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bstract

Photolysis of 2,5-dichloro-3,6-bis(dialkylamino)-[1,4]benzoquinone (1) at 254 nm or 300–500 nm produces the corresponding cyclized products

2) via the electron transfer-proton transfer sequence in a variety of solvents in quantitative yields within 10 min. In contrast, photolysis of 2,5-
ichloro-3,6-bis(dialkylamino)-[1,4]benzoquinone (1) at >500 nm light source affords the elimination products (3) in good yields via the �-hydrogen
bstraction.

2006 Elsevier B.V. All rights reserved.
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During the last several decades organic photochemistry has
rown into an important and pervasive branch of chemistry [1].
remendous progress has been made in the theory of photo-
hemical reactions, the utilization of photoreactions in synthetic
equences and the advancement of powerful laser techniques to
tudy the mechanism of photoreactions [2]. Recently, the pho-
oreaction of benzoquinone has attracted much attention [3].
n this paper, we report interesting photochemical behaviour
f 2,5-dichloro-3,6-bis(dialkylamino)-[1,4]benzoquinone (1)
pon irradiation at different wavelength. 2,5-Dichloro-3,6-
is(dialkylamino)-[1,4]benzoquinones (1) was synthesized by
he reaction of 2,3,5,6-tetrachloro-[1,4]benzoquinone with the
orresponding dialkylamine under mild conditions with an
ppropriate literature [4].

We found that upon photoirradiation of 2,5-dichloro-3,6-
is(diethylamino)-[1,4]benzoquinone (1a), a cyclized product
2a) was formed in quantitative yield as a mixture of anti- and
yn-isomers (98:2) within short irradiation time (Scheme 1).
ts structure was determined by spectroscopic data and X-ray

iffraction. The ORTEP draw of anti-(2a) is shown in Fig. 1 [5].
he typical bind lengths and angles are shown in Table 1 and
able 2, respectively. The photolysis of (1a) also can be carried
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ut in a variety of solvents (3.0 mL) including dichloromethane
CH2Cl2), toluene, tetrahydrofuran (THF), ethyl acetate (EA),
cetonitrile, and N,N-dimethylformamide (DMF) to produce the
ame product in similarly quantitative yields, although in polar
olvents (acetonitrile, CH2Cl2 or DMF), the photoreactions were
elatively sluggish and 1 h was required for the completion of
he reaction. It should be noted that photoirradiation with a
00 W high pressure mercury lamp through a glass filter of
uSO4·5H2O (250 g/L) (365–500 nm) gave the similar results

n a variety of solvents [6]. Thus, the cyclized product (2a)
as formed upon irradiation with light source from 254 nm to
00 nm.

For the other 2,5-dichloro-3,6-bis(dialkylamino)-[1,4]benzo-
uinones (1b) and (1c), similar results were obtained under the
bove photoirradiation conditions. The results obtained upon
rradiation of (1) in a Pyrex tube by a 300 W high pressure mer-
ury lamp are summarized in Table 3. In all these cases, the
orresponding cyclized products (2) are obtained in quantitative
ields within 10 min, where anti-(2) was formed as the major
roduct. In addition, in the photolysis of an oxygen-saturated
exane solution of (1a), the yield of (2a) was unchanged. On the
asis of above results, a plausible reaction mechanism, involv-

ng a sequential electron transfer-proton transfer is shown in
cheme 2 [7]. The photo-excited state of (1a), probably in

he singlet excited state, undergoes the intramolecular electron
ransfer to give radical ionic intermediate A. The proton transfer
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Scheme 1. Photoirradiation of 1a in hexane.

Fig. 1. The ORTEP draw of anti-(2a).

Table 1
Typical bond lengths of anti-(2a)

Bond Bond length (Å)

N(1) C(6) 1.401
N(1) C(7) 1.484
N(1) C(9) 1.602
N(2) C(3) 1.430
N(2) C(13) 1.421
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Table 3
The irradiation of 1b-c in Pyrex tube with a high pressure mercury lamp

Entrya Time (min) Yield (%)b (2 (anti:syn))

1 10 2b, >99 (94:6)
2 10 2c, >99 (93:7)

a
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(2) C(11) 1.489
(2) C(5) 1.345
(2) C(7) 1.482
n A produces the biradical intermediate B, which undergoes
he aromatization to give another biradical intermediate C. The
yclization of the resulting biradical intermediate C affords the
orresponding product (2a). In order to clarify the reaction

able 2
ypical bond angles of anti-(2a)

ond Bond angle (deg)

(6) N(1) C(9) 110.7
(6) N(1) C(7) 106.1
(7) N(1) C(9) 116.5
(8) C(7) O(2) 107.8
(8) C(7) N(1) 112.6
(2) C(7) N(1) 105.0
(5) O(2) C(7) 106.9
(2) C(5) C(6) 111.3
(2) C(5) C(4) 127.2
(5) C(6) N(1) 108.1

i
(
f
a

The similar results were obtained by irradiation with a glass filter of
uSO4·5H2O (250 g/L).
b Isolated yields.

echanism, we added a radical inhibitor TEMPO (10 mol%)
nto the reaction solution. After the starting material 1a was
onsumed (monitored by TLC), we found that the yield of 2a
ecreased drastically, leading to the formation of 2a in 45%
ield. This result indicates that the reaction mechanism should
e a radical process (Scheme 2). In this cyclization reaction, the
nti-(2a) was formed as a major product presumably due to the
teric hindrance of two alkyl groups.

Interestingly, when the irradiation of (1) was carried out by
light source having longer wavelength (>500 nm) (a infrared

amp), we found that the photoinduced elimination took place
o produce the corresponding 2,5-dichloro-3-dialkylamino-6-
thylamino-[1,4]benzoquinone (3) in moderate to good yields
n hexane [8]. The results are summarized in Table 4. Upon irra-
iation of (1a–c) at longer wavelength for 6 h, the correspond-
ng products (3a-c) were obtained in 62–82% yields (Table 4,
ntries 1–3). The structures of 2,5-dichloro-3-dialkylamino-6-
thylamino-[1,4]benzoquinones (3) were determined by spec-
roscopic data, microanalysis, HRMS and X-ray diffraction. The
RTEP draw of (3a) is shown in Fig. 2 [9]. An intramolecular
ydrogen bonding between N H and carbonyl oxygen atom is
een (Fig. 2). The typical bind lengths and angles are shown
n Table 5 and Table 6, respectively. The UV–vis spectra of

1) in various solvents revealed that a weak CT band exists
rom 500 nm to 600 nm. The UV–vis spectrum of (1a) in hex-
ne is shown in Fig. 3. The CT band did not change at all

Scheme 2. A plausible reaction mechanism in the formation of 2a.
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Table 4
Photoelimination of 1 by irradiation with daylight

Entry Substrate Solvent Conv. (%) Time (h) Yield (%)a

1 1a Hexane 90 6 3a, 82
2 1b Hexane 76 6 3b, 67
3 1c Hexane 75 6 3c, 62

a Isolated yields.

Fig. 2. The ORTEP draw of (3a).

Table 5
Typical bond lengths of (3a)

Bond Bond length (Å)

N(1) C(6) 1.325
N(1) C(7) 1.460
N(2) C(3) 1.343
N(2) C(9) 1.469
N(2) C(11) 1.481
O(2) C(5) 1.233
O(1) C(2) 1.219

Table 6
Typical bond angles of (3a)

Bond Bond angle (deg)

C(6) N(1) C(7) 130.1
C(5) C(6) N(1) 111.7
O(2) C(5) C(6) 117.4
O(2) C(5) C(4) 122.0
C(3) N(2) C(9) 121.8
C(3) N(2) C(11) 112.8
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Fig. 3. UV–vis spectrum of (1a) (0.1 mM) in hexane.

ith the concentration of (1a) in hexane, which suggests that
t should be an intramolecular CT band. On the basis of this
bservation, a plausible reaction mechanism that involves the
-hydrogen abstraction is shown in Scheme 3. The excitation of
he weak intramolecular CT band of intermediate D in the vis-
ble region gives the biradical intermediate E via a �-hydrogen
bstraction, which undergoes cleavage to give the biradical inter-
ediate F along with the elimination of one ethylene molecule.
he aromatization of F gives another biradical intermediate G.
he proton transfer in biradical intermediate G produces the
orresponding product (3a) presumably via the intermediate
. For [1,4]benzoquinones (3b) and (3c), the corresponding
limination products 1-butene and 1-hexene, 1-hexanal were
etected by GLC and GC–MS analysis (Supporting Information)
10].

Scheme 3. A plausible reaction mechanism in the formation of 3a.
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to solve the structure.
M. Shi et al. / Journal of Photochemistry and

The origin of this interesting reactivity change is not clear at
resent stage, but we believe that the �-hydrogen is a bit far from
he carbonyl oxygen in the intramolecular CT state with a more
igid aza-ortho-quinid structure, thus facilitating the abstraction
f �-hydrogen.

In conclusion, we have found an interesting photo-induced
eaction of 2,5-dichloro-3,6-bis(dialkylamino)-[1,4]benzoqui-
ones (1). The wavelength of light source plays a significant
ole in determining the fate of photoexcited (1). Efforts are in
rogress to elucidate the mechanistic details of this reaction and
o disclose its scope and limitations.
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