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Abstract: One-pot synthesis of a-formyloxy tones as well as a-acetoxy ketones from
enolizable ketones and [hydroxy(tosyloxy) iodo] benzene (HTIB)/polymer supported
[hydroxy(tosyloxy) iodo] benzene (PSHTIB) in N,N-dimethylformamide (DMF)/
N, N-dimethylacetamide (DMA) in high yields is described.
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The a-formyloxy ketones are useful intermediates for synthesizing (oxodiox-
olenyl) methylcarbamate as novel nonchiral bioreversible prodrug moieties
for chiral amino functional drugs.''? a-Formyloxy /acetoxy indane-1,3-
dione derivatives are effective as allergy inhibitors.*** The formate and
acetate groups also serve as good protective groups for the hydroxyl
function in a-hydroxy ketones,”®! the moiety that is present in many biologi-
cally active natural products.'” The a-acetoxy ketones find applications for
biotransformation to optically active 1,2-diols, which are important intermedi-
ates in organic synthesis and for staining biologically active compounds.!”
There are various protocols for synthesizing a-acetoxy ketones.!®~!?
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Scheme 1. R = aryl, 2-thienyl, naphthyl; R, = H, Me, cycloakyl; and R3 = H, Me.

Table 1. Physical data of a-formyloxy and a-acetoxy ketones (5)“

a-Formyloxy ketone a-Acetoxy ketone
Yield Mp (°C) Yield Mp (°C)
Entry Reactants (%) (lit. mp) (%) (lit. mp)
1 C¢HsCOCH; 75 50 78 45
(50-52)14
2 4-CH;C¢H4,COCH; 70 Liquid"?! 76 Liquid™
3 4-CH;0C¢H,COCH; 75 65-67 74 69
(84.5)M19
4 2-CH;0C¢H,COCH; 65 48 72 55
5 4-CICgHsCOCH; 78 82 80 62
(82-85)12 (70.3)[19
6 4-BrC¢H,COCH; 80 90 85 700!
7 4-FC¢H,COCH; 75 69 80 421101
8 C¢HsCOCH,CH; 85 Liquid 68 Liquid"?
9 1-Indanone 66-67 70 Liquid
10 2-Acetylthiophene 70 62 70
11 1-Acetylnaphthalene 78 Liquid 80 Liquid

“The elemental analysis of unknown compounds was found be satisfactory (0.4%),
and in IR, the carbonyl band appeared at 1732 + .8, 1701 + .8 cm™ ! in all compounds
besides other bands.
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Table 2. Spectroscopic data of a-formyloxy ketones (5)

Entry "H NMR (CDCl3) 3C NMR (CDCls)

1

5.44 (s, 2H, CH,), 7.47-7.51
(m, 2H, H; and Hs), 7.59-7.64
(m, 1H, Hy), 7.90-7.93
(m, 2H, H, and Hg), 8.25
(s, 1H, OCHO)

65.3 (CH,), 127.7 (C-3 and C-5),
128.9 (C-2 and C-6), 133.8
(C-1), 134.0 (C-4), 160.0
(0C=0), 191.1 (C=0)

2 2.34 (s, 3H, CH3), 5.34 (s, 2H, 21.8 (CH3), 65.3 (CH,), 127.9
CH,), 7.21 (d, J = 8 Hz, 2H, (C-2 and C-6), 129.6 (C-3 and
H, and Hs), 7.74 (d, J = 8 Hz, C-5), 131.4 (C-1), 145.1 (C-4),
2H, H, and Hy), 8.17 (s, 1H, 160.1 (OC=0), 190.7 (C=0)
OCHO)
3 3.87 (s, 3H, OCH3), 5.40 (s, 2H, 55.5 (OCH3), 65.0 (CH,), 114.1
CH,), 6.96 (dd, J = 6.9, (C-3 and C-5), 126.8 (C-1),
2.0 Hz, 2H, H; and Hs), 7.89 130.1 (C-2 and C-6), 160.1
(dd, J = 6.9, 2.0 Hz, 2H, H, (0C=0), 164.1(C-4), 189.5
and Hy), 8.25 (s, 1H, OCHO) (C=0)
4 3.96 (s, 3H, OCH3), 5.34 (s, 2H, 55.7 (OCH3), 69.4 (CH,), 111.5
CH,), 7.00 (d, J = 8.4 Hz, 1H, (C-3), 121.1 (C-5), 124.0 (C-
Hs), 7.05 (t, J = 7.4 Hz, 1H, 1), 131.2 (C-6), 135.2 (C-4),
H,), 7.54 (1 H, dt, J = 7.8, 159.6 (C-2), 160.4 (OC=0),
1.6 Hz, Hs), 7.97 (1 H, dd, 191.9(C=0)
J =176, 1.6 Hz, Hy), 8.24 (1
H, s, OCHO).
5 5.32 (s, 2H, CH,), 7.37-7.41 65.4 (CH,), 128.8 (C-3 and C-5),
(m, 2H, H; and Hs), 7.76-7.80 130.0 (C-2 and C-6), 135.5
(m, 2H, H, and Hy), 8.16 (C-1), 138.2 (C-4), 160.0
(s, IH, OCHO) (0C=0), 190.3 (C=0)
6 5.40 (s, 2H, CH,), 7.63-7.66 65.1 (CH,), 129.3 (C-2 and C-6),
(m, 2H, H; and Hs), 7.77-7.80 129.4 (C-4), 132.3 (C-3 and
(m, 2H, H, and Hy), 8.25 C-5), 132.6 (C-1), 160.0
(s, IH, OCHO) (0C=0), 190.3 (C=0)
7 541 2 H, s, CHy), 7.15-7.21 65.1 (CH,), 116.2
(m, 2H, H; and Hs), 7.93-7.98 (d, Jog = 22 Hz, C-3 and C-5),
(m, 2H, H, and Hy), 8.25 130.4 (d, Jop = 2.8 Hz, C-1),
(s, IH, OCHO) 130.5 (d, Jop = 9.00 Hz, C-2
and C-6), 160.0 (OC=0),
166.0 (d, Jop = 255.0 Hz,
C-4), 189.6 (C=0)
8 1.57 (d, J = 7.04 Hz, 3H, CH,), 17.2 (CHs), 69.3 (CH), 128.5

6.12 (q, J = 7.04,1H, CH),
7.47-7.52 (m, 2H, H; and Hs),
7.59-7.63 (m, 1H, Hy), 7.92—
7.96 (m, 2H, H, and Hy), 8.13
(s, IH, OCHO)

(C-3 and C-5), 128.8 (C-2 and
C-6), 133.8 (C-4), 134.0 (C-1),
160.1 (OC=0), 195.8 (C=0).

(continued)
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Entry "H NMR (CDCl5) 13C NMR (CDCls)
9 3.10 (dd, J = 17.0, 4.8 Hz, 1H), 33.2 (C-3), 73.5 (C-2), 124.6

3.70 (dd, J = 17.0, 8.0 Hz, (C-6), 126.7 (C-4), 128.3
1H), 5.54-5.57 (m, 1H), (C-7), 134.2 (C-7a), 136.1
7.42-7.48 (m, 2H), 7.65-7.69 (C-5), 150.2 (C-3a), 160.2
(m, 1H), 7.81 (d, J = 7.76 Hz, (0C=0), 199.8 (C=0)
1H), 8.23 (s, 1H, OCHO)

10 5.33 (s, 2H, CH,), 7.18 (dd, 65.0 (CH,), 128.4 (C-4), 132.1
J=4.84,3.96 Hz, 1H, H,), (C-3), 134.7 (C-5), 140.0
7.40 (dd, J = 4.9, 0.8 Hz, 1H, (C-2), 160.0 (OC=0), 184.3
Hs), 7.77 (dd, J = 3.8, 0.8 Hz, (C=0)
1H, Hy) 7.73-7.77 (m, 2H),
8.24 (s, 1H, OCHO)

11 5.39 (s, 2H, CH,), 7.47-7.62 66.7 (CH,), 124.2 (C-3), 125.4

(m, 3H, H;, Hg and H5), 7.81—
7.87 (m, 2H, H, and Hs), 8.01
(d, J = 8.2 Hz, 1H, H,), 8.26
(s, IH, OCHO), 8.63

(d, /= 8.0 Hz, 1H, Hy)

(C-8), 126.8 (C-6), 127.6 (C-
7, 128.5 (C-5), 128.7 (C-2),
130.2 (C-8a), 131.9 (C-4a),
133.8 (C-4), 133.9 (C-1),
160.1 (OC=0), 194.8 (C=0)

However, there exist only two reports (i.e., aniodic oxidation of enol
carbonate!"¥ and a thallium(Illtriflate!’*) for furnishing a-formyloxy
ketones. Keeping in view the importance of a-formyloxy and a-acetoxy
ketones, we report herein a smooth conversion of enolizable ketones to
a-formyloxy and a-acetoxy ketones using {hydoxy(tosyloxy) iodo}benzene
(HTIB) as well as polymer-supported [hydoxy(tosyloxy)iodo]benzene
(PSHTIB) in DMF and DMA solvent with high yields.

The enolizable ketones (I) are first converted to corresponding
a-tosyloxy ketones (2) using HTIB or PSHTIB.!">! The reaction of 2 with
3 (R=H, DMF and R=CHj;, DMA) as solvent generated iminium salt inter-
mediate (4), which on subsequent treatment with water cleanly afforded
a-formyloxy ketones and a-acetoxy ketones (5), respectively, within 15—
45 min. (Scheme 1). The products were purified by percolation through a
column of silica gel using hexane—ethyl acetate as eluent. The structure of
the products was established through their physical and spectroscopic
(FTIR and NMR) data. The physical data are presented in Table 1. The spec-
troscopic data of a-formyloxy ketones and a-acetoxy ketones are presented
in Tables 2 and 3, respectively.

Further, we also examined the reaction of 1 with diacetoxyiodobenzene in
the presence of trifluoromethane sulphonic acid which resulted in the desired
product (5), but the HTIB-mediated reaction was much cleaner. The reaction
was extended to a variety of substrate to afford 5 for generalization. The
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Table 3. Spectroscopic data of a-acetoxy ketones (5)
Entry "H NMR (CDCl5) 3C NMR (CDCls)
1 2.22 (s, 3H, CH3), 5.34 (s, 2H, 20.6 (CH3), 66.0 (CH,), 127.8
CH,), 7.46-7.51 (m, 2H, H; (C-3 and C-5), 128.9 (C-2 and
and Hs), 7.58-7.63 (m, 1H, C-6), 133.9 (C-4), 134.2 (C-1),
Hy), 7.90-7.93 (m, 2H, H, 170.5 (OC=0), 192.2 (C=0)
and Hg)
2 2.22 (s, 3H, CH3), 2.41 (s, 3H, 20.6 (CH3), 21.7 (CH3), 66.0
CH3), 5.31 (s, 2H, CH,), 7.26— (CHy), 127.9 (C-2 and C-6),
7.28 (m, 2H, H; and Hs), 129.5 (C-3 and C-5), 131.8
7.80-7.82 (m, 2H, H, and Hg) (C-1), 144.9 (C-4), 170.5
(0OC=0), 191.7(C=0)
3 2.22 (s, 3H, CHj3), 3.88 (s, 3H, 20.6 (CH3), 55.5 (OCH3;), 65.8
OCHs;), 5.29 (s, 2H, CH,), (CH,), 114.1 (C-3 and C-5),
6.95 (dd, J = 6.96, 2.00 Hz, 127.3 (C-1), 130.1 (C-2 and
2H, H; and Hs), 7.90 (dd, C-6), 164.1 (C-4), 170.5
J=6.96, 2.00 Hz, 2H, H, (0C=0), 190.6(C=0)
and Hg)
4 2.19 (s, 3H, CHj3), 3.92 (s, 3H, 20.6 (CH3), 56.0 (OCH3), 65.9
OCHy;), 5.22 (s, 2H, CH,), (CH,), 114.0 (C-3), 120.7
6.96—7.05 (m, 2H, H; and Hs), (C-5), 123.0 (C-1), 129.6
7.48-7.54 (m, 1H, Hy), 7.91 (C-6), 133.9 (C-4), 162 (C-2),
(dd, /= 7.8, 1.8 Hz, 1H, He) 170.5 (OC=0), 191.2 (C=0)
5 2.22 (s, 3H, CHj3), 5.29 (s, 2H, 20.5 (CH3), 65.9 (CH,), 129.2
CH,), 7.45-7.48 (m, 2H, H; (C-3 and C-5), 129.3 (C-2 and
and Hs), 7.83-7.87 (m, 2H, H, C-6), 132.6 (C-1), 140.4 (C-4),
and Hp) 170.4 (OC=0), 191.1 (C=0)
6 2.22 (s, 3H, CHj3), 5.28 (s, 2H, 20.6 (CH3), 65.8 (CH,), 129.2
CH,), 7.63 (d, 2H, J = 8.6 Hz, (C-4), 129.3 (C-3 and C-5),
H; and Hs), 7.78 (d, 2H, 132.3 (C-3 and C-5), 132.9
J = 8.6 Hz, H; and Hg) (C-1) 170.4 (OC=0), 191.3
(C=0)
7 2.22 (s, 3H, CHs), 5.30 (s, 2H, 20.6 (CH3), 65.8 (CH,), 116.2
CH,), 7.14-7.19 (m, 2H, H; (d, J = 32 Hz, C-3 and C-5),
and Hs), 7.93-7.97 (m, 2H) 130.6 (d, / = 10.00 Hz, C-2
and C-6), 130.7 (d,J = 3.00 Hz,
C-1), 166.0 (d, J = 255.0 Hz,
C-4), 170.4 (OC=0), 190.7
(C=0)
8 1.52 (d, J = 7.0 Hz, 3H, CH,), 17.0 (CH3), 20.6 (CH3), 71.3

2.13 (s, 3H, CH3), 5.96 (q, 1H,
CH), 7.45-7.48 (m, 2H, H;3
and Hs), 7.55-7.60 (m, 1H,
Hy), 7.91-7.95 (m, 2H, H,
and Hg)

(CH), 128.3 (C-3 and C-5),
128.7 (C-2 and C-6), 133.5
(C-4), 134.2 (C-1), 170.3
(0C=0), 196.8 (C=0)

(continued)
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Entry "H NMR (CDCls)

13C NMR (CDCls)

9 2.19 (s, 3H, CHy), 3.04 (dd,
J=16.92, 4.88 Hz, 1H, H;),
3.66 (dd, J = 16.92, 8.00 Hz,
1H, Hy), 5.42 (dd, J = 8.0,
4.8 Hz, 1H, H,), 7.40-7.66
(m, 4H, H4, Hs, Hg and H7)

10 2.22 (s, 3H, CH3), 5.22 (s, 2H,
CH,), 7.16 (dd, J = 4.96,
3.8 Hz, 1H, Hy), 7.71 (dd,
J =49, 0.8 Hz, 1H, Hs), 7.75
(dd, J = 3.8, 1.0 Hz, 1H, Hy)

11 2.23 (s, 3H, CHs), 5.30 (s, 2H,
CH,), 7.46-7.62 (m, 3H, Hj,
Hg and H), 7.82—-7.87 (m, 2H,
H, and Hs), 8.01 (d,J = 8.2 Hz,
1H, Hy), 8.62 (d, / = 8.4 Hz,
1H, Hg)

20.6 (CHs), 33.4 (C-3), 74.0
(C-2), 124.5 (C-6), 126.6
(C-4), 128.1 (C-7), 134.4
(C-7a), 135.9 (C-5), 150.4
(C-3a), 170.5 (OC=0), 200.7
(C=0)

20.5 (CHs), 65.7 (CH,), 128.3
(C-4), 132.0 (C-3), 134.3
(C-5), 140.3 (C-2), 170.3
(0C=0), 185.4 (C=0)

20.6 (CHs), 67.5 (CH,), 124.2
(C-3), 125.5 (C-8), 126.8
(C-6), 127.5 (C-7), 128.4
(C-5), 128.5 (C-2), 130.2
(C-8a), 132.3 (C-4a), 133.5
(C-4), 133.9 (C-1), 170.6
(0C=0), 196.1 (C=0)

synthetically useful a-formyloxy and a-acetoxy ketone (5) may be depro-
tected to get a-hydroxy ketone, the moiety that is present in many naturally
occurring products and drugs. The a-formyloxy and a-acetoxy ketones (5)
were also obtained in one pot starting from enolizable ketone (1) to first
generate the a-tosyloxy ketones in situ, followed by subsequent removal of
acetonitrile, reflux in DMF/DMA, and addition of water.

In conclusion, this simple, efficient, and economic transformation is
superior to the previously described method for the synthesis of
a-formyloxy ketones utilizing the reaction of ketones with toxic thalliu-
m(Illacetate and costly trifluoromethanesulphonic  acid.'¥  Further,
PSHTIB utilized in these reactions can be regenerated by treatment of the
recovered iodopolystyrene with peracetic acid followed by p-toluenesulpho-
nic acid.

EXPERIMENTAL

Melting points were determined in open capillaries and are uncorrected. FTIR
spectra were obtained in KBr on Perkin-Elmer Spectrum RX1 instruments and
are reported in centimeters . 'H and '>C NMR spectra were determined on
Bruker Avance II 400-MHz and 100-MHz NMR spectrometers,
respectively, in CDCl; and are expressed as parts per million (ppm) with
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respect to TMS. Elemental analysis was carried out on a Perkin-Elmer 2400
instrument.

Synthesis of a-Formyloxy and «-Acetoxy Ketones (5): General
Procedure

HTIB (2.2 mmol, 758 mg) was added to a solution of enolizable ketone
(1, 2 mmol) in acetonitrile (20 ml). The reaction mixture was refluxed for
2-3 h. After the completion of the reaction, most of the acetonitrile was
removed under vaccum, and 10 ml of dry DMF/DMA was added. The
solution was further refluxed for 30-45/15-25 min, respectively. The
reaction mixture was cooled, and 2—3 ml of water was added. It was stirred
for 15 min, extracted with dichloromethane thrice, and washed with
saturated aq. sodium bicarbonate and water. The combined extract was
dried over anhydrous sodium sulphate, and the excess of dichloromethane
was distilled off. The residue was chromatographed over silica gel
(60—120 mesh) using hexane—ethyl acetate (95:5) as eluant to afford 5.

Alternatively, 5 can also be prepared utilizing polymer-supported [hydox-
y(tosyloxy) iodo]benzene (PSHTIB) instead of HTIB. The only difference was
that the reaction mixture containing 1 and PSHTIB was refluxed and filtered to
remove iodopolystyrene followed by removal of acetonitrile.

ACKNOWLEDGMENT

The authors are thankful to Council of Scientific and Industrial Research
(CSIR) and University Grants Commission (UGC), New Delhi, for financial
support.

REFERENCES

1. Alexander, J.; Bindra, D. S.; Glass, J. D.; Holahan, M. A.; Renyer, M. L.;
Rork, G. S.; Sitko, G. R.; Stranieri, M. T.; Stupienski, R.; Veerapanane, H.;
Cook, J. J. Investigation of (oxodioxolenyl)methyl carbamates as nonchiral biore-
versible produrg moieties for chiral amines. J. Med. Chem. 1996, 39, 480—486.

2. Rossiter, B. E. In Asymmetric Synthesis; Morrison, J. D., Ed.; Academic Press:
Orlando, FL, 1985; Vol. 5.

3. Takagaki, H.; Abe, M.; Inasawa, K. Preparation of indane-1,3-dione derivatives as
pharmaceuticals. JP 06122647, 1994.

4. Takagaki, H.; Nakanishi, S.; Abe, M.; Kimura, N. Indandione derivatives as
allergy inhibitors. JP 06172167, 1994.

5. (a) Wolfrom, M. L.; Thompsom, A.; Evans, E. F. The action of diazomethane upon
acyclic sugar derivatives. VII. D-Psicose. J. Am. Chem. Soc. 1945, 67, 17931797,
(b) Fenselau, C. Steroid Reactions; Djerassi, C., Ed.; Holden-Day: San Francisco,



a-Formyloxy Ketones 345

10.

11.

12.

13.

15.

1963; pp. 237-591; (c) Kocienski, J. Protective Groups; G. Thieme: Stuttagart,
1994; pp. 22-29; (d) Noyori, R.; Kitamura, M. Modern Synthetic Methods;
Scheffold, R., Ed.; Springer: Berlin, 1989; Vol. 5.

. Raduchel, B. Inversion of configuration of secondary alcohols, in particular in the

steroid and prostaglandin series. Synthesis 1980, 292—294.

. Wei, Z. L.; Lin, G. Q.; Li, Z. Y. Microbial transformation of 2-hydroxy and

2-acetoxy ketones with Geotrichum sp.. Bioorg. Med, Chem. 2000, 8, 1129-1137.

. Rawilson, D. J.; Sosnovsky, G. One-step substitutive acyloxylation at carbon, part

II: Reactions involving metal salts. Synthesis 1973, 567—-603.

. Demir, A. S.; Camkerten, N.; Akgun, H.; Tanyeli, C.; Mahasneh, A. S.; Watt, D. S.

Oxidation of aryl alkyl ketones to a-acyloxy, a-(camphorsulfonyloxy), or
a-hydroxy derivatives using manganese(IIl) acetate in combination with car-
boxylic acids or (1S)-(4)-10-camphorsulfonic acid. Synth. Commun. 1990, 20,
2279-2289.

Lee, J. C.; Hong, T. A facile synthesis of secondary a-alkoxy or a-acetoxy
aromatic ketones. Synth. Commun. 1997, 27, 4085-4090.

Mizukami, F.; Ando, M.; Tanaka, T.; Imamura, J. The acetoxylation of
p-substituted acetophenones and S-diketones with (diacetoxyiodo)benzene. Bull.
Chem. Soc. Jpn. 1978, 51, 335-336.

Ochiai, M.; Takeuchi, Y.; Katayama, T.; Sueda, T.; Miyamoto, K. lodobenzene-
catalyzed a-acetoxylation of ketones: In situ generation of hypervalent (diacylox-
yiodo)benzenes using m-chloroperbenzoic acid. J. Am. Chem. Soc. 2005, 127,
12244-12245.

Barba, F.; Quintanilla, M. G.; Montera, G. a-Formyloxycarbonyl compounds from
the anodic oxidation of enol carbonates. J. Org. Chem. 1995, 60, 5658 —-5660.

. Lee,J. C.; Jin, Y. S.; Choi, J. H. Synthesis of a-acetoxy and formyloxy ketones by

thallium(IIl) promoted a-oxidation. Chem. Commun. 2001, 77, 956-957.

(a) Koser, G. F.; Relenyi, A. G.; Kalos, A. N.; Rebrovic, L.; Wettach, R. H. One-
step a-tosyloxylation of ketones with [hydroxyl(tosyloxy)iodo]benzene. J. Org.
Chem. 1982, 47, 2487-2489; (b) Prakash, O.; Rani, N.; Sharma, P. K. Hypervalent
iodine reagents in the synthesis of heterocyclic compounds. Synlett 1994,
221-227; (c) Abe, S.; Sakuratani, K.; Togo, H. Synthetic use of poly[4-hydroxy
(tosyloxy)iodo]styrenes. J. Org. Chem. 2001, 66, 6174—-61717.



Copyright of Synthetic Communications is the property of Taylor & Francis Ltd and its content
may not be copied or emailed to multiple sites or posted to a listserv without the copyright
holder's express written permission. However, users may print, download, or email articles for
individual use.



