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Novel synthetic method for the preparation of a-iododaphnetin using
benzyltrimethylammonium dichloroiodate

Taek-Soo Kim, Bo-Ram Kim, Jeong Hoon Park, and Seung Dae Yang

Radiation Instrumentation Research Division, Atomic Energy Research Institute, Jeongeup, Korea

ABSTRACT Benzyltrimethylammonium dichloroiodate in the presence of ZnCl, has been used for aromatic iodination of
electron rich aromatic compounds. However, Baylis-Hillman type regioselective a-iodination was carried out
electronically rich coumarin compound under mild reaction condition with excellent chemical yield. Finally,
BBr; demethylation gave a-iododaphnetin.
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omatic bromination¥} S-AFSH 27L& ARSI 21, N-o-
dosuccinimide (NIS)/MeCN (6), N-bromosuccinimide (NBS) or
N-chlorosuccinimide (NCS)/Nal/AcOH (7), Nal/lL2} oxidant
241 Oxone® (8), HO, (9) Y PhI(OAc), (10)& ARE3l=
HE-S- 7, quaternaryammonium dichloroiodate (11)E- 5-3f|
A =2 SIS 2 G394 9] aromatic iodination AiE
Ao B8} At) ESE L/pyridine (12) U 4-dimethylami-
nopyridine (DMAP)E AM2-5}= Baylis-Hillman type reaction
pathwayZ E-8[}4] t}SJ31 o,B-unsaturated carbonyl compounds
9] iodination®] 7F58HH, a-9J2|0f| =& 38t FEEA B
A O & jodinationo] 75 AS & 4 AUTh(13). L
By =R diaryliodomium saltsE E3A =2 A
e} Sskpa R A fluorides =915klaL(14), 1 A
E U O R F18& =%t =0 HAlEUTH(15). E3F
aryl iodideE trimethyltin® 2 2|38t & [-124 (16), 1-125
(7% ES8h BEHAE 445 =8 4] 220 1
A&k Aryl iodide = o,B-unsaturated-a-iodo-carbonyl
compounds+= iodomium salts®] ¥4 FH A fluoride?)
ol s Aolet s, trialkylting =A% &
jodinationg E3[l4 2] AHHQ HAGEQ YA &=
Qo] 7hse ez AzkTis)

Materials and Methods

Hk-g-of ARE-3t benzyltrimethylammonium  dichloroiodate
(97%), daphnetin (90%), N,N-dimethylformamide (99.5%),
N-iodosuccinimide (98%), zinc chloride (98%)+ TCI (TCI,
Tokyo, Japan) A& AR5 S acetic acid (99%), aceto-
nitrile, boron tribromide 1.0 M solution in dichloromethane
(99%), chloramine-T hydrate (95%), iodine (99.8%), potassium
carbonate (99%), pyridine anhydrous (99.8%)= Sigma-Aldrich
(Sigma-Aldrich, St. Louis, US) 25-€] JLufjgt A& HE=o
AT o] AT HhS-e] MAATHE Merckalo]
TLC silica gel 60 Fss glass plates (Merck, Darmstadt, Germany)
AlES At 2182 n cude 'H-NMR 548 &
3l conversion B WhE- F=7O| o5 RIEIGIcE TRt

= E28 ZEOCHEM®Z XL E| FLulj3}t ZEOprep 60 40-63
um silica gel (Zeochem, Lake Zurich, Switzerland)S Al8-3
& column chromatographyS E3f] 2] AA5tH oW 3}
4 488 ANSIAch HAE 22E JEOL ECAS0
FT-NMR (Jeol, Tokyo, Japan)g AH&-3}o] 'H-500 MHz,
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PC125 MHz9] 284S B BAo) 122 29153
t}. '"H-NMR2] chemical shift:= chloroform (8 7.26)2 7]&.9.
2, "CNMRL- chloroform (8 77.23)& 7|&o2 7129 2

W= vl FAEHITH
1. 1,7-Dimethoxycoumarin (DMC)2| &+ (1)

Pressure tube®]] daphnetin (1.00 g, 5.61 mmol)& il
N,N-dimethylformamide (20 mL)-& do] &3jA]7]1 HH-3-H
o] potassium carbonate (2.33 g, 16.84 mmol)¥} iodometnane
(1.75 mL, 28.07 mmol)S A4 ¥ & 70°C =2
72ARFESE AR Hhgo] ShaE whgolS 79t
2310 N,N-dimethylformamideZ #| 73k
(200 mL)= ARGl =1tk = (150 mL)E ARg-sl Al &gt
2R 7152 MeSOE AREsll Ad=xstar ot Bl
AAs= 3 =L column chromatography (Hex:EA =
3)E Fol BAISH 971 mge 84%9| IstrE= T
shoick

'H-NMR (500 MHz, CDCl5) 8 7.62-7.61 (d, J = 9.0 Hz,
1H), 7.18-7.16 (d, ] = 8.5 Hz, 1H), 6.87-6.86 (d, ] = 8.5 Hz,
1H), 6.26-6.24 (d, J = 10.0 Hz, 1H), 3.99 (s, 3H), 3.95 (s,
3H). "C-NMR (125 MHz, CDCls) & 160.61, 155.72, 148.16,
143.69, 136.33, 122.90, 113.87, 113.62, 108.60, 61.59, 56.51.

& dichloromethane

2. 7,8-Dimethoxy-3-iodocoumarin (a-iodo-DMC) 2| &4 (2)

7,8-Dimethoxycoumarin (50.0 mg, 0.28 mmol)& 21 ace-
tic acid (1.0 mL)9] zinc chloride (42.1 mg, 0.31 mmol)2};
benzyltrimethylammonium dichloroiodate (107.4 mg, 0.31 mmol)
S 9e Wge ALolN RATHEE W, w0l
=W As=3te] §ullE AA T F dichloromethane
& A 55210 & (15 mL)E AHgs) A2
$7158 MgSO/E AH83) Azs}a ofh 8 4%t
&= 3 £3ES column chromatography (Hex:EA = 5:1)
= &l BAsk] 73.1 mge- 86%2] Spskra= skt

"H-NMR (500 MHz, CDCL) § 823 (s, 1H), 7.13-7.11 (d, ] =
9.5 Hz, 1H), 6.87-6.85 (d, ] = 85 Hz, 1H), 3.96 (s, 3H), 3.94
(s, 3H). "CNMR (125 MHz, CDCLs) § 157.30, 156.06, 152.38,
148.07, 136.15, 122.05, 115.36, 108.95, 81.91, 61.68, 56.58.
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3. 7,8-Dihydroxy-3-iodocoumarin (a-iododaphnetin) 2]
2d (3)

7,8-Dimethoxy-3-iodocoumarin (600 mg, 1.81 mmol)<
2= dichloromethane (12 mL)¢j] %<1 ¥ boron tribromide 1.0
M solution in dichloromethane -89H(5.42 mL, 5.42 mmol)<
0°CollA] 73] o & T /=204 304 Fet wHkgich
Hh-g-o] kR %M 0°Coll Al NaHCO; 3£3-8-21(10 mL)E A
3] 91 1087 wutskct vh-2-o8-8- dichloromethane (250
ml)oll o] T 2(150 ml)E ALga AT F Helg &
7154 MO Aol Aok oiat % UesE o
S3HE-S column chromatography (CHCL:EA = 200:1)& &
off AAske] 456 mgE 83% Ieta= A SIGITh

'H-NMR (500 MHz, CDsOD) 6 8.43 (s, 1H), 6.94-6.92 (d,
J = 85 Hz, 1H), 6.78-6.76 (d, ] = 8.5 Hz, 1H). "C-NMR
(125 MHz, CD;0OD) 6 158.35, 153.83, 150.31, 143.68, 132.06,
118.07, 114.16, 112.58, 78.18.

-

Result and Discussion

choFet Ae]EAd-S 7HA]+= coumarin 29| BA Fof
A AgEeR it 1RE 7HAA 9o HAE9]
o) EZFtE o] 7| ujEo] 7]Ae] -8 W7} Al
Aoz | < A

daphneting ©]-8-3}] AE14 9] jodination
_]

2]
FH 07 ARESH= WS 2 HI O R jo-

dination®] o]}-E 2215}¢I T} Aromatic iodinationo]] ARg-
B NIS W ke 7] golmch vs] AR Ao
o5 =0 3I5tA £8-8 8L 3= acetonitrile (MeCN)2
Aeelo] AreolH WS elglont ojug W
dolufA] kgk7] wiitol FYUg 2AoA 2A1%F E2F
refluxg 5ol §-3-9] ZPo|RE 25EelaL, Entry 13}
FYUsH) olwd wheE MY R] ohe-S crude H-NMR
2 o Bt

Methoxy 2! methyl group2 3£}t electron-rich aromatic
compounds®f] NIS 2! trifluoroacetic acid (TFA)E Z0|Z2 A}
a3)o] AdjA oz 238 U2 A oA >99-80% ©]AF2]
=2 382 jodinationd 33 A4S vlE S = vt

S-S AR u] 9%2) 3Fsk& = aromatic iodination

H

o=
o] opd o-9JXJof| AEZQ iodinationo] == A
2}913}% -2 H(entry 3) (19), acetic acidE Su] 2 ARggF =

o]

< BAE 3% SekgRE AEA Q] o-iodinationo]
Y-S ol 4= grhentry 4). 12} Br/AcCOHS
ARESHY] 99%9] =& slekg 2 brommatlong =2)3}

ZAILE(5b) HIE O 2 /ACOHS E3) ¥he-S Adst9S
Helle olds WEE ohb e AS st
(entry 5). Nal ¥ oxidant=A] chloramine-T AME-3}= W&
20& FlAE oudt vhee AP A §h2-2 2lst
o chloramine-T2] & TS Z7HA]A HFEAlS 0]

7] ¢J3] THEH,O = 1:19] co-solvent A AR&3}o] Hb

9] 213 oj38 AAugtoL} ool Asfel FUsH

Table 1. Various reaction conditions for the preparation of iodinated 7,8-dimethoxycoumarin (2)

IS0 X
reagents

MeO 0”0 solvents, temp Meo/gj\ioic

OMe OMe

1 2
Entry Reagent Solvent Temp. Yield®
1 NIS (1.1eq) MeCN rt nr?
2 NIS (1.1eq) MeCN reflux n.r.
3 NIS (1.1eq), TFA (0.3eq) MeCN rt 9%
4 NIS (1.1eq) AcOH rt 3%
5 l (1.1eq) AcOH rt n.r.
6 Chloramine-T (1.1eq), Nal (1.1eq) DMF rt n.r.
7 Chloramine-T (1.1eq), Nal (1.1eq) THF:H0 = 1:1 rt n.r.
8 MesNBn-ICl (1.1eq), ZnCl, (1.1eq) AcOH rt 86%
9 l2 (1.1eq) Pyridine:DCM = 1:1 rt 8%

All reactions were carried out for 72 h.
a) Isolated yield. b) n.r.is no reaction.
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A + - !
BnNMej ICly, ZnCl,
RO oo RO 0" ¢

OR AcOH, rt, 72h OR
R=Ac H
Figure 2. Reactivities related with electronic effects of protecting group.

Scheme 1. Synthesis of 2 and a-iododaphnetin 3.

N X !
HO oo MeO 0o MeO 0S¢

OH OMe 1 OMe 2

~
HO [Oe]
OH 3

Reagents: (a) Mel, K-COs, DMF, 70°C, 72 h, 84%; (b) MesN'Bn ICl,-, ZnCly,
AcOH, rt, 48 h, 86%; (b) BBrs 1.0 M in CHClz, CH.Cl,, 0°C to 1t, 0.5 h 83%

crude 'H-NMROJ|A] o3t uk-3-m= Aojubx] 9k-2-8 3ol
3 = Q%A entries 1, 2, 5, and 6). L&} benzyltrimethy-
lammonium dichloroiodate/ZnCl,E £3}| electron-rich aromatic
compounds®]] 87-99%2] =2 3}5kr& & aromatic iodination
L 433 AutE viglo g Easl R7 A He-S 4
YoHS o= 86%2] w2 sfehd g3 Aegdos
o-iodination7to] X &P=l= RS AT 4= 91 %lct Baylis-
Hillman type reaction pathwayS &34 4181491 a-iodination
o] g el= WAL ¢ W2
3 & e AAE Tl 2 8% 7,8-dimethoxy-3-iodo-
coumarin (2)©] 'H-NMR data®} benzyltrimethylammonium
dichloroiodate/ZnCLE AFE3F BFE-ZAS E3lA dojl
‘:'X‘—J(entry 8) 'H-NMR data= A33] Uxslgom, =

o Sekeg 29 ol A5RE T 5 A
Table 12] A¥AN=
reactoion mechanism< YWH4] 2] jodination reaction pathway
£ 793R %L zinc chloride W acido]| 2]3t carbonyl 2]
activation= &3} Baylis-Hillman type reaction pathwayE 73
S0 g0l WATE RS UL S AU,

IE3L protecting groups®] Wl T}E electronic effects2}
reactivities @] IAE BHe13l7] YA -OAcE protection F
E43 -OHZ A3V 2 7IA = E2& A8k A3t
ZA0F B2 233 KL u -OMeE X372 7}

Al 283 g2 ofuet Hex: dojuA]| = J=
]

E3[|A coumarin +%2] iodination

51015144 th(Figure 2). ©]5 Sl 4] electron-rich substituents
7F 9kgdS =ole e Fa% 9T 3tk A E3
golgt 4= 9Jlth a-lododaphnetin®] A2l gHAgH
o

Scheme 13} 2+ ™, jodomethane (5.0 equiv), potassium
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carbonate (3.0 equiv), N,N-dimethylformamide (DMF
9 pressure tubes AR5} 72A17FHE9F HES- 2l
qe EolA 86%2 BEkra= DMCE 22 4= 2
2|23} = Wkg2S AMESHY] o-iodo-DMCE AT
9lolt}. npxjuro @, $HS Ea AL 20] 1.0 M BBrs in
dichloromethane (3.0 equiv)& AME-5= demethylation BH-$-
Z3)| 4 83%2] 35t 2 o-iododaphneting A 4=
ol

3:2 ﬂl

Conclusion

Aromatic iodination 2! o-iodination®]] AFE-El= @ ylA o]
vz 2 B E S A}SE vh-2-% 71 9] aromatic bromina-
tion 2 chlorinationS -2-8-5}0] AElA] Q] a-iodinationS A]
watg o w2 YR A9 stk = 7,8-dimethoxy-
3-iodocoumarin (2) 2! o-iododaphneting g8 4= AT}
AA ABAS 7HA] = oHgt coumarin -39 =70
2|2 3lE vk AL 0]835}9] iodinationS 43O Z A
g fse we1Ae Wale el tiel w=al
WA EHUAT EUS] 97 A2e Tl AT
olck, ¥ A7E A Kot gL
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