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Samples Co.): bp 160-161° (lit.}® bp 161°); ir (CHCl3) 1705 cm™1;
1H NMR (CDCls) 1.05 (s, @ H), 1.10 (s, 9 H), 2.40 ppm (2 H); mass
spectrum m/e (rel abundance) 156 (M, 40), 57 (100).

4-Bromo-2,2,5,5-tetramethyl-3-hexanone was prepared from
the above ketone on the 50-mmol scale. The reaction was notably
slower than the other reactions, with addition requiring 8 hr.
Work-up as usual gave 10.9 g (93%) of the bromo ketone as clear,
colorless oil: bp 31° (0.10 mm); ir (CHCl3) 1709 cm™1; 1TH NMR
(CDClg) 1.16 (s, 9 H), 1.25 (s, 9 H), 4.53 ppm (s, 1 H); mass spec-
trum m/e (rel abundance) 236/234 (MY, 60/60), 151/149 (M ~
C4HoCO, 70/70), 57 (100).

Anal. Caled for C1oH19BrO: C, 51.07; H, 8.14; Br, 33.98. Found:
C, 51.04; H, 8.11; Br, 34.04.

Attempted Preparation of 2,2,5,5-Tetramethyl-3,4-hex-
anedione via Iodide-Catalyzed Oxidation. When the usual reac-
tion was attempted on the above bromo ketone, even after reaction
times of up to 25 hr at 150°, no diketone could be isolated, al-
though there was development of some yellow color. The liquid re-
isolated from the reaction (105% based on mass of starting bromo
ketone), which had an NMR identical with that of starting materi-
al, was shown by GLC (12% Carbowax 20M) to be a 55:45 mixture
of a-bromo and «-iodo ketone: mass spectrum m/e 282 (RI), 236/
234 (RBr), 197 (RI — C,HCO0), 151/149 (RBr — C4HyCO).

2,2,5,5-Tetramethyl-3,4-hexanedione was prepared by Korn-
blum’s method;'? 4-bromo-2,2,5,5-tetramethyl-3-hexanone (2.35 g,
10 mmol) was dissolved in 15 ml of acetonitrile, and a solution of
silver nitrate (1.87 g, 11 mmol) in 15 ml of acetonitrile was added.
After stirring for 60 hr at ambient temperature the mixture was fil-
tered, the silver bromide was washed with diethyl ether, and the
combined filtrate and washing were rotary evaporated (water aspi-
rator, 30°). The residue was taken up in ether, washed with water,
and dried, and the solvent was removed. The crude nitrate ester
was dissolved in 70 ml of DMSO and then a suspension of sodium
acetate trihydrate (0.20 g) in 20 ml of DMSO was added. After stir-
ring for 5-10 min at room temperature, the reaction mixture was
worked up in a similar manner to the previously mentioned DMSO
oxidation reactions: yield 0.80 g (47%); bp 38-40° (5 mm) [lit.! bp
59-62° (14 mm)]; ir (neat) 1700 em~%; NMR (CCly) 1.18 ppm (s);
mass spectrum m/e (rel abundance) 170 (M, 8), 57 (100).
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This report covers the reaction of a variety of alcohols
with acetyl hypoiodite and the subsequent decomposition
of the alkyl hypoiodite that was formed. The formation and
decomposition of the alkyl hypoiodite product was done in
the absence of metal salts. Previous reported reactions of
steroid alcohols with acetyl hypoiodite involved the prepa-
ration and decomposition of the products in the presence of
mercury, silver, or lead salts.! These salts very likely have a
direct effect on the product composition.

To determine the generality of preparing alkyl hypoio-

dites from acetyl hypoiodite and alcohols, we have treated
several alcohols with acetic acid solutions of acetyl hy-
poiodite. Solutions of acetyl hypoiodite were prepared by
treating silver acetate with a 5% molar excess of iodine in
glacial acetic acid.? The molar amount of precipitated sil-
ver iodide accounted for more than 99% of the starting sil-
ver acetate. '
. The alcohols to be oxidized were selected so that the pro-
posed alkyl hypoiodite intermediates would break down to
products in a variety of ways. Good yields of products were
obtained by irradiating the cooled (20-25°) reaction
mixtures immediately after the alcohols were mixed with
the acetyl hypoiodite solutions. The product yields were
cut approximately in half when the reaction mixtures were
irradiated and heated (90-100°), and yields were very low
{10-20%) when the reaction mixtures were run in the dark
at ambient temperatures.

A general sequence for the reaction between acetyl hy-
poiodite and an alcohol is suggested below. The acetyl hy-
poiodite reacts with the alcohol to give an equilibrium with
the alkyl hypoiodite and acetic acid. The O-I bond of the
alkyl hypoiodite then is cleaved homolytically by visible
light to produce alkoxy radicals. The alkoxy radicals have
several decomposition pathways available to them.

CH,COOI + ROH === CH;COOH + ROI

B
ROI = I+ + RO+ — products

The oxidations of 3-ethyl-3-pentanol, 1l-pentanol, and
benzyl alcohol with acetyl hypoiodite will be discussed in
some detail. The only detectable products from the reac-
tion of 3-ethyl-3-pentanol with acetyl hypoiodite were 3-
pentanone and iodoethane. The 3-pentanone is formed
from B-scission? of the intermediate alkoxy radical 2, while
the iodoethane is produced when the ethyl radical and the
hypoiodite 1 collide.
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Table I
Oxidations? of Alcohols with Acetyl Hypoiodite
Irradiation
Registry no. Alcohol Products (% yield?) time, hr
597-49-9 3-Ethyl~3-pentanol {S—Pentanone (90) 1
Ethyl iodide (84)
6032~29-7 2-Pentanol {Z-Methyltetrahydrofuran (30) 24
2-Pentanone (60°)
71-41-0 1-Pentanol 2-Methyltetrahydrofuran (80) 24
100-51-6 Benzyl alcohol {Benzaldehyde (85%) 4
Todobenzene (0)
Benzaldehyde (61°) 17
611-69-8 2-Methyl-1-phenyl-1-propancl 2~Todopropane (> 15%)

2-Methyl-1~phenyl-1-propanone (40°)

@ The oxidations were performed at 20-25° with irradiation. ? The percent yields were an average of three runs. ¢ The yield was based on a
50% maximum because of a presumed disproportionation reaction of the alkoxy radical. ¢ The 2-iodopropane was not stable under our GLC

conditions and more than 15% was probably formed.

CH,CH; (CH,CH; cc
hv lw/\ bond
CHgCHQC—'OI — CHSCHzc-O' —_——
cleavage
CH,CH, CH,CH, + I
1 2
CH,CH,

C=0 + CH,CH,*

1 + CH,CH,+ — CH,CH,I + 2

Reaction of 1-pentanol with acetyl hypoiodite produces
80% yields of 2-methyltetrahydrofuran (4). The furan prod-
uct gives evidence that a Barton-type? decomposition is the
preferred pathway for the intermediate hypoiodite 3.

. CH,
hv
CH,CH,CH,CH,CH,OI W l + HI

3 reaction 4

Benzaldehyde is the major product when benzyl aleohol
and acetyl hypoiodite are mixed and irradiated. The benz-
oxy radical 6 forms benzaldehyde and presumably benzyl
alcohol, by a radical disproportionation reaction.

radical

2C,H,CH,0+ —————>
- disproportionation
6

Two products, 2-pentanone (60%) and 2-methyltetrahy-
drofuran (30%), were formed when 2-pentanol and acetyl
hypoiodite were mixed together with irradiation. The 2-
pentanone was probably formed by a disproportionation
reaction of the 2-pentoxy radical while the 2-methylte-
trahydrofuran was produced by a Barton-type reaction.

The decomposition of the hypoiocdite obtained from 2-
methyl-1-phenyl-1-propanol gave benzaldehyde (61%) and
2-iodopropane (>15%) from a B-scission of the alkoxy radi-
cal and produced 2-methyl-1-phenyl-1-propanone (40%) by
radical dispropertionation of the alkoxy radical.

A list of alcohols oxidized with acetyl hypoiodite, the
percentage yields of the products, and the reaction times
are given in Table 1.

The reactions of some alcohols with acetyl hypoiodite
other than those listed in Table 1 were tried. 1-Phenyl-1-
ethanol and tert-butyl alcohol dehydrated too rapidly in
the acetic acid solution before any substantial hypoiodite
formation could take place. Diphenylcarbinol and triphen-
vlcarbinol acetylated before an oxidation could occur.

In summary, the acetyl hypoiodite converted several al-

C¢H;CHO + CyH;CH,OH

cohols to their corresponding alkyl hypoiodites in good
yields. The reaction of acetyl hypoiodite with alcohols pro-
vides an excellent source of the not easily accessible pri-
mary and secondary alkoxy radicals. With no metal ions
present the alkyl hypoiodites gave products that indicated
light-induced homolytic decomposition. We are presently
looking for an inert solvent in which the acetyl hypoiodite
is stable so that the reaction of alcohols with acetyl hy-
poiodite would be more general.

Experimental Section

Analyses were performed on a Perkin-Elmer 810 GLC and a
Varian Aerograph Model 700 GLC. Irradiation of the reaction
mixtures was effected with a G. E. projector spot 150-W, 130-V
tungsten lamp. Liquid chemicals used in reaction mixtures and
standard GLC mixtures all had greater than 99.5% purity as deter-
mined on the gas chromatograph. The silver acetate was dried
under vacuum in the dark at 64°. The iodine was sublimed. The
acetic acid was refluxed for 24 hr with 2% acetic anhydride and was
fractionally distilled. GLC analyses of the acetic acid solutions
were performed using a 6 ft X 0.25-in. copper column of 20% FFAP
(modified Carbowax 20M from Varian) adsorbed on 60-80 mesh
base-washed Chromosorb P. All oxidations were run between 20
and 25° with irradiation. The oxidations were monitored frequent-
ly and the time for maximum yields of products ranged from 1 to
24 hr. Descriptions of the preparation of acetyl hypoiodite and of
the oxidation of 3-ethyl-3-pentanol with acetyl hypoiodite are
given in detail. The other oxidations were performed in a similar
manner.

Preparation of Acetyl Hypoiodite. Dry silver acetate (4.09
mmol) was placed in an aluminum foil covered 100-ml round-bot-
tomed flask containing a small magnetic stirrer. Forty milliliters of
acetic acid containing iodine (4.3 mmol) was added dropwise into
the flask with stirring. The mixture was stirred for 1 hr at room
temperature and was filtered through a fine sintered-glass funnel.
The precipitate contained 4.08 mmol of silver iodide. The liquid
filtrate contained 2.5 mmol of acetyl hypoiodite. Analysis was done
by adding aliquot portions of the acetyl hypoiodite to aqueous po-
tassium iodide solutions. The liberated iodine was titrated with
standard thiosulfate solutions.

Oxidation of 3-Ethyl-3-pentanol with Acetyl Hypoiodite.
Five milliliters of an acetic acid solution containing 3-ethyl-3-pen-
tanol (1.0 mmol) and chlorobenzene (0.25 mmol) was added to a
25-ml round-bottomed flask. To this solution was added 5 ml of
acetic acid solution containing acetyl hypoiodite (0.25 mmol). The
combined solutions were placed in a cooling bath (20-25°) and ir-
radiated. GLC analysis showed 50% iodoethane and 53% 3-penta-
none within 19 min and a maximum of 84% iodoethane and 90% 3-
pentanone in 1 hr.
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Vinyl cation intermediates are now readily available in
solvolysis reactions either through heterolysis of vinyl sub-
strates or triple bond participations.2 Although vinyl cat-
ions are generally less stable than the corresponding satu-
rated carbenium ions,® recent studies have given evidence
for their formation.

Thus, in the solvolysis of simple alkyl vinyl derivatives
the choice of a more reactive leaving group (e.g., arylsulfo-
nates? or, even better, the “super leaving groups” triflate?
and nonaflate®), or the stabilization of the positive charge
by electron-releasing neighboring groups (e.g., vinyl’
aryl,”8 cyclopropane®) have favored the generation of this
challenging intermediate.

In the particular case of a cyclopropane ring, it appears
possible to stabilize a positive charge in two ways.

In the vinyl cation 1 the cyclopropane ring is directly at-
tached to the positive center. In the vinyl cation 2, the 8
carbon atom of the vinyl double bond is in the cyclopropyl
ring.

NG +
_e=t—<]
1 -

Vinyl cation 1 appears analogous to the cyclopropyl car-
binyl cation, where the stabilizing effect of the cyclopropyl
group is well established.'® Vinyl cation 2 was first pro-
posed by us as an intermediate in the homopropargyl rear-
rangement;!! its high stability, arising from its special ge-
ometry (favorable overlapping of the vacant p orbital with
the cyclopropane bonds and short C-C distance of the dou-
ble bond), was confirmed by MO calculations.!2 If we con-
sider now the generation of the vinyl cation 2 by the solvol-
ysis of (halomethylene)cyclopropanes 3, the reaction prod-
ucts given in Scheme I are possible.

Besides direct substitution by solvent leading to the cy-
clopropyl ketone 4, the cyclopropylidenemethyl cation 2 is
able to undergo either a homopropargylic rearrangement to
give the homopropargyl cation 5 and then 6, or a ring en-
largement to the cyclobutenyl cation 7 and formation of the
cyclobutanone 8.

We have previously reported the generation of primary
cyclopropylidene methyl cations 2 (R = H) through the sol-
volysis reactions of vinyl halides 10. If the cyclopropane
ring is substituted by one or two methyl groups (10a, 10b)

D>=C—R
2

Notes

Scheme 1

+
CH, SOCH,
S—=—p 105, “SCH—C=C—R
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the corresponding primary vinyl cations undergo partial
rearrangement to the corresponding homopropargyl cat-

R R

10a,R=R"=CH,;; X=CI
b,R=CH; R"=H; X=Br
c¢. R=R'=H; X=Br

ions (secondary and tertiary derivative of ion 5).1314 The
(1-bromomethylene)cyclopropane 10c solvolyzes to cyclo-
butanone as the only solvolysis product,!® involving a rear-
rangement of the labile primary vinyl cation 2 into a non-
classical stabilized cyclobutenyl cation 7.12

Further work has led to the generation of secondary
vinyl cations 2 (R # H) through the solvolysis of the (bro-
momethylene)cyclopropanes 11, 12, and 13 in order to ob-

CH.
o Do
D'=C\B > =

r Br B
11 12 13

T

tain additional stabilization of the positive charge by elec-
tron-releasing substituents.'617 As expected, the kinetic
data and product analysis have evidenced the formation of
stabilized cyclopropylidenemethyl cation intermediates
such as 2.7

We report here the syntheses and the solvolysis reactions
of the (1-bromo-1-arylmethylene)cyclopropanes 14 and 15

- | CH, OCH,
=
Br Br

14 15

in which the phenyl ring is substituted by a p-methyl and a
p-methoxy group, respectively, in order to study the in-
crease in the stabilization of the intermediate vinyl cations
induced by the increased electron-releasing effect of such
para substituents.

Syntheses. The syntheses of the vinyl bromides 14 and
15 were carried out via the methylenecyclopropanes 16 and
20.

(1-p-Tolylmethylene)cyclopropane (16) was prepared in
70% yield by the Wittig reaction of p-methylbenzaldehyde
with cyclopropyltriphenylphosphonium bromide (from 1,3
dibromopropane and triphenylphosphine), as recently re-
ported for the synthesis of benzylidenecyclopropane.l6:18



