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Reactions of Aryl Ketones and Coumarins with Iodine(III)
Tris(trifluoroacetate)
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The reaction of acetophenones with iodine(III) tris(trifluoroacetate) yields 3’- and/or 2-iodo derivatives,
depending upon the substituent on the aromatic ring and the reaction conditions. The reaction was examined
by changing the molar ratio of acetophenone versus the reagent, reaction temperature, and solvent. In similar
reactions flavanones and coumarins gave iodo derivatives in which iodine is incorporated at various positions
orientated by the oxygen functions. 1,2-Diphenylethanone yields 2-hydroxy-2-(2-iodophenyl)-1-phenylethanone
and 1-(2-iodophenyl)-2-phenylethanedione. The reactions of other aromatic ketones such as 9-xanthenone,
9-fluorenone, and anthrone also give 1odo derivatives in moderate to good yields. The mechanisms for the
iodination at the a-carbon to the carbonyl group have been discussed.

Although several iodination reactions of aromatic
hydrocarbons and ketones have been investigated,’? it
is still desirable to seek a better method for iodination.
The reaction of iodine(III) tris(trifluoroacetate) (ITT),
which is readily prepared by the oxidation of iodine
with fuming nitric acid in trifluoroacetic anhydride,?
has been carried out only with a limited number of
aromatic substrates such as benzene, toluene, and
chlorobenzene by Maletina et al.¥ In Maletina’s
procedure, iodination products were obtained when a
reaction intermediate, bis(trifluoroacetoxy) derivative,
was treated with aqueous sodium iodide (Scheme 1).
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Scheme 1.

We have studied the reaction for its applicability to a
wide variety of compounds. We chose acetophenones,
1,2-diphenylethanone, flavanones, coumarins, 9-xanthe-
none, 9-fluorenone, and anthrone as the substrate,
because they were polyfunctionalized compounds, and
some biological activity is expected for their iodina-
tion products.?) At first, the iodination of several ace-
tophenone derivatives la—e was examined in order to
understand the dependency of yields on the reaction
time, reaction temperature, solvents and substituent
effects.

Results

A mixture of acetophenone (1a) and ITT in a molar
ratio of 1:1 was stirred in dichloromethane at 23 °C
and the reaction mixture was treated with aqueous
sodium iodide, giving 3’-iodoacetophenone (2a) in a
41% yield (Table 1, Entry 2). The reaction of 1a with
ITT in a molar ratio of 1:2 gave 92% yield of 2a after
24h (Entry 4). At 0°C or at the refluxing temperature
of dichloromethane, yields of 2a became lower (Entries
1 and 3). A remarkable change in the products was
demonstrated by reaction media. In chloroform, in
which ITT is readily soluble, the reaction yielded only
2-iodoacetophenone (3a) and 2-hydroxyacetophenone
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Table 1. Reactions of Acetophenones (1a—e), Propiophenone (1f), and
1,2-Diphenylethanone (6) with I(OCOCFj3); at Room Temperature
Entry  Substrate Mo.lag Solvent Time Recovery Product (yield/%)®
ratio h %
1 la 1:1 CH,Cl, 24°) 70 2a1%(10)
2 la 1:1 CH,Cl, 12 20 2a(41)
3 la 1:1 CH,Cl, 69 2a(22)
4 la 1:2 CH,Cl, 24 2a(92)
5 la 1:1 CHCl;, 6 3al4(65) 4a!%(14)
6 la 1:1 CH;3;CN 6 18 3a(14)
7 la 1:1 CCly 8 27 2a(16)
8 la 1:2 CCl, 24 2a(32)
9 1b 1:1 CH,Cl, 7 2b13)(85)
10 1b 1:1 CHCl, 6 22 3b16/(63) 4b'7(15)
11 1c 1:1 CH,Cl, 0.5 2c¢18(97)
12 1c 1:1 CHClL 3 27 2¢(15)
3¢19'(39) 5(8)
13 1d 1:1 CH,Cl, 48 41 3d20(9)
14 1d 1:2 CHCl; 7 62 3d(36)
15 le 1:2 CHCl, 6 20 3e21(73)
16 1f 1:1 CH,Cl, 6 2£(92)
17 6 1:2 CH,Cl, 6 7(83) 8(7)

a) Substrate: [OCOCF3);. b) Yields based on the substrate added. c¢) The reaction at 0°C. d) The

reaction at reflux temperature.

Table 2. Reactions of Flavanones (9a—c) and Coumarins (15a—d) with
I(OCOCF;); in CH,Cl; at Room Temperature

Entry Substrate Mo.la;r) Time Recovery Product (yield/%)
ratio h %
18 9a 1:1 12 34 10a22)(43)
19 9a 1:1.5 12 10a(49)
20 9b 1:1.5 2 1123)(43) 12(42)
21 9c 1:1.5 6 10¢(67) 13(7)
22 10c 1:2 12 14(93)
23 15a 1:1 24 39 16a24(38) 17a(7)
24 15a 1:1.5 24 21 16a(55) 17a(5) 18a(2)
25 15a 1:2 48 16a(38) 18a(38)
26 15b 1:1 8 17b(88)
27 15¢ 1:1 24 15 19(68)
28 15d 1:1 24 25 16d(43) 17d(35) 18d(5)
a) Substrate: [OCOCFs3);. b) Yields based on the substrate added.

(4a) in a shorter reaction time (Entry 5). In carbon
tetrachloride 2a was again found to be the main pro-
duct, but in poor yields (Entries 7 and 8). 4’-
Methylacetophenone (1b) or 4’-methoxyacetophenone
(1c) in dichloromethane gave the corresponding 3’-
iodo derivatives 2b and 2c in excellent yields (Entries
9 and 11). On the other hand, 4’-nitroacetophenone
(1d) yielded 2-iodo-4’-nitroacetophenone (3d) in poor
yield (Entry 13). Propiophenone (1f) gave 3’-iodo
derivative 2f (Entry 16). The reactions of 1b, 1c, 1d,
and 4’-chloroacetophenone (le) in chloroform resulted
in 2-iodo derivatives 3b, 3¢, 3d, and 3e in moderate to
good yields (Entries 10, 12, 14, and 15). In the case of
1c diiodo compound 5 was also isolated (Entry 12).
The reaction of 1,2-diphenylethanone (6) with ITT
yielded two products, 7 and 8. The structure of 7 was
concluded to be 2-hydroxy-2-(2-iodophenyl)-1-phenyl-
ethanone since an AB spin system due to a methine

proton and a hydroxy proton appeared at § 4.50 and
5.20 with J value of 6.0 Hz in the 'TH NMR spectrum.
One of the doublets at 8 4.50 disappeared upon deutra-
tion and the other collapsed to a singlet. The spectral
data for 8 indicated that it is an iodine-substituted ben-
zil. The 'HNMR spectrum showed the presence of
nine aromatic hydrogen atoms, three of which
appeared at a slightly lower field. Therefore, the struc-
ture of 8 is assigned to be 1-(2-iodophenyl)-2-
phenylethanedione. Benzoin 7 could be oxidized to 8
by iodine in a 73% yield.

Flavanones. The reaction of flavanone (9a) yielded
6-iodoflavanone (10a) (Table 2, Entry 18). With
increasing the amount of the reagent (ITT) the yield
of 10a increased slightly (Entry 19). When 4’-
methoxyflavanone (9b) was treated with ITT, it gave
3’-iodo (11) and 3’,6-diiodo derivative (12) (Entry 20).
7-Methoxyflavanone (9¢c) similarly yielded 6-iodo
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Table 3. Physical, Spectral, and Analytical Data for the New Compounds
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° Formula

Com;i Mp (19'“/ tc) IR /cm™1 IH NMR (8, J/Hz) Mor G, H (%):

poun (solvent) Found (Calcd)

2 Colorless liquid 1688 (>C=0)  1.17 (3H, t, J=7.2, CHy), 2.91 (2H, q, J=7.2, CeH,lO

CH,), 7.10 (1H, m, H-5"), 7.73 (1H, m, H-4’),  M: 259.9698.
7.88 (1H, m, H-6"), 8.20 1H, m, H-2’) (259.9696)

5 115—116 1670 (>>C=0)  3.93 (3H, s, OCH,), 4.27 (2H, s, CH,), 6.87 (IH, CoHgL,O;

(Ethanol) d, J=7.8, H-5'), 7.95 (1H, dd, J=7.8, 1.8, H-6"),  C: 27.17 (26.89)
8.39 (1H, d, J=1.8, H-2") H: 2.11( 2.01)

7 113.2—1142  1678(>C=0)  4.50 (1H, d, J=6.0, OH), 6.20 (1H, d, J=6.0, CH), Cy,H;IO,
(Ethanol) 3460 (OH) 6.9—7.5 (6H, m, ar. H), 7.8—8.0 (3H, m, ar. H) C: 49.64 (49.73)
3620 (OH) H: 3.25( 3.28)

8  Yellowliquid 1679 (>C=0)  7.0—7.8 (6H, m, H-3'—H-5", H-3"—H-5"), 7.8—  Cy,H,lIO;

8.3 (3H, m, H-6’, H-2", H-6") M: 335.9649
(335.9649)
10c  112—113 1676 (>C=0)  2.85 (1H, dd, J=16.2, 5.4, HCH), 2.98 (1H, dd, CysH;3IOs
(Ethanol) J=16.2, 11.4, HCH), 3.82 (3H, s, OCHy), 546  C: 50.38 (50.55)
(1H, dd, J=5.4, 11.4, CH), 6.36 (1H, s, H-8), 7.34  H: 3.42 ( 3.45)
(5H, s, Ph), 8.19 (1H, s, H-5)

12 180—182 1601 (>C=0)  2.84 (1H, dd, J=16.8, 6.0, HCH), 2.97 (1H, dd, CisHy,1;05
(Benzene- J=16.8, 10.8, HCH), 3.90 (3H, s, OCHs), 5.3¢  C: 38.24 (37.95)
hexane) (1H, dd, J=6.0, 10.8, CH), 6.79 (1H, d, J=8.4,  H: 2.49( 2.39)

H-8 or H-5'), 6.82 (1H, d, J=8.4, H-5" or H-8),
7.39 (1H, dd, J=8.4, 1.8, H-6"), 7.73 (1H, dd,
J=8.4, 1.8, H-7), 7.87 (1H, d, J=1.8, H-2"), 8.16
(1H, d, J=1.8, H-5)

13 120—121 1690 >C=0)  2.93 (1H, m, J=16.0, 40, HCH), 3.01 (1H, m, CyH,L,0;
(Ethanol) J=16.0, 12.0, HCH), 3.89 (3H, s, OCHy), 552  C: 37.69 (37.97)

(1H, q, CH), 8.20 (1H, s, H-8) H: 2.37( 2.39)
14 1745—1755  1705(>C=0)  2.95(2H, d, J=8, CHy), 3.85 (3H, s, OCHy), 5.50  CysHy,1;05
(Ethanol) (1H, t, J=8, CH), 7.1—7.9 (4H, m, ar. H), 8.20  C: 30.50 (30.41)
(1H, s, H-5) H: 1.75( 1.80)
16d  194—195 1730 (>C=0)  3.95 (3H, s, OCHj), 6.23 (1H, d, J=8.4, H-3),6.72 Cy,H,IO,
(Ethanol) (1H, s, H-8), 7.55 (1H, d, J=8.4, H-4),7.85 (1H,s,  M: 301.9453
H-5) (301.9439)
172 88—89 1728 (>C=0)  7.1—7.7 (4H, m, ar. H), 8.31 (1H, s, H-4) CoH,10,
(Ethanol) C: 39.83 (39.73)
H: 1.82( 1.85)

17b  89—90 1717 (>C=0)  4.14 (3H, s, OCHj), 7.1—7.9 (4H, m, ar. H) CioH;10,
(Ethanol) C: 39.75 (39.76)
H: 2.33( 2.34)

17d  153—154 1721 (>C=0)  3.90 (3H, s, OCHj), 6.79 (1H, d, J=1.8, H-8), 6.87 CyH;IO;
(Ethanol) (1H, dd, J=18, 8.4, H-6), 7.36 (1H, d, J=8.4,  C: 39.60 (39.76)
H-5), 8.28 (1H, s, H-4) H: 2.28( 2.34)

182 151—152 1736 (>C=0)  7.01 (1H, m, H-8), 7.8—8.0 (2H, m, H-5, H-7), CoH,L,04

(Ethanol) 8.34 (1H, s, H-4) C: 27.23 (27.16)
H: 1.00( 1.01)
18d 251252 1731 (>C=0)  3.94 (3H, s, OCHy), 6.73 (1H, s, H-8), 7.77 (1H, s, CyoHgl,05
(Ethanol) H-5), 8.16 (1H, s, H-4) C: 28.92 (28.07)
H: 1.43( 1.41)

19 140—141 1722 (>C=0)  3.93 (3H, m, OCHy), 6.40 (1H, d, J=10.2, H-3), CyH/IO;

(Ethanol) 7.05 (1H, d, J=9.6, H-8), 7.25 (1H, d, J=9.6, H-  C: 39.90 (39.76)
7),7.96 (1H, d, J=10.2, H-4) H: 2.44( 2.34)

derivative 10c and 6,8-diiodo derivative 13 (Entry
21). The repeated iodination of 10c with ITT gave
4’,6,8-triiodo-7-methoxyflavanone (14) (Entry 22).

Coumarins. The reaction of coumarin (15a) with

ITT vyielded 6-iodo (16a) and 3-iodocoumarin (17a)
(Entry 23). The 'H NMR spectrum of 16a showed an
AB quartet with a J value of 9.6 Hz due to H-3 and

H-4, and three aromatic hydrogen atoms. The
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'H NMR spectrum of 17a exhibited a multiplet at the
aromatic region corresponding to four hydrogen
atoms, H-5—H-8, and a singlet at 6 8.31, indicating the
presence of H-4. 3,6-Diiodocoumarin (18a) was
obtained in a reaction at a molar ratio of 1:1.5 and the
yield increased remarkably in the reaction at a molar
ratio of 1:2 (Entries 24 and 25). Introduction of a
methoxy group at the C-4 yielded 3-iodo derivative
17b as the sole product in the reaction of 15b (Entry
26), while that of a methoxy group at the C-6 in 15c
changes the site of the reaction to the C-5. A methoxy
group at the C-7 in 15d activated the C-3 as well as the
C-6, giving 16d, 17d, and 18d (Entry 28).

Other Aromatic Ketones. The reactions of 9-
xanthenone (20), 9-fluorenone (23), and anthrone (26)
with ITT in dichloromethane were examined and it
was found that 20 and 23 gave monoiodo and diiodo
derivatives, respectively, and 26 gave anthraquinone
(27) and 2-iodoanthraquinone (28) in moderate yields
(Fig. 2).

Discussion

The reaction of ITT with simple aromatic com-
pounds has been reported by Maletina et al.¥ Our
study revealed that the electron-donating groups, such
as methyl and methoxy groups in acetophenones,
enhance the reactivity as shown in Entries 9 and 11.
The electron-withdrawing substituents, such as the
nitro group, deactivate the aromatic ring and, thus, the
reaction occurs at the a-carbon atom to the carbonyl
group. The reaction at the aromatic ring can be inter-
preted as an electrophilic aromatic substitution? as
shown in Scheme 1. The reaction of acetophenone
(1a) with ITT in chloroform showed quite different
products from those in dichloromethane. 2-Hydroxy-
acetophenone (4a) was obtained along with 3a and the
reaction took much shorter time. A mechanism for the
iodination of acetophenone (la) at the C-2 is depicted
in Scheme 2. A keto-enol equilibrium and the subse-
quent addition of ITT to the double bond gave an
alkyliodine(III) intermediate A which is then decom-
posed to 3a—e and 4a,b during work-up with aqueous
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sodium iodide. It may be also possible that in the
reaction the intermediate A could partially be con-
verted to 2-(trifluoroacetoxy)acetophenone (B), which
may give rise to 4a during the work-up. In fact, the
analogue of B prepared from 2-bromoacetophenone
with sodium trifluoroacetate was readily hydrolyzed
on TLC to give 4a. It should be noted that iodine is
incorporated regiospecifically into the ortho-position
in benzyl moiety and a hydroxyl group is introduced
onto the methylene group in the reaction of 6 with
ITT in dichloromethane. The formation of 7 could be
accounted for by modifying the mechanism which has
been described for the reaction of acetophenones with
ITT in chloroform (as shown in Scheme 3). The reac-
tion intermediate C may form an iodine(III)-contain-
ing cyclic compound D which could be decomposed
during work-up to give 7. The oxidation of benzoin to
benzil has precedence.®

The orientation in the reaction of coumarins with
ITT is quite similar to the orientation in the nitration
and the sulfonation of coumarin (15a) in which the
aromatic ring and the pyrone ring undergo the elec-
trophilic aromatic substitution.” The reaction of 4-
methoxycoumarin (15b) and 7-methoxycoumarin (15d)
with ITT yielded 3-iodo derivatives 17b and 17d that
are expected from the consideration of the electron-
donating effect of the methoxy group. The reaction of
9-xanthenone (20) and 9-fluorenone (23) gave 2-iodo
derivatives as the major product and diiodo deriva-
tives. These iodo derivatives have been previously
prepared by various methods.2~12" However, the ease of
operation in the iodination with I'TT made the latter
better for the preparation of these compounds. The
formation of 2-iodoanthracene (28) deserves com-
ments. Anthraquinone (27) could not give 28 on
treatment with ITT. It therefore follows that anthrone
(26) was iodinated at the 2-position and then oxidized
to 28.
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Conclusion

The reaction of ITT proved to be useful for the iod-
ination of aromatic ketones, particularly for those
activated by oxygen functions. The fact that 10c gave
tritiodo derivative 14 would also indicate the synthetic
utility of the reaction for the preparation of periodi-
nated aromatic compounds. The regiospecific iodina-
tion that was observed in the reaction of 6 may suggest
that iodine could be incorporated at the ortho-position
of a vinyl group in aromatic substrates.

Experimental

Measurements. All the THNMR spectra were taken in
deuteriochloroform solutions with a Hitachi Perkin-Elmer
R-24 NMR spectrometer (60 MHz) with tetramethylsilane as
the internal standard. The IR spectra were measured in
chloroform solutions on a JASCO A-102 IR spectrometer.
The MS sperctra were obtained with a JMS-O1SG-2 and a
JMS DX300 instrument. The melting points were deter-
mined with a Yanagimoto micromelting point apparatus
and were not corrected. The HPLC analysis were performed
on an ALTEX model 330/110A/153 isocratic liquid chroma-
tograph equipped with an UNSIL Pack 5C18 250A column,
eluting with methanol or 80% aqueous methanol.

Materials. Iodine(III) tris(trifluoroacetate),” 4’-methoxy-
acetophenone?(1c), 1,2-diphenylethanone?® (6), flavanone?”
(9a), 4’-methoxyflavanone?® (9b), 7-methoxyflavanone?®
(9¢), 4-methoxycoumarin3® (15b), 6-methoxycoumarin3!
(15c), and 7-methoxycoumarin3? (15d) were prepared by the
methods described in the literature. The other 4’-substituted
acetophenones 1b, d, and e, propiophenone (1f), coumarin
(15a), 9-xanthenone (20), 9-fluorenone (23), and anthrone
(26) were purchased from Wako Pure chemical Industries,
Ltd. Acetophenone (la) was commercially available from
Katayama chemical Industries, Ltd.

Reaction of Iodine(III) Tris(trifluoroacetate). The general
procedure for the reaction of ITT was follows. To a solution
of a substrate (1 mmol) in a solvent (20 cm3), iodine(III)
tris(trifluoroacetate) (1—2 mmol as shown in Tables 1 and 2,
and in Fig. 2) was added under an atmosphere of nitrogen.
The solution was stirred with the undissolved ITT at 23 °C.
A high-pressure liquid chromatographic analysis was per-
formed on aliquots which were withdrawn periodically from
the reaction mixture with the aid of a pipet. There appeared
several peaks due to the substrate and products in the chrom-
atogram. When one of the product peaks became maximum
(the time is shown in the Tables 1 and 2, and in Fig. 2), the
reaction mixture was treated with 20% aqueous sodium
iodide solution (20 cm3) with stirring for 30 min and
extracted with dichloromethane or chloroform. The organic
layer was washed with a saturated sodium hydrogencarbo-
nate solution, 5% sodium thiosulfonate solution, and water.
The solvent was removed under reduced pressure. The pro-
ducts were separated on TLC with benzene or chloroform as
the developing solvent. The yields on reasonably pure pro-
ducts are summarized in Tables 1 and 2, and in Fig. 2.
Analytical samples were further purified by distillation or
recrystallization. The known compounds were identified by
comparing them with spectral data and/or the melting
points found in the literature. The physical, spectral, and
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analytical data for the new compounds are listed in Table 3.
A Typical Procedure for the Reaction of Acetophenone (1a)
with ITT. To a solution of la (1 mmol) in calcium
chloride-dried chloroform (20 cm?®) was added iodine(III)
tris(trifluoroacetate) (1 mmol) under an atmosphere of nit-
rogen. The solution was stirred for 6h at 23 °C. After adding
20% aqueous sodium iodide solution (20 cm3), the mixture
was stirred for 30 min. The chloroform layer was washed
with a saturated sodium hydrogencarbonate solution, 5%
aqueous sodium thiosulfonate solution, and water. After the
removal of the chloroform, the resulting liquid was fraction-
ated on a silica-gel plate eluting with benzene, giving 3a and
4a in yields shown in Table 1 (Entry 5). 2-Iodoacetophenone
(3a): Light-brown liquid;'¥ IR (CHCl;) »/cm™1=3012, 1676,
1600, 1581, 1492, 1449, 1418, 1316, 1303, 1271, 1181, 1169,
1004, 983, 697; 'H NMR (CDCl;) 6=4.32 (2H, s), 7.3—7.6
(3H, m), 7.8—8.0 (2H, m); MS m/z (rel intensity) 246 (55,
M), 141 (6), 127 (23), 105 (100), 77 (51). 2-Hydroxy-
acetophenone (4a): Colorless needles; mp 85—86 °C (sub-
limed) (lit,’> mp 86—87 °C); IR (CHCl3) »/cm™1=3484, 3012,
1597, 1448, 1285, 1202, 1091, 972, 661; 'HNMR (CDCls)
6=3.7 (1H, br. s), 4.90 (2H, s), 7.3—7.7 (3H, m), 7.8—8.1 (2H,
m); MS m/z (rel intensity) 136 (6, M), 105 (100), 77 (55).
2-(Trifluoroacetoxy)acetophenone (B). A mixture of 2-
bromoacetophenone (2.0 g), sodium trifluoroacetate (1.36 g),
and 2-butanone (20 cm?) was heated under reflux for 24 h.
After the removal of the 2-butanone under reduced pressure,
the resulting semisolid was extracted with chloroform. The
chloroform solution evaporated to give a light-brown liquid
(2.1 g, 90%). IR (CHCIl3) »/cm~'=1685 (>C=0) and 1783
(OCOCF;3); 'THNMR (CDCl3) 6=4.88 (2H, s, ~-OCHj,-) and
7.3—8.0 (5H, m, Ph). B could not be purified and was hydro-
lyzed to give 4a on a silica-gel plate eluting with benzene.
Oxidation of 2-Hydroxy-2-(2-iodophenyl)-1-phenyleth-
anone (7) with Iodine. A mixture of 7 (100 mg), sodium
methoxide which prepared by dissolving metallic sodium
(13.6 mg) in methanol (5 cm3), and iodine (150 mg) was
heated under reflux for 30 min. After the removal of the
methanol, the resulting mixture was triturated with water
and then extracted with benzene. The benzene solution
evaporated and the product was purified on a silica-gel plate
with chloroform as developing solvent, giving light-yellow
liquid (72.4 mg, 73%). The IR and 'H NMR spectra were
identical with those of 8 obtained by the ITT oxidation of 6.
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Associate Professor Akira Mori of the Research Insti-
tute of Industrial Science, Kyushu University, and Dr.
Teruyoshi Marunaka of Taiho Pharmaceutical Co.
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