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Cleavage of Vicinal Diols by lodine Triacetate and lodine(!) Acetate

By Richard C. Cambie,” David Chambers, Peter S. Rutledge, and Paul D. Woodgate,” Department of
Chemistry, University of Auckland, Auckland, New Zealand

Oxidative cleavage of vic-diols is achieved rapidly and in high yield with iodine triacetate or iodine(i) acetate.
Acetic acid and a macrocyclic peroxide have been isolated from the reaction of c/s-cyclohexane-1,2-diol with
iodine(1) acetate in dichloromethane, suggesting that the cleavage occurs by a radical process.

THE oxidative cleavage of vic-diols by reagents such as
(diacetoxyiodo)benzene which contain iodine in one of
its higher valency states, has been examined by a number
of workers.! Recently, we reported ¢ the preparation
of iodine triacetate from iodine trichloride and silver(1)
acetate and its regio- and stereo-specific addition to
alkenes. 'We now report on its role and that of iodine(1)
acetate as oxidants of vic-diols.

The products from the action (stirring for 2 min at
20 °C) of iodine triacetate (1 mol. equiv.) in acetic acid
on a series of wvic-diols are given in the Table together
with their isolated yields. New compounds were
identified from their spectral parameters and where
possible, by microanalyses of the parent or of a suitable
derivative (see Experimental section). Iodine trichlor-
ide alone in acetic acid did not cause oxidative cleavage
and its action on c¢is-cyclohexane-1,2-diol (1), for
example, resulted in acetylation to give the corresponding
diacetate (3).7 Oxidative cleavage of the vic-diols also

Cleavage of diols with iodine triacetate

Diol Product  Yield (%)
0k (16)12 63
(2)7 (1612 78
(7)8 amn 94
(8)® (18) 92
(9)° (19) 93
(10)* (19) 93
(11)10 (20) 86
(12)10 (21) 85
(13)3 (223 100
(14)311 (23)%11 93
(15)m (24)11 95

@ Isolated as the 2,4-dinitrophenylhydrazone, m.p. and mixed
m.p. 128°.

occurred at a similar rate if iodine(1) acetate, prepared
from equimolar quantities of iodine and silver(1) acetate,
was used instead of iodine triacetate. Oxidative
cleavage of cis-cyclohexane-1,2-diol also occurred if the
iodine(1) acetate was prepared from iodine(1) chloride and
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silver(1) acetate but the diol was unaffected after treat-
ment with iodine(1) chloride and thallium(1) acetate 13
at 20 °C for 5 days. The reactions of either trans-
cyclohexane-1,2-diol (2) or of 5«-androstane-28,3«-diol
(10) with the iodine-silver(r) acetate (1 : 1) reagent gave
both starting material and the respective dialdehydes in
a ca. 1:1 ratio, and it was necessary to use ca. two mol.
equiv. of the reagent in order to achieve quantitative
cleavage.

Comparative t.l.c. examination of the reaction of cis-
cyclohexane-1,2-diol with iodine(r) acetate (1 mol.
equiv.) indicated the formation of hexane-1,6-dial (16)
and another compound which was converted completely
into the dialdehyde (16) on treatment of the mixture
with additional iodine(1) acetate (1.5 mol. equiv.).
This intermediate, together with acetic acid, was isolated
from a reaction carried out in dichloromethane. I'rom
spectroscopic and microanalytical data the intermediate
was identified tentatively as the perhydrotribenzotetra-
oxecin (23), a stable 1 crystalline peroxide (cf. ref. 15).
Formation of this macrocycle was not detected during
analogous reactions with the trans-diol (2).

Criegee ! has postulated a cyclic mechanism for the
oxidative cleavage of wvic-diols with (diacetoxyiodo)-
benzene but presumably this is not the case with iodine
triacetate since the frams-diaxial diol (10) was cleaved
readily to the dialdehyde (19). The isolation of acetic
acid from the reaction of cis-cyclohexane-1,2 diol with
iodine(1) acetate in dichloromethane is consistent with
cleavage via a radical pathway involving a hypoiodite.16

As indicated above, we showed earlier ¢ that {reatment
of cyclohexene with iodine iriacetate [prepared from
iodine trichloride and silver(i) zcetate] gave a mixture
of the frans-iodo-acetate (4) (459,) and trans-iodohydrin
(8) (10%). During the present work, treatment of
cyclohexene with iodine trichloride (1 mol. equiv.) and
the cheaper and more soluble (in acetic acid) thallium(1)
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acetate (3 mol. equiv.) gave the frams-iodo-acetate (4) gave the frams-iodo-acetate (4) (429,) but in addition
in 799, yield. However no cleavage of c¢s-cyclohexane- formed the frans-iodo-chloride (6) 13 (429,).
1,2-diol occurred with this reagent after 24 h at 20 °C

R1 EXPERIMENTAL

@Rz OH General experimental details are given in ref. 17.
; General Procedure for Oxidative Cleavage of vic-Diols.—(a)
“sR3 +OH With iodine triacetate. Iodine trichloride (1.78 g, 7.6 mmol)
f ‘\R was added rapidly to dried acetic acid (25 ml) under nitrogen
(1) R'= RZ=OH, R3=H R and the mixture was stirred at 20 °C until all solid had
(2) R'=R3=0H, R2=H dissolved. Dried silver(r) acetate (7.6 g, 45 mmol) was
1 o2 ' 3 (7) R=H added and the yellow suspension was stirred for 10 min,
(3) R'=R°=0Ac,R°=H (8) R =CHs centrifuged, and the clear liquid decanted under nitrogen.

(4) R'=0Ac,R%2=H,R3=1
(5) R'=0H,RZ=H, R3=1
(6) R'=cl, R?=H, R3=1

The molarity of the solution (equivalent to an 849, con-
centration of I!I) was determined by addition of an
excess of potassium iodide to a portion and titration with
standardised sodium thiosulphate solution under nitrogen.

A portion (5 ml = 1.01 mmol) of the iodine triacetate
solution was added rapidly under nitrogen to the diol (ca.
1.0 mmol) and the mixture was stirred at 20 °C for 2 min.
The red solution was poured into ice-water, extracted with
ether, and the extract was washed successively with water,
saturated aqueous sodium hydrogencarbonate, water,
saturated aqueous sodium disulphite, and brine. Solvent
was removed from the dried solution under reduced pressure

(9) R'=H, R? =OH (11) R'=H,RZ=CH; to give the crude product which was purified by p.l.c.
(10) R'=0H,R2=H (12) R1=CH3,R2 =H (b) With iodine(1) acetate. Freshly ground iodine (0.19 g,
0.75 mmol) was added over 20 min at 20 °C to a stirred
R'R2C—CR'R? OCH(CH;),CHO solution of silver(r) acetate (0.125 g, 0.75 mmol) in dried
(16) acetic acid (5 ml) under nitrogen. The mixture was stirred
OH OH for 10 min and the diol (0.3 mmol) was then added. The
(13) R'=R? =CH, reaction was quenched after 2 min and worked up as in
(14) R'=H, R2=Ph (a). , )
(15) R'= R2= Ph R Hexane-1,6-dial (16).—This had v, 1725 cm™ (CO),
; Apay, 277 N, 8 (cf. ref. 12) 1.48—1.77 (m, 2 X CH,), 2.26—
[ 2.63 (m, 2 X CH,), and 9.71 (distorted t, 2 x CHO), m/e
~ 96 (Mt — H,0).
. (Z)-1,2,2-Trimethyicyclopentane-1,3-carbaldehyde  (17).—
OCH "R This was an oil, b.p. 80° at 0.75 mmHg, v_, (CCl,) 1725

OCH (17) R =CHO cm™! (CO), 5(CCl,) 0.90—2.95 (m, 2 x CH,, CH), 1.00 (s,
» 2-CH,), 1.12 (s, 2-CHj), 1.29 (s, 1-CHy,), 9.66 (s, 1-CHO), and
(18) R =COCHj, 9.75 (d, J 2 Hz, 3-CHO); bis-2,4-dinitrophenylhydrazone,
119) RlcR? m.p. 273—274° (Found: C, 40.5; H, 4.6; N, 20.7. Cpy
i H,,NgOq requires C, 50.0; H, 4.6; N, 21.2%,), m/e 528

R2 0 (M*) and 332 (M*+ — C¢H,N,O,).
(22) R'=R2=CH (Z)-1,3-Diacetyl-1,2,2-trimethylcyclopentane (18).—This
3 was an oil, b.p. 80° at 0.75 mmHg, v, 1700 cm™ (CO),

T---

(23) R'=Ph,R?=H $ 0.62—3.00 (m, CH,, CH), 0.70 (s, 2-CH,), 1.13 (s, 2-CHy),

(264) R'=R?=Ph 1.30 (s, 1-CH,), and 2.08 (s, 2 X MeCO), mfe 196 (M*"),

co,Me 153 (M* — CH,CO"), and 110 (M*+ — 2CH,CO"); bis-

18 20 2 1 semicarbazone, m.p. 197—198.5°, mfe 251 (M** — NH-

OCH 17, ~8.0 0Z A~ CONH,) and 236 (M* — NHNHCONH,); bis-2,4-dinitro-

OCH 1 O: 3 phenylhydrazone, m.p. 153—154°. A satisfactory analysis
Iil' 16 gl o 05 % was not obtained.

12 2,3-seco-5a-Androstane-2,3-dial (19).—This was a viscous

(20) R'=H, RZ=CHy n 8 oil (Found: C, 78.8; H, 10.55. C,;,H;3;,0, requires C,

(21) R'=CHy , RZ=H 1079 78.6; H, 10.4%), v, 1724 cm™ (CO), 3 0.71 (s, 18-Hy),

(25) 0.84 (s, 19-H,), and 9.58—9.86 (m, 2 x CHO), m/e 290

(M*+*), and 246 (M*+" — CH,:CHOH).
(cf. ref. 11). Treatment of cyclohexene with thallium(r) Methyl 2,3-Dioxo-2,8-seco-olean-12-en-28-oate (20).—This
acetate and iodine trichloride in a 1:1 molar ratio also was an unstable oil, b.p. 180—190° at 1 mmHg, § 3.55 (s,
v R C. Cambie R C.H 4 B.G. Lindsav. A. L T. Ph OMe), 5.25 (m, W, 9 Hz, 12-H), 9.53 (s, 3-CHO), and 9.76
- . Cambie, R. €. Hayward, B. G. Lindsay, 4. L 1 L0an,  (distorted t, 2-CHO), mfe 484 (M*'), 466 (M*" — H,0),
P. S. Rutledge, and P. D. Woodgate, J.C.S. Perkin I, 1976, 1961; and 424 (M+ — HOAc).

R. C. Cambie R. C. Hayward, J. L. Roberts, and P. S. Rutledge, ; i
ibid., 1974, 1858. Methyl 2,3-Dioxo-2,3-seco-urs-12-en-28-oate (21).—This
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was an unstable oil, 8§ 3.65 (s, OMe), 5.25 (distorted t,
12-H), 9.64 (s, 3-CHO), and 9.88 (distorted t, 2-CHO),
mfe 484 (M*'), 466 (M — H,O, and 424 (Mt — HOACc).

Reaction of cis-Cyclohexane-1,2-diol with Iodine Tvichlor-
ide.—-The cis-diol (1) (92 mg, 0.8 mmol) was added to a
solution of iodine trichloride (0.21 g, 0.89 mmol) in acetic
acid (5 ml) and the mixture was stirred at 20 °C for 24 h.
Work-upand p.l.c. (hexane—ether, 3 : 2) gave cis-cyclohexan-
1,2-diyl diacetate (3)!7 (88 mg, 55%), & 1.16—2.34 (m,
CH,), 2.01 (s, 2 x OAc), and 4.95 (m, Wy, 11 Hz, 2 X
CHOAC).

Reaction of cis-Cyclohexane-1,2-diol with Iodine(1) Acetate
in Dichlovomethane —The cis-diol (1)(1.22 g, 10.5 mmol) was
added to a solution of iodine (2.76 g, 10.5 mmol) and silver(r)
acetate (1.74 g, 10.5 mmol) in dichloromethane (40 ml) and
the mixture was stirred at 20 °C for 10 min. Work-up
yielded an oil (1.21 g) which was separated by p.l.c. {(ether—
hexane, 7: 3) into starting material, acetic acid, and per-
hydrotribenzo[b e hltetraoxecin (25) (0.46 g) which crystal-
lized from ethanol-ether as plates, m.p. 86—87° (Found:
C, 69.9; H, 10.1. C,H;0O, requires C, 69.6; H, 9.7%),
Vioax, 1130 cm™ (=O-), 8 1.02—1.95 (m, CH,), 3.95 (m,
Wy 9 Hz, 5-,7-,12-14-H), and 4.95 (distorted t, 19-,22-
H), m/e 310.2134 (M*), 309.206 0 (M*" — H), 213.148 0
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(M* — CH,0), 211.1328 (M"™ — C,H,,0), 196.1458
(Mt — CH,,O,), and 98.073 1 (M™ — C,H,0,), 8¢
21.2 (C-2,-13,-16,-17), 24.9 (C-9,-10), 28.9 (C-1,-4,-15,-18),
35.8 (C-8,-11), 74.8 (C-5,-7,-12,-14), and 104.5 p.p.m.
(C-19,-22).

Reaction of Cyclohexene with Iodine Trichlovide and
Thallium(1) Acetate.—(a) Using a 1:3 vatio. Thallium(1)
acetate (5.0 g, 18.9 mmol) in dried acetic acid (10 ml) was
added dropwise under nitrogen to a solution of iodine
trichloride (1.42 g, 6.1 mmol) in dried acetic acid (15 ml)
and the mixture was stirred at 20 °C for 30 min.  The result-
ing suspension was centrifuged and a portion (5 ml) of the
clear solution was stirred with cyclohexene (99 mg, 1.2
mmol) at 20 °C for 10 s. Work-up gave frans-2-iodocyclo-
hexyl acetate (4) (0.26 g, 799%) (correct 'H n.m.r. spec-
trum).®

(b) Using a 1:1 ratio. Cyclohexene was treated as in
(a) with a solution prepared from thallium(1) acetate (2.0 g,
7.6 mmol) and iodine trichloride (1.77 g, 7.7 mmol). Work-
up and p.l.c. of the crude product gave frans-2-iodocyclo-
hexyl acetate (4) (0.29 g, 429,) and trams-l-chloro-2-
iodocyciohexane (6) (0.26 g, 429,) (correct 'H n.m.r.
spectrum).¢
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