN STz, FISHROBTRNAF—0/h S ek
TR EREIMED RN BEFIC 2D Z e b (F 1
THRBRDBEADN B L), ~A 7 a2z X5 Gn
HENIRDNIEBII R, T7rb b~ A 7 i fE R
BRI D Z LRI S DFER L 7R o T,

4 EER
4-1. FL=9RTAY Mk BT

~A 7 R OREEEENEME LIRS 5 L
IMEESGRTIX, ~ A 7 237 L=y 20Xz EBIF
DN A BE 525 LB 2 OGE I B
MO~ A 7 mERERAIRICE L TBE LT,

T L= 20T TH Y | EEEE b OIRFEK
e R 97[28]), 4 1IBHER -, E 1 REMH b= L ¥ —
THDHR: TIRTEE, T MocHEE),

k= Aexp (-E,/RT) (1)
BIOFRXTIFOHRIZQRD L HicEEN, Ink 5t UT
O7ay MIT V=R ay FELTHALNTND,

Ink =-E,/RT+1nA 2)
B LUNREIZR T DM EER A KD, TLr=uA7 1
v FEENT 22 L COENS E &2 Uhb A%
BHTHZ LN TE D, RIDHFEEET —F b,
~ A 7 2 IREHSIEMW) RS L ONEF INEGRHEHB)IZ
BILZT V=0T vy N LIZ(X4), £72. i
AN O THERL LTS UERR ), ()5, E &
A ZBZTNENFH LIZ(F 4), 728, BERC)IZOW T
#%ib+ 5, F4ICBNT, (@& b 60 °)CHHET
RRERO, ZIUTRTER Uiz~ A 7 v ok B R



JEMEA Journal Vol.4 (2020.11)

-7.5

(c) MW
(a)y = -9.4004x + 20.414
R?=0.9932

(c)y=-16.012x + 41.372
R?=0.5018

-85

‘Ea‘jh“‘--_
95

Ink/-

=105 |

HB

115 (b)y = -16.012x + 40.193
R?=0.9943

-12.5

3.08 3.14 3.20 3.26
(1T )% 108/ K-

Fig. 4: Arrhenius plot under MW or HB conditions.

Table 4: Arrhenius parameters (£,, A) for MW or HB condi-

tions.

(a (b) ©)
E, [KJmol'] 78 133 133
A[s"] 7.28x10° | 2.88x10"7 | 9.55x10"
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Table 5: Entropy of activation on MW or HB conditions.

Temperature AS]f/[W A4S EB
[°C] [JK'mol '] [JK-'mol']
35 90.7 80.7
40 90.6 80.6
45 90.4 80.5
50 90.3 80.3
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