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stract: Reactions of 1,3-isoquinolinediones 5 and 4-aikylated 1 3-isoquino'linediones 13 with
singlet oxygen are entirely dominated by their enolization and proceed smoothly in benzenc in the
presence of pyridine as a base and a hydrogen bond acceptor. The products are triketones 6 and
benzoisofuranones 7 for 5, and hydroperoxides 14, hydroxides 15 and benzoisofuranones 16 for
13. It was found that hydrolysis of 6 afforded the isoindolones 8 and not products 7, whereas
alkaline cleavage of the hydroperoxide 14a yielded not only 16a, but also the isoindolone 19a. In
view of these observations, an unusual [4+2] cycloaddition of the electron-rich enol 21 with
singlet oxygen is proposed to be responsible for the formation of products 7 and 16, while
products 6, 14 and 15 arise from both the [4+2] cycloaddition and the usual Schenck ene

reaction pathways. This special dienc reactivity of the isoquinolinone system towards singlet
oxygen is further interpreted by frontier molecular orbital (FMO) interaction considerations.
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INTRODUCTION

Homophthalic anhydnde 1 is a useful building block for the construction of a variety of heterocyclic and
polycyclic systems.' For example, 1 could react with dienophiles such as quinone 2 in alkaline media to afford
the biologically important peri-hydroxyquinone 3. A key feature of the reactions of homophthalic anhydride
1 with dienophiles is its deprotonation by a strong base to the enolic anion 4 which serves as a highly electron-
rich diene species to take part in the subsequent normal electron demand Diels-Alder reactions. ™ Although great
efforts have been made to explore me general scope of these novel reactions, there are stiil controversies
concerning the reaction mechanisms. "¢
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On the other hand, as the N-analogues of homophthalic anhydride, 1,3-isoquinolinedione Sa and its
derivatives have a wide range of biological activities and their structural modifications with the aim of finding
new drugs and medicine have drawn increasing research interest.” In a preliminary communication, we have
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demonsirated that enolization of 1,3-isoquinolinediones may also play an important role in their reactions with
. . 1
the smallest dienophile, singlet oxygen (02), and a Diels-Alder type [4+2] cycloaddition reaction may be

involved in these novel reactions as well.* In this paper, we wish to report our further studies on these singlet
oxygen reactions’ which not only disclose the characteristic reactivity of 1,3-isoquinolinediones as a diene via
their enol form and therefore render mechanistic clues for the Diels-Alder reactions of homophthalic anhydride,
but also provide convenient methods for practical syntheses of 1,3,4-isoquinolinetriones and other 4-
oxyfunctionalized 1,3-isoquinolinediones.

Results

Tetraphenylporphin (TPP) sensitized photooxygenation of 1,3-isoquinolinedione 5a in benzene-pyridine
(5:1, v/v) with light of wavelength longer than 400 nm gave 1,3,4 (2H)-isoquinolinetrione (6a) as the sole

1 1

product in 83 % yield. Under the same conditions, TPP-sensitized pnotooxygenatlons of 3b-5i afforded,
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The structures of products 6 are readily assigned on the basis of their analytical and spectral data and by
. : . 5.6
comparison of them with those reported in the literature,” whereas the structures of products 7 need to be

carefully distinguished from the isomeric structures 8. It was found that all the triketones reacted easily with
nucleophiles such as water or an alcohol with the catalysis of a base.’ For example, in the presence of sodium
acetate, product 6b smoothly underwent hydrolysis to give 8b, which displays different physical and spectral
properties from those of 7b, or underwent methanolysis to give 9. To further establish the isomeric structures of
7 and 8, a crystallographic analysis for product 7f was carried out which unambiguously determined the
assigned structures of 7 (see Fig. 1) and 8.

It is interesting to note that in the similar photooxygenation of 5j, orrespondmg product 7j was found
nd the isolated products were the triketone 6j and 4-nitroacetoan de Table 1). Therefore, it is presumed
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that, during the separation of the reaction mixture on silica gel column with petroleum ether
ethyl acetate as eluents, hydrolysis of the unstable primary product 7| gdvc the carboxvhc acnd 11 and 4-
nitroaniline, the latter subsequently reacting with ethyl acetate to yield 10 possibly on the catalysis of the

released a-keto acid 11.

Table 1 Dye Sensitized Photooxygenations of 1,3-Isoquinolinediones 5 and 4-Alkyl-1,3-isoquinolinediones 13*

Entry Substrate”  Sensitizer® Solvent Irrad. time (h) Products and yields (%)*
1 Sa TPP PhH-Py (5:1, v/v) 10 6a (83)
2 5h TPP PhH-Py (5:1, v/v) 1 6b (76), 7b (15)
3 Sc TPP PhH-Py (5:1, v/v) 11 6¢ (75), Te (12)
4 5d TPP PhH-Py (5:1, v/v) 12 6d (78), 7d (10)
5 Se TPP PhH-Py (5:1, v/v) 11 6e (74), 7e (13)
6 Sf TPP PhH-Py (5:1, v/v) 12 6f (65), 7 (20)
7 Sg TPP PhH-Py (5:1, v/v) 8 6g (76), 7g (18)
8 Sh TPP PhH-Py (5:1, v/v) i0 6h (63), 7h (22)
9 5i TPP PhH-Py (5:1, v/v) 8 6i (75), 7i (14)
10 55 TPP PhH-Py (5:1, v/v) 13 6§ (42), 10 (49)
11 13a TPP PhH-Py (5:1, v/v) 15 142 (64), 15a (10), 16a (16)
12 13b TPP PhH-Py (5.1, v/v) 15 14b (50) 15b (27), 16b (13)
13 13¢ TPP PhH-Py (5:1, v/v) 15 14c¢ (45), 15¢ (30), 16¢ (15)
14 13d TPP PhH-Py (5:1, v/v) 15 14d (47), 15d (30), 16b (16)
15 13¢ TPP PhH-Py (5.1, v/v) 15 14e (37), 15e (39)
16 13f TPP PhH-Py (5:1, v/v) 15 14f (38), 15f (34)
17 Sa MB MeOH 60 6a (80)
18° Sa MB MeCN 110 6a (81)
19° Sh MB MeOH 72 6b (67), 72 (17)
20° Sb MB MeCN 132 6b (67), 7b (18)

“Irradiation wavclength, A> 400 nm (aqucous NaNO; solution filter) for TPP and A> 500 nm (aqueous K,Cr,0- solution
filter) for MB. "The concentration of the substrates was 5 x 102 mol dm?, “The concentration of sensitizer was 5 x 10~ mol
dm”. %Yields of isolated purc products. °A similar procedure of work up was employed as in TPP sensitized
photooxygenation reactions except that the sensitizer need not to be removed prior to the chromatographic separation (scc
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As shown in Fig. 1, products 7 exist exclusively in the benzoisofuranone form in crystalline state. However,
tautomerization may play some role in their behavior in solution. For example, while there are only two carbonyl
stretching vibration bands at ~1760 and ~1660 cm'! in the IR spectra of 7 (in KBr pellets), which are in

aCCOI'ClaHCC WlU'l ne DBHZOISOTUI'annC structures / r1 NMR ( L eivy) lVLﬂZ) SpeCU'Um OI prOGUC[ /D ln acetone- ao
showed two singlets at & 2.79 and 2.80 ppm in a nearly 1:1 ratio. This is obviously due to the absorption of the

N-methyl groups of the two possible tautomers 7b and 12b (see the experimental section).
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was also found that products ily be cyclized to the corresponding triketones 6 For example,
warming of 7b in acetic anhydride gave 6b in almost quantitative yield. Therefore, a simple and efficient method
for the preparation of 1,3,4-isoquinolinetriones from 1,3—isoquinol1nedioness’ ® was developed by using a one
pot procedure which has proven suitable for gram scale preparations in good yields as exemplified by the
preparations of 6a, 6b and 6f in the experimental section.
R2 R2,_ OOH R2_ OH HO R oS H,CO_ OCH,
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Under the above mentioned reaction conditions, TPP-sensitized photooxygenations of 4-alkylated 1,3-
isoquinolinediones 13 afforded the hydroperoxides 14, the hydroxides 15 and the benzoisofuranones 16 with the
exception of reactions of 13e and 13f where the corresponding products 16d and 16e were not found, probably
due to their further oxidation during the photooxygenation reactions (Table 1). The structures of products 14-
16 are determined on the basis of their analytical and spectral data. The difference in chemical shift between the
two diastereotopic protons of the methyiene group in the hydroperoxides 14b-14f is larger than that in the
corresponding hydroxides 15b-15f in the 'H NMR spectra (500 MHz, see the experimental section). Attempts

to obtain compounds 17 or 18 by a hydroperoxide rearrangement of 14a in methanol in the presence of dry HCI
failed R duction of 14a bv triphcnylp._osphin- gave 15a in a nearly quantitative yield Treatment of 14a in

Mechanistic Discussion

It was found that all the singlet oxygen reactions were quite sensitive to the polarity of solvents and even to
the sensitizers used. For example, while methylene blue (MB) sensitized photooxygenation of Sb in methanol
needed 72 hours to lead to the total consumption of the starting material, similar reaction in acetonitrile was
much slower (132 hours needed) although the yields and the ratio of the products are essentially the same (Table
1). In sharp contrast to these, TPP sensitized photooxygenation of Sb in neat benzene did not proceed even on
prolonged irradiation (100 hours). On the other hand, as we have demonstrated,’ the same photooxygenation of
5b proceeded rapidly (2 hours) in methanol in the presence of the anionic sensitizer Rose Bengal (RB), although
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this reaction suffered from the formation of a substantial amount of intractable polymerized-oxidized products
and resulted in low yields of 6b (26%) and its secondary methanolysis product 9 (28%). We eventually
optimized the reaction conditions by using TPP as a sensitizer and a mixture of benzene and pyridine as solvent,
when all the reactions proceeded smoothly and the total yield of products was high (Table 1). These
observations suggested that the enolization of 1,3-isoquinolinediones may play a predominant role in these
singlet oxygen reactions with the keto form being inert to singlet oxygen and the possible enol forms (21 and
22) were the active species toward singlet oxygen.

'H NMR spectroscopic studies of 1,3-isoquinolinediones provided further evidence for this argument. For

example, in common solvenis such as benzene-ds, acetonitrile-d; and methanoi-dy, compounds Sb and 13a



K.-Q. Ling et al. / Tetrahedron 55 (1999) 9185-9204 91

existed almost exclusively in the keto form and no enol tautomers could be detected. However, a significant
hydrogen-deuterium exchange on the 4-C (a-C of 3-carbonyl) was observed in protic solvents such as

methanol-d., These results indicated that the tautomeric equilibrium between the keto and enol forms of Sb and
13a may be easily established but lay heavily on the side of the keto form in these solvents.” At the same time, in
the 'H NMR spectrum of 13a in pyridine-ds, besides the absorption of the major keto component 13a (with the
N-methyl appearing at 3.36 ppm as a singlet and 4-methyl at 1.58 ppm as a doublet), two weak singlets emerged
at 3.38 and 1.81 ppm. It is interesting that, on shaking with solid sodium hydroxide, the intensity of these two
peaks gradually increased while the signals of the keto form decreased (see the experimental section). The 'H

NMR spectrum thus obtained is obviously an undissociated sodium salt of the enolic anion 23, while in neat
pyridine, the same signals probably result from a strongly polar complex of the enol 21 with pyridine which is
formed through hydrogen bonding and has a structure between the enol 21 and the enolic anion 23 such as 24

The ratio of the keto 13a and 24 is about 98:2 and no other signals corresponding to the enol 22 could be
detected.

Within the constraint that the keto and the enol tautomers are all in planar configurations, ab initio
calculations of the three tautomers of 5b showed that the total electronic energies of the keto form Sb, and the

enol IOI'H]S Ll 22 (K = ‘Ll‘h, K - 1’1) are -383. 1315L1J -588.1155278 and -588.0933303 llartree lespecnvely
Considering the fact that the keto form Sb should actually have a more stable twisted structure, this result

indicated that the enol 21 is more stable than 22 while the keto form 5h is much more Stau!‘\’, than the two enol

mdaicated tnat the eno: <k 1S more stapie tnan iy VYRR LAV WL AULILL SR IO

forms 21 and 22. Therefore, we may conclude that in the singlet oxygen reaction of 1, 1
and 13 in methanol, acetonitrile and benzene-pyridine, the main reactive substrates are th nol 2
enol complex 24, although the involvement of enol form 22 and the enolic anion 23 cannot be completely
excluded. On the other hand, ab initio calculations also showed that the total atomic charges on C* in the enols
21, 22 and the enolic anion 23 (R' = H, R? = CH) are -0.349, -0.449 and -0.509, respectively and all C* are the
most heavily negative charged carbon atoms in the molecules. This result reveals that the enol 21 is a highly

electron-rich alkene, while the enol complex 24 is yet more electron-rich than 21 due to the hydrogen bond
formation. Therefore, the initial attack of singlet oxygen will occur exclusively on the C* atoms in 21 and/or 24.
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A good understanding of the behavior of hydroperoxides 14 will help to elucidate the mechanism of these
novel singlet oxygen reactions. It was found that all the pure crystalline hydroperoxides 14 were stable even at

120 °C. Standing at room temperature or warming at 50 °C of a solution of 14a in benzene-pyridine (5:1, v/v)
caused no reaction, whereas prolonged irradiation of this solutlon under the above mentioned photooxygenatxon
conditions afforded only 15a without formation of product 16a. These observations strongly suggested that
products 15 were actually derived from the photoinduced O-O homolysis of the primary products 14 during the
photooxygenation reaction of 13, whereas products 16 did not result from further decomposition of 14, but
were directly formed from the singlet oxygen reactions. It is interesting to note that under alkaline conditions

a indamuan a focila 03 04 oo ooon fm Al d o d & on 2 ® Lo 1AL AL o
(‘BuOK/BuQH), 14a underwent a facile C*-C cleavage to afford products 16a and 19a." The lack of any
‘BuOH ester products and the ease of this alkaline cleavage under anhydrous conditions exclude the possibility
1 - - . . .
of a nucleophilic attack of BuO™ or OH" on the carbonyl groups in 14a. A possible mechanism for this alkaline

cleavage is illustrated in Scheme 1. Deprotonation of 14a gave the hydroperoxidic anion 25. Transannular
nucleophilic attack of the peroxy anion in 25 on the 1-carbonyl group afforded the endoperoxide intermediate
26, which subsequently lost a methyl isocyanate (H;C-N=C=0) molecule leading to the formation of 16a via
27. On the other hand, the peroxy anion in 25 could also attack the 3-carbonyl group to give the 1,2-dioxetane
intermediate 28, decarboxylation of which yielded product 19a via 29. The product distribution (38:55,
16a:19a) reflected the higher electrophilicity of the 3-carbonyl group over that of the 1-carbonyl group.
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Scheme 2 Mechanism for Singlet Oxygen Reactions of 4-Alkyl-1,3-isoquinolinediones 13

Based on the above observations, a possible mechanism for singlet oxygen reactions of 4-alkylated 1,3-
isoquinolinediones 13 was proposed as shown in Scheme 2, in which, besides the two usual reaction pathways
of singlet oxygen with the enols 21, namely Schenck ene reaction and [2+2] cycloaddition, an unusual [4+2]
cycloaddition pathway is also illustrated. However, the absence of even a trace amount of products 19 (which
were the major products in the alkaline cleavage of 14) in the singlet oxygen reactions of 13 readily ruled out the

2-dioxetane i mtermecuates 32 and in turn excluded the Lr’u } cycloaddition pathway. In conirast, the stability
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the involvement of the endoperoxide intermediates 30, which were not derived from the hydroperoxides 14, but
directly formed via the [4+2] cycloaddition pathway. On the other hand, the hydroperoxides 14 may be formed

both from the ring opening of 30 and via the Schenck ene reaction pathway (Scheme 2). It should be noted that,
besides the above mentioned photoinduced O-O homolysis pathway, products 15 can also be formed from the
reduction of 14 by amines arising from the hydrolysis of the isocyanates (R'NCO) released during the
photooxygenation reactions of 13 under the action of a trace amount of water in the solvent.’
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Scheme 3 Mechanism for Singlet Oxygen Reactions of 1,3-Isoquinolinediones 5

A similar mechanism for singlet oxygen reactions of 1,3-isoquinolinediones § is presented in Scheme 3 with
hydroperoxides 34 and endoperoxides 35 as intermediates. The only difference between the hydroperoxides 34
and 14 is the presence of an acidic C*~H bond in 34, which is susceptible to attack by nucleophiles such as
pyridine and methanol.” This will subsequently cause a facile dehydration reaction leading to the formation of
products 6. A similar B—elimination reaction may also piay a predominant role in the decomposition of the
possible reaction intermediates such as 35 and 36, so that no C~C* cleavage product was observed in these
singlet oxygen reactions. As mentioned above, hydrolysis of the triketones 6 gave no products 7, but only

products 8 which were formed by the attack of OH™ on the more electrophilic 3—carbonyl group in 6. Again, the
absence of even a trace amount of pm,ucts 8 in these singlet oxygen reactions excluded a [2+2] cycloaddition
pathway, whereas the formation of products 7 in these reactions indicated a [4+2] cycloaddition pathway, and

the hydroperoxides 34 may come from both the Schenck ene reaction pathway and the ring opening of 35
(Scheme 3).
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pathway, an unusual [4+2] cycloaddition was indeed involved in the reactions of singlet oxygen with the enol 21

and/or the enol complex 24. Similar results were also observed in our previous study on the singlet oxygen
reactions of some benzannelated isoquinolinones such as the enol ether 38, where only product 39 was obtained
in aprotic solvents which may be well explained by an endoperoxidic intermediate 41, and not even a trace
amount of product 49 arising from a 1,2-dioxetane intermediate 42 was found. ™
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CHa
(-7.7176)
0.43 K
P e -025 —_— 031
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AN
T [ L ‘I’ 8.3971 14.2926
OH
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0.29 032 o2 “CHs 018 -0.11 CHs
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@05 @ o
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*This work by using HF/6-31G*. "Previous work.' “The FMO energy levels of singlet oxygen ('A,) are Eyoumo = -12.2424
ev and Epyno = 1.3666 ev, respectively; the FMO coefficients are 0.67, -0.67 for HOMO, and 0.70, -0.70 for LUMO
respectively as calculated in this work by using HF/6-31G*."" “Energy gaps between HOMOs of the substrates and the

LUMO of singlet oxvgen. ‘Encrgy gaps between LUMOs of the substrates and the HOMO of singlet oxygen.

This special diene reactivity of the isoquinolinone system towards singlet oxygen was further examined by
frontier molecular orbital (FMO) interaction considerations.'? 45 initio was employed to calculate the FMO



coefficients and the FMO energy levels of ground states of 38 and the two enol forms (21 and 22) and ¢
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anion 23 of compound 5b by using the restricted Hartree-Fock method with 6-31G* basis set. The results are

listed in Table 2, together with the energy gaps between the FMOs of these substrates and singlet oxygen
(HOMO-LUMO and LUMO-HOMO). Naturally, the energy gaps between the HOMOs of all the substrates and
the LUMO of singlet oxygen as an electrophile (AE; 4~9 ev) are much smaller than the corresponding energy
gaps between the LUMOs of these substrates and the HOMO of singlet oxygen (AE; 14~19 ev). Therefore, as is

always the case in singiet oxygen reactions with aikenes, the interactions between the HUMUs or the substrates
and the LUMO of singlet oxygen play a predominant role in deciding the reaction pathway.'' Tt is also noted

from Tahle 2 that the HOMOQ coefficiente an O} anﬂ l‘ are aluz:nm naoativa and nnm ive regnectivaly in all the

from Table 2 that the HOMO coefficients on C e always negative and positive respectiv
substrates with differences only in the magnitude. As mentioned above, the en ] m 22 is the le
tautomer and should have little contribution to the singlet oxygen reactions desp he fact that it ha sa tvmcal
diene structure and may readily undergo a [4+2] cycloaddition with singlet oxygen, while the enolic anion 23,
though also having very little contribution to the singlet oxygen reactions, may partially reflect the properties of
the enol complex 24. Therefore, our discussion will mainly focus on the enol 21, the enolic anion 23 and the
enol ether 38. Fig 2 shows the FMO interactions between 21, 23, 38 and singlet oxygen in three possible
reaction modes; i. e., (a) an anti attack of singlet oxygen toward 21 leading to the formation of a perepoxide
intermediate which subsequently results in the usual Schenck ene reaction;* (b) an anti attack of singlet oxygen
toward 2123 and 38 leadinc to the formation of a perenoxide intermediate and then resulting in a [2+2]

Qi &z, &2 QlQC J0 WALLLS [RSLB (U8 91181015 B2 N P S ALl LI IRRRIALT Al iloniningy 2 4

cycloaddition;* and (c) a syn attack of singlet oxygen toward 21, 23 and 38 also leading to the formation of a
perepoxide but finally resulting in a [4+2] cycloaddition. Apparently, in the case of 21, FMO interactions in (a)
and (c) are more favorable than in (b), while in the case of 23 and 38, FMO interactions in (c) are also more
favorable than in (b) both due to the more efficient positive orbital overlaps. This means that in the reaction of
38 with singlet oxygen, the [4+2] cycloaddition is more favorable than the [2+2] cycloaddition pathway,
whereas in the reactions of 1,3- isoquinoiinediones S and 13 with singiet oxygen, the Schenck ene reaction and
the [4+2] cycloaddition are also more favorable than the [2+2] cycloaddition. This conclusion is in good
agreement with the experimental observations in this work and in our previous report.'’ Although it is difficult
to evaluate the appropriate contributions of the Schenck ene reaction and the [4+2] cycloaddition pathways in
the singlet oxygen reactions of 1,3-isoquinolinediones at this stage, the exceptionally low yield of the triketone
6j (arising from the hydroperoxide 34) as well as the high yield of 10 (corresponding to 7j and in turn derived
from the endoperoxide 35) in singlet oxygen reaction of §j (Table 1), which reflected the high nucleofugality of
the N-(4-nitrophenyl)imino group compared with that of other imino leaving groups in 35, did reveal the

endoperoxidic origin (at least partial) of the hydroperoxides 34 in these singlet oxygen reactions (Scheme 3).

LUMO f% @ Q
0.70 Z Q'O 7 Lomo 10 LUMO?’@
— @ o i g n o /@M’O
208

T ~c g HOMO

g 2
g Homo R Homo
(@ (b) ©

Fig. 2 Three FMO Interaction Modes between HOMOs of the Substrates and the LUMO of 'O,

In summary, reactions of 1,3-isoquinolinediones 5 and 13 with singlet oxygen were entirely dominated by
their enolization and could proceed smoothly in benzene in the presence of pyridine as a base and a hydrogen
bond acceptor. The products were trxketones 6 and benzoisofuranones 7 for 5, and hydroperoxides 14,

y

T O 12 A TA AT b At el T e ol 1 e celbe ol 14
nyaroxmes 15 and benzoisofuranones 16 for 13. A [4+2] CyCloaaqition o1 ine €IECIron-ricn enol 21 wiin Singiet
~vosan suas nrannead ta ha raannngihla far tha nradiicte 7 and 16 while nradiicte 8 14 and 18 are farmed friom
UAYECI Wad propudtl LU UL T0OPUNIDIVIV TUL LG PIUVMUVLS 7 GHIU 10, WHHL PIUUULVLG U, 13 dlid 20 div e uiil
both the [4+2] cycloaddition and the usual Schenck ene reaction pathways. These results are parallel to our
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isoquinolnne~dxones and 4- alkylated 1,3-isoquinolinediones with smglet oxygen also provided fac1le access to
1,3,4-isoquinolinetriones ang other 4-oxyfunctionalized 1,3-isoquinolinediones which are of current interest due
to their biological activities.

EXPERIMENTAL SECTION

Melting points were measured on a YANACO microscopic melting point apparatus and are uncorrected. 'H
NMR snectra were recorded on a JEQL. PMX-60 SI snectrometer at 60 MHz or on a Bruker AC-500

A apal LA QRS 4 JISUTL DIVIA=UDU el VLUESIRE RV IVIDZZ G Aliunvi LT OVY

spectrometer at 500 MHz with SiMe, as internal standard and CDClI; as solvent unless otherwise stated. .J
Values are given in Hz. IR spectra were taken with a Shimadzu IR 408 or a Nicolet SDX FT-IR spectrometer in
KBr pellets. Mass spectra were recorded with a VG ZAB-HS spectrometer. Elemental analyses were obtained
using a Perken-Elmer-240 C analyzer.

2-Alkyl-1,3-isoquinolinediones Sa-5e were prepared in 70-80% yields by mixing homophthalic anhydnide 1
with an excess amount of alkylamines, then distiiling and fu sm;, the reqldues at 180 °C."* 2-Aryl-1,3-
isoquinoline-diones Dl-D_] were obtained in 80-90% yields Ly refluxing
amines in acetic acid."® 4-Alkyl-1,3-isoquinolinediones 13 were pr
halide with a solution of 1 ?-qu,un_lmedmne (large excess) and
THF-methanol, the excess 1,3-isoquinolinediones were removed by crystallization and the pure products were
obtained by flash chromatographxc separation of the residues. Acetonitrile (CP grade) was first refluxed with
phosphorus pentoxide and distilled, then refluxed with anhydrous potassium carbonate and redistilled. Benzene
(AR grade) was dried with sodium and distilled before use. Pyridine (AR grade) was dried with potassium
hydroxme and dlStllled before use. '‘BuOH was first dried with sodium and distilled then further dried with

immediately before use. Other reagents were CP or AR grade and were used as

Xi e 1 with aromatic
epared in 60-80% yields by refluxing an alkyl
0)

sodium methoxide (10:1 ratio) in methanol or

TPP Sensitized Photooxygenation Reactions of 1,3-Isoquinolinediones 5 and 13

General procedure: The light source was a 500 W medium pressure mercury lamp in a water cooling jacket
which was further surrounded by a layer of solution filter (aqueous sodium nitrite) to cut off light of wavelength

ANn . Fad

shorter than 400 nm. The solution of 1,3-isoquinolinediones 5 or 13 and TPP was placed in several glass tubes
10 mal ansrhY and terndint ranimd tha light canreca 11ndar ~ranctamt Amr Avogan lethhling Tha ransadinm ancies
(4«V Ll Cavilj alld iraud TUUIU LG gt SUUITLU UnliuGh Luliblalilt Uly UAYECIL DUUULLLE. 1HT 1CaltiOll LUl

- 0
could efficiently av01d the hydrolysxs of the trlketones 6b-6j on silica gel during the chromatographlc
separation: At the end of reaction, the solvents were removed in vacuo and the residue was dissolved in
acetonitrile. The precipitated TPP was removed by filtration and washed with acetonitrile. The combined filtrate
and washings were concentrated to ca. 10 ml and diluted with benzene (10 ml) and then further diluted with
petroleum ether (b.p. 60-90 °C, 60 ml). The resultant solution was immediately poured onto the top of a silica
gel column and eluted with an excess of petroleum ether (b.p. 60-90 °C) to remove the benzene and acetonitrile.
Subsequent elution of the column with petrmeum ether (b.p. 60-90 °C)-ethyl acetate afforded the
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Reaction of 5a: A solution of Sa (161 m

FAS <2 L9 JEEL SR SULALLY

6
20 mi) was 1rrad1ated for 10 h to afford 6a

1,3,4(ZH)-Isoquinolinetrione 6a. Yellow prisms from acetonitrile, m.p. 229-230 °C (sublimes, decomp.)
(lit. 229-229.5 °C).* IR: 3200, 3150, 3070, 2900, 1740, 1706, 1675, 1588, 1364, 1340, 1295, 1258, 1220, 971,
857, 748 cm™. 'H NMR (60 MHz, DMSO-d;): 7.8-8.3 (4H, m, ArH), 11.80 (1H, br, s, NH) ppm. MS (m/z,
%): 175 (M, 8.0), 147 (M—CO, 67 .4), 132 (19.0), 104 (100).

Reaction of 5b: A solution of Sb (700 mg, 4 mmol) and TPP (20 mg, 0.04 mmol) in benzene-pyridine (5:1
v/v, 80 ml) was irradiated for 11 h to afford 6b (576 mg, 76 %) and 7h (124 mg, 15 %).

2-Methyl-1,3,4(2H)-isoquinolinetrione 6b. Pale yellow prisms from ethyl acetate-acetone, m.p. 190-191
°C (sublimes) (lit. 190-191 °C).** IR: 3050, 2910, 1725, 1700, 1662, 1582, 1415, 1358, 1329, 1283, 1238,
1078, 752 cm™ "H NMR (60 MHz): 3.60 (3H, s, CH;), 7.9-8.7 (4H, m, ArH) ppm. MS (m/z, %); 189 (M,
2.6), 161 (M=CO, 55.8), 132 (8.3), 104 (100).
n-wiéthy i-3-hydroxybenzoisofuran-i-one-3-car ham’d

332

cetone, m.p. 170-172 °C (decomp.). IR:

\-'l

b. Colorless needies from petroleum ether (b.p.
0, 2900, 2880, 1755, 1670, 1548, 1403, 1272,
brium with 12b): 2.79 (3H 5. CH-). 2 80 (3H g
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930, 690 cm™. "H NMR (500 MHz, acetone-ds, in eq" 1
765 (2H, d, /7.5, ArH), 7.68 (2H, t,J 7.5, ArH), 7.78 (2H, t, J 7.5, ArH), 7.86 (2H, d, J 7.5, ArH), 7.93
(2H, br, 2 X NH) ppm. FAB-MS (m/z, %): 208 (M+1, 11.0), 207 (M", 54.8), 206 (100), 190 (M+1-H,0,
0.8), 162 (M+1-H,0-CO, 16.5). Anal. C;oHosNO,. Caled: C, 57.97; H, 4.38; N, 6.76. Found: C, 58.00, H, 4.33;
N, 6.74.

e
-

Reaction of 5¢: A solution of 5S¢ (378 mg, 2 mmol) and TPP (10 mg, 0.02 mmol) in benzene-pyridine (5:1
v/v, 40 ml) was irradiated for 11 h to afford 6¢ (305 mg, 75 %) and 7¢ (53 mg, 12 %).

M Débanl 1 2 ALVIN Zonunetzunlican fucnmenn Lo Woalla mnlatras Frama matralazie atliae fl o ZN QN oMYy et 1
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acetate. mp 1INA_ 107 8§ °C (It 107107 5§ °C) 6a TR- 200 720N 17271 1AQR 1AA0 18R 1240 12WIR 191
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1249, 1103, 755 cm™. "H NMR (60 MHz): 1.25 (3H, t,J 7.5, CH;), 4.10 (2H, g, / 7.5, CH,), 7.7-8.1 (4H, m,
ArH) ppm. MS (m/z, %): 203 (M",36.1), 175 (M=CO, 21.7), 132 (18.4), 104 (100)

N-Ethyl-3-hydroxybenzoisofuran-1-one-3-carbamide 7c¢. Colorless prisms from acetone, m.p. 194-196
°C (decomp.). IR: 3330, 3100, 2880, 2620, 1755, 1665, 1530, 1461, 1268, 1095, 915, 708, 690 cm™. 'H NMR
(60 MHz, acetone-ds, in equilibrium with 12¢): 1.05 (6H, t, J 7.5, 2 X CHs), 3.12 (2H, q, J 7.5, CHy), 3.13
(2H, q, /7.5, CHy), 7.2-7.9 (8H, m, ArH), 8.4 (2H, br, 2 X NH) ppm. FAB-MS (n/z, %): 222 (M+1, 1.0),
204 (M+1-H,0, 0.4), 91 (100). Anal. C,H;;NO,. Calcd: C, 59.72; H, 5.01; N, 6.33. Found: C, 59.75: H, 4.85;
N, 6.34.

Reaction of 5d. A solution of 5d (502 mg, 2 mmol) and TPP (10 mg, 0.02 mmol) in benzene-pyridine (5:1

v/v, 40 mﬂ was irradiated for 12 h. The mixture was concentrated and the nremmfafed 6d was filtered out and

washed wnh benzene. The combined filtrate and washings were removed of TPP and separated to afford 6d
(totally 415 mg, 78 %) and 7d (57 mg, 10 %).

2-Benzyl-1,3,4(2H)-isoquinolinetrione 6d. Bright yellow prisms from petroleum ether (b.p. 60-9¢ °C)-

ethyl acetate-acetonitrile, m.p. 190-191 °C (sublimes) (lit. 185-186 °C).” IR: 3050, 3020, 2980, 1719, 1702,

1674, 1595, 1430, 1357, 1280, 1242, 755, 700 cm’’. 'H NMR (60 MHz, DMSO-dq): 5.66 (2H, s, CHy), 7.1- 7.5
AT A YT TL < Fas ’\h ~ LYl Vi V1 FaraY AN ~ ( ), 1

(5H, m, ArH), 7.7-8.1 (4H, m, ArH) ppm. MS {mv/z, %): 265 (M, 38.7), 237 (M-CQ, 6.4
(7.1), 132 (9.0), 118 (10.4), 104 (100).
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N-Benzyl-3-hydroxybenzoisofuran-1-one-3-carbamide 7d. Colorless needles from petroleum ether (b.p.
60-90 °C)-acetone, m.p. 196-198 °C (decomp.). IR: 3270, 30505 2800, 1750, 1655, em’.

1 , 7 1540, 1269, 930, 695 cr
'H NMR (500 MHz, acetone~d5 in equilibrium with 12d): 4.31 (2H, s, CHy), 4.32 (2H, s, CH;), 7.22-7.26 (6H,
m, ArH), 7.29-7.32 (4H, m, ArH), 7.62 (2H, br, ArH), 768(2H t, J75 ArH), 7'79(2H br, ArH) 7.88 (2H,
d, J 7.5, ArH), 9.17 (2H, br, 2 X NH) ppm. FAB-MS (m/z, %) 284 (M+1, 1.9), 266 (M+1-H,0, 0.3), 91
(100). Anal. C,¢H;3NO,. Caled: C, 67.84; H, 4.63; N, 4.95. Found: C, 67.62; H, 4.75; N, 5.03.

Reaction of 5e: A solution of Se (410 mg, 2 mmol) and TPP (10 mg, 0.02 mmol) in benzene-pyridine (5:1
v/v, 40 ml) was irradiated for 11 h to afford 6e (322 mg, 74 %) and 7e (62 mg, 13 %).

2-(2-Hydroxyethyl)-1,3,4(2H)-isoquinolinetrione 6e. Pale yellow prisms from petroleum ether (b.p. 60-90
°C)-ethyl acetate, m.p. 119-121 °C (lit. 121-123 °C ).’ IR: 3330 (broad), 3080, 2950, 2900, 2880, 1723, 1700,
1670, 1585, 1378, 1350, 1280, 1258, 1240, 1082, 750 cm™. 'H NMR (60 MHz): 3.77 (2H, t, J 7.5, CH.), 4.18
(2H, t, J 7.5, CHy), 7.7-8.1 (4H, m, ArH) ppm. MS (m/z, %): 219 (M, 36.0), 191 (M—CO, 3.8), 176 (82.1),
160 (74.1). 132 (37.6), 104 (100). Anal. C;;HoNO,. Caled: C, 60.27; H, 4.14; N, 6.39. Found: C, 60.23; H,
432: N, 6.31.

N-(2-Hydroxyethyl)-3-hydroxybenzoisofuran-1-one-3-carbamide 7e. Colorless needles from benzene-
acetone-ethyl acetate, m.p. 138-139.5 °C. IR: 3320, 3230, 3020, 2800, 2640, 177< 1672, 1540, 1460, 1250

LR S ot ViR QUGN - TUV, 14JV,

1089, 930, 680 cm™. "H NMR (60 MHz, acetone-ds, in equilibrium wn,h 12¢): 3.1-3.8 (3H, m, 4 x CHy), 7.4-

8.0 (8H, m, ArH) ppm. FAB-MS (m/z, %). 23 (M+]., 26.3), 220 (M+1-H,0, 7 8), 91 (100). Anal. C;;H;;NO:s.
Calcd: C, 55.70; H, 4.67; N, 5.91. Found: C, 55.83; H, 4.82; N, 5.90

Reaction of 5f. A solution of 5f (474 mg, 2 mmol) and TPP (10 mg, 0.02 mmol) in benzene-pyridine (5:1
v/v, 40 ml) was irradiated for 12 h to afford 6f (324 mg, 65 %) and 7f (108 mg, 20 %).

N
1

henyl-l »3,4(2H)-isoquinolinetrione 6f Pale yellow prisms from petroleum ether (b.p. 60-90 °C)-
&
)

o o 16
nzen tonitrile, 'np 228-229 °C (sublimes) (lit. 203-205 °C).”” IR: 3080, 1738

J
m”. '"H NMR (60 MHz): 7.4-7.7 (5H, m, ArH), 8.5-8.8 (4H, m

(60 M m, ArH), 8.5-8.8 (4H, m, ArH) p

B(M—CO 41.9), 179 (40.8), 132 (15.1), 104 (100).
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N-Phenyl-3-hydroxybenzoisofuran-1-one-3-carbamide 7f. Colorless prisms from petroleum ether (b.p.
60-90 °C)-ethyl acetate, m.p. 181-183 °C (decomp.). IR: 3285, 3050, 2810, 1760, 1663, 1598, 1527, 1430,
1256, 1131, 1110, 942, 695 cm™. "H NMR (500 MHz, DMSO-d;, in equilibrium with 12f): 7.17 (2H, t, J 7.5,
ArH) 7.35.7.38 (4H, m, ArH), 7.64-7.70 (8H, m, ArH), 7.78 (2H, t, J 7.5, ArH), 7.92 (2H, d, J 7.5, ArH),

937 (2H, br, 2 X NH) ppm. FAB-MS (m/z, %) 270 (M+1, 5.5), 269 (M, 32.2), 268 (100), 224 (M+1—

TY N NN A AN PO e T ~ el 1

H,0-CO, 22.0). Anal. CsH,;NO,. Caled: C, 66.91; H, 4.12; N, 5.20. Found: C, 66.97; H, 4.15; N, 5.13.

Reaction nf ‘l'a A solution of ﬂg ( 34 mo. 2 mmoeD and TPP (10 me. 002 mimol) i

1
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v/v, 40 ml) was 1rrad1ated for 8 h, The mixture was concentrated and the precipitated 6g was ﬁltere out and
washed with benzene. The combined filtrate and washings were removed of TPP and separated to afford 6g
(totally 425 mg, 76 %) and 7g (108 mg, 18 %).

2-(4-Methoxyphenyl)-1,3,4(2H)-isoquinolinetrione 6g. Yellow prisms from acetonitrile, m.p. 287-288 °C
(sublimes, decomp.). IR: 3080, 2950, 2850, 2760, 1731, 1723, 1684, 1588, 1506, 1361, 1290, 1259, 745 cm™
Tvy

H NMR (60 MHz, DMSO-ds): 3.83 (3H, 5, CHy), 7.00 (2H, d, J 8.0, ArH), 722 (2H, d, J 8.0, ArH), 78-83
(4H, m, ArH) ppm. MS (m/z, %): 281 (M, 76.6), 253 (M~CO, 100), 238 (72.0), 104 (85.1) Anal Cisti;iNO.
Caled: C, 68.32; H, 3.94; N, 4.98. Found: C, 68.44; H, 3.89; N, 4.80



K.-Q. Ling et al. / Tetrahedron 55 (1999) 9185-920
N-(4-Methoxyphenyl)-3-hydroxybenzoisofuran-1-one-3- c_- bamide 7g. Colorless needles from benzene-
acetone, m.p. 153-155 °C. IR: 3310, 3030, 2800, 1760, 1660, 1533, 1502, 1247, 1100, 935, 691 cm™. '"H NMR

(500 MHz, DMSO-d, in equilibrium with 12g): 3.73 (6H, s, 2 X OCHs), 6.90 (4H, d, J 8.0, ArH), 7.67-7.72
(8H, m, ArH), 7.80 (2H, br, ArH), 7.91 (2H, d, J 7.5, ArH), 9.25 (1H, br, OH), 10.32 (1H, br, NH), 10.61 (1H,
br, NH), 13.58 (1H, br, OH) ppm. FAB-MS (m/z, %): 300 (M+1, 4.0), 299 (M", 32.3), 298 (100), 254 (M+1—
H,0-CO, 24.0). Anal. CsHisNOs. Caled: C, 64.21; H, 4.38; N, 4.68. Found: C, 64.13; H, 4 13: N, 4.68.

Reaction of Sh: A solution of 5h (510 mg, 2
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2-(4-Fluorophenyl)-1,3,4(2H)-isoquinolinetrione 6h. Yellow prisms from petroleum ether (b.p. 60-90
°C)-ethyl acetate-acetonitrile, m.p. 242-243 °C (sublimes). IR: 3100, 3080, 3050, 1734, 1700, 1683, 1590
1499, 1361, 1290, 1263, 1222, 841, 743 cm. 'H NMR (60 MHz, DMSO-ds): 7.0-7.4 (4H, m, ArH), 7.8-8.3
(4H, m, ArH) ppm. MS (m/z, %): 269 (M", 32.2), 241 (M=CO, 62.0), 197 (55.7), 104 (100). Anal. C,sHsFNO.
Caled: C, 66.92; H, 3.00; N, 5.20. Found: C, 66.76; H, 3.24; N, 5.17.

N-(4-Fluorophenyl)-3-hydroxybenzoisofuran-1-one-3-carbamide 7h. Colorless needles from benzene-
acetone, m.p. 164-166 °C. IR: 3280, 3240, 3100, 2550, 1760, 1663, 1535, 1500, 1258, 1217, 940, 835, 690
cm’ "H NMR (60 MHz, acetone-ds, in equilibrium with 12h): 7.16 (4H, dd, /8.0, 9.0, ArH), 7.6-8.1 (12H, m,
ArH) ppm. FAB-MS (m/z, %): 288 (M+1, 27.1), 270 (M+1-H;0, 10.8), 254 (M+1-H,0-CO, 24 .0), 91 (100)
Anal. C;sH(oFNO,. Caled: C, 62.72; H, 3.51; N, 4.88. Found: C, 62.55; H, 3.54; N, 4.78

Reaction of 5i: A solution of 5i (574 mg, 2 mmol) and TPP (10 mg, 0.02 mmol) in benzene-pyridine (5:1 v/v,
40 ml) was irradiated for 8 h. The mixture was concentrated and the precipitated 6i was filtered out and washed
with benzene. The combined filtrate and washings were removed of TPP and separated to afford 6i (totally 453
mg, 75 %) and 7i (89 mg, 14 %).

2-{1-Nanhthvh)-1_3 4{2H)-isoqguinglinetrione 6i Rrioht vellow prisms from benzene-netroleum ether (h n
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60-90 °C)-acetonit-ile, m.p. 278-279 °C (sublimes) IR: 0‘30, 1729, 1680, 1582, 1390, 1357, 1283, 1269, 805,
778, 742 em™. "H NMR (60 MHz, DMSO-ds): 7.3-7.8 (4H, m, ArH), 7.8-8.3 (7H, m, ArH) ppm. MS (m/z, %)

301 (M, 100), 273 (M-COQ, 87.0), 229 (37.4), 104 (68.0). Anal, C1oH11NO;. Calcd. C,75.74; H, 3.68; N, 4.65.
Found: C, 75.33; H, 3.97, N, 4.67.

N-(1-Naphthyl)-3-hydroxybenzoisofuran-1-one-3-carbamide 7i. Colorless needles from benzene-
acetone, m.p. 187-189 °C (decomp.). IR: 3230, 3040, 2780, 1758, 1669, 1518, 1500, 1265, 1258, 936, 792,

P S AT B B +) 1 /AATT T I\"! ImYY ,-. N3

681 cm™. "H NMR (60 MHz, acetone-ds, in equilibrium with 12i): 7.3-8.1 (22H, m, ArH), 9.7 (2H, br, 2 X
NH) ppm. FAB-MS (m/z, %): 320 (M+1, 3.4), 302 (M+1-H,0, 1.1), 51 (100). Anal. CioH3NO,. Calcd: C,
7147,H,4.10; N, 439 Found: C, 71.35; H, 3.91; N, 4.28

Reaction of §5j: A solution of 5j (790 mg, 2.80 mmol) and TPP (15 mg, 0.03 mmol) in benzene-pyridine (5:1
v/v, 60 ml) was irradiated for 13 h. The mixture was concentrated and the precipitated 6j was filtered out and
washed with benzene. The combined filtrate and washings were removed of TPP and separated to afford 6]
(totally 350 mg, 42 %) and 10 (245 mg, 49 %).

2-(4-Nitrophenyi)-1,3,4(2H)-isoquinolinetrione 6j. Pale yellow prisms from acetonitriie, m.p. 269-270 °C
(sublimes, decomp.). TR: 3090, 3060, 1730, 1700, 1681, 1590, 1510, 1357, 1339, 1279, 1255, 998, 853, 825,
740 Cm‘l. 111 J‘T\uu\ (60 I\vuLZ, u;vxSO’d{,): 757 (211, d, JIS‘O, AJLA), 78!8.3 {4H, m., 1A1r11)., 8 33 (21 i, d .l’ 8 0
ArH) ppm. MS (m/z, %): 296 (M, 10.3), 268 (M—CO, 61.0), 238 (15.5), 104 (100 al. C;sHgN>Os. Caled:
C, 60.81; H, 2.72; N, 9.46. Found: C, 60.74; H, 2.78;, N, 9.47.
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4-Nitroacetanilide 10. Pale yellow needles from benzene-acetone, m.p. 217-219 °C (lit. 215-216 °C)."" IR;
3280, 3170, 3130, 3060, 2780, 1675, 1610, 1590, 1558, 1494, 1339, 1323, 1295, 1260, 1106, 1000, 845, 750

n!. 'H NMR (60 MHz, DMSO-ds): 2.06 (3H, s, CHz), 7.80 (2H, d, J 9.0, ArH), 8.16 (2H. d, J 9.0, ArH)
105 (1H, br, NH) ppm. MS (m/z, %): 180 (M, 25.6), 138 (100), 108 (32.7).

Reaction of 13a: A solution of 13a (567 mg, 3 mmol) and TPP (15 mg, 0.03 mmol) in benzene-pyridine (5:1
v/v, 60 ml) was irradiated for 15 h to afford 15a (64 mg, 10 %), 14a (427 mg, 64 %) and 16a (80 mg, 16 %)

respectively.

2,3-Dimethyl-3-hydroperoxy-1,3(2H)-isoquinolinedione 14a. Colorless prisms from petroleum ether (b.p.
60-90 °C)-ethyl acetate, m.p. 150-151.5 °C. IR: 3310, 3000, 2940, 1722, 1668, 1610, 1465, 1420, 1373, 1302,
1283, 1088, 772, 700 cm™. "H NMR (60 MHz): 1.58 (3H, s, CHz), 3.34 (3H, s, CH:), 7.3-7.8 (3H, m, ArH),
8.21 (1H, d, J 8.0, ArH), 9.33 (1H, s, OH) ppm. FAB-MS (m/z, %): 222 (M+1, 7.7), 204 (M+1-0, 100), 187
(M+1-00H, 23.1), 186 (M~OOH, 19.4). Anal. C;;H,)NO,. Calcd: C, 59.72; H, 5.01; N, 6.33. Found: C,
59.55;H, 4.97; N, 6.32.

2,3-Dimethyl-3-hydroxy-1,3(2H)-isoquinolinedione 15a. Colorless prisms from petroleum ether (b.p. 60-
90 °C)-ethyl acetate, m.p. 119-121 °C. IR: 3490, 3080, 3000, 2940, 1718, 1664, 1603, 1468, 1422, 1375,
1340, 1298, 1275, 1250, 1080, 1040, 778, 702 cm 1 ' NMR (60 MHz): 1.61 (3H, s, CH:), 3.33 (3H, s, CI3),
3.72 (1H, s, OH), 7.3-7.8 (3H, m, ArH), 8.11 (1H, d, ./ 8.0, ArH) ppm. MS (m/z, %): 205 (M", 14.4), 187 (M-
H,0, 0.4), 190 (M—CHs, 53.2), 162 (M—CH;-CO, 24.4), 148 (42.2), 105 (100). Anal. C;;H;;NO;. Calcd: C,

64.38; H, 5.40; N, 6.83. Found: C, 64.39; H, 5.53; N, 6.79.

3-Hydroxy-3-methylbenzoisofuran-1-one 16a. Colorless prisms from petroleum ether (b.p. 60-90 °C)-
acetone, m.p. 119-120 °C. IR: 3260, 2998, 1722, 1465, 1295, 1252, 1215, 1035, 880, 770, 715 em”. 'H NMR

[ENANRATT N, 1 £ /ATT . NIT N A AL /1TT L. MNITY "7 121 = 197 /951X T AL FTTY o | e B 4 A_TTY 7 £73 7111
(QUU VI1Z). 1.03 (o1, §, LIy), 4.£2 (111, U, Un1), /.21-/.32 (411, m, AIH , /.40 (1IN, L, J 7.0, A1), 7.30 {111,
A T8 ALLTY tmvens MC fon/> 0/ TAA AT N QY 140 INA_CLI. 10O 1AA MA_LI Oy SN OY 104 7120 OV Anal
u, J 7.0, /A1) pp L vIO (M4, 70). 1O (Uvl , V.0, 177 LIVITULLEE, 1TUV), 170 (WVITLIDW, JV. 7 ), 1US \J7‘7} tilal,
CoH:O+ Calcd: C. 65 85: 491 Found: C 6567 H 488
GARENL aaba, U, VOO0, 1%, LU AUREU L, VOV, 4R, FLe0.

Reaction of 13b: A solution of 13b (609 mg, 3 mmol) and TPP (15 mg, 0.03 mmol) in benzene-pyridine (5:1
v/v, 60 ml) was irradiated for 15 h to afford 15b (177 mg, 27 %), 14b (353 mg, 50 %) and 16b (69 mg, 13 %)
respectively.

3-Ethyl-3-hydroperoxy-2-methyl-1,3(2H)-isoquinolinedione 14b. Colorless prisms from petroleum ether
(b.p. 60-90 °C)-ethyl acetate, m.p. 120-122 °C. IR: 3370, 2980, 2950, 1720, 1665, 1608, 1460, 1422, 1360,
1298, 1276, 1069, 770, 700 cm™'. "H NMR (500 MHz): 0.62 (3H, t,./ 7.5, CH;), 1.84 (1H, dq, J 13.5, 7.5, 172
CH,), 2.09 (1H, dq, J 13.5, 7.5, 1/2 CH), 3.38 (3H, s, CH;) 7.53 (1H, t,J 8.0, ArH), 7.70-7.73 (2H, m, ArH),
8.20 (1H, d, J 8.0, ArH), 10.21 (1H, br, OH) ppm. FAB-MS (m/z, %): 236 (M+1, 100), 220 (M+1-0, 19.4),
203 (M+1-00H, 30.8), 202 (M-0OO0H, 32.3). An le{nNO4 Calcd: C, 61.27; H, 5.57; N, 5.96. Found. C,

61.21; H, 5.62; N, 5.82.

3-Ethyl-3-hydroxy-2-methyl-1,3(2H)-isoquinolinedione Hb Colorless prisms from petroleum ether (b.p.
60-90 °C)-ethyl acetate, m.p. 107-108 °C. IR: 3480, 3070 2980, 2950, 2880, 1713, 1660, 1603, 1464, 1420,

1376, 1300, 1202, 1081, 1055, 1000, 925, 760, 697 em’ "HN ‘vu( (500 MHz): 0.76 (3H, t, / 7.5, CH3), 1.88
F1TY ,1,. T12 & 7& !/ﬁf“’L]’\ InAIIU A T12 & 7& 1/ 0CITN 21720 ML o O 2 L4 (1T e NLIYN T AQ
\1[‘1, (44 N J 12,0, 1. .7) 174 \11_12}, s \l n,uy,Jv 120, /7.9, 174 bllz}, J.J30 \Jll, D, L/113}, J.00 \111, ui, Ull}, .47
(1H, t,.J 7.5, ArH), 7.66-7.71 (2H, m, ArH), 8.16 (1H, d, / 7.5, ArH) ppm. MS (m/z, %): 219 (M, 0.6), 201
(M-110, 0.3 190 (M C,H;s, 100), 162 (M-C,H:~CO, 18 9), 149 (53 3), 105 (22.3). Anal. C;;H;3:NO;, Calcd:

N, 6.39. Found: C, 65.80; H, 6.04; N, 6.37.
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3-Ethyl-3-hydroxybenzoisofuran-1-one 16b. Colorless needles from petroleum ether (b.p. 60-90 °C)-ethyl
acetate, m.p. 88-89 °C. IR: 3270, 2940, 2900, 1730, 1460, 1345, 1288, 1130, 900, 767, 700 cm™. "H NMR (60
MHz): 0.92 (3H, t, J 7.5, CHs), 2.27 (2H, q, J 7.5, CHy), 4.45 (1H, br, OH), 7.4-8.0 (4H, m, ArH) ppm. MS
(m/z, %): 178 (M, 0.1), 160 (M-H;0, 86.7), 149 (M~C,Hs, 33.8), 104 (100). Anal. C;(H,0;. Caled: C,
6741, H, 5.66. Found: C, 67.18; H, 5.62.

5 mg, 0.03 mmol) in benzene-pyridine (5:1
¢ (405 mg, 45 %) and 16¢ (108 mg, 15 %)

| 5 J RPN S Falt]
KeAciion Q/ I)L f\ bmuuun I

of 3m n
m 1) was irradiated for 15 h to afford 15¢ (255 mg, 30 %
TEQ e
3-Benzyl-3-hydroperoxy-2-methyl-1,3(2H)-isoquinolinedione 14c¢. Colorless prisms from petroleum
ether (b.p. 60-90 °C)-ethyl acetate, m.p. 136-138 °C. IR: 3375, 3050, 3020, 2960, 2930, 1717, 1663, 1602,
l455 1419 1362 1303 1280 1055 1028 700 cmI 1HNMR(SOO MHz) 307(1H d, J12.5,1/2CHy), 3.11

3-Benzyl-3-hydroxy-2-methyl-1,3(2H)-isoquinolinedione 15¢. Colorless prisms from petroleum ether
(b.p. 60-90 °C)-ethyl acetate, m.p. 130-131.5 °C. IR: 3450, 3080, 3020, 2940, 2900, 1710, 1660, 1605, 1420,
1362, 1305, 1285, 1213, 1055, 789, 700 cm™. 'H NMR (500 MHz): 3.13 (lH, d,.J12.5,1/2CH,), 3.17 (3H, s,
ArH), 7.11 (2H, t, J 7.5, AtH), 7.18
(iH, d, J 7.5, ArH) ppm. MS (m/z,
Ph— CO 8.2), 149 (41.7), 91 (62.8).
4 Q1
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CH;), 3.22 (1H, d, J 12.5, 1/2 CHy), 3.71 (1H, br, OH), 6.57 (2H, d, J 7.5, Ar.
(iH, 1,/ 7.5, ArH), 7.48 (iH, 1, J 7.5, ArH), /077"2(4}1 m, ArH), 7.99
%): 281 (M, 0.2), 263 (M-H;0, 0.4), 190 (M—CH , 100), 162 (M—CH
Anal C-Hi<NO= Caled: C. 72.58 H. 537- N. 4.9% Fuu.m ,72.33: H,

Adlal, WITEI51NU3. vaiva, L, F4.J0, 1, JJ,;\,—I/U ’7,11’—[/1.

3-Benzyl-3-hydroxybenzoisofuran-1-one 16c¢. Light brown viscous oil. IR: 3350, 2920, 1740, 1600, 1463,
1287, 1110, 950, 895, 772, 700 cm™. '"H NMR (60 MHz): 3.42 (2H, s, CHa), 4.24 (1H, br, OH), 7.1-7.8 (9H,
m, ArH) ppm. MS (m/z, %): 222 (M=H,0, 100), 194 (14.1), 165 (59.2), 149 (M~PhCH,, 20.0), 104 (22.9).
Anal. C;5sH20s. Caled: C, 74.99; H, 5.03. Found: C, 74.87; H, 5.12.

Reaction of 13d. A solution of 13d (795 mg, 3 mmoi) and TPP (15 mg, 0.03 mmoi) in benzene-pyridine (5:
v/v, 60 ml) was irradiated for 15 h to afford 15d (255 mg, 30 %), 14d (420 mg, 47 %) and 16b (85 mg, 16 %)

ragnactively
IUSp/LLLIVIaY .

3-Ethyl-3-hydroperoxy-2-phenyl-1,3(2H)-isoquinolinedione 14d. Pale yellow prisms from petroleum
ether (b.p. 60-90 °C)-ethyl acetate, m.p. 161-162.5 °C. IR: 3420, 3070, 2980, 2940, 2870, 1723, 1680, 1600,
1488, 1452, 1365, 1300, 1267, 1242, 1196, 1158, 945, 760, 709, 700 cm™. '"H NMR (500 MHz): 0.83 (3H, t,.J
7.5, CH3), 1.95 (1H, dq, J 13.5, 7.5, 1/2 CHy), 2.20 (1H, dq, J 13.5, 7.5, 1/2 CHy), 7.15-7.17 (2H, m, ArH),
7.38-7.50 (3H, m, ArH), 7.54 (1H, t, / 8.0, ArH), 7.71-7.78 (2H, m, ArH), 8.22 (1H, d, J 8.0, ArH), 9.87 (1H,
br, OH) ppm. FAB-MS (m/z %)' 298 (M+1 48.9), 282 (M+1-0, 16.5), 265 (M+1-00H, 13.0), 264 (M-

AY A__..‘l N £0 £O0. LY CNO-NT A T1 a7 20 €L LT ANGZL. ANT A I
UU). Anal. C17H;sNO,. Caled: C, 68.68; H, 5.09; N, 4.71. Found: C, 68.56; H, 4.96; N, 4.73.

3-Ethyl-3-hydroxy-2-phenyl-1,3(2H)-isoquinolinedione 15d. Pale yellow prisms from petroleum ether
(b.p. 60-90 °C)-ethyl acetate, m.p. 154-155.5 °C. IR: 3480, 3362, 3050, 2970, 1723, 1674, 1645, 1593, 1550,
1490, 1358, 1315, 1238, 1217, 1190, 1164, 756, 700 cm’™. HNN[R(SOOI\/H‘IZ) 092 (3H,t,J 7.5, CH;), 2.03
(1H, dq, J 13.5, 7.5, 1/2 CHy), 2.08 (1H, dq, J 13.5, 7.5, 1/2 CHy), 3.71 (1H, br, OH), 7.21 (2H, d, J 8.0, ArH),
7.47 (1H, t,./ 8.0, ArH), 7.51-7.57 (3H, m, ArH), 7.74 (lH t, J8 0, ArH), 7.79 (1H, d, J 8.0, ArH), 8.20 (1H,

d, J8.0, ArH) ppm. MS (m/z, %): 281 (M", 7.1), 263 (M-H,0, 0.8), 252 (M—C,Hs, 100), 224 (M-C,H,--CO,
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Reaction of 13e: A solution of 13e (645 mg, 3 mmol) and TPP (15 mg, 0.03 mmol) in benzene-pyridine (5:1
v/v, 60 ml) was irradiated for 15 h to afford 15e (270 mg, 39 %) and 14e (275 mg, 37 %) respectively. The
corresponding product 16d was not found.

etroleum ether
0, 1455, 1417

Joo, 1Ty

3-Allyl-3-hydroperoxy-2-methyl-1,3(2H)-isoquinolinedione 14e. Colorless prisms from pe
(b.p. 60-90 °C)-ethyl acetate, m.p. 75-77 °C. IR: 3300, 3060, 3000, 2950, 2840, 1717, 1665, 160
neo 1300, 1075 1023 750, 700 cm’. ‘HNMR(SOOMHZ) 2.57(1H, dd, J 6.5, 12.5, 1/2CH,), 2
J8.5,12.5, 1/2CHy), 3.35 (3H, s, CHs), 491 (1H, d, J 17.0, 1/2 =CH,), 4.99 (1H, d, J 10.0, 1/2 = CHQ), 521
(1H, dddd, J 6.5, 8.5, 10.0, 17.0, =CH-C), 7.55 (1H, t, J 7.5, ArH), 7.74 (1H, d, J 7.5, ArH), 7.77 (1H, d, J
7.5, ArH), 8.20 (1H, d, J 7.5, ArH), 10.07 (1H, s, OH) ppm. FAB-MS (m/z, %): 248 (M+1, 100), 232 (M+1—
0, 43.3), 215 (M+1-OO0H, 48.6), 214 (M-OOH, 51.1). Anal. C;3H;sNO,. Caled: C, 63.15; H, 5.30; N, 5.67.
Found: C, 63.15; H, 5.49; N, 5.67.

3-Allyl-3-hydroxy-2-methyl-1,3(2H)-isoquinolinedione 15¢. Colorless prisms from
60-90 °C)-ethyl acetate, m.p. 84-84.5 °C. IR: 3480, 3090, 2990, 2950, 1710, 1
1300, 1200, 1160, 920, 758, 695 cm™". ‘HNMR(SOOMHA 2.57(1H,dd, /7.0, 1 . dd, J
8.0, 13.0, 1/2CH2) 3.34 (3H s, CHz), 3.76 (1H, br, OH), 4.93 (1H, d, J 17.0, 1/2 CHz) 5.05 (IH OO
1/2 =CH,), 5.42 (1H, dddd, ./ 7.0, 8.0, 10.0, 17.0, =CH-C), 7.48 (1H, t, J 7.5, ArH), 7.67 (1L, t, J7.5, ArH),
7.71 (1H, d, J 7.5, ArH), 8.14 (1H, d, J 7.5, ArH) ppm. MS (m/z, %): 232 (M+1, 0.9), 213 (M=H;0, 0.2), 190
(M—CH,CH=CH,, 100), 162 (M—CH,CH=CH,—-CO, 13.7), 149 (63.0), 104 (12.0). Anal. C;sH3NO;. Calcd: C,
67.52, H, 5.67; N, 6.06. Found: C, 67.58; H, 5.65; N, 6.08.
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3-Benzoylmethyl-3-hydroperoxy-2-methyl-1,3(2H)-isoquinolinedione 14f Colorless crystals from
petroleum ether (b.p. 60-90 °C)-ethyl acetate, m.p. 136-138 °C. IR: 3450, 3380, 3060, 2950, 1715, 1660, 1600,
1460, 1420, 1372, 1311, 1295, 1233, 1024, 762, 700 cm™. "H NMR (500 MHz): 3.31 (1H, d, ./ 13.5, 1/2 CHy),
3.43-3.50 (4H, m, 1/2 CH; and CH3), 7.36-8.23 (9H, m, ArH), 9.23 (1H, br, OH) ppm. FAB-MS (m/z, %): 326
(M+1, 1.3), 325 M, 1.7), 310 (M+1-0, 3.8), 219 (M+1-OO0H, 3.8), 218 (M—OOH, 3.0), 91 (100). Anal.

Pa &4 YY A A SN NT

C1gHsNOs. Calced: C, 66.40; H, 4.65; N, 4.31. Found: C, 66.46; H, 4.59; N, 4.45.

Q_an1nv|mpfhvl-"—hvdrntv-? methv ! 1 risms from nnfrn!pnm

methyl-1,3(2H)-isoquinolinedione 15f. Colorless prisms
ether (b.p. 60 90 °C) ethyl acetate, m.p. 157-158 °C. IR: 3370, 3050, 2930 1708, 1658, 1600, 1460 1415,
1355, 1296, 1220, 1205, 1060, 1037, 765, 695 cm™. '"H NMR (500 MHz): 3.35 (3H, s, CHs), 3.80 (1H, d, ./
16.0, 1/2 CHy), 3.82 (1H, d, J 16.0, 1/2 CH,), 4.00 (1H, br, OH), 7.40 (2H, t, J 7.5, ArH), 7.48 (1H, t, J 7.5,
ArH), 7.54 (1H, t, J 7.5, ArH), 7.64 (1H, t, J 7.5, ArH), 7.72 (1H, d, J 7.5, ArH), 7.78 (2H, d, J 7.5, ArH),
8.20 (1H, d, J 7.5, ArH) ppm. MS (m/z, %); 309 (M, 0.5), 291 (M-H,0, 3.5), 190 (M—CH,COPh, 8.0), 161
(42.9), 120 (32.1), 105 (100). Anal. C;sHsNOs. Caled: C, 69.89; H, 4.89; N, 4.53. Found: C, 69.71, H, 4.88,
N, 4.54,
Cyclization of 7b in the Presence of Acetic Anhydride

A mixture of 7b (62 mg, 0.3 mmol) and acetic anhydride (1 ml) was heated at 100 °C until the white solid
completely disappeared. The resulted yellow solution was evaporated in vacuo to give 56 mg of 6b, yield 99 %.

Pale yellow prisms from ethyl acetate-acetone, m.p. 190-192 °C (sublimes). The IR and 'H NMR spectra were
the same as those of an authentic sample,



To a solution of 6b (189 mg, 1 mmol) in THF (50 ml) was added 800 mg of anhydrous sodium acetate and
20 ml of water, the solution was continuously stirred until 6b completely disappeared. The THF was removed in
vacuo and the aqueous residue was acidified with concentrated HCI to pH = 3, then saturated with NaCl and
extracted with ether. The ether layer was collected and dried over anhydrous Na,SO,. Evaporation of the

c .11 1 @R

solution to nyﬂCSS yieiaed sp (LUU mg, 97 /o)

1-Hydroxy-2-methyl-2,3-dihydro-3-oxe-1H-isoindole-1-carboxylic acid 8b. Colorless needles from
benzene-methanol, m.p. 150-152 °C (decomp.). IR: 3380, 3150, 2950, 2780, 2590, 2500, 2470, 1724, 1690,
1642, 1600, 1480, 1431, 1390, 1270, 1255, 1220, 1120, 1078, 1045, 1000, 945, 780, 740, 700 cml. 1H NMR
(500 MHz, acetone-ds): 2.98 (3H, s, CH3), 7.60 (1H, t, J 8.0, ArH), 7.65-7.68 (2H, m, ArH), 7.74 (1H, d, J
8.0, ArH) ppm. MS (m/z, %): 207 (M", 0.1), 190 (M-OH, 1.3), 163 (M-CO,, 19.2), 162 (M-OH-CO, 51.3),
161 (M-H,0-CO, 68.4), 147 (38.3), 146 (M-CO,—-OH, 100). Anal. C;tHoNQ,. Caled: C, 57.97; H, 4.38; N,
6.76. Found: C, 57.77; H, 4.46;, N, 6.72.

To a solution of 6b (189 mg, 1 mmol) in methanol (50 ml) was added 800 mg of anhydrous sodium acetate,
the solution was continuously stirred until 6b completely disappeared. The solvent was removed in vacuo and
the residue was separated by flash chromatography to yield 9 (218 mg, 99 %).

Methyl 1-hydroxy-2-methyl-2,3-dihydro-3-oxo-1H-isoindole-1-carboxylate 9. Colorless prisms from

petroleum ether (b.p. 60-90 °C)-ethyi acetate, m.p. 131-133 °C. IR: 3500, 3380, 3050, 2900, 2600, 1741, 1682,

UL B | AL FATT YT N A A
00 cm™. 'H NMR (500 MHz, acetone-ds): 2.96 (3H, s, CHs), 3.73
T A 77 & ArLI\ ws AAC ~ 0
1, 4, v /.0, A ppi. vid \1 Vi
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.9), 162 (100), 161 (47.1), 104 (69.0). Anal. C;;H;;NO,. Calcd:

Gram Scale Preparation of 1,3,4(2H)-Isoquinolinetriones by Using the Photooxygenation Procedure.

Preparation of 6a: A suspension of Sa (10.0 g, 0.062 mol) in 340 ml benzene-pyridine (5:1, v/v) containing
200 mg of TPP was placed in 12 giass tubes and irradiated under oxygen bubbling for 36 h. The solvents were

PR
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removed /7 vacuo and the residue was dissolved in 300 mi of acetonitrile. The solution was passed through a
short activated charcoal column and the column was washed by a further 200 m! of acetonitrile. Subsequent
concentration and crystallization gave 8.50 g of pure 6a, yield 78 %

Preparation of 6b: A solution of §b (10.0 g, 0.057 mol) in 340 ml benzene-pyridine (5:1, v/v) containing 200
mg of TPP was placed in 12 glass tubes and irradiated under oxygen bubbling for 36 h. The solvents were
removed in vacuo and to the residue were added 50 ml of benzene and 15 ml of acetic anhydride. The mixture
was reﬂuxed for 10 min and the solvents were again removed in vacuo The residue was dissolved in 300 ml of

NN 7] AF anntnmibrila Camannteationm nmd cemoctalliznti o gave QI o AF

a ﬁjﬁhef £ZUU 1l O1 acetonitrie. Lonceniration ana u_yuaurbauuu RAVC 7.4V K UL pui’c UU, lelu OJ /0

Preparation of 6f. By using a procedure similar to that for the preparation of 6b, from 10.0 g of 5f and with
36 h of irradiation, we obtained 8.50 g of pure 6f, yield 81 %.

Reduction of 14a with 1riphenylphosphine

To a solution of 14a (155 mg, 0.7 mmol) in acetone (10 ml) was added 262 mg (1 mmol) of triphenyl
phosphine, the exothermal reaction effected swiftly. The soivent was removed in vacuo and flash chromato-



graphic separation of the residue gave 137 mg of 15a (96 % yield). Colorless prisms from petroleum ether (b.p.
60-90 °C)-ethyl acetate, m.p. 119-120 °C. The IR and 'H NMR spectra were identical with those of an
authentic sample.

Alkaline Cleavage of 14a

To a solution of ‘BuOK prepared by dissolving potassium (160 mg, 4 mmol) in absolute ‘BuOH \"O mi) was
added, under stirring at room temperature, 160 mg of 14a (0.72 mmol). The mixture was further stirred until
14a completely disappeared and then was allowed to stand overnight. The resultant light yellow sgl,_tugn was
poured into aqueous NH4C1 (250 mg in 100 ml water) and extracted with ether, The ether layer was collected,
dried over anhydrous Na,SQ,, concentrated and crystallized to give 19a (70 mg, 55 %). The aqueous layer was
further carefully neutralized with concentrated hydrochloric acid to pH = 4 and extracted with ether. The ether
layer was again collected and dried over Na,SO,. Evaporation of the solvent in vacuo and subsequent flash

chromatographic separation of the residue afforded i6a (45 mg, 38 %).

rdrave_1l P2_dimaethvl.? I_dihvdrn_3_ava_ FH jcoindale nr) F
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1-Hy soindole 192 pe
(b.p. 60-90 °C)-ethyl acetate, mp. 134-136 °C (decomp.). IR: 3240, 2980, 2930, 1675, 1615, 1470, 1430
1396, 1138, 1100, 1080, 950, 762, 700 cm™. '"H NMR (500 MHz, DMSO-ds): 1.56 (3H, s, CHs), 2.87 (3H, s,
CHs), 7.50 (1H, t, J 7.5, ArH), 7.61-7.65 (3H, m, ArH) ppm. MS (m/z, %): 177 (M',2.7), 162 (M—CH;, 68.7),
160 (M-OH, 22.4), 159 (M-H;0, 100), 130 (92.0). Anal. C;cH,NO,. Calcd: C, 67.78; H, 6.26; N, 7.90.
Found: C, 67.63; H, 6.38; N, 8.01.

Denydration of 19a
To a solution of 19a (40 mg, 0.23 mmol) in chloroform (1 ml) was added one drop of dry Et,O/HCI and the
mixture was allowed to stand overnight. Evaporation of the solvents afforded 20 (35 mg, yield 97 %).

1-Methylene-2-methyl-2,3-dihydro-3-oxe-1H-isoindele 20. Colorless oil. IR: 2970, 2900, 1702, 1643,
1470, 1422, 1380, 1135, 1055, 1024, 772, 700 cm™. 'H NMR (500 MHz): 3.27 (3H, s, CHs), 4.85 (1H, d, J
1.7, 1/2=CHy), 534 (1H, d, J 1.7, 1/2=CHy), 7.48 (1H, t, J 7.5, ArH), 7.56 (1H, t, J 7.5, ArH), 7.68 (1H, d, J
7.5, ArH), 7.81 (1H, d, J 7.5, ArH) ppm. MS (m/z, %): 160 (M+1, 100), 159 (M", 53.0), 130 (43.8), 104

- AT e T G 1 o o~ YT oo

(37.9). Anal. C;pHgNO. Caled: C, 75.45; H, 5.70; N, 8.80. Found: C, 75.53; H, 5.64, N, 8.87.

Crystal Structure of 7f

fonociinic, space group P

N

(W)
o
EE <

32(2)°, y =90°, V=12 ) 4 :
(OOO = 560.00. A colorless prismatic crystal of 0.20 x 0.20 x 0.30 mm was used. Data
1 h 23] E )

Ly ARCTR Aiffrastamatoar am
L
a

A 1inna
ELNIVESES GULUIIIU e U\.luly}}\a
m

aximum 26 value of

919, S189 1538 8 QA Y,

o 50

using 50.0°. The structure w
(MIT 84) and reﬁned by full-matrix least-squares method. A total of 2411 mdependent reﬂecno s [R (int)
0.044] were used in the refinement which converged with R = 0.038 and Rw = 0.039.

'H NMR Studies on the Enolization of Compounds 5b and 13a in Solution

o .. 1L aleaand T Tlan ITT ATAAD 7E8AN AATTN st soan ol ol L OEL I AT AT (s N
L,()mpaulla Q0 T MENANol-tdy. 11C 1T INIVHN (OUU IVIFLZ) SpCLLIunn o1 a SOIUTION 01 S0 i1 Cisuiy {Ld. V.1 ol
Ao immediataly ranardad affer nrenaratinn chawed narmal shearntion of a cinele keta tautamer 3 31 (3 Q
Vit , lllullhulal\.‘l'y (A VIVIV SV VN /Y QR ) S lll uyua CLIVLIL OV VY WU AV ki “UJV[PLI\JIA vi @ Dl!lél\f DWWV UL ViLIvL . o7 4 \JLL, 0,
CH;), 4.06 (2H, s, CHy), 734 (1H,d, /7.5, 5-H), 742 (1H, t,J 7.5, 7-H), 7.60 (1 .1, /7.5, 6-H), 8.09 (1H, d,
J 7.5, 8-H) ppm. On standing at 30 °C for 30 min, the intensity of the peak at 4.06 ppm decreased and a new



triplet appeared at 4.04 ppm (Jup = 3.3 Hz) which indicated that a H-D exchange on C4 of the keto form 5b
occurred. On prolonged standing, both the singlet at 4.06 ppm and the triplet at 4.04 ppm disappeared. In all
cases, no other absorption except that of the keto form could be detected.

1
Compound 13a in pyrzdme—d; The "H NMR (500 MHz) spectrum of 13a in pyridine-ds (ca. 0.1 mol dm™)
revealed that it existed predominantly as a single keto tautomer: 1.58 (3H, d, /7.5, 4-CHa), 3.36 (3H, 5, NCHa),
3.95(1H, q, /7.5, 4-H), 731 (1H,d,J75,5-H), 738 (1H. . J 7.5, 7-H), 754 (1H. ¢, J 7.5, 6-H). 8.32 (1H d
EEE AR N PR TTIRy, F.o i \11d, Uy S a STRAS, FLIO A3, LU T, TTAR), LU (LA, L, L, UTLLY, 004 i1 4,
J 7.5, 8-H) ppm. However there were alsg two weak singlets appea ing at 1.81 and 3.38 ppm which were
assigned to the signals of the two methyl groups in the enol complex 24 (R'=R’= = CHs, see below), the portion

of which, determined by integration, was about 2 %. No other signals were detected.
On vigorously shaking with solid NaOH, the above solution turned from nearly colorless to yellow with the
absorption of the keto form gradually decreased and eventually signals of a sodium salt of the enolic anion 23

(R' = R®= CH;) were obtained which was identical to those of 24; 1.81 (3H, s, 4-CHz), 3.38 (3H, s, NCH),
743 (IH,t,J 7.5, 7-H), 7.67 (1H, t, J 7.5, 6-H), 8.07 (1H, d, J 7.5, 5-H), 8.29 (1H, d, .J 7.5, 8-H) ppm.

Ab Initio Calculations

The geometric optimizations were carried out at HF/6-31G* level and by using Schlegel’s algorithm'®, with
the planar constraint of all the skeleton ring, and the Mulliken population analyses were performed at HF/6-
31

an
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