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In the Presence of FeCl; Reaction of Alknols with lodine: A Conven-
ient Synthetic Route to lodocyclic Ethers
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Abstract In the presence of FeCl; reaction of alkenols with iodine resulted in intramolecular addition of hydroxyl to alkenol
to produce a wide range of iodocyclic ethers in good to excellent yields under mild reaction conditions. The advantages of our
procedure include a decreased amount of iodine as well as short reaction times. The broad scope, mild reaction conditions, and
experimental ease of this transformation have made it a valuable alternative to current available methods for the preparation of

iodocyclic ethers.
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BT AR LA FeCly 1F R R bl 5 i
B FRATWFTE T 4- I -1- 75 R A7 A LA R Bk Ak
R, RIS T K (>24 h), WS 1, Entry
). UEAEEHRIN DG, FFA T ARFEE R
. N, A FeClie6H,0 Ja, A I A 5 e ) At
RIFEELL S ST & B H bR =Pl B B S m (R
1, Entry 8). JUHZ U HTG/K FeCly 5, AR BT [H]
KRGk, 1 H A BB P> 201K 76% (K 1, Entry
9). ik, FATN A FHIE/K FeCls o] LASRAS BEAE 1) )M
TETE

Y FeCl; MHEL, MUNMSEE B, JF HAE M HAH—F
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Table 1 Effect of metal salts on intramolecular iodocyclic
ethers of 4-peten-1-ol
FeCls I,
A OH —n> I -
1a 3a
Entry Catalyst Time/h Yield”/%
1 None 24 20
2 SnCl,*2H,0 24 30
3 ZnCl, 24 29
4 CoCl, 24 26
5 NiCl,*6H,0 24 28
6 CuCl,*2H,0 24 25
7 LaCl;+7H,0 24 32
8 FeCl3*6H,0 24 51
9 FeCls 6 76

“Reactions were conducted with metal salt (0.2 mmol), alkenol (1.0 mmol),
jodine (1.0 mmol), in CH;CN (2 mL) at room temp.; * Isolated yield.

WEFT T FeCly HIFIERS SOBL ™ A 520 . 45 REH] 1.0
equiv. AL &Y 1a 5 0.5 equiv. FIBLAE S0 N AE LG
i, Gt 1 equiv.ff) FeClL /EM 3 h, F=#EIIA 96%(3 2,
Entry 5). AN [FVE 0T SR AL 28 A7 3 R S 35 L
Wi, SRB6 3 WY 5 FAm VA FAH B, I O e i VA
(3 2).

K 2 FeCly [F B AN R RE B 237 Y BRIR R AL S22 [
FALR

Table 2 Effects of FeCl3 loading and solvents on intramolecular
iodocyclic ethers of 4-peten-1-ol

FeCl3 I
NSO |
t ¢
1a 3a
Entry FeCly/mmol  Solvent Time/h Yield®/%

1 0.3 CH;CN 6 55
2 0.5 CH;CN 5 72
3 0.7 CH;CN 5 80
4 0.9 CH;CN 4 87
5 1.0 CH;CN 3 96
6 1.1 CH;CN 3 93
7 1.0 CHCl, 3 89
8 1.0 CH3;0CH,CH,0CH; 3 92
9 1.0 CeHs 3 67
10 1.0 CH;3COCH; 3 79
11 1.0 CH;CH,0CH,CH3; 3 76
12 1.0 DMF 3 71

“ Reactions were conducted with alkenol (1.0 mmol), iodine (0.5 mmol) in
solvent (2 mL) at room temp.; * Isolated yield.

B 2544 1a (1.0 mmol). FeCls (1.0 mmol)
F11; (0.5 mmol)7E Zfi5(2 mL)H % il Y. 3 h.

FESAR AN, FRATE A 1A A BT ) A e e |
FREAEA RO B A BT 20 ) S TAE FeCL /ER T IR
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.
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PRACI 5 (TMS NP FxR); IR ] Nicolet Avatar 360 %4 {# 57
2T AP 1A 5E (TE 450~4000 cm ' 36 Bl Y $5148); 7
Z T Vario RL I 56 25 43 Hr Al 52 . 5 ot
Bruker Dalton Esquire 3000 245 s A3 2. 3077 B 57
B N T o T Al Ak 2 4R 7).
32 ZWHE

FeCly 1T #E4T R Bk A S N7 F) — M5 1 20 3R
TERAT 282 mL) I 5 250 5] JEC B8 R 0 390 I N s ik I
(1.0 mmol). fi#(0.5 mmol)F1 FeCly(1.0 mmol). ZiFHiH:
—ERFIE], IIAHMLAT Na,S,05 (2 mL). 7K(10 mL), F —
ARS8 mLX3). AHAERH, JoK NaSO, T4,
R ZEBRIAT, TR A - LR LRV V=S8 !
D) NYERTT, F 300~400 HEERFLENT 08, 53RN

http://sioc-journal.cn/ 921



BUHE MRILX
3 FeCly {EF N BBz AT BT £b S B2 45 2R @
Table 3 Results of iodocyclic ethers in the presence of FeCls
Entry Alkenol Product 3 Time/h ar’ Yield®/%
I
R
R™ o
2a R = C2H5 3 >19:1 95
2b R =n-CsHq4 6 >19:1 63
0 3 -
3a
[
1
s RU A~ OH Rm
RZ R3 R2 (o) RS
1-R2=R3 =
3b R'"=R“=R°=CHj;
3c R'=R2=H,R®=Ph A o
3d R'=n-CsHqyq, R2=R3=H 6 ~19-1 92
3e R' = n-CgHyy, R2=H, R3= C,H; 6 2 83
3 5:2:1
3g R'=n-CsHyq, R2=H, R® = n-C4Hg 6 3:3:1 80
R'=R2=H, R®=n-C,Hq 6 3 91
OH
1
4 RWRS I1 o R3
R? Rre

4a R'=R?2=R3=H 6 . 9
4ab R'=R?=H, R®=n-C4Hy 6 3:1 89
4c R'=R?=H,R®=Ph 9 2:1 86

“ All reactions were conducted with FeCls (1.0 mmol), alkenol (1.0 mmol), iodine (0.5 mmol), in CH;CN (2 mL) at room temp; * Determined by 'H NMR of crude

product; “Isolated yield of the all diastereoisomer.

R2 R2

S R3 VRN
Fe' e RO RO
T | 1n=2 _H:/
2 5
Fed* I
R2 Fe?* +1,
0~ "R®

3
B R B S AL

Figure 1 Plausible mechanism of intramolecular iodoetherifica-
tion reactions

P AR PE AL AN EE, TH NMR A1 °C NMR s in
.

2- 2,33 Y A PRI (22)%): R=0.75 [W(ZR
fig) @ V(A =1: 6], LEMHRY, M=% 95%. 'H
NMR (400 MHz, CDCl;) 6: 1.01 (t, J=7.4 Hz, 3H, CH),
1.48 (ddd, J=14.9, 7.4, 6.7 Hz, 1H), 1.76 (ddd, J=14.9,
7.4, 4.2 Hz, 1H), 2.29 (dddd, J=12.4, 7.4, 6.8, 5.7 Hz, 1H,
H), 2.51 (dddd, J=12.4, 7.4, 6.8, 4.4 Hz, 1H), 3.80 (dt,
J=1.6, 6.8 Hz, 1H), 3.88 (ddd, /=8.4, 6.7, 4.4 Hz, 1H),
3.91 (ddd, J=8.4, 6.8, 5.7 Hz, 1H), 3.99 (dt, J=7.6, 4.4
Hz, 1H); *C NMR (100 MHz, CDCl;) d: 10.2, 23.3, 29.7,
38.5, 66.8, 89.4; IR (film) v: 2925, 2853, 1617, 1460,

922 http://sioc-journal.cn/
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1377, 1129 cm ™'

2-1F R FE-3- L PU SR IR (2b): Re=0.75 [(LIR Z
BE) © VCEER =1 : 5], FEEOHRY, 7R 63%,; 'H
NMR (400 MHz, CDCLy) ¢: 0.89 (t, J=6.8 Hz, 3H, CH3),
1.26~1.38 (m, 6H), 1.45~1.53 (m, 1H), 1.67~1.75 (m,
1H), 2.47 (dddd, J=14.2, 7.1, 2.9, 1.3 Hz, 1H), 2.68
(dddd, J=14.2,9.2, 7.4, 5.7 Hz, 1H), 2.86 (dt, J=6.5, 3.1
Hz, 1H), 3.9 (dd, J=8.5, 2.9 Hz, 1H), 4.14 (dd, J=8.5, 7.4
Hz, 1H), 4.47 (ddd, J=5.7, 3.1, 1.3 Hz, 1H); *C NMR
(100 MHz, CDCl3) d: 14.0, 22.6, 25.7, 31.8, 34.6, 37.4,
39.1, 66.0, 82.1. MS (ESI): 269 (M+H", 100); IR (film) v:
2928, 2861, 1740, 1460, 1378, 1118 cm . Anal caled for
CoH,,10: C 40.31, H 6.39; found C 40.63, H 6.47.

2-fft FE L DU S R IR (32) 7 Re=0.75 [N(ZTR L) -
VORI =1 6], TLaMRY), 7% 96%; 'H NMR
(400 MHz, CDCI3) §: 1.63~1.71 (m, 1H), 1.87~2.01 (m,
2H), 2.06~2.16 (m, 1H), 3.20 (ddd, J=15.1, 9.9, 6.6 Hz,
1H), 3.80 (dd, J=8.2, 6.2 Hz, 1H), 3.90 (ddd, J=8.2, 6.2,
1.3 Hz, 1H), 3.93 (ddd, J=13.3, 9.9, 6.6 Hz, 1H), 3.95
(ddd, J=13.3, 9.9, 6.6, 5 Hz, 1H); *C NMR (100 MHz,
CDCI3) §: 10.5, 26.1, 31.9, 68.9, 78.5; IR (film) v: 2924,
2854, 1629, 1460, 1375, 1125 cm ™.

Chin. J. Org. Chem. 2017, 37, 920~924
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2,2,6- = H 3E-3- M PU A LG (3b)°Y: Re=0.75 [(&
TR B8) - VA HER) =1 : 6], TLEHCRY, 7% 88%;
'H NMR (400 MHz, CDCl3) d: 1.07 (d, J=6.1 Hz, 3H,
CH3), 1.31~1.37 (m, 1H), 1.38 (s, 3H, CH;), 1.41~1.46
(m, 1H), 1.47 (s, 3H, CH;), 2.21~2.39 (m, 2H), 3.73~
3.83 (m, 1H), 4.09 (dd, J=12.0, 4.1 Hz, 1H); *C NMR
(100 MHz, CDCly) 6: 19.5, 22.2, 31.2, 34.6, 37.3, 38.5,
66.3, 75.1; IR (film) v: 2977, 2935, 1613, 1456, 1376, 1109
-1

6- 7 F-3- M PU S IR (3e): Re=0.75 [(LFRLTR) :

VR =1 : 6], iRy, 7% 87%; 'H NMR
(400 MHz, CDCl5) d: 1.82~2.00 (m, 2H), 2.28~2.36 (m,
1H), 2.40~2.48 (m, 1H), 3.31 (dd, J=9.8, 7.4 Hz, 1H),
3.39 (dd, J=9.8, 4.5 Hz, 1H), 434 (ddd, J=11.9, 7.4,
4.5Hz, 1H), 5.13 (dd, J=8.1, 5.9 Hz, 1H), 7.26~7.29 (m,
1H), 7.32~7.36 (m, 4H); *C NMR (100 MHz, CDCl;) §:
11.0, 32.9, 35.5, 79.0, 81.6, 125.6, 127.4, 128.4, 142.8; IR
(film) v: 3060, 3028, 2966, 2869, 1603, 1492, 1452, 1350,
1048 cm™'. MS (ESI): 289 (M+H", 100). Anal caled for
Cy H5I0: C 45.85, H 4.55; found C 46.13, H 4.41.

2-1F R JE-3-TPU S IR (3d): Ry=10.75 [V(LTIR
gy : vCaEEH)=1 5] EEHRY, 7% 92%; 'H
NMR (400 MHz, CDCl;) 6: 0.86 (t, J=7.0 Hz, 3H, CHs),
1.20~1.43 (m, 5H), 1.52~1.61 (m, 1H), 1.65~1.73 (m,
2H), 1.78~1.90 (m, 2H), 1.95~2.08 (m, 2H), 3.71 (ddd,
J=1.5,6.7,48, 1H), 3.80 (ddd, /=8.3, 7.5, 5.7, 1H), 3.93
(dt, J=8.4, 6.9 Hz, 1H), 4.07 (dt, J=8.4, 4.0 Hz, 1H); "°C
NMR (100 MHz, CDCly) d: 14.0, 22.5, 26.2, 29.4, 30.9,
31.0, 36.3, 42.7, 68.9, 82.4; IR (film) v: 2928, 2858, 1627,
1459, 1352, 1052 cm™ . MS (ESI) m/z: 283 (M+H", 100).
Anal caled for CHoIO: C 42.57, H 6.79; found C 42.95,
H 6.52.

6- £, 35-2-1E 3 2E-3-i PU AL i (3e): R=0.75 (&
TR B8) @ VOB =1 : 5], TEHCRY, 7% 83%;
'H NMR (400 MHz, CDCly) J: 0.87~0.93 (m, 6H),
1.32~1.44 (m, 3H), 1.50~1.62 (m, 2H), 1.70~1.86 (m,
7H), 2.09~2.11 (m, 2H), 3.90 (ddd, J=10.5, 6.2, 4.4 Hz,
1H), 4.01 (ddd, J=12.4, 8.5, 6.0 Hz, 1H), 4.11 (ddd, J=
10.5, 4.0, 3.6 Hz, 1H); >*C NMR (100 MHz, CDCl) ¢:
10.1, 14.0, 22.5, 28.6, 29.6, 31.0, 31.1, 31.8, 35.8, 43.3,
81.9, 82.0; IR (film) v: 2929, 2864, 1626, 1460, 1378,
1095 cm™ . MS (ESI) m/z: 311 (M—+H", 100). Anal calcd
for C1,Hy310: C 46.46, H 7.47; found C 46.57, H 7.14.

6- 1F T 3% -2- IF /3 2 -3- A 0 &0tk 1 (36): Ry=0.75
(MZBRBR) - V(A ) =1 : 5], LRy, /=R

cm
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80%; 'H NMR (400 MHz, CDCl;) d: 0.89 (t, J=7.2 Hz,
3H, CH;), 091 (t, J=6.9 Hz, 3H, CH;), 1.23~1.43 (m,
10H), 1.51~1.65 (m, 3H), 1.68~1.91 (m, 4H), 2.05~
2.19 (m, 1H), 3.91 (ddd, J=8.6, 6.4, 2.2 Hz, 1H), 4.06
(ddd, J=11.9, 8.5, 6.4 Hz, 1H), 4.10 (ddd, J=10.3, 4.1,
3.3 Hz, 1H); >C NMR (100 MHz, CDCL;) 6: 14.0, 14.1,
22.5, 22.8, 28.2, 29.6, 31.0, 31.1, 32.4, 35.5, 35.7, 43.4,
80.7, 81.8; IR (film) v: 2929, 2861, 1621, 1460, 1378,
1094 cm ™. MS (ESI) m/z: 339 (M+H", 100). Anal caled
for C14H,710: C 49.71, H 8.05; found C 49.46, H 7.93.

2-1F T -5 U St (3g): Re=0.75 [W(ZFR &
fig) © VOB =1 5], LEMERY, 7% 91%; 'H
NMR (400 MHz, CDCl;) &: 0.91 (t, J=7.0 Hz, 3H, CH3),
1.26~1.46 (m, 5H), 1.53~1.62 (m, 2H), 1.65~1.73 (m,
1H), 2.04~2.12 (m, 1H), 2.16~2.24 (m, 1H), 3.18 (dd,
J=9.8, 7.6 Hz, 1H), 3.28 (dd, J=9.8, 4.6 Hz, 1H), 4.01~
4.12 (m, 2H); *C NMR (100 MHz, CDCl;) d: 11.3, 14.1,
22.8, 28.2, 32.2, 32.6, 35.5, 77.9, 80.3; IR (film) v: 2930,
2863, 1628, 1461, 1129, 1037 cm . MS (ESI) m/z: 269
(M+H", 100). Anal calcd for CoH;,10: C 40.31, H 6.39;
found C 40.65, H 6.10.

2-filll FF 5 JO S ML IR (4a): Re=0.75 [W(LTR 4.HE) :
VORE B =1 © 6], TEMRY), 7232 90%; 'H NMR
(400 MHz, CDCl) 6: 1.20~1.28 (m, 1H), 1.36~1.52 (m,
3H), 1.70~1.82 (m, 2H), 3.09 (dd, J=10.2, 6.9 Hz, 1H),
3.13 (dd, J=10.2, 5.5 Hz, 1H), 3.20~3.27 (m, 1H), 3.40
(ddd, J=11.6, 6.0, 2.7, 1H) 3.96 (dddd, J=13.3, 9.2, 6.9,
5.5 Hz, 1H); >C NMR (100 MHz, CDCl;) : 10.1, 23.2,
25.6,29.7,31.7, 68.8, 77.4; IR (film) v: 2935, 2847, 1632,
1432, 1363, 1087 cm ™ '; MS (ESI) m/z: 227 (M+H", 100).
Anal caled for C¢H;,10: C 31.88, H 4.90; found C 32.15, H
5.19.

2-1E T FE-6-fll L DU S L i (4b): Ry=0.75 [W(L1&
LR L VCRMER =1 5], LEMHRY, 72F 89%; 'H
NMR (400 MHz, CDCLy) 6: 0.91 (t, J=7.2 Hz, 3H, CH3),
1.14~1.23 (m, 3H), 1.30~1.38 (m, 4H), 1.40~1.48 (m,
2H), 1.50~1.57 (m, 3H), 1.80~1.88 (m, 2H), 3.18 (d, J=
6.3 Hz, 2H), 3.31 (dddd, J=12.6, 4.8, 1.8 Hz, 1H), 3.38
(ddd, J=12.3, 6.1, 1.7 Hz, 1H); C NMR (100 MHz,
CDCLy) d: 10.0, 14.1, 22.7, 23.5, 27.7, 31.2, 31.4, 36.1,
77.3, 78.5; IR (film) v: 2931, 2860, 1618, 1458, 1373,
1041 cm . MS (ESI) m/z: 283 (M+H", 100). Anal calcd
for C,oH;5I0: C 42.57, H 6.79; found C 42.61, H 6.48.

6- A FE-2-fll F L PU AL (4e): Re=0.75 (LR &
fig) - VCAhER) =1 : 6], I EHIRY, 23R 86%; 'H

http://sioc-journal.cn/ 923
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NMR (400 MHz, CDCl3) ¢: 1.36~1.40 (m, 1H), 1.50~
1.54 (m, 1H), 1.68~1.81 (m, 1H), 1.82~1.87 (m, 1H),
1.88~1.95 (m, 1H), 1.96~2.04 (m, 1H), 3.31 (d, J=5.6
Hz, 2H), 3.52 (ddd, J=11.0, 5.6, 2.2 Hz, 1H), 4.46 (dd,
J=11.3,2.2 Hz, 1H), 7.27~7.31 (m, 1H), 7.34~7.38 (m,
2H), 7.40~7.42 (m, 2H); *C NMR (100 MHz, CDCl;) ¢:
10.4, 23.6, 31.0, 33.1, 79.8, 79.9, 125.8, 127.3, 128.3,
142.8; IR (film) v: 3060, 3029, 2936, 2854, 1664, 1493,
1448, 1373, 1045 cm™'. MS (ESI) m/z: 303 (M+H", 100).
Anal calcd for C,H;510: C 47.70, H 5.00; found C 47.59,
H 5.23.

B8 (Supporting Information) 12 F& B =¥
'HNMR A1 °C NMR % . 3£ty L6 3 AT 1
3fi(http://sioc-journal.cn/)_ b %K.
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