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Synopsis. Upon irradiation, 2-(N,N-dibenzylamino)eth-
yl and 2-(N-benzyl- N-methylamino)ethyl 3-benzoylacrylate
underwent photocyclization via remote-proton transfer from
their (Z)-forms competing with (E)—(Z) isomerization. The
quantum yield for the cyclization under the conditions where
both (E)- and (Z)-isomers absorb the irradiation light was
estimated to be 0.05 by applying the steady-state approxi-
mation.

Hydrogen abstraction through a medium-sized cyclic
transition state is a quite rare event in the photochem-
istry of alkyl aryl ketones.'—* We have reported that
(- and vy-oxo esters underwent photocyclization via
a remote hydrogen transfer through more than nine-
membered cyclic transition states,>~® and that in the
system where both remote hydrogen abstraction and
(E)—(Z) photoisomerization were possible only the later
process took place.®) We report here on novel biradical
cyclization via a charge-transfer intermediate from (Z2)-
isomer in the photochemistry of 2-dialkylaminoethyl 3-
benzoylacrylates 1.

Irradiation of (E)-1a in benzene under nitrogen with
a 450 W high-pressure mercury lamp through a Pyrex
filter gave (Z)-1a and 2a in 63 and 1% yields, respec-
tively, at 77% conversion. Yields changed with con-
version (Fig. 1). Irradiation of (Z)-1a under the same
conditions gave (E)-1la and 2a in 17 and 14% yields,
respectively, at 55% conversion (Scheme 1). Formation
of 2a can be explained in terms of recombination of the
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Fig. 1. Rate of disappearance of (E)-1a (O) and pro-
duction of (Z)-1a (@) and 2a (A) as a function of
irradiation time. J: (E)-la+(Z)-1a.

radical center on the 8-carbon, where an unpaired elec-
tron should be dense by the allylic delocalization, with
that on the benzylic carbon of the biradical intermedi-
ate, formed through a remote proton migration. The ex-
pected normal cyclization product, the nine-membered
azalactone, could not be detected. This might be due
to lower ring strain in the seven-membered azalactone.
Intramolecular trapping of ketyl radical center with a
delocalized allylic radical was reported in the Type II
photoreaction; however, such trapping gave a product
having a larger ring than the normal cyclization prod-
uct, a cyclobutanol derivative.” The trapping of the
alkyl radical center by the delocalized allylic radical to
give a product having a smaller ring than the normal
cyclization product seems to be characteristic in the
photocyclization via remote-hydrogen transfer through
a medium-sized cyclic transition state. The photoreac-
tions of (E)- and (Z)-1a occurred in both benzene and
acetonitrile.

Figure 1 shows the time development of disappear-
ance of (E)-1a and production of (Z)-1la and 2a in
acetonitrile. The formation of (Z)-1a is increased in
proportion to the disappearance of (E)-1a, and the to-
tal percentage of (E)- and (Z)-1a is nearly 100% in the
initial stage of the photoreaction of (E)-1a. Prolonged
irradiation causes a decrease of the total percentage of
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(E)- and (Z)-1a and an increase of 2a through the ra-
tio of (E)- to (Z)-1a is nearly constant. This indicates
that the (F)—(Z) isomerization from (E)-1a is fast and
a sole photochemical process in the initial stage of the
reaction, that the (E)/(Z) ratio reaches a photostation-
ary state, and that the conversion to 2a occurs only
from excited molecules of (Z)-1a. These results prob-
ably reflect the profitable statistical probability of ap-
proaching of an amine nitrogen to an excited carbonyl
oxygen in the (Z)-configuration. The quenching of the
isomerization and the cyclization with 2,5-dimethyl-2,
4-hexadiene (about 0.1 moldm~3) or dissolved oxygen
in the solvent could not be observed. These results in-
dicate that the photoisomerization occurs faster than
bimolecular quenching governed by the diffusion con-
trol and that a charge-transfer intermediate intervenes
during the course from (Z)-1a to 2a as in the cases
of aminoalkyl phenyl ketones.!® The electron-transfer
must occur only in the (Z)-configuration. Therefore, a
simple scheme for the photochemical behavior of (E)-
1a can be written as Scheme 2, where IM is an interme-
diate for (F)—(Z) isomerization, CT is a charge-transfer
intermediate, and BR is a biradical intermediate.

A value of kcr/(kz+kd’) could be estimated by ap-
plying the steady-state approximation:

d[(Z) - 12°]/dt = e2[(Z) — 1a]/(ex[(E) - 1a]
+ez[(Z) - 1a))I — (kd' + kj + ker)[(Z) — 12™] =0
1)

d[2a]/dt = kcr[(Z) — 1a]
= {ker/(kd' + kz + kcr)} {ez[(2) — 1a]/(ee[(E) - 1a] +
ez[(2) — 1a))}-1
(2

[2a] = {kor/(kd" + kz + kor)} {ez[(2) — 1a]/
(ee[(E) — 1a] + ez[(Z) — 1a])-It
3)
The value of kot /(kd'+kz+kcT) can be obtained as 0.05
as a slope for the linear relationship between [2a] and

{ez[(Z)—1a]/(ee[(E)—1a]+¢cz[(Z) - 1a])}- It (Fig. 2).
The value of kcr/(kd'+kz) was estimated to be 0.05.
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Fig. 2. Plots of amount of 2a formed vs. light inten-

sity absorbed by (Z)-la. The light intensity of 313
nm line was determined to be 1.15x10™* moldm™2
min~! by using valerophenone actinometer; eg=0.24,
€z=0.39.

Values of quantum yields for production of 2a from
(Z)-1a, calculated by direct comparison of its chemi-
cal yield with that of acetophenone from valerophenone
actinometer, were not constant and changed with con-
version of 1la because both cis and trans isomers ab-
sorbed the irradiating light. Therefore, the observed
quantum yields are not the true quantum yield. The
value of 0.05 obtained from the above procedure should
be the true quantum yield for production of 2a from
(Z)-1a.

Irradiation of 2-(N-benzyl- N-methylamino)ethyl es-
ter (E)-1c under the same conditions also gave 2c,
produced via remote benzylic hydrogen transfer, in
9% yield together with 2-(N-benzyl- N-methyl)ethyl 3-
benzoylpropinate® (27%). No cyclization product via
methyl hydrogen transfer could be obtained in this
case. The formation of the propionate can be explained
in terms of photoreaction via intermolecular hydro-
gen migration from the amino group of a 1c molecule
to carbonyl oxygen of another 1c molecule. On the
other hand, irradiation of N,N-dimethylaminoethyl es-
ter (E)-1b gave an intractable mixture. Photocycliza-
tion through a remote-hydrogen transfer must require
stable radical centers, such as a benzyl radical center, in
a biradical intermediate. When a stable radical center
cannot be formed, a process other than photocycliza-
tion might take place.

Experimental

The IR spectra were recorded with a JASCO IR Report-
100 spectrometer, the 'H and *CNMR spectra were mea-
sured with a JEOL FX90Q or Bruker AM400 spectrometer
using tetremethylsilane as an internal standard. An Ushio
450 W high-pressure mercury lamp was used as an irradia-
tion source. The 3-benzoylacrylates (E)-la-c were prepared
by esterification of 3-benzoylacrylic acid and the correspond-
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ing amino alcohol. The (Z)-isomer (Z)-1a was prepared by
photolysis of (E)-1a.

2-(N,N-Dibenzylamino)ethyl (E)-3-Benzoylacry-
late ((E)-1a): Mp 52.5—53.5 °C (from a mixture of
benzene and hexane) ; IR (KBr) 1720 and 1660 cm™’;
'HNMR (CDCls) 6§=2.80 (2H, t, J=5.3 Hz, NCH;), 3.66
(4H, s, CHzPh), 4.31 (2H, t, J=5.3 Hz, OCH>), 6.83 (1H,
d, J=14.6 Hz, olefinic), 7.1—7.6 (13H, m, aromatic), 7.79
(1H, d, J=14.6 Hz, olefinic), and 7.8—8.0 (2H, m, aromatic).
Found: C, 78.34; H, 6.39; N, 3.40%. Calcd for C26H2503N:
C, 78.17; H, 6.31; N, 3.51%.

2-(N,N-Dibenzylamino)ethyl (Z)-3-Benzoylacry-
late ((2)-1a):  Yellow oil;'¥ IR (neat) 1720 and 1670
cm™!; 'THNMR (CDCl;) §=2.56 (2H, t, J=6 Hz, NCH>),
3.52 (4H, s, CH,Ph), 4.06 (2H, t, J=6.2 Hz, OCH,), 6.20
(1H, 4, J=11.9 Hz, olefinic), 6.82 (1H, d, J=11.9 Hz,
olefinic), 7.1—7.5 (13H, m, aromatic), and 7.7—7.9 (2H,
m, aromatic).

2-(N,N-Dimethylamino)ethyl (E)-3-Benzoylacry-
late ((E)-1b):  Yellow oil;'") IR (neat) 1720 and 1670
cm~!; 'THNMR (CDCl3) §=2.30 (6H, s, CHs), 2.63 (2H,
t, J=8.5 Hz, NCH>), 4.31 (2H, t, J=8.5 Hz, OCH;), 6.84
(1H, d, J=15.4 Hz, olefinic), 7.2—7.6 (3H, m, aromatic),
7.86 (1H, d, J=15.4 Hz, olefinic), and 7.9—8.0 (2H, m,
aromatic).

2-(N-Benzyl- N-methylamino)ethyl (E)-3-Benzoyl-
acrylate ((E)-1c): Yellow oil;'?) IR (neat) 1720 and 1670
cm~!; THNMR (CDCl3) §=2.31 (3H, s, CHs), 2.73 (2H, t,
J=5.8 Hz, NCH,), 3.58 (2H, s, CH,Ph), 4.36 (2H, t, /=5.8
Hz, OCH,), 6.88 (1H, d, J=15.4 Hz, olefinic), 7.1—7.6 (8H,
m, aromatic), 7.89 (1H, d, J=15.4 Hz, olefinic), and 7.9—
8.0 (2H, m, aromatic+olefinic).

General Procedure for Preparative Photolysis of
1. A benzene solution of 1 was irradiated under nitro-
gen with a 450 W high-pressure mercury lamp through a
Pyrex filter. After the solvent was removed, the residue
was chromatographed on a silica-gel column. Elution with a
mixture of benzene and ethyl acetate gave unreacted 1, the
corresponding isomer, and 2. In the case of photolysis of 1c
an propionate was also obtained.

4-Benzyl-2-phenacyl-3-phenyl-4-aza-6-hexanolide
(2a): Mp 166—167 °C (from a mixture of benzene and
hexane); IR (KBr) 1730 and 1670 cm™!; "H NMR (CDCl3)
6=2.36 (1H, dd, J=4.0 and 17.8 Hz, CH,COPhL), 2.82 (1H,
ddd, J=4.0, 11.9, 13.8 Hz, 5-H), 3.01 (1H, dt, J=13.8 and
4.0 Hz, 5-H), 3.29 (1H, d, J=13.8 Hz, CH,Ph), 3.57 (1H,
d, J=13.8 Hz, CH,Ph), 3.67 (1H, dd, J=9.9 and 17.8 Hz,
CH,COPh), 3.73 (1H, d, J=9.9 Hz, 3-H), 4.13 (1H, dt,
J=4.0 and 9.9 Hz, 2-H), 4.38 (1H, ddd, J=4.0, 4.0, and
11.9 Hz, 6-H), 4.63 (1H, ddd, J=4.0, 11.9, and 11.9 Hz,
6-H), and 7.3—7.8 (15H, m, aromatic); **C NMR, (CDCls)
§=40.1 (t), 43.8 (d), 50.2 (t), 59.3 (t), 65.1 (t), 67.0 (d),
127.3 (d), 128.0 (d, 4C), 128.4 (d, 4C), 128.6 (d), 128.8 (d,
2C), 129.0 (d, 2C), 129.5 (s, 2C), 132.9 (d), 138.4 (s), 174.5
(s), and 197.5 (s). Found: C, 78.30; H, 6.42; N, 3.38%. Calcd
for C26H2503N: C, 78.17; H, 6.31; N, 3.51%.

4-Methyl-2-phenacyl-3-phenyl-4-aza-6-hexanolide
(2c):  Mp 191—192 °C (from a mixture of benzene and
hexane); IR (KBr) 1730 and 1675 cm™'; "HNMR (CDCls)
§=2.22 (3H, s, CH3), 2.76 (1H, ddd, J=2.1, 4.6, and 14.7
Hz, 6-H), 2.77 (1H, dd, J=5.9, and 17.7 Hz, CH>CO), 3.29
(1H, ddd, J=3.1, 10.0, and 14.7 Hz, 5-H), 3.44 (1H, dd,
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J=7.2 and 17.7 Hz, CH2CO), 3.82 (1H, d, J=3.9 Hz, 3-H),
4.08 (1H, ddd, J=3.9, 5.9, and 7.2 Hz, 2-H), 4.37 (1H, ddd,
J=3.1, 4.6, and 13.4 Hz, 6-H), 4.77 (1H, ddd, J=2.1, 10.0,
and 13.4 Hz, 6-H), 7.1—7.5 (8H, m, aromatic), and 7.7—7.8
(2H, m, aromatic); *3C NMR (CDCl3) §=39.6 (t), 43.4 (d),
43.8 (q), 52.0 (t), 67.6 (t), 69.0 (d), 128.1 (d, 2C), 128.2 (d,
2C), 128.5 (d, 4C), 129.5 (d), 133.1 (d), 135.8 (s), 137.1 (s),
174.5 (s), and 197.5 (s). Found: C, 73.97; H, 6.53; N, 4.19%.
Calcd for CooH2:03N: C, 74.28; H, 6.55; N, 4.33%.

Rate Determination of Photoreaction of 1la.
The acrylate (E)-la was dissolved in acetonitrile (0.05
moldm™2%) and 5 cm® portions of the solution were placed
in 150x15 mm Pyrex culture tubes. The tubes were stop-
pered and irradiated. Irradiation was done on a “merry-go-
round” apparatus with an Ushio 450 W high-pressure mer-
cury lamp. Potassium chromate filter solution was used to
isolate the 313 nm line.'? After the irradiation, an acetoni-
trile solution containing a knows amount of phenanthrene,
as a calibrant, was added to the solution. Analyses of the
starting ester and products were done using a Gasukuro
Kogyo 570B high-pressure liquid chromatograph with a
Model 511 single-wave UV detector (254 nm). An Inertsil
ODS-2 column (4.6x150 mm) was used, and a mixture of
acetonitrile—water (v/v=7/3) was used as the moving phase

at a flow rate of 8 cm® min~1!.
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