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Photo-promoted Oxidation of Alcohols with Aliphatic N-Chloroamines

By Yoshiro Ogata ®* and Makoto Kimura, Department of Applied Chemistry, Faculty of Engineering, Nagoya
University, Chikusa-ku, Nagoya 464, Japan

Irradiation of NN-dichloro-t-butylamine (1) with alcohols, especially alcohols of benzylic type, in CCl, was found
to give the corresponding ketones and aldehydes with quantitative formation of t-butylamine hydrochloride. The
photoreaction of 1-phenylethanol with (1) in cyclohexane or toluene, however, gives mainly solvent-chlorinated
products together with a low yield of acetophenone. The oxidation is suppressed by HCl scavengers (triethylamine
or epichlorohydrin) and accelerated by the addition of HCl irrespective of irradiation. The irradiation may induce
generation of CI- and then HCI, the latter exerting autocatalysis for the oxidation in the dark. An ionic mechanism
via protonated (1) and alky! hypochlorite is postulated and discussed.

As reviewed by some workers,1® N-chloroamines have
mainly been used for amination and/or chlorination of
various hydrocarbons. In contrast to N-halogeno-
amides and -imides,%% N-chloroamines have hardly been
used as oxidants except for NH,Cl which oxidises
benzyl alcohol or benzylamine to benzaldehyde and also
aniline to azobenzene.® Our previous studies?® on
photo-promoted oxidation involving N-chloroamino-
compounds led us to examine the possibility of oxidising
alcohols with N-chloroamines.

It was found that irradiation of NN-dichloro-t-
butylamine (1) in CCl, effected oxidation of alcohols.
Specifically, the photo-oxidation with (1) was examined
in some solvents and also in the presence of HCl or
scavengers of HCI.

RESULTS AND DISCUSSION

A number of N-chloroamines were used to oxidise
cyclohexanol in the dark. Monochloroamines such as V-
chlorodimethylamine did not react under reflux in CCl,
for several hours, and dichloroamines such as NN-
dichloro-t-butylamine often decomposed to the cor-
responding amine hydrochloride after 1—7 days at room

not start in the dark. t-Butylamine hydrochloride was
separated rapidly { and carbonyl compounds were
identified (Table).

The yields of aldehydes from aliphatic primary alcohols
were low and those of ketones from secondary alcohols
were below 409, based on alcohol consumed, whereas
those from benzylic alcohols were higher in the order of
PhCH,OH << PhCH(OH)Me << Ph,CHOH. The Table
also shows that the thermal reaction induced by benzoy!l
peroxide results in a similar yield (e.g. from 1-phenyl-
ethanol). As described below [equation (1)], photo-
acceleration may be due to N-Cl bond fission leading to
generation of HCl as in the reactions of chloroamines
and N-chloroamino-acids.”® Benzoyl peroxide with (1)
generates HCl probably via formation of an alcohol
radical which can donate a hydrogen atom to (1).

The photoreaction of (1) and 1-phenylethanol in
cyclohexane or toluene gave predominantly chlorocyclo-
hexane (68%) and benzyl chloride (519%,), respectively,
with lower yields of acetophenone and t-butylamine
hydrochloride.§ This suggests the generation of chlorine
atom and N-chloro-t-butylaminyl radical.

In the oxidation of 1-phenylethanol with (1), addition

Photoreaction of alcohols with ButNCL, (1) in CCl, ¢

Alcohol
Mol consumed
Alcohol of (1) (%)
Cyclohexanol { (1)38 gg
PhCH,OH 0.79 85
0.43 73
PhCH(OH)CH, { AN
0.85% 100
$-CIC,H,CH(OH)CH, 0.79 92
0.40 100
Ph,CHOH { o 100

Yield of

Yield®  Bu‘NH,CI
Product (%) (%)
Cyclohexanone { ?3 gg
PhCHO 20 82
67 88
PhCOCH, 58 o
75 92
$-CIC,H,COCH, 78 80
Ph,C<0 { & 36

¢ Irradiation with >290 nm light at 20 °C, unless otherwise noted. ® Thermal reaction induced by benzoyl peroxide at 80 °C.

Based on alcohol consumed.

temperature, affording cyclohexanone (10-—209%,). Since
NN-dichloro-t-butylamine (1) can be purified,} it was
selected as an oxidant.
Since (1) has A, at 310 nm, irradiation (>290 nm) of
(1) and alcohols in CCl, initiated the reaction which did
t Preparative experiments suggested that N-chloroamines

possessing neither amine hydrogen nor alkyl a-hydrogen are
stable, which may be due to inhibition of imine formation.?

of amine (Et;N) or epoxide (epichlorohydrin) decreased
the yield of ketone against our expectation that these HCl
scavengers may accelerate the oxidation by analogy with
the case of But*OCL1® In contrast, the addition of HCl

$ Quantum yield for the oxidation of 1-phenylethanol with (1)
in CCl, was ca. 5 based on the actinometry by benzophenone—
diphenylmethanol in benzene.

§ Reaction in acetonitrile gave the same products as in CCl,.
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accelerated the reaction under both dark and irradiated
conditions. For example, addition of Et;N (5 mmol) to
a mixture of PhCH(OH)CH; (10 mmol) and Bu*NCl, (5
mmol) gave only 4%, yield of PhCOCH, under irradiation,
while addition of HCI to the same system gave 639, yield
of the ketone even in the dark.

Hydrogen chloride, which is produced from Cl- at the
initial stage by irradiation or addition of a radical source,
may act as an autocatalyst for ketone formation.
Molecular chlorine was generated on treatment of (1)
with HCI by analogy with the formation of BrCl from N-
bromosuccinimide and HC1 1! in the dark, but it was
observed that molecular chlorine could not oxidise
alcohols under these conditions. Hence a tentative
mechanism for the oxidation may be expressed as equ-
ation (2), which assumes an intermediate alkyl hypo-
chlorite (3) as postulated for the bromine oxidation of
phenylbenzoins 12 and mandelic acid.’®

H-sources

_
RNClz(—R:? ct. HCL (1)
M
R’ HCt Ar\
ArR’CHOH
RNCIZ——b RNHCL, -R'T—>ArR'cr-|oc1——> _Sc=0 (2)
“RNTCH "

(1) (2) (3)

The conversion of ArR'CHOH into ArR’C=0 by
hydrogen abstraction with Cl- atom is less important in
view of our observations of (a) a very poor yield of aceto-
phenone from an irradiated mixture of 1-phenylethanol
and Cl, (¢.e. Cl') in spite of the reported generation of

radical species from RNHCL,*1 and (b) virtually no
formation of chlorocyclohexane from a mixture of (2)
and cyclohexane in the dark. The yield of carbonyl
compound was not affected by the displacement of O,
by N,, which also supports the ionic mechanism.

The observed increase of yields of ketones by the sub-
stitution of an «-aryl group can be ascribed to the
acceleration of dehydrochlorination of hypochlorite (3)
due to the delocalization of the developing negative
charge at the «-carbon.

t-Butylamine hydrochloride was formed quantit-
atively regardless of alcohols (Table) and also on irradi-
ation of (1) alone. The salt was easily formed, when N-
chloro-t-butylamine (4) alone was kept standing in the
dark and under irradiation.

Irradiation of (4) and 1-phenylethanol in molar ratio

2:1 in CCl, gave RNH;Cl™ quantitatively together with
only 3% yield of acetophenone (>909%, recovery of
alcohol) (¢f. Table). The lower oxidation ability of (4)
may be ascribed to the poorer ability of (4) to generate C1*
at the transition state ! for the formation of hypochlorite

3)-

EXPERIMENTAL

Materials.—N N-Dichloro-t-butylamine (1) ¥ was pre-
pared by the reaction of t-butylamine with HOCI in the
presence of a large excess of NaHCO;. The purity of (1)
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was checked by iodometry, 8§ (CCl,) 1.37, A, (CCly) 310 nm
(e 405) (lit.,'” 312 nm), (EtOH) 309 nm (e 298). N-Chloro-
t-butylamine (4) was prepared from t-butylamine and Na-
OCl.’®# To an aqueous solution of NaOCl (61 mmol) was
added t-butylamine (4.2 g, 60 mmol) with stirring. After
a few minutes, the resulting upper layer was separated and
dried (Na,SO,) to give (4), § (CCl,) 1.19 (9 H, s}, 4.0br (1 H
S), A,y (hexane) 260 nm (e 400), (CH,CN) 258 nm (e 416).
This chloroamine decomposes on standing at room tem-
perature. The following N-chloroamines were prepared for
reaction with cyclohexanol: N-chlorodimethylamine, 8
(CCl,) 2.88; N-chlorodiethylamine, § 1.20 (3 H, t, J 7 Hz)
and 291 (2 H, q, J 7 Hz); N-chloromorpholine, § 3.15
(4 H, m) and 3.71 (4 H, m); NN-dichlorohexylamine, §
0.8—2.1 (m), 0.92br (t), and 3.65 (2 H, t). I-(4¢-Chloro-
phenyl)jethanol was obtained by reduction of the correspond-
ing ketone with sodium borohydride, b.p. 75—76 °C at
0.6 mmHg (lit.,’* 81—86 °C at 1 mmHg), 8 (CCl,) 1.28 (3 H,
d, J6Hz),343(1H,d, J4Hz OH),4.60(1H, qd, J 6and
4 Hz, CH), and 7.15 (4 H, s, derived from A,B,). On addi-
tion of D,O, the signal due to OH disappeared and the
methine proton became a quartet. The other alcohols and
ketones used were commercially obtained.

Instruments.—G.l.c. analyses were carried out on a Yanaco
G 180 using a column packed with PEG 20M or Silicone
SE30. Irradiation was conducted on a merry-go-round
apparatus equipped with a Halos 300 W high-pressure
mercury lamp. U.v. and n.m.r. spectra were recorded on a
Hitachi 124 spectrophotometer and R 24 B model, respect-
ively.

Reaction of NN-Dichlovo-t-butylamine (1) with Alcohols.—
A solution of the alcohol (10.0 mmol) and (1) in CCl, (20 ml)
was irradiated at ca. 20 °C until the disappearance of (1)
(1—1.5 h) was shown by iodometry. The solid separated
was filtered, washed with CCl,, and dried to give >95%, pure
t-butylamine hydrochloride. The filtrate combined with
the washings was analysed by g.l.c. after addition of bi-
phenyl or some other g.l.c. standard (Table). In the case of
1-phenylethanol, the same reaction mixture to which 0.5
mmol of benzoyl peroxide was added was heated under
reflux for 1 h, and worked up similarly.

Reaction of 1-Phenylethanol with NN-Dichlovo-t-butylamine
(1) ¢n the Presence of Organic Solvents.—A solution of 1-
phenylethanol (10.0 mmol) and (1) (7.9 mmol) in CCl,,
cyclohexane, toluene, or acetonitrile (20 ml) was irradiated
for 1 h. Yields of chlorocyclohexane and benzyl chloride
were calculated on the basis of (1).

Reaction of 1-Phenylethanol with N-Chloro-t-butylamine (4).
—A solution of 1-phenylethanol (10.0 mmol) and (4) (18
mmol) in CCl,; (20 ml) was irradiated for 2.5 h. t-Butyl-
amine hydrochloride [86%, based on (4)] was isolated. The
other components of the products were unchanged alcohol
(909%) and acetophenone (3%,).

[1/1933 Received, 15th December, 1981]

REFERENCES

1 P. Kovacic, M. K. Lowery, and K. W. Field, Chem. Rev.,
1970, 70, 639.

2 R. S. Neale, Synthesis, 1971, 1.

3 F. Minisci, Synthesis, 1973, 1.

4 R. Filler, Chem. Rev., 1963, 63, 21.

5 M. M. Campbell and G. Johnson, Chem. Rev., 1978, 78, 65.

8 G. A. Jafariand A. J. Nunn, J. Chem. Soc. C, 1971, 823.

7 Y. Ogata, M. Kimura, and Y. Kondo, Bull. Chem. Soc. Jpn.,
1981, 54, 2057.



J. CHEM. SOC. PERKIN TRANS. II 1982

8 M. Kimura, T. Suzuki, and Y. Ogata, Bull. Chem. Soc. Jpn.,
1980, §3, 3198.

% For imine formation, see for example, W. E. Bachman, M. P.
Cava, and A. S. Dreiding, J. Am. Chem. Soc., 1954, 78, 5554.

10 For tertiary amines for the ButOCl oxidation of alcohols, see
C. A. Grob and H. J. Schmid, Helv. Chim. Acta, 1953, 36, 1763.

11 (g) R. E. Buckles and S. W. Long, J. Am. Chem. Soc., 1951,
78, 998; (b) H. J. Hageman and E. Havinga, Recl. Trav. Chim.
Pays-Bas., 1966, 85, 1141.

12 Y. Ogata and K. Nagura, J. Org. Chem., 1975, 40, 318.

13 P, Ankett and I. R. L. Barker, J. Chem. Soc., Perkin Trans.
2, 1973, 965.

14 Y. L.Chow, W.C.Danen, S. F. Nelson, and D. H. Rosenblatt,
Chem. Rev., 1978, 78, 243.

949

15 For a related reaction, see N. C. Deno, J. Am. Chem. Soc.,
1971, 93, 2065.

18 1., K. Jackson, G. N. R. Smart, and G. F. Wright, J. Am.
Chem. Soc., 1947, 69, 1639. For another preparative method, see
H. Zimmer and L. F. Audrieth, tbid., 19564, 76, 3866.

17 V. L. Heasley, P. Kovacic, and R. M. Lange, J. Org. Chem.,
1966, 31, 3050.

18 G. H. Coleman and G. F. Goheen, J. Am. Chem. Soc., 1938,
80, 730. .

19 C. S.Marvel and G. L. Schertz, J. Am. Chem. Soc., 1943, 65,
2054.





