LR SRR bR LR

N-"z 2= =L\ EF R
Photochemistry of N-Alkyldiphenylamines
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Abstract

A novel photochemical transformation
from  Atakyl(p-methoxyphenyl)arylamines
(1a-1f) to 1,2,4-trihydro(4aH)-carbazol-3-
ones (2a-2f) is reported with the assistance of
protonation at the dihydrocarbazole inter-
mediate followed by sequential formal
[1,5]hydrogen, [1,3]hydrogen shifts and
proton assisted hydrolysis.
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Introduction

Aliphatic as well as aromatic amines are
photolytically sensitive, for example, M-
methyldiphenylamines can be effectively
photocyclized to Atmethyl-carbazole.’ The
reactive intermediates studied by laser flash
photolysis are believed to involve triplet state
of A-methyldiphenylamine and zwitterionic
dihydrocarbazole.®

Diphenylamines can undergo many
photochemical reactions which are similar to
the stilbene-type system, for example, photo-
cyclization and photoinduced electron
transfer. In our previous work, we have found
anovel acid-catalyzed photorearrangement of
stilbenes and we would like to report here a
novel photochemical transformation of la-1f

with the assistance of an external protic

acids.
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Results

We have prepared various N-methyl-
(p-methoxyphenyl)arylamines 1a-1f (Scheme
1) by using the coupling reaction with
tris(dibenzylideneacetone)dipalladium(0)
Pd,(dba); and imidazolium salt IprHCI (Ipr =
1,3-bis(2,6-diisopropyl phenyl)-imidazol-2-yli
dene) as catalysts.’

Scheme 1 Reactants of the various diaryamines
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1
A degassed acetonitrile  solution
containing N-methyl-(p-methoxyphenyl)-
phenylamine 1a (5 x 10°M) and 2.5 x 107
M aqueous hydrochloric acid® was irradiated
with a Rayonet photolysis apparatus (16 x 12
W) a 300nm

hydrochloric acid was removed and the

for 20 minutes. The
solvent was evaporated to afford only two
products. The mgor one after column
chromatography (silica gel and n-hexane :
ethyl acetate = 31 as e€uent) is
9-methyl-1,2,4-trihydro(4aH)-carbazol -3-one
2a in 85% vyields” The minor product is
N-methyl-3-methoxycarbazole (15% vyield).
Photolysis without aqueous HCI or with
higher concentration of agueous HCI (0.5M)
will not lead to the isolation of the maor

product 2a, because of complete protonation

occurs at the amine nitrogen atom when
higher acid concentration is used.

The conversions and yields for the
series  of  N-akyl(p-methoxyphenyl)aryl-
amines la-1f are summarized in Table 1
along with the structure of the products. All
(2a-2f)

spectroscopic data and compound 2a is a

products are supported with

known compound.’® Compound 1d with two
methoxy groups has the highest yield (96%).

Compound 1e shows highly regioselectivity
that the isolated product is 2e only.

Table 1 Conversions and yields of the photo-
reactions of 1a-1f.

React. hv time(h) Conver(%) Products Yield(%)

la 0.33 100

1b 0.33 100

1c 0.33 100

HsC o
N
HsCO o)
1d 0.33 100 W 2d 96

le 2 58 60

1f 3 100 50

When laisirradiated in the presence of
2.5 10* M DCI in CHzOD a 300nm for 20
minutes the isolated product 2g show that the
content of deuterium labeling at 1(50%),
2(73%), 4(64%) and 8(43%) positions
[Eq.(1)]." This experiment shows the

positions of protonation (position 1,4 in



DHC) and proton exchange (position 2,8 in
DHC)in the photolysis media.
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Discussion
A conceivable mechanism is
summarized in Scheme 2 based on the

experimental results.

Scheme 2 Mechanism for the photoreactions of
the  Atmethyl-(p-methoxyphenyl)phenylamines
la to 2a (Deuterium exchange occurs at 1,2,4
and 8 positions)
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The zwitterionic  dihydrocarbazole
intermediate (DHCa) derives from a six
electron cyclization in the triplet state.® The
dihydrocarbazole intermediate (DHCb) is
from DHCa.*® Then follows a forma [1,5]
hydrogen shift to afford the dihydrocarbazole
(DHCc) and aformal [1,3] hydrogen shift to
another dihydrocarbazole (DHCd). Then the
acid assisted hydrolysis on DHCd leads to

the product.

In conclusion, a novel and efficient
photochemical reaction is reported for a
series  of  A-akyl(p-methoxyphenyl)aryl-
amines through the protonation of the
zwitterionic  dihydrocarbazole intermediate
followed by a series of formal [1,n]hydrogen
shifts. Four dihydrocarbazole intermediates
(DHCa-DHCd) areinvolved in the reaction.

This photochemical reaction can afford
new trihydro-carbazol-3-one in a clean and
efficient way.

In the presence of two ortho methyl
substituents in the p-methoxyphenyl ring,
compound 1g and 1h, shows different
reaction products (Equation 3 and Scheme 3)
as compared with the 1,2 4-trihydro(4aH)-

carbazol-3-one reaction pathway.
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Thus the mechanism is quite different.

|n CDCI
dark

|n CDCI
dark

A possible reaction mechanism for this
photochemical transformation is described in
Scheme 3.

The formation of dihydrocarbazole
intermediates I11-a and 111-b is adapted from
the previous studies.® Competitive demethane
reaction leading to the formation of oxidative
cyclized product and [1,5] hydrogen shift
leading to the formation of intermediate I 11-c

isthe course of the product distribution. Then



a six-eélectron photocycloreversion has
occurred to obtain the butadienyl indole
intermediate I11-d. Followed by the acid
catalyzed hydrolysis to obtaine the product
2h. The more stable frans-product is derived
from the cisproduct by photochemical

isomeri zation.

Scheme 3 Mechanism for the photoreactions of
the  Armethyl-(4-methoxy-2,6-dimethyl phenyl)-
phenylamines 1h to 2h.
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