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Synthesis of 5-lodomethyl Dihydrofurans via -Butyl Hydroperoxide-
Induced Lodocyclization of Olefinic Dicarbonyl Compounds with |,
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Abstract A new method for the iodocyclization of olefinic dicarbonyl compounds with z-butyl hydroperoxide (TBHP) and I,
was developed. The in situ generated hypoiodous acid and ‘BuOI were used as active iodine cation reagents. This method al-
lowed the synthesis of polysubstituted 5-iodomethyldihydrofurans under mild reaction conditions with cheap reagents and high

NOTE

atom economy.
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Figure 1 Iodoenol cyclization reaction with iodine reagents

TR, DAL ) AR 2 PR 26 R(0.5 equiv. 1, F
2.0 equiv. TBHP, H,O A¥EH, Eik R M)#ETR  RE
ZERUL 17% M5 B USRS T HAsr=4) 2-K2k-3-2K
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Table 1 Optimization of reaction conditions

O O |
Ph)P)LPh 1 oidan m£§
solvent, r.t., 12 h Ph X
| o Ph
1a 2a
Entry Solvent Oxidant Isolated yield/%
1 H,0 TBHP 17
2 DCM TBHP 24
3 DMF TBHP 0
4 MeCN TBHP 72
5 Acetone TBHP 21
6 EtOAc TBHP 47
7 DMSO TBHP 18
8 Neat TBHP 31
9 MeCN TBHP 67
10°¢ MeCN TBHP 56
11 MeCN DTBP 61
12 MeCN m-CPBA 42
13 MeCN H,0, 20
14¢ MeCN TBHP N.R.

“ Reaction conditions: 1a (0.2 mmol, 1.0 equiv.), I (0.1 mmol, 0.5 equiv.),
oxidant (0.4 mmol, 2.0 equiv.) in 2.0 mL solvent. ® 0.6 equiv. of I, was used.
€ 0.4 equiv. of I, was used. ¢ "BuyIN (1.0 equiv.) instead of I,.

NT 25 TRZR B, T T — &5
SEEO (R 3). Bk, TEARMERN RO 2 equiv.i H H %
FFRA 2,6- BT Fe-4- KT (BHT), S A HNH,
LA 76% IR 3RAT =4, A 1ZIEFE AT REAN IS K2 A
HERLAEEPA(FK 3, Entry 1), e, TERRHERS PN 2
equiv. 2,2,6,6-V1 FEIRIE Z A MA)(TEMPO), RIVAEE
HAT, MAEHA TBHP &N RN TEMPO, <M A]
PLiEAT, 2R TBHP 5 1, S B JR AT B i P 7R
R A1 ‘BuOl 7] RE# TEMPO #3423 3, Entries 2, 3).
g, fEANAIN TBHP MIEBL R, (6 1 equiv. B H L,
LA 30% IR =) (R 3, Entry 4), REIALH
I/TBHP R &AE I L-n &AWL TR R
&[l]'
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Table 2 Application scope of the olefinic dicarbonyl com-
pounds
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| |
1 O
o o R =~
R R2 0 R?
1 R'=R*=Ph (1a) R'=R*=Ph (2a) 72 (509
5 R'=R?=4-MeOC¢H, R'=R*=4-MecOC4H, 7

(1b) (2b)

3 R'=R’=4-MeC¢H, (1¢) R'=R*=4-MeC¢H, (2¢) 70
4 R'=R*=4-CIC¢H, (1d) R'=R*=4-CIC¢H, 2d) 70
5 R'=R’=4-BrC¢H, (1e) R'=R?’=4-BrC¢H, (2¢) 67
6 R'=R’=4-FC¢H, (1f) R'=R*=4-FC¢H, (2f) 71
7 R'=O0Et,R*=Ph (1g) R'=OEt, R*=Ph (2g) 49
8 R'=OEt,R*=Me (1h) R'=O0Et, R*=Me (2h) 89
o o}
=
9 65
0 o
1i 2i
(6] (6] Me
|
Ph Ph o
10 Me Ph 86
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11 Pho s O 77
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12 o) 33¢
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“ Reaction conditions: 1 (0.2 mmol), I, (0.1 mmol, 0.5 equiv.), TBHP (0.4
mmol, 2.0 equiv., 70% aqueous solution) in MeCN (2.0 mL). *Isolared yield.
¢Reaction was run on 2.0 mmol scale. ¢ The isolated yield of 21
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Table 3 Control experiments

I, (0.5 equiv.)
_—

o O  MeCN,rt,12h O A ©
Ph Ph Ph  Ph
1a 2a
Entry Additives (2 euqiv.) TBHP Yield”/%
1 BHT N, 76
TEMPO N, Trace
3 TEMPO X 19
4° X X 30
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“ Reaction conditions: 1 (0.2 mmol), I, (0.1 mmol, 0.5 equiv.), TBHP (0.4
mmol, 2.0 equiv., 70% aqueous solution) in MeCN (2.0 mL). *Isolared yield.
1.0 equiv. of I used.
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MIEER(200~300 H)ATE &5 RFIEIRA R A=,
JEMT I FH BB LR CERACA BRI RE Y 60~
90 C)¥ N Tk, & mEATHRACHE. A s A3 1)
S E AT (TLC) Iy i,

'H NMR & C NMR US55 Bt FHAX % 4 Bruker
Avance 500 B (Fi-I)RESLIRAGI €, =il T LU
DB = AN, "H NMR DAY ke
PIAR(S 0), °C NMR PUTAR S SRR F R AR Y
FR (5 77/39); 1 43 HE TS M % BT A FH A 28 9 Bmker
Apexll B FACHE (BT Y5); 45 w000 € 18 FH AR HE AL XL
TR A PR A A A P21 X-4 B B RAUE &
A TR SCHRFRE (1 75 1253804 T B P20,

3.2 ZWHE

TE R RO A AR M N 2640 1,3- 3B G
(1a~11, 0.2 mmol), I, (0.1 mmol), TBHP (0.4 mmol)Fl
MeCN (2 mL). ¥ MR EWEZER T 12 h 5,
WA IR NayS,0; 7K ¥ ‘?{Tz(lo mL)}JF}ﬂ
EtOAc (15 mLX3)ZHL, &IFANEIH KGR0
mL X2), SREHNZEH K NaySO, THRIFIRY, HhR
MG RERAE E A aifh, 8 A MR 28 CBRRR S
(V2 V=50 1~1: DIERBEBR, 15279 5-Mr
AR (2a~21).

S-FIFR L2 DR -3- R FH R R -4,5- AR IRI (2a):
AR, P2 72%. mp. 104~106 COCEME!: 97.5~
99.5 °C); '"H NMR (500 MHz, CDCl;) 0: 7.45 (d, J=8.2
Hz, 2H), 7.24~7.15 (m, 4H), 7.08 (d, J=7.4 Hz, 2H),
7.05 (d, J=7.3 Hz, 2H), 4.90~4.85 (m, 1H), 3.53~3.47
(m, 3H), 3.08 (dd, J=15.5, 7.0 Hz, 1H); *C NMR (126
MHz, CDCl3) 6: 193.15, 164.84, 138.77, 131.23, 130.10,
129.72, 129.26, 128.90, 127.66, 127.65, 111.66, 79.94,
39.15, 8.75.

5- B PR 3R -2-(4- FH AR R R R )-3-(4- AR OR T I
$)-4,5- AWK B EREUE, 72K 73%. 'H
NMR (500 MHz, CDCly) 6: 7.53 (d, J=8.8 Hz, 2H), 7.22
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(d, J=8.8Hz, 2H), 6.64 (d, J=6.0 Hz, 2H), 6.62 (d, J=6.1
Hz, 2H), 4.88~4.78 (m, 1H), 3.75 (s, 3H), 3.73 (s, 3H),
3.49~3.47 (m, 2H), 3.47~3.42 (m, 1H), 3.04 (dd, J=
15.3, 7.0 Hz, 1H); *C NMR (126 MHz, CDCl;) d: 192.06,
163.15, 162.34, 160.95, 131.49, 131.29, 130.95, 122.28,
113.25, 113.13, 109.98, 79.62, 55.34, 55.29, 39.67, 8.71.

5- it FFY 35k -2 (4 F 35 2 35 )-3-(4- 01k % PTG 3 )-4,5-
TEMRIR Q)M LR, 2% 70%. 'H NMR
(500 MHz, CDCl3) 6: 7.40 (d, J=8.1 Hz, 2H), 7.14 (d, J=
8.1 Hz, 2H), 6.91 (d, J=8.0 Hz, 2H), 6.89 (d, /=8.0 Hz,
2H), 4.87~4.82 (m, 1H), 3.48 (d, J=5.5 Hz, 2H), 3.47~
3.42 (m, 1H), 3.05 (dd, J=15.4, 7.0 Hz, 1H), 2.25 (s, 3H),
2.24 (s, 3H); “C NMR (126 MHz, CDCl;) §: 192.98,
164.09, 141.83, 140.29, 136.12, 129.15, 129.07, 128.37,
128.32, 126.92, 110.81, 79.77, 39.42, 21.38, 21.32, 8.65.

S-ft 3 2 (4- SR 3 -3-(4- UK R 3L )-4,5- &
Bmg(2d): FAEE, 775 70%. mp. 120~122 ‘COCHL
1 113.7~115.9 °C); 'H NMR (500 MHz, CDCl;) &:
7.41 (d, J=8.5 Hz, 2H), 7.17 (d, J=8.6 Hz, 2H), 7.12~
7.08 (m, 4H), 4.88~4.82 (m, 1H), 3.54~3.39 (m, 3H),
3.04 (dd, J=15.5, 7.0 Hz, 1H); "C NMR (126 MHz,
CDCly) d: 191.37, 163.45, 137.86, 136.95, 136.58, 130.50,
130.26, 128.16, 128.13, 127.95, 111.79, 79.95, 39.23, 8.70.

5- L F 3 2 (4- YR AR FL)-3-(4- R 7 R B 3 )-4,5-
BRmg(2e): FIAFEIE, 77% 67%. mp. 124~125 ‘COCHR
12 117.5~120.0 "C); 'H NMR (500 MHz, CDCl;) 6:
7.35 (d, J=8.6 Hz, 2H), 7.32~7.28 (m, 4H), 7.12 (d, J=
8.5 Hz, 2H), 4.92~4.83 (m, 1H), 3.56~3.43 (m, 3H), 3.05
(dd, J=15.5, 7.0 Hz, 1H); *C NMR (126 MHz, CDCl;) ¢:
191.56, 163.66, 137.41, 131.20, 131.16, 130.68, 130.41,
128.42, 126.46, 125.04, 111.91, 80.03, 39.25, 8.68.

S Bt 3 2 (4- G R 3 )-3-(4- UK W R 3 )-4,5- &
Wmg2f): AEEAE, P22 71%. mp. 104~105 ‘COCHk
1% 85.9~88.8 ‘C); 'H NMR (500 MHz, CDCl;) &:
7.50~7.45 (m, 2H), 7.24~7.19 (m, 2H), 6.84~6.75 (m,
4H), 4.88~4.83 (m, 1H), 3.54~3.45 (m, 3H), 3.05 (dd,
J=15.5, 7.0 Hz, 1H); *C NMR (126 MHz, CDCl;) §:
191.35, 165.14 (d, Jo—=122.5 Hz), 163.51, 163.23 (d,
Je-r=122.5 Hz), 134.90 (d, Jor=3.1 Hz), 131.41 (d,
Je—r=5.0 Hz), 13135 (d, Jo—r=6.3 Hz), 125.80 (d,
Je—r=3.4 Hz), 115.06 (d, J—r=13.9 Hz), 114.87 (d,
Je—r=13.9 Hz), 111.46, 79.86, 39.22, 8.74.

5-ll R 3 -3 2, SR I 3 -2- T 3 -4, 5- AWk IR (2g)!
T HPIRBAA, 725 49%. "H NMR (500 MHz, CDCl;) 6:
7.78 (dd, J=8.1, 1.4 Hz, 2H), 7.46~7.35 (m, 3H), 4.84~

Chin. J. Org. Chem. 2020, 40, 1033~1037
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476 (m, 1H), 4.14 (q, J=7.1 Hz, 2H), 3.46~3.37 (m,
2H), 3.29 (dd, J=15.5, 10.3 Hz, 1H), 2.91 (dd. J=15.6,
7.0 Hz, 1H), 1.22 (t, J=7.1 Hz, 3H); >C NMR (126 MHz,
CDCly) 6: 164.96, 164.29, 130.47, 129.70, 129.32, 127.64,
102.22, 79.80, 59.92, 37.81, 14.23, 8.59.

Sl R -2 -3 2 SR Bk 2 -4, 5- AWk (2h):
AR, 2% 89%. m.p. 64~65 C(CLHRIERY: 62~
65 C); '"H NMR (500 MHz, CDCl5) ¢: 4.68 (dtd, J=102,
6.9, 5.0 Hz 1H), 4.17 (g, J=7.1 Hz, 2H), 3.29 (ddd, J=
17.1, 10.2, 6.0 Hz, 2H), 3.06~2.99 (m, 1H), 2.69~2.60
(m, 1H), 2.19 (t, J=1.6 Hz, 3H), 1.28 (t, J=7.1 Hz, 3H);
C NMR (126 MHz, CDCly) 6: 167.22, 165.87, 101.88,
80.55, 59.65, 36.10, 14.46, 14.09, 8.57.

2-fL R 3-3,5,6,7- DU S 4 F Pk IR -4-(2. H) - il (2i) ')
HEE A, 7% 65%. mp. 85~86 ‘C; 'H NMR (500
MHz, CDCl3) J: 4.87~4.77 (m, 1H), 3.38~3.29 (m, 2H),
3.00~2.93 (m, 1H), 2.58 (ddt, J=14.8, 6.7, 1.9 Hz, 1H),
2.47~2.39 (m, 2H), 2.33 (dd, J=8.3, 4.8 Hz, 2H), 2.06~
1.98 (m, 2H); *C NMR (126 MHz, CDCl3) 6: 195.31,
176.63, 112.87, 83.44, 36.37, 32.51, 23.80, 21.58, 8.13.

5- FH -5t HH R0 I R 3 -  HA g 3 -4, 5- — S PR R
P TR, 723 86%. 'H NMR (500 MHz,
CDCly) d: 7.44 (d, J=8.2 Hz, 2H), 7.25~7.14 (m, 4H),
7.09~7.01 (m, 4H), 3.57 (d, J=10.5 Hz, 1H), 3.52 (d, J=
10.5 Hz, 1H), 3.31 (d, J=15.4 Hz, 1H), 3.23 (d, J=15.4
Hz, 1H), 1.74 (s, 3H); *C NMR (126 MHz, CDCl;) ¢:
193.32, 164.35, 138.89, 131.15, 130.03, 129.99, 129.27,
128.91, 127.64, 127.63, 111.86, 85.13, 44.19, 26.15, 14.87.

5-(1-1 2, F)-2- % Jk-3- 2R I -4, 5- — SR (2K):
HEEE, 2% 77%. mp. 69~70 C; 'H NMR (500
MHz, CDCLy) §: 7.45 (m, 2H), 7.24~7.14 (m, 4H), 7.08~
7.00 (m, 4H), 4.57~4.52 (m, 1H), 4.50~4.41 (m, 1H),
3.45 (dd, J=15.5,10.2 Hz, 1H), 3.14 (dd, J=15.5, 7.6 Hz,
1H), 1.99 (d, J=6.9 Hz, 3H); *C NMR (126 MHz, CDCl5)
5: 193.1, 164.7, 138.8, 131.1, 130.0, 129.8, 129.1, 128.9,
127.6, 127.6, 111.9, 85.0, 38.4, 30.2, 23.5. HRMS-ESI:
caled for CjoH 510, [M+H]" 405.0343, found 405.0346.

2- F 3k -5l PP -3 T 3 -4, 5- — LR IR 21!
TEEMARIBAE, 773 33%. "H NMR (500 MHz, CDCl;) 6:
7.54 (dd, J=5.7, 4.3 Hz, 3H), 7.47 (d, J=17.5 Hz, 2H),
4.76~4.71 (m, 1H), 3.55 (dd, J=10.5, 5.2 Hz, 1H), 3.49
(dd, J=10.5, 4.9 Hz, 1H), 3.16~3.08 (m, 1H), 2.68 (ddd,
J=14.7, 7.0, 1.4 Hz, 1H), 1.78 (s, 3H); °C NMR (126
MHz, CDCl3) 6: 191.60, 167.39, 140.55, 131.00, 128.30,
127.41, 111.72, 80.04, 37.09, 15.03, 11.26.
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4 BI#1 kL (Supporting Information) L&) 2a~21 [
'"HNMR i1 PC NMR #. X 265040 ] LA G 5 AR I
vk (http://sioc-journal.cn/.)_E T %K.
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