PAPER 1801

Microwave-Promoted Solid-Acid-Catalyzed One-Pot Synthesis of
Phthalazinones

Verona M. Outerbridge, Shainaz M. Landge, Hiroko Tamaki, Béla Torok*

Department of Chemistry, University of Massachusetts Boston, 100 MgrBssgevard, Boston, MA 02125, USA
Fax +1(617)2876030; E-mail: bela.torok@umb.edu

Received 22 December 2008; revised 2 February 2009

Abstract: A one-pot, solid-acid-catalyzed, microwave-assistet

SOPe U,

synthesis of phthalazinones is described. The commercially ave

able montmorillonite K-10 effectively catalyzed the condensatio O N O N

and substitution reactions. The approach was based on the direct _N =N

clization of phthalaldehydic acid and opianic acid with substitute

hydrazines. The reactions provided excellent yields and high sel¢

tivities in very short time (5—-35 minutes). O

cl cl

Key words. phthalazinones, phthalaldehydic acid, opianic acid . _
hydrazines, montmorillonite K-10, microwave heating Azelastine® desmethylazelastine

EtO. OH
Nitrogen-containing heterocycles are important core mi o O OO OH
tifs in a broad range of biologically active compounds
that are frequently used in pharmaceutical and drt H = | o
research, agricultural science, and the dye industi =N N N
Phthalazinones, a group of condensed N-heterocycles, N N ol
particularly well known for their biological activity. They m/\ =
have significant potential in the treatment of a variety ¢ Z ©
disorders, such as asthmdiabetes, hepatitis B! vascu-
lar hypertensiohand arrhythmid,and also alleviate con-
vulsions! counter multi-drug resistance in cance

patientsS show potent antimicrobial activityand are po-
tent inhibitors of poly(ADP-ribose) polymerase-1 (PARP

O
: : L . T UNH
1)° Azelastin®, a phthalazinone derivative, is a well I Q @
. . . . =N
known anti-allergy and anti-asthmatic di:§.Phthalazi- N
none is a crucial substructure and has been used as a s O A
l OMe
eO

a
PARP-1 inhibitor anti-asthmatic & _N -HCI

ing material in the preparation of a new phosphc

diesterase-4 (PDE-4) inhibitét! A few examples of .o

phthalazinone-based drugs and potential drug candida N

are illustrated in Figure 1. \ /)

Due to the significant interest in these compounds, seve o M
methods have been developed for their synthesis. St EtO

methods include, but are not limited to, cyclocondens.. anti-hypertensive PDE-4 inhibitor

ti_ongz’lz Cydoadditionl,?’ re_dUCtionl,A' or multi-step synthe- Figure1 Examples of biologically active phthalazinones
sis including halogenations and hydrolysis followed by

cyclization:** Biotechnological approaches have alserein, we describe a novel method for the synthesis of
been used for the synthesis of phthalazindhelmwever, phthalazinones by the condensation and substitution reac-
these methods usually require strong acids and basgsys of phthalaldehydic acid with hydrazines. The two-
strong reducing agents, long reaction times, high temp&fep one-pot method was carried out by the combination
atures or multiple steps. The biological importance o solid-acid catalysis and microwave energy. Previously,
phthalazinones and the lack of environmentally benigpe jljustrated the essential advantages of such sy¥tems
methods that conform to current standards clearly indicae \wide range of reactiois®and, based on our experi-
the need for continued efforts in this area. ence, montmorillonite K-10 was selected as a catalyst.
This clay-based solid acid is not only an effective catalyst,
it is also economic, durable, and absorbs microwaves.
SYNTHESIS 2009, No. 11, pp 18011806 Most importantly, it is an environmentally friendly mate-
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clable?! The schematic depiction of the process is showastowave irradiation, resulted in 84% product yield
in Scheme 1. together with substantial amounts of by-products, in 20
times longer reaction time. Thus, the solid-acid catalyst
o and microwave energy are both necessary to obtain high
N \ yield and purity. In summary, 100 °C temperature, an
R + _ K10 el | equimolar reactant ratio and five minutes microwave irra-
7 Z r2  diation, gave excellent yield and selectivity; these condi-
tions were therefore chosen for further reactions with
R! = H. 3.4-di-OMe substituted hydrazines. In order to test the scope of the
R?=H, alkyl, aryl method, a variety of substituted hydrazines were selected
Schemel Microwave-assisted, one-pot synthesis of phthalazinonégr th_e reaction Wlth. phthalaldehydic acid to synthesize
from phthalaldehydic acid and hydrazines using montmorillonit8Ubstituted phthalazinones (Table 2).
K-10 catalyst The results, depicted in Table 2, clearly show that the cy-
clization takes place effectively with all the substituted
To verify our hypothesis and to find optimum reactioydrazines tested. The products were obtained in good to
conditions, we chose the coupling of phthalaldehydic acé&kcellent yields; six of nine reactions afforded close to
and hydrazine hydrochloride as a test reaction. Initiallguantitative product formation. The remaining three hy-
we studied the effect of reaction temperature and time. Weazines also gave high yields (72—85%; Table 2, entries
also compared the effect of microwave and conventiond) 8 and 9). The reaction of 2,5-dimethylphenylhydrazine
heating, and determined whether the reaction occurreith phthalaldehydic acid required higher temperature
without catalyst. The coupling reaction took place on th@g50 °C) and a slightly longer reaction time. Generally,
surface of the catalyst without using solvent during the réie products formed in very short reaction times; even the
action. Each reaction was carried out in a CEM Discovéangest reaction was complete in ten minutes. The lowest,
microwave reactor at constant temperature. The resubist still good, yield of 72% was obtained witnt-butyl-
are summarized in Table 1. hydrazine, possibly due to steric constraints (Table 2, en-
try 8). This reaction gave the best result at one minute
Table1l Optimizing the Synthesis of 1B-Phthalazinone from  reaction time; extending the time to five or ten minutes de-
Phthalal_dehydic Acid and Hydrazine Dihydrochloride on K-10 Montxregsed the yield of phthalazinone product to 69% and
morillonite* 58%, respectively, due to product decomposition and the

Entry Heating methdd  Temp (°C) Time (min) Yield (%) formation of a cyclic acetal by-product.

1 MwW 90 15 88 Table2 Microwave-Assisted, One-Pot Synthesis of Phthalazinones
from Phthalaldehydic Acid and Hydrazines using Montmorillonite
2 MW 100 S 98 K-10 Catalyst at 100 °C
3 Mw 100 5 8 o
4d MW 100 15 14 S H NH, K-10 =N
| + Hlll e |
5 CH 100 90 79 O S MW.00T Ner
6 CH 100 180 84 0 ©
R =H, alkyl, aryl

21:1 reactant ratio.
b Microwave heating (MW; 200 W), conventional heating (CH).  Entry R Time (min)  Yield (%)
¢ GC yields, based on phthalaldehydic acid.

4 No catalyst. 1 H S 8
2 Ph 8 B
Since the initial test reaction (150 °C for 10 min with 1:% 3MeCH 5 %
molar ratio of the reactants) gave 100% conversion and !
selectivity, we then screened more benign conditions su€h Me 5 B
as lower temperatures and shorter times. As shown é'n 2 MeOC.H 5 %
- 6' '4

Table 1 (entry 2), 100 °C and five minutes reaction time
appeared to be optimal. Although the starting materia#s 2,5-(Me)CqHs 10 85
were consumed quantitatively without the assistance of
the catalyst, the yield of the desired product was dimin-
ished by the very low selectivity of the reactions; rea® t-Bu 1 72
tions in absence of K-10 catalyst resulted in low yields for
the phthalazinone, due to high amounts of by-produc%s
(Table 1, entries 3 and 4). The conventional reaction, car =200 W, 1:1 reactant ratio, 100 °C.

ried out in a closed pressure vessel in the absence of hkC yields, based on phthalaldehydic acid.
¢ Reaction temperature 150 °C.

2-EtCgH, 10 98

4-MeOCgH, 1 &
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In order to extend the procedure to further applicationsgaod yields. Supporting our earlier observations regard-
substituted derivative of phthalaldehydic acid was aprg substituent effects (Table 2), reactions with sterically
plied. Opianic acid (2-carboxy-3,4-dimethoxybenzaldehindered hydrazines gave moderate yields. The major by-
hyde) and its derivatives are well known for theiproducts usually included reduced dihydro-derivatives of
biological activity?> The verbatim application of the phthalazinones, which possibly formed via acid-catalyzed
above described optimized reaction conditions, howevéonic hydrogenation, where cracking products with low
did not appear effective with opianic acid. The reactivitynolecular weight served as hydrogen sources.

of the starting material and the stability of the products un-

der the experimental conditions required careful adjus Rl Rl OH
ments of the procedure to most reactions individually. Tt g2 R2 D "w
presence of the two methoxy groups in the opianic ac OH -H;0 o)
structure had a deactivating effect, likely due to the m, . 8 (K-10) /N—N\HS
strong adsorption capability on K-10; this strong comple o ANTRH © A R
formation deactivated the reactant. Therefore, in mar® R?

cases, higher reaction temperatures were necessary. \
optimization of these cyclizations followed the approac

already shown in Table 1. Without detailing these effort;
we have carried out the reactions of various substitut
hydrazines with opianic acid. The optimized results ai
summarized in Table 3. These reactions were difficult 1 e N—R?
bring to completion even at higher temperatures and lon , (d) ? /.L

er reactions times. The temperature and time range var| <, =R =H OVe

from as low as 60 °C to 150 °C and from 5 to 35 minutel & 2" 2! o "
respectively. The products appeared sensitive to the re.

tion conditions, as shown by the product loss as a result g

rolonaed irradiation. Increasing reaction times be Orﬁgemez Proposed mechanism for the K-10-catalyzed synthesis of
P 9 . g Yy Substituted phthalazinones via one-pot nucleophilic cyclocondensa-

those reported in Table 3 caused product decompositi@h reactions of 2-carboxybenzaldehydes and hydrazines.
in all reactions except those with 2,5-dimethylphenylhy-

g:]aaz%e and 2-ethylphenylhydrazine (Table 3, entries 'Iﬁne proposed me.chanism, summarized in them_e 2,_i|—
' lustrates the reactions between phthalaldehydic acid with

The above limitations reduced the efficiency to some ekydrazine derivatives. The cyclization is initiated by K-
tent, however, the products still formed in moderate 00, based on its ability to form surface-bound complexes
with electron-donors such as oxygen and nitrogen atoms.

HO OH

Table3 Microwave-Assisted, One-Pot Synthesis of Phthalazin
from Opianic Acid and Hydrazines using Montmorillonite K-10 ¢
alys®

The first step is the activation of the carbonyl group of the
phthalaldehydic acid by the Lewis acid sites of K-10, de-
picted asé*. This interaction creates a carbocation-like

o) complex, which undergoes a nucleophilic attack by the
N hydrazine’s primary amino group (Scheme 2a) and ulti-
AN H NH2 K-10 | ’?‘ . . . . .
+ 0 K10 P " mately results in a hydrazone intermediate. A cyclization
Meo” N N0 g MW veo "R of this Schiff base occurs via a nucleophilic attack on the
MeO O MeO O carboxylic acid carbon by the hydrazine’s secondary NH-
R = H. alkyl, any group (Scheme 2b) a}nq re§ults igaa-diol intermediatfe
o (Scheme 2c). The elimination of a water molecule yields
Entry R Time (min) Temp (°C) Yield (%) the final product, phthalazinone (Scheme 2d).
1 H-2HCI 5 9 82 In conclusion, a simple, efficient and environmentally _be-
nign method has been developed for the synthesis of
2 Ph 5 150 98 phthalazinones from readily available phthalaldehydic
3 3MeCH, 5 150 65 gnd opianic acids via c_:yclizations vv_ith hydra_zine Qeriva-
tives. Our one-pot, microwave-assisted, solid-acid-cata-
4 Me 5 150 73 lyzed method was successful in producing a broad variety
5 2MeOCH, 5 100 60 of _phthalazmone denv_auygas. Th_e application of.the solid-
acid catalyst offers significant improvements in all as-
6 25-(Me),CeH; 35 60 62 pects of the synthesis of these compounds compared to
; o EC.H - 80 82 favailable conventional mgth(_)ds. The_se improvgmer_us_ are,
64 in part, due to the combination of microwave irradiation
8 t-Bu 5 100 59 with the highly efficient solid-acid catalyst (K-10). The

ap =200 W, 1:1 reactant ratio, 100 °C.
b GC yields, based on opianic acid.

application of the microwave dielectric heating was in-
strumental in reducing reaction times and increasing
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yields, while the catalyst facilitated the completion of th®1S: m/z (%) = 236 (89) [M], 235 (100), 207 (20), 192 (12), 165
two-step process. The environmental compatibility of thé8), 104 (37), 91 (66).

catalyst and the ease of product isolation are further %d ethyl-1(2H)-phthalazinone (Table 2, Entry 4)

afe-yellow crystals; mp 112-114 °C (gH,—MeOH, 90:10).

IH NMR (300 MHz, CDCJ): & = 8.40-8.43 (m, 1 H, Ar), 8.14 (s,
1H, Ar), 7.67-7.82 (m, 3 H, Ar), 3.85 (s, 3 H, QH
Phthalaldehydic acid, opianic acid, hydrazines and K-10 montmex~ MR (75 MHz, CDCJ): & = 159.4, 137.4, 132.8, 131.4, 129.6
rillonite were purchased from Aldrich and used without further pur57 5106 2 125 8 392 ' ' ' ' '
rification. The reactions were carried out at constant temperaturesin =’ - R
a Discover Benchmate microwave reactor, with continuous stirrinlylS: mVz (%) = 160 (64) [M], 132 (100), 104 (31), 89 (89), 76 (18),
The temperature was measured and controlled by a built-in infrared (38), 62 (14).
detector. ThéH and®*C NMR spectra were obtained on a 300 MHz )
Varian NMR spectrometer in CDCITetramethylsilane, or the re- 2-(2-Methoxyphenyl)-1(2H)-phthalazinone (Table 2, Entry 5)
sidual solvent signal was used as internal reference. MS identifiédtange crystals; mp 98-100 °C (¢H,—MeOH, 90:10).
tion of the products were carried out using an Agilent 6850 GC amd NMR (300 MHz, CDCJ): 5 = 8.46-8.50 (m, 1 H, Ar), 8.25 (s,

5973 MS system (70 eV electron impact ionization) using a 30 MH, Ar), 7.71-7.86 (m, 3 H, Ar), 7.35-7.44 (m, 2 H, Ar), 7.01-7.10
long DB-5 type column (J&W Scientific). The melting points arqm, 2 H, Ar), 3.79 (s, 3 H, CH.

uncorrected and were recorded on a MEL-TEMP apparatus. 13C NMR (75 MHz, CDC)): = 159.2, 154.7, 138.2, 133.3, 131.7

Synthesis of Substituted Phthalazinones; General Procedure 130.7,130.2, 129.8, 128.6, 128.4, 127.1, 126.1, 120.9, 112.2, 55.9.
Phthalaldehydic acid (1 mmol) was dissolved in MeOH (1 mL) anbIS: m/z (%) = 252 (22) [M], 235 (18), 221 (100), 195 (26), 120
CH,CI, (2 mL) in a round-bottomed flask and combined with a hy¢23), 89 (22), 76 (29).

drazine derivative (1 equiv). K-10 montmorillonite was added to the

solution in a 5:1 mass ratio. The mixture was stirred thoroughly ae(2,5-Dimethylphenyl)-1(2H)-phthalazinone (Table 2, Entry 6)

the solvent was evaporated in vacuo. The dry mixture was traf3slorless crystals; mp 89-91 °C (¢gH,—MeOH, 95:5).

ferred into a reaction vial. The open vial was placed in the microy NvR (300 MHz, CDCJ): § = 8.49-8.52 (m, 1 H, Ar), 8.28 (s,
wave reactor (CEM Discover Benchmate) and was irradiated fq_', Ar), 7.75-7.90 (m, 3 H, Ar)7.16-7.26 (m, 3 H, Ar), 2.36 (s,
constant temperature with continuous stirring. All reactions WeFH CH), 2.15 (s, 3 H, CH.

carried out at atmospheric pressure. Upon completion of the reac-

tions, the products were separated from catalyst with MeOH an@& NMR (75 MHz, CDCJ): 5 = 159.0, 140.6, 138.2, 136.6, 133.4,
CH,CI, using vacuum filtration. Prodtswere purified and isolated 131.8,130.8, 129.7, 128.3, 127.7, 127.0, 126.1, 125.4, 116.3, 20.8,
using column chromatography (40-140 mesh silica ge,GGCH

MeOH). During optimization the reaction was monitored by TLQMS: m/z (%) = 250 (55) [M], 233 (100), 152 (56), 130 (72), 102

vantages that make this approach an attractive alternal
for the synthesis of the target compounds.

and GCMS. (71), 91 (62), 76 (73).
1(2H)-Phthalazinone (Table 2, Entry 1) 2-(2-Ethylphenyl)-1(2H)-phthalazinone (Table 2, Entry 7)
Pale-yellow crystals; mp 182-184 °C (§H,-MeOH, 90:10). Yellow solid; mp 50-52 °C (C}Cl,~MeOH, 95:5).

'H NMR (300 MHz, CDC}): 6 = 11.48 (s, 1 H, NH), 8.45-8.48 (dd, *H NMR (300 MHz, CDC}J): & = 8.50-8.53 (dJ = 7.80 Hz, 1 H,
J=75,0.3Hz, 1H, Ar), 823 (s, 1H, Ar), 7.73-7.89 (m, 3 H, Ar)Ar), 8.29 (s, 1 H, Ar), 7.76-7.90 (m, 3 H, Ar), 7.30-7.43 (m, 4 H,
13C NMR (75 MHz, CDCJ): § = 161.0, 139.0, 133.7, 131.8, 130.2,A"), 2.54 (0.J= 7.8 Hz, 2 H, CH), 1.16 (tJ=7.8 Hz, 3H, CH).
127.9, 126.4, 126.2. 13C NMR (75 MHz, CDC)): 6 = 159.3, 140.8, 140.4, 138.1, 133.5,
MS: m/z (%) = 146 (100) [M], 118 (27), 90 (26), 89 (91), 74 (7), 63 131.9, 129.7, 129.2 {3, 128.3, 127.5, 127.1, 126.8, 126.2, 24.0,
(35), 62 (15). 14.0.
MS: mVz (%) = 250 (31) [M], 233 (100), 221 (28), 130 (25), 104
2-Phenyl-1(2H)-phthalazinone (Table 2, Entry 2) (55), 89 (55), 77 (94).
Pale-orange crystals; mp 104-106 °C (CH-MeOH, 90:10).
H NMR (300 MHz, CDCJ): § = 8.47-8.50 (m, 1 H, Ar), 8.26 (s, 2—(tert-But_yI)-1(2H)-phthalazinone(Table 2, Entry 8)
1H, Ar), 7.65-7.83 (m, 5 H, Ar), 7.45-7.51 (m, 2 H, Ar), 7.34—7.3§range oil; (CHCl,-MeOH, 95:5).
(m, 1H, Ar). H NMR (300 MHz, CDCJ): & = 8.40-8.43 (m, 1 H, Ar), 8.12 (s,
13C NMR (75 MHz, CDCJ): § = 159.0, 141.7, 138.3, 133.3, 131.8,1 H, Ar), 7.64-7.80 (m, 3 H, Ar), 1.73 (s, 9 H, 9H
129.2, 128.6, 128.3, 127.6, 127.0, 126.0, 125.5. 13C NMR (75 MHz, CDC)): 6 = 160.2, 135.6, 132.7, 131.0, 129.4,
MS: m/z (%) = 222 (92) [M], 221 (100), 193 (10), 165 (12), 91 (26), 1292, 126.6, 125.2, 64.2, 28.3.
89 (45), 77 (66). MS: miz (%) = 202 (20) [M], 187 (12), 147 (100), 146 (95), 118
(35), 89 (55), 76 (13).
2(3-Methylphenyl)-1(2H)-phthalazinone (Table 2, Entry 3)
Orange solid; mp 48-50 °C (GEl,-MeOH, 95:5). 2-(4-Methoxyphenyl)-1(2H)-phthalazinone (Table 2, Entry 9)
1H NMR (300 MHz, CDCJ): § = 8.49 (dJ = 7.5 Hz, 1 H, Ar), 8.27 Brown crystals; mp 105-107 °C (GEl,-MeOH, 95:5).
(s, 1H,Ar), 7.71-7.85 (m, 3 H, Ar), 7.35-7.46 (m, 3 H, Ar), 7.184H NMR (300 MHz, CDC}): § = 8.49 (dJ=7.2 Hz, 1 H, Ar), 8.27
7.21(m, 1H, Ar), 242 (s, 3H, GH (s, 1H, Ar), 7.73-7.87 (m, 3 H, Ar), 7.56 @= 9.0 Hz, 2 H, Ar),
13C NMR (75 MHz, CDCJ): § = 159.0, 141.7, 138.6, 138.2, 133.3,7-01 (d,J=9.0 Hz, 2 H, Ar), 3.85 (s, 3 H, G}
131.8,129.3, 128.5, 128.4qR 127.0, 126.2, 126.0, 122.7, 21.28. 13C NMR (75 MHz, CDCJ): § = 160.1, 158.8, 138.2, 135.2, 133.3,
131.9, 129.4, 128.4, 127.1, 126.9, 126.0, 113.9, 55.5.
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MS: m/z (%) = 252 (100) [M], 237 (36), 207 (15), 130 (15), 122 7,8-Dimethoxy-2-(2,5-dimethylphenyl)-1(2H)-phthalazinone
(19), 121 (39), 76 (17). (Table 3, Entry 6)

Orange solid; mp 93-95 °C (GEl,—MeOH, 99:1).
7,8-Dimethoxy-1(2H)-phthalazinone (Table 3, Entry 1) IH NMR (300 MHz, CDC)): 5 = 8.07 (s, 1 H, Ar), 7.48 (d,=8.7
Yellow-orange crystals; mp 162-164 °C (§3#,—MeOH, 95:5). Hz, 1H, Ar), 7.43 (’dJ 237 Hz, 1 H, Ar,), 7.0’8—7’.21 (m, 3 H, Ar).
!H NMR (300 MHz, CDCJ): § = 10.3 (s, 1 H, NH), 8.01 (s, 1 H, 3.97 (s, 3H, Ch), 3.96 (s, 3H, Ck), 2.32 (s, 3H, Ck), 2.13 (s,
Ar), 7.48(dJ=8.7Hz,1H, Ar), 7.46 (d1= 8.7 Hz, 1 H, Ar), 4.01 3 H, CH,).

(s, 3H, CH), 4.00 (s, 3H, CH. 13C NMR (75 MHz, CDCJ): § = 157.2, 155.7, 148.8, 140.8, 137.7,
13C NMR (75 MHz, CDCJ)): = 158.9, 155.4, 148.5, 138.6, 123.2136.5, 131.8, 130.7, 129.4, 127.8, 124.8, 123.1, 122.5, 118.3, 61.9,
(2x), 122.2, 118.5, 62.1, 56.5. 56.5, 20.8, 17.1.

MS: mVz (%) = 206 (32) [M], 191 (100), 189 (49), 177 (42), 160 MS: m/z (%) = 310 (76) [M], 293 (100), 277 (25), 251 (19), 205
(41), 146 (47), 118 (25), 63 (97). (37), 190 (20), 77 (73).

7,8-Dimethoxy-2-phenyl-1(2H)-phthalazinone (Table 3, Entry 7,8-Dimethoxy-2-(2-ethylphenyl)-1(2H)-phthalazinone (Table
2 3,Entry 7)
Orange solid; mp 174-176 °C (GEl,—MeOH, 95:5). Light-yellow crystals; mp 94-96 °C (GBl,—MeOH, 99:1).

IH NMR (300 MHz, CDCJ): 6 = 8.42 (dJ = 7.8 Hz, 1 H, Ar), 8.11 *H NMR (300 MHz, CDCJ): 3 = 8.10 (s, 1 H, Ar), 7.52 (d,= 8.7
(s, 1H, Ar), 7.45-7.80 (m, 6 H, Ar), 4.01 (s, 3H, i#8.99 (s, 3H, Hz, 1 H, Ar), 7.46 (dJ = 8.7 Hz, 1 H, Ar), 7.31-7.40 (m, 4 H, Ar),
CHy). 4.01 (s, 3H, CH), 3.98 (s, 3H, Ck), 2.55 (q,J=7.5 Hz, 2 H,

13C NMR (75 MHz, CDCJ): § = 159.8, 154.9, 137.9, 135.6, 132.7,CH2): 1.16 (tJ=7.5Hz, 3H, CH).
131.0, 129.3, 128.7, 126.5, 126.0, 125.2, 118.3, 61.9, 56.5.  13C NMR (75 MHz, CDCJ): 5 = 157.5, 155.8, 149.0, 140.8, 137.6,

MS: miz (%) = 282 (48) [M], 267 (100), 253 (18), 235 (22), 149 129.0, 128.9, 127.7, 126.8, 125.0, 123.1, 122.6, 118.4, 116.4, 62.0,
(21), 91 (23), 77 (90). 56.5, 24.0, 14.0.

MS: m/z (%) = 310 (36) [M], 295 (100), 293 (83), 281 (40), 263
7,8-Dimethoxy-2-(3-methylphenyl)-1(2H)-phthalazinone (38), 190 (28), 118 (45), 104 (34).
(Table 3, Entry 3)
Orange solid; mp 78-80 °C (GEI—MeOH, 99:1). 7,8-Dimethoxy-2-(tert-butyl)-1(2H)-phthalazinone (Table 3,

1H NMR (300 MHz, CDCJ)): 5 = 8.10 (s, 1 H, Ar), 7.50 (d,=8.7 ENtrys8) _

Hz, 1H, Ar), 7.45 (dJ = 8.7 Hz, 1 H, Ar), 7.32-7.43 (m, 3 H, Ar), Coloriess oil; (CHCl,-MeOH, 95:5).

717 (d,J=7.2Hz, 1 H, Ar), 401 (s, 3H, G 3.99 (s, 3H, CH, ~ H NMR (300 MHz, CDCJ): & = 7.7 (s, 1 H, Ar), 7.03-7.15 (m,
2.41 (s, 3H, CH. 2 H, Ar), 3.85 (s, 3 H, CY), 3.83 (s, 3 H, Ch, 1.57 (s, 9 H, 3CH).

13C NMR (75 MHz, CDCJ): § = 157.5, 155.8, 149.0, 142.0, 138.7,%C NMR (75 MHz, CDC)): § = 158.2, 154.9, 148.1, 134.8, 129.0,
137.8, 128.6, 128.5, 126.7, 124.7,123.2, 123.1, 118.3, 116.4, 61198.2, 122.0, 118.0, 61.7, 56.5, 31.6, 28.4.

56.5, 21.4. MS: miz (%) = 262 (22) [M], 207 (35), 191 (100), 177 (54), 160
MS: miz (%) = 296 (64) [M], 281 (100), 265 (16), 249 (20), 237 (37), 149 (44), 89 (54).

(18), 207 (39), 91 (41), 77 (20).
7,8-Dimethoxy-2-methyl-1(2H)-phthalazinone (Table 3, Entry ~ Acknowledgment
4)

Yellow crystals; mp 131-133 °C (GHI,—MeOH, 99:1).

IH NMR (300 MHz, CDCJ): 5 = 7.97 (s, 1 H, Ar), 7.45 (d,= 8.7
Hz, 1 H, Ar), 7.42 (d) = 8.7 Hz, 1 H, Ar), 4.01 (s, 3 H, G} 3.99
(s, 3H, CH), 3.80 (s, 3H, CH.

13C NMR (75 MHz, CDCJ): § = 158.0, 155.4, 137.0, 130.9, 128.8,

The financial support provided by the University of Massachusetts
Boston is gratefully acknowledged.
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