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Abstract: Irradiation of buuautulbu lV-dbyl u-ucuyuu)\l uupuun_yl)auuuuca \1 y lizi‘v'iﬁg the unau\yuuumu
donor at the end of a side chain in methanol was found to give 1,2-dihydrobenzo[f]quinolinones (2) in good
yields, which were formed via the electron-transfer reaction in the excited-state (E)-isomers, while
intramolecular photoaddition reactions in the (Z) and (E)isomers afforded minor amounts of
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benzo{flisoquinoline (3) and 1-azetine (4 ) derivatives, respectively. Analysis of substituent effectson the

product distribution showed that the bulky diisopropylamino donor as well as the N-benzoyl group exerts
their effects so as to enhance the relative yield of 3 to 2. © 1998 Elsevier Science Ltd. All rights reserved.

In recent years much attention has been devoted to the synthetic application of excited-state processes
initiated by one-electron transfer, owing to the fact that many photochemical electron-transfer (ET) reactions
proceed in high chemical and quantum leldb enabling the construction of heteroatom-containing polycychc
substituted o-deh y droamino acids® and dxpeptidc
in dehydroamino acids as well as an efficient ET reaction in dipeptides with a 1-naphthyl acceptor and a
dialkylamino donor. Thus, we designed N-acyl a-dehydro(1-naphthyl)alanines (1) for ET photochemistry of
a-dehydroamino acids. In this communication we highlight the utility of ET reaction of 1 in the synthesis of
heterocycles of a novel ring structure.
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Scheme 1
The starting (Z)-isomers (la-e) were prepared by the ring-opening reactions of 1-naphthyl-substituted
oxazolones with dialkylaminoalkylamine in ncarly quantitative yields.™® After a nitrogen-purged methanol

solution of 1a (5.0x 10~ mol dm™') was irradiated with Pyrex-filtered light (>280 nm) from a 400 W high-
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pressure Hg lamp for 120 min at room temperature, the crystalline product mixtures obtained were washed first
with small amounts of dry ether and then with hexane, giving analytically pure 1,2-dihydrobenzo[f]quinolinone
derivative (2a) in 60% yield, the structure of which was determined by its 2D NMR (‘H-'H and 'H-'’C
COSY) spectra.® In addition, preparative thin-layer chromatography (silica gel) of the residual solid [that was
obtained by evaporating the filtrate (ether~hexane) to dryness] enabled isolation of substituted
benzo[fJisoquinoline (3a; <5%).° Careful '"H NMR analysis of the product mixture suggested that there was
very little formation of the cis- azetine isomer (4a) whose ring-proton signals with the J;, value of 10.7 Hz
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were detected at 5.06 and 6.53 ppm,’ though no atiempt was made to isolate 4a (Scheme 1).

Table 1. Relation between irradiation time and composition (%) of each compound in methanol®

Irradiation time /min

Compd
0 15 30 45 60 90 120
{(Z)1a 100 39.0 274 187 118 32 0
(E)-1a 0 405 316 21.8 15.1 4.9 1.5
2a 0 148 316 462 589 749 17185
3a 0 5.1 8.2 114 121 143 176
4a 0 0.5 1.2 17 2.1 2.7 24

?At regular time intervals, an appropriate amount of the solution being irradiated was pipetted off and concentrated to
dryness in vacuo giving the residue which was subjected to 'H NMR analysis in DMSO-dg. '"H NMR compositions
were cstimated from the area ratio of a given signal for each compound.

The finding that the photoproducts 2—4 are stable enough such that they undergo only negligible
decomposition under the irradiation conditions used allowed us to trace the reactions by means of 'H NMR
spectroscopy, as typically shown in Table 1. In a previous study’ it was found that the rapid Z—E
isomerization of N-acetyl a-dehydrophenylalanines occurs prior to the appearance of the photoproducts and,
additionally, induces a relatively large downfield shift of the N-acetyl amide proton signal. Thus, taking into
account the fact that the N-acetyl amide proton of (Z)-1a exhibits its singlet peak at 9.25 ppm, it is reasonable
to assign the 9.70 ppm signal to the amide proton of (E)-1a.” The results in Table 1 demonstrate the rapid
production of (E)-1a and the subsequent increase in yields for 2a—4a with the decrease of these isomer yields,
being consistent with the mechanism in which the excited-state (~)- and (Z)-isomers serve as precursors of
these products. On the other hand, there was no indication of the formation of a benzoquinolinone derivative
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oroun instead of the dimethvlamino donor in 12 was irradiated in the same manner as that described above (‘H
group instead of the dimethylamino ¢onor in 1a wag wradiated mn the same manner as that described above ('H

—
w

n la (ermssxon mtens1ty ratio o to la at 376 nm= 1 4 in methanol) conhrms that ET from the
dimethylamino nitrogen to the excited-state naphthylmethylene moiety participates in the appearance of 2a as
the primary process. Chem 3D modeling of (Z)- and (E)-1a revealed that the (F)-isomer adopts a most suitable
conformation for “through-space” ET. Accordingly, these considerations led us to propose Scheme 2 that
cxplains the observed product distribution.

According to Scheme 2, we predict that the N-aminoalkyl amide hydrogen in the starting 1 should migrate
to the 2-position of the benzoquinolinone ring upon forming 2. After the H-D exchange reaction for the amide
protons of 1a in MeOD was completed (12 h incubation), deuterated 1a was irradiated for 120 min in the same
solvent under similar conditions. 'H NMR spectra of the product in DMSO-d;, oblained after usual work-up,
clearly showed dlsappearance of the 4.58 ppm mgnal that had been ascribed to th roton attachcd to lhc 2-
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Table 2. Substituent effects on the product distribution of the starting (Z)-1a, obtained in methanol

., Irradiation Composition (%)

o tmeMmin gz (B 2 3 4
fa  i5(1200 390 (0) 405 (1.5 148 (785) 5.1 (17.6) 05 (2.4)
1b  15(120) 468 (59) 360 (0.8) 146 (838) 20 (59) 0.7 (3.6)
fc  15(1200 334 (0 314 (0) 173 (49.8) 17.2 (48.8) 0.7 (1.4)
1d 151200 413 (12) 396 (L1) 125 (750) 58 (19.7) 08 (3.0)
fe  15(1200 528 (1.I) 238 (L) 107 (455) 109 (46.1) 18 (6.2)

Interestingly, the introduction of a dipropylamino donor or N-benzoyl group into 1 greatly increases the relative
yield of 3 to 2 as compared with that of 1a with dimethylamino and N-acetyl substituents, while the
diethylamino donor lowers the product ratio 3/2 to some extent (120 min irradiation). Since both electron-
donating ability and steric bulkiness of' the alkyl substituents on the amino nitrogen should be factors

i O

controlling the ET rate in the (E)- isomer,* a dramatic increase in t'ne product ratio 3/2 for 1c (0.98), comparea

with that for 1b ( 0.07), may be explained in terms of the much larger steric bulkiness of the dipropylamino
group that resuits in an acceleration of the reaction forming 3¢ via (Z)-1c¢*. Additionally, the difference in this
product ratio between 1a (0.22) and 1b (0.07) should be due to the greater electron-donating ability of the
diethylamino nitrogen than that of the dimethylamino. It is likely that dimethyl- and diethyl-amino groups in the
(E)-isomer exert their steric effects on the ET rate to a similar extent.

The previous finding® that intramolecular addition in the excited-state (Z)-N-benzoyl «-

dehydrophenylalanines is completely suppressed (owing to stereoelectronic effects of the bulky benzoyl group)
to selectlvely give 1-azetines via the (E)-isomer provides an explanation for the increased yield of the azetine 4e
but cannot explain the formation of a substantial amount of the benzoisoquinoline 3e. The higher electron-
donating ability of the 1-naphthylmethylene moiety than the benzylidene in the excited state’ as well as the
stronger electron-accepting power of the benzoy! than the acetyl makes it possible to stabilize the excited-state
(Z)-isomer through a charge transfer-type interaction and thereby to inhibit the isomerization to the (E)-isomer,
resulting in an increase in the product ratio 3/2 as observed. The (2)/(E) isomer ratio of >2 at the early stage of

the reaction (15 min irradiation) for 1e supports the above interpretation.
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In conclusion, the photo-induced ET reaction of N-acyl o-dehydro(l-naphthyl)alanine derivatives
itutes a novel photochemical method for the construction of a benzoquinolinone ring structure
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Data Fnr (-1a: mp 154.0-155.0C ”V (MeQH): 224 (£ 48500), 310 nm (13300). IR (KRr\ 3300
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3120, 2970 2760, 1620 cm™'. '"H NMR (500 MHz, DMSO- dy): 51.63 (tt, 2H J—7O 7.0 Hz) 1.85 (s,
3H) 2.14 (‘; 6H) 2.27 (t 2H, J= 7.0 Hz), 3.22 (dt, 2H, J=5.5, 7OHZ),748 (S lH) 7.51-7.59 (m
4H), 7.95 (d, 1H, J=3.1 Hz), 7.96 (dd, 2H, J=4.9, 5.2 Hz), 8.18 (t, 1H, J= 5.5 Hz), 9.25 (s, 1H). '*C
NMR (125.7 MHz, DMSO—d)5229 26.7, 37.9, 45.1 (2C), 57.1, 123.0, 124.1, 125.4, 125.9, 126.1
126.2, 128.3, 1284 131.0, 931. 132.6, 133.1, 164.5, 169.3. Anal. Calcd(Found) forCZOI-IHN,O2

C, 70.77 (70.36); H, 7.42 (7.41); N 12.38% (12.14%).

Data for 2a: mp 148.0-149.5C. UV (MeOH): 250 (¢ 44100), 280 (55

(2280), 336 nm (1560). IR (KBr): 3300, 1630 cm™. '
2H), 1.96 (s, 3H), 2.11 (s, 6H), 2.18-2.30 (m, 2H), 3.0

6.4, 15.5 Hz), 3.99-4.12 (m, 2H), 4.58 (ddd, 1H, J= 6.4, 79 143Hz) 745(dd 11, J= Hz),
7.54 (4, 1H, J=8.9 Hz), 7.55 (dd, IH, J=7.0, 8.5 Hz), 791 (d, 1H, J="7.6 Hz), 7.92 (d, l..,, 8.9
Hz), 7.99 (d, 1H, J= 8.5 Hz), 8.35 (d, 1H, J=7.9 Hz). "CNM R(1257MHZ,DMSOd)6226 25.3

27.0, 40.8, 45.1 (2C), 48.0, 56.3, 116.1, 118.2, 123.0, 124.6, 127.0, 128.1, 128.3, 129.6, 130.8,
136.2, 168.1, 169.3. Anal. Calcd (Found) for C, ;H,N,0,*H,0: C, 67.20 (67.06); H, 7.61 (7.52); N,
11.76% (H ﬁﬁ%\

Data for 3a oily hquld UV (MeOH): 252 (¢ 40300), 301 (12200), 312 (12500), 336 (3250), 352 nm
(3000). IR (neat): 3370, 1700, 1650 cm™'. "H NMR (500 MHz, DMSO—d) 61.74 (i, 2H, J=6.7, 7. O

I3 210 (e &LIN 9D 24 A+ NI £1 £7 LI\ 204 (¢ 2L 2 AA (4 JI-T7N LI\ 7Q2 /4 1LY
Hz), 2.19 (s, 60), 2.34 {at, 21, J=6.1, 6.7 Hz), 3.04 (s, 3H), 3.44 (t, 2H, /=70 Hz), 783 (d, 1H, J=

6.4 Hz), 7.84 (dd, IH, J=6.4, 7.0 Hz), 8.13 (m, 2H), 8.18 (d, 1H, J—91Hl,) 8.93 (dd, 1H, J=6.1,
7.0 Hz), 9.13 (s, 1H), 9.18 (t, 1H, J= 6.1 Hz). ”CNMR(1257MHZ DMSO-d,) §22.6, 269, 37.9,

452 (20), 57.4, 112.9, 122.8, 123.8, 126.2, 1279, 128.7, 129.0, 129.6, 132.8, 134.6, 144.4, 157.0,

164.0. Anal. Calcd (Found) for C,,H,,N,0:0.5H,0: C, 72.60 (72.70); H, 7.03 (7.32); N, 12.52%

(12.72%). Spectroscopic data and physical properties of (Z)-1b—e and 2b—e will be given elsewhere.

. Any attempt to isolate (E)—la from the mixture of (Z)- and (E)-isomers was not fruitful. However, in

dddition to the proton signals of (Z)-1a we were able to find the proton signals that are attributable to

(E)-1a on the 'H NMR spectrum of the isomer mixture.

. The rapid isomerization of (Z)-5 (5. 0x107* mol dm™) to (E)-5 took place to give the (Z)/(E) isomer ratio of

3.2 after 15 min irradiation. This isomer ratio was determined by the area ratio of the N- -acetyl amide proton
signals for (Z)-5 (9 21 ppm) and (E)-5 (9.71 ppm). On the other hand, irradiation of a methanol solution
of (2)-5 (5.0x10™ mol dm™) afforded no 250 nm absorption band which is characteristic of the
benzoquinolinone skeleton,

Murov, S. L.; Carmichael, I.; Hug, G. L. Handbook of Photochemistry, 2nd Edn.; Marcel Dekker: New
York, 1993, pp. 269-273.



