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INTRODUCTION

The benzodiazine skeletons are commonly found in compounds exhibiting a wide range of
biological activitie% Among them, the molecules based on quinazoline'® or 4(3H)-
quinazolinone " ring systems received much attention because of their interesting medicinal
and agricultural properties. Construction of benzodiazines involves cyclization of appropriately
substituted benzenes whose synthesis is not always easy. This is the reason why
functionalization via metalation of the benzene moiety could provide a consistent strategy for
the synthesis of new benzodiazines.

In previous papers, we have mentioned the lithiation of the benzene moiety of cinnolines
and studied i m detail the functionalization by metalation of the benzene ring system of various
quinazolines.'' In these two cases, it was highlighted an exceptional and unexpected reactivity
towards metalation at the Cg position, peri to the ring nitrogen atom. Moreover, the presence of
a substituent inducing ortho-directed metalation on the benzene moiety such as a chlorine atom
or a methoxy group favored the lithiation reaction.
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We report here the functionalization via the metalation reaction of 4-anilino-6,7-
d:methm( quinazoline which exhibits a highly selective inhibition of the tyrosine kinase
activity."'> Then, we have extended our study to the first metalation of the benzene moiety of
quinazolinones and quinoxalines which all present a peri ring nitrogen atom. In order to
determine whether the presence of a peri ring nitrogen atom was absolutely necessary to
achieve lithiation of the benzene moiety, metalation of phthalazines was also tested.

RESULTS

Among various quinazolines and related compounds which have recently been prepared
and evaluated for their ability to inhibit the tyrosine kinase activity,"'” 4-anilino-6,7-
dimethoxyquinazoiine 1 was one of the most effective compounds. As we have aiready
described the metalation of various substituted quinazolines at the Cjy position,'' we have
decided to use this methodology in order to synthesize new 8-substituted derivatives.

Lithium 2,2,6,6-tetramethylpiperidide (LTMP) in excess (5 equivalents) was chosen as the
meta‘la‘ting agent As a matter of fact, one equivaien‘t of LTMP was added to trap the labile
proton of the amino group, and then Iour additional equivalents of LTMP were necessary to
achieve lithiation of the benzene moiety.'' So treatment of 1 with LTMP at -78°C for 2 hours
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followed by reaction with two different aldehydes as the electrophile afforded 8-substituted
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quinazolines 2 and 3 in very good yields (Scheme 1)
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Scheme 1

Many 4(3 H)-quinazolinone derivatives are well-known as biologically active compounds
as Prazosin ° or Methaqualone.” The easy lithiation of the benzene cycle of 4-alkoxy- or 4-
aminoquinazolines '’ prompted us to attempt metalation of various 4(3 H)-quinazolinones.

Recently, some papers reported the ortho-directing effect of the amide function, thus
allowing the regioselective lithiation of the pyridine ring of 2(1H)-quinolinone.'*" Lithiation of
3-acylamino-4(3 H)-quinazolinones as well as 2-alkyl-3-amino-4(3H)-quinazolinones'® has been
reported. In these cases, metalation occurred at the C, position, if free, or on the a carbon of the
2-alkyl group. To our knowledge, no lithiation of the benzene moiety in these series has been
described.

To determine the relative influence on lithiation of the ring nitrogen atom and the ortho-
directing groups of the benzene moiety, 6,8-dichloro-, 7-chloro- and 6,7-dimethoxy-4(3H)-
quinazolinones 4, § and 6 have been tested (Schemes 2 and 3).
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Various attempts to metalate 6,8-dichloro-4(3H)-quinazolinone 4 have been performed. In
the first step, the labile proton of the lactam function was trapped by action of one equivalent of
n-BuLi at -78°C for 15 minutes, as mentioned by Smith ez al.'® Then 4 equivalents of LTMP
were added with various reaction times (1 to 2 hours) and temperatures (-78°C to 0°C), before
reaction with acetaldehyde as the electrophile. At low temperature (-78°C), starting material
was recovered. When the temperature was increased to 0°C, only degradation compounds were
observed.

Lithiation of 7-chloro-4(3H)-quinazolinone 5 or 6,7-dimethoxy-4(3H)-quinazolinone 6
was performed with one equivalent of n-BuLi at -78°C, followed by reaction of LTMP in
excess (4 equivalents) for 1 h at -78°C. The Cg lithiated species were quenched by acetaldehyde
or benzaldehyde as the electrophile to give the secondary alcohols 7-8 (from substrate 5) and 9-
10 (from substrate 6) beside small amounts of starting material (Scheme 3).
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Scheme 3

Compounds 5 and 6, where the Cg position peri to N(jy-ring nitrogen was free, could be
hthxated Thelr reactmty was close to the one prev1ously observed with the related 4-
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To check such a hypothesis, we have tested the lithiation of the benzene ring of
quinoxaline derivatives, which have two ring nitrogen atoms at the peri positions.

First experiments were performed with 2,3-dimethoxyquinoxaline 11 which possesses
two free peri positions but no ortho-directing group on the benzene moiety.

When 11 was treated with 4 equivalents of LTMP at -78°C and reacted with acetaldehyde
or trimethyisilyl chioride as the eiectrophiie only starting material was recovered. When the
temperature was increased to 0°C, degradation products were observed beside starting materiai.
When n-BuLi (2.2 equivalents) was used at -78°C, an addition compound 12 was obtained in
good yield (88%) (Scheme 4).

OCH; N__OCH,
% 1) 2.2 eq. n-BuL/-78°C/THF/10 min. IS s
A nBu
2) CH,CHO N~ “nBu
H
1 19 006/
11X 14 000
Scheme 4
Analysis of 'H and "C NMR spectra points out that compound 12 results from
nucleophilic addition of two molecules of n-BuLi on the pyrazine moiety. Moreover, NMR
spectra mc_licz_nte that he butyl groups are q 1valent and could be on the same carbon, thus

Adding an ortho-directing group on the benzene moiety could improve reactivity towards
lithiation. That is the reason why 6-chloro-2,3-dimethoxyquinoxaline 13, which presents two
free peri positions and a chlorine atom at C, on the benzene ring system, has been chosen. To
avoid addition reactions with the metalating agent, lithiation was performed with LTMP.
Treatment of 13 with LTMP at —78°C for a reaction time t, followed by reaction with various
electrophiles afforded 5-substituted quinaxolines 14a-16a as major products, beside low
amounts of 7-substituted quinoxaline 14b and starting material (Scheme 5, Table 1).

E
Ch N OCHs 1) eq. LTMP/-78°C/THFIt Ci._ L OCH, N, OCHs
YUY A S e
\/\N//I\OCHs 2) Electrophile K/’k OCH;, EJ\)\N
13 i14a-16a i4b
Scheme 5
n eq. Reaction Electrophile Starting Product (yield %)
time (h) material
22 0.5 CH;CHO 46% 14a (47%) 14b (7%)
4.0 0.5 CH;CHO 6% 14a (81%) 14b (13%)
4.0 1 PhCHO - 15a (85%) -
4.0 1 CH,l 39% 16a (51%) ° -

a) recovering of a mixture of starting material 13/16a/16¢ (39% /51%/10%) where 16 ¢ is 6-chloro-7-ethyl-2 3-dimethoxy-
quinoxaline

Table 1
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The results given in Table 1 revealed that a large excess of LTMP was necessary to improve
the yieids. Lithiation occurred preferably at the Cs position, peri to a ring nitrogen atom and
ortho to the chlorine atom. With acetaldehyde as the electrophile, small amounts of C; isomer
14b are observed. In the case of methyl iodide, the kinetic acidity of the methylene group
inserted at the C; position was undoubtedly sufficient for further lithiation and alkylation by
giving the ethyl compound 16c.

The higher regioselectivity at Cs was due to the additive effects of the ortho-directing
chlorine atom and that of the peri ring nitrogen atom.

It should be interesting to observe if the substitution of a methoxy group by a phenyi group
on the diazine moiety could also ailow lithiation of the unsubstituted benzene moiety. It could
be assumed that a phenyl group could improve the stability of the intermediate lithio derivative.
So metalation of 2-methoxy-3-phenyiquinoxaline 17 has been achieved with LTMP as the
metalating agent.

In this case, the two peri positions Cs and Cg could undergo lithiation (Scheme 6).
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| > * i
K/k.k,'Aoc.u.3 2) Electrophile S o '*‘/LM’AOC%
E
17 182-20a 18b-19b
E = CH;CH(OH)"* 182 42% 18b 8%
E =PhCH(O 2 192  44% 19b 19%

E = Si(CHz);*

a2}  racavering of ctarting material
aj reCovenng o1 siarung maicria:

b) obtained with the “in situ trapping technique’
€) recovering of 5,8-di(trimethylsilyl)-2-methoxy-3-phenylquinoxaline 20c¢ (10%)

20a 65% -

Scheme 6

A first attempt with 2.2 equivalents of LTMP at —78°C for 30 minutes afforded only
starting material. The most efficient metalation conditions have been established with 4
equivalents of base and 30 minutes of reaction time at 0°C. Under these experimental
conditions, a mixture of 5- and 8-substituted quinoxalines (18-20) was obtained beside starting
material.

Structure elucidation of compounds 18-20 has been carried out by applying gradient-
enhanced HMBC sequence optimized for observation of long-range 'H — "N heteronuclear
couplings at natural abundance. First of all, the unequivocal ’N assignments of 17 must have
been performed. Such unambiguous assignments of '’N chemical shifts were based on *J ('H-
'>N) interactions in proton-coupled nitrogen spectra of 2-methoxyquinoxaline 21 and 2-
phenylquinoxaline 22.

5 4 SN 54
Y I e d
\/'J\r/\ocm = N.;A\Ph MN/)\OCHQ
8 1 hd 8 1' 8 ) 3
21 22 17

Scheme 7
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The values of “J('H-'°N) previously established for some azines were given in a range
from 9.8 to 14.4 Hz."”

The "N NMR spectrum of 21 presented two signals : a singlet at 262 ppm assigned to N,
and a doublet at 339 ppm (J = 10.5 Hz) for N,.

The spectrum of 22 showed a singlet at 319 ppm for N;- and a doublet at 332 ppm (J =
10.5 Hz) for Ny-. It can be noted that a replacement of an hydrogen by a methoxy group at the a
posi-tion cgzxse&avl?igh _shielding incrﬂe'fnie, ‘where-as the .shifalding‘ f':t:fect o_f‘t?\e p‘l}enyi group ’i§
moderate.1The "N NMR spectrum ol 17 showed two singlets which could be allocated at 265
ppm for N; and 334 ppm for N,.

To allow an unambiguous structure elucidation for compounds 18-20, it was necessary to
determine the chemical shifts of hydrogens Hs and Hy. The 'H NMR spectrum of 17 showed
two doublets of doubiet at 8.13 ppm and 7.89 ppm (J = 8.2 Hz and J = 1.2 Hz) which couid be
fissigned qu'aiiixy' f(?;ﬂtf and i"i.g‘ Moreover th"ese‘ ple'rz f}qj‘/fir‘ogens were cou;‘)_ied }vith- N, or ‘N4 by a
long-range J ( H-"IN) coupling constant. duch H-"N long-range coupling has been observed
and determined for about 3-3.5 Hz durmg elucidation of alkalmd structures such as Ajmaline
and Cryptolepine containing indole'®" or maomqumoune ! skeletons. The respective
chemical shifts of Hs and Hg have been ciearly allocated by applying gradient-enhanced long-
range 'H-"N (GHMBC) heteronuclear shift correlation. The HMBC-base pulse sequence
descnbed by G E. Mamn with a long—range delay optimized for 3 szl has been used
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This preliminary and unambiguous assignment allowed us to determine the structure of
compounds 18-20. The signal at 7.80 ppm for 18a and 19a and at 7.85 ppm for 20a gave a
correlation with N, resonance at 268-266 ppm, whereas for compounds 18b and 19b the
doubiet of doubiet at 8.02 ppm had a high correlation with N, resonance at 336 ppm. These
resuits enabied us to conciude that metalation occurred at the Cs position for compounds 18-
20(a) and at the Cq position for compounds i8b and 19b. With trimethyisilyl chioride as the
electrophile, a 5,8-di(trimethylsilyl) compound 20¢ was obtained in 10 % yield. In this case, Hg
and H; appeared as an AB spectrum. The doublet at 7.76 ppm gave a weak correlation with N,
at 268 ppm and could be allocated to H,.

So, for the first time in the quinoxaline series, acquisition of 'H-'""N GHMBC spectra
provides an efficient method to elucidate the structures of quinoxalines, for which the
symmetrical position of the two ring nitrogens N, and N; makes difficuit the differentiation of
the peri hydrogens Hs and Hy as well as for the carbons Cy and C,¢. Such a method couid be

extended to the allocation of 2,3-disubstituted pyrazine structures.

If the deprotonation of compound 17 was thermodynamicaily controlied, the relative
amounts of the two isomers substituted at Cs or Cg could be explained by the heats of formation
AF 4l Lithiotnd coanniome amd mmeild Lo avammiead fe on atvmeada memecnsmmmads S s and L )
O1 uiC niuiai€d Species anda Coulag o€ €xamined in a Simpi€ approacii to account 1or the
regioselectivity. The heats of formation of lithiated intermediates could be calculated by semi-
empirical methods

Semi-empirical Li/PM3 method which appears to be one of the most efficient methods for

. . 22 . .
calculations of systems containing lithium™ has been used. The Li/PM3 results are usually in
satisfactory agreement with the energetic ordering and structural data obtained from ab initio

. 234 . . - e .
calculations.™"" The analysis of heats of formation of lithio derivatives indicates that the C;
lithiated compound is more stable than the one metalated at C; and is in accordance with the
evnerimental reculte (Scheme Q)
vnyvl ARALNVRANGAL LA WALV \uvllvlll‘-{ /I
95 N N__Ph
2 d ik A dd
Lk Lk
- N
EEN OCH, 8 N”~0CH,
1 it
AHf = + 68.6 kcal/mol AHf =+ 71.3 kcal/mol
Heats of formation by Li/PM3
Scheme 9

A steric hindrance factor could also be taken into account. As previously mentioned,'' a
complexation of the metalating agent between the oxygen of the methoxy group and the N ring
nitrogen could occur. In this case, the geometry of the mixed aggregate is blocked in a
conformation preventing the deprotonation of the Cg position. However, chelation of the
lithiated base with the Ny ring nitrogen favors the deprotonation of the Cs position by agostic
activation or complex-induced proximity effects” " (Scheme 10).
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proximity effect agostic activation
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could provide the answer to such a question.

Attempts to metalate 1,4-dimethoxyphthalazine 23 were made with different
alkyllithiums or LTMP as the .‘.eta!atmo agent. Whatever the conditions, starting material was
recovered beside degradation products. Expf*rl ments were performed with 1-methoxy-4-phenyl-

o
phthalazine 24 with »-BuLi or LTMP as the metalating agent. With »n-Buli at — 78°C only
5 e wherea,s with LTMP all attempts failed and degradation

addition product 25 was obtained,

roducts were solely recovered aterial (Scheme 11).
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23 R= OCH, and/or degradation
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It could be assumed that presence of an ortho-directing group such as a chlorine atom on
the benzene moiety could favor the lithiation. So, 6-chloro-1,4-dimethoxyphthalazine 26 was

chosen for this study, and n-BuLi was tested as the metalating agent.
Treatment of compound 26 with 2.2 equivalents of n-BuLi at —78°C for 30 minutes,

followed by reaction with various electrophiles allowed us to prepare 7-substituted phthalazines
27-30 in good yields (Scheme 12).
OCH; OCH,
Ch_~ s 1)2.2 eq. n-BuLi-78°CITHE/30 min.  Cha_~_ Ny
L\VJ\T,,& I NG QI

y Electrophile E N T
OCH, OCH,4
26 27 E=CICH(OH) 89%
LI pIEE WAl B VFat B AN ~T00/
L0 L= rnueriurn) /870
29 E=CH, 5305
30 E=1 83%

(a) recovering of a mixture of 29/26 (proportions : 63/37; yield : 53%/47%)
Scheme 12
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These results indicated that, if a ring nitrogen atom was not always essential to induce
metalation on the benzene moiety, the deprotonation occurred only if an ortho-directing group,
making the metalation easier, was placed on the benzene ring.

Regioselectivity of the lithiation could be discussed in terms of kinetic or thermodynamic
control of the reaction using semi-empirical calculations. In the case of kinetic control, analysis
of the net charges of Hs, H; and Hy could be considered in first approximation, although such
calculations do not take into account possible complexations and steric effects. The net charges
determined by AMI method are different, Hs and Hg being slightly more electropositive than
Hy, thus indicating that a kinetic deprotonation couid occur either at the Cs or Cg positions,
which is in disagreement with the experimental resuits. If deprotonation is thermodynamically
controlled, heats of formation determined by semi-empirical Li/PM3 method could be
examined as a simpie approach to account for the regioselectivity. Li/PM3 caiculations of heats
of formation of lithiated derivatives were carried out (Scheme 13).

Hs OCH; Li  OCH, OCH;,4
c\)\/L H5:0.172 cl c;\/\)\
“ Y ™N H.-0 155 “ " N = =N
/k/ll\/ 1 ¥ lr.\l- LR AT |\ l i /‘\ l 1
n xS 2N Hg:0.162 s N e Yl
7 i ! hd T i I
Hg OCH; OCH, OCH;4
AHf = + 4.4 kcal/mol AHf =+ 0.86 kcal/mol
Net charges by AMI Heats of formation by Li/PM3
Scheme i3
ralioninniy rnmaidorati o A A gtalilied, 6 RO D7 FL R I DTN USR-S | S RGPS R o
chhuuum_y considerations on the st Ul}lty f the lithiated derivatives indicate that the w7
ithintad inmtarmadiata 1 a minra otalla gamear awhinh (0 1 agrastaant PR S |
lithiated intermediate is the more stable isomer, which is in agreement with the experimental
results.

As for the quinoxaline derivative 17, the steric hindrance hypothesis could also be
considered. Complexation of the lithiated species with the oxygen of the methoxy group and the
N3 ring nitrogen induces a repulsion of the methyl group towards the Cs peri position, thus
avoiding the deprotonation of this position and favoring the one of the C; position (Scheme 14,

Scheme 14

CONCLUSION

Direct lithiation of the benzene moiety of various benzodiazines has been studied and
achieved. The presence of ortho-directing groups such as chlorine atom or methoxy group on
the benzene cycle favored lithiation, which took usually place on the peri position to a ring
nitrogen atom.

Lithiation of the benzene moiety of quinoxaline without ortho-directing group has been
successfully performed when the diazine ring was substituted by a phenyl group. In this case,
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elucidation of structures has been established by long-range 'H-°N heteronuclear shift
correiations at natural abundance using gradient-enhanced inverse detection. This efficient
method, used for the first time in these series, allowed us to determine the structures of the
functionalized quinoxalines and could be extended to the pyrazine series, which are often
difficult to elucidate because of their symmetry. It was also highlighted that if a ring nitrogen
was not always needed to achieve the lithiation of the benzene moiety, the presence of an ortho-
directing group on the benzene ring system appeared to be absolutely necessary.

Melting points were determined on a Kofler hot-stage. The 'H and *C NMR spectra were recorded in

- 15 .
deuteriochloroform on a Bruker AC 200 instrument. The "N NMR spectra were recorded in

deuteriochloroform on a Bruker ARX 400 instrument (internal reference : nitromethane). The one and two-
dimensional NMR spectra were obtained at 298K with a probechead Broad-Band inverse 5 mm. The pulse
sequence used is HMBC. The long-range 'H-'°N delay (d6) was optimized as a function of 1/2Jny CJ=3Hz,
d6 :166.7 ms). Pulsed fields gradients, gt1-gt3, had uniform rise times and durations of 1 ms. The experiment
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Microanalyses were performed on a Carlo Erba CHNOS 1160 apparatus. The IR spectra were obtained
as potassium bromide pellets with a Perkin Elmer FTIR 1650 spectrophotometer. Mass spectra were recorded at
70 eV (EI) on a JEOL JMS-AX 500 spectrometer.

THF was distilled from benzophenone/sodium and used immediately. Water content of the solvent was
estimated by the modified Karl Fischer method (THF less than 50 ppm water). Metalations were performed
under an argon atmosphere. Reagents were handled with syringes through septa. All reagents were of
commercial quaxity and were pUTCu&SCu from Aldrich Chemical Co. or Acros.

The following benzodiazines were synthesized according to the literature: 6,7-dimethoxy-4-
phenylaminoquinazoline 1 and 6,7-dimethoxy-4(3//)-quinazolinone 6 [11 6,8-dichloro-4(3 H)-quinazolinone
4! 7-chlor0—4(3H)-qumdzolmone 532 23- dlmuhoxyqumoxalme ll 3 6-chloro-2,3- dlmethoxqunoxalme
13**  2-chloro- -3-phenyl uinoxaline,** 2-methoxyquinoxaline 21,%, 2-phenylquinoxaline 22, S

dimethoxyphthalazine 23,% 4-phenyl-1(2H)-phthalazinone - % and 6-chloro-1 .4-dihydroxyphthalazine.™
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Procedure A for direct lithiation by lithium 2,2.6,6-tetramethylpiperidide

A solution of n-butyllithtum (1.6 M or 2.5 M in hexane) was added to cold (-50°C), stirred and
anhydrous THF (15 mL) under an atmosphere of dry argon. Then 2,2,6,6-tetramethylpiperidine (TMPH) was
TL

s wwaried 0 n0h ol o7 R S, A
It

added. The mixture wz er 20 minutes, the mixture Iemp rature was then carried to the
. .
L

r
S"F'
Sb“'
3
3
0
5.

]

s £ pug S PN .
al Uy lllt: Cl pl’l IC W,

Ei&

?
ut at 9, 'Lisﬁ 1 a bOluii
of 35% aqueous hydrochloric d lhanol and THF ( l 5) for 92 = -78°C Fo emperature of 0°C ,
hydrolysis solution was a mixture of water (2 mL) and ethanol (8 ml.). At room temperature, the mixture was
made slightly basic with saturated sodium h_ydrogen carbonate solunon. When the electrophile was iodine, the
solution was decolorized with sodium thiosulphate and evaporated nearly to dryness. The residue was extracted
with dichloromethane (3x15 mL), the combined organic extracts were then dried over magnesium sulphate and

evaporated. The crude product was purified by column chromatography on silica gel followed by sublimation.

Afler preparation of the lithiated base (LTMP) similarly to procedure A, the mixture temperature was carried to
6. The benzodiazine dissolved in 5 mL of THF and trimethylsilyl chloride were simultaneously introduced and
the mixture was stirred for a time t at 0. The following steps are similar to procedure A.

at |

tion by alkyllithium

A solution of n-butyllithium (1.6 M in hexane) was added slowly to the benzodiazine dissolved in cold (-78°C),
stirred and anhydrous THF (15 mL) under an atmospherc of dry argon. The mixture was allowed to stand at -
78°C for t;. The electrophile was introduced and stirring was continued for a time t; at -78°C. Hydrolysis and

the following steps are similar to procedure A.

wrrtnal smanadeseen Fine e P -
YpPiLtal PpIULCURIU 1UR LU INARIVIE D

Dry phthalazinone (or 1,4-dihydroxyphthalazine) (1 g) and phosphorus pentachloride (1-2 eq.) in phosphorus
oxychloride (50 mL) were refluxed until the hydroxy-compound dissolved (1-5 h). Boiling was continued for a
further 10 h. The solvent was removed under reduced pressure, the residue dissolved in dichloromethane was

poured on ice and treated wnh potassmm carbonat Th solutlon was extracted with dichloromethane (3x15
-T AY 41 magnesium su Py Ny
Mni.j, ir >

ium sulphaie and evaporaied under reduced

etroleum ether/ethyl acetate (5/5)) and
WA WRELE WA A/ Vlll] 1 Gvevidiv \Jl J,I <aizva

=

4ﬂ°P After flash colum

After flash column chromatograph
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Formation of the methoxvbenzodiazines 17, 24 and 26

A mixture of chlorobenzodiazine (or dichiorobenzodiazine) (1.0 g) in methanol coniaining dissolved sodium
metal (2-4 eq.) was refluxed for 2-48 h. The reaction was monitored by TLC. After cooling, the solvent was
removed under reduced pressure. The residue was washed with 10 ml. of water and extracted with

LtV L3 LWLt | Caalilo TeNlAe AT Wil AR AVIULS Vi

dichloromethane (3x15 mL). The combined organic extracts were dried over magnesium sulphate and
evaporated to give crude methoxybenzodiazines (or dimethoxybenzodiazines).

2-mcthoxx-3-nhcnylguinoxalinc (17): purification of the crude methoxyquinoxaline by column

ool

chromatography (silica, eluent : dichioromethane) afforded 927 mg (95%) of 17 as a white solid, mp 53-54°C;
'H NMR ( (CDClL3): 8 8.17 (m, 2H, 2Hpy); 8.13 (dd, J=8.5Hz and 1.3Hz, 1H, H;s); 7.89 {dd, J=7.9Hz and 1.3Hz,
iH, iig); 7.64 (dd, J=7.91iz and 7.21iz, 1H, 1I;); 7.54 (m, 4H, 30T, + Tlg); 4.18 (s, 3H, OCH;);"’N NMR
(CDCly) : 8 334 (s, Ny); 265 (s, N)); ir : v 1558, 1438, 1331, 1213, 1023, 760, 692, 531 cm™. Anal. Caled for
CsH1aN>O (236.27): C, 76.25; H, 5.12; N, 11.86. Found: C, 76.27; H, 5.19; N, 11.86.
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1-methoxy-4-phenylphthalazine (24): [from 4-phenyl-1(2H)-phthalazinone (1g)] purification of the crude
methoxyphthaiazine by column chromatography (silica, efuent : petroleum ether/ethyli acetate (6/4)) afforded
550 mg (51% in 2 steps) of 24 as a white solid, mp 121-122°C; '"H NMR (CDCL;): & 8.28 (m, 1H, Hgenz): 7.99
(m, 1H, HB,,“Z), 7.82-7.70 (m, 4H, 2H|;en,+"th), 7.53 (m, 3H, 3Hp); 4.33 (s, 3H, OCH,); ir : v 3046, 1539,
453, 132
, 76.

, 767, 700, 668 cm™. Anal. Caled for CisHpN,0 (236.27): C, 76.25; H, 5.12; N, 11.86. Found:
A4 N, 1151
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6-chloro-1.4-dimethoxyphthalazine (26): [from 6-chloro-1,4-dihydroxyphthalazine (1g)] purification of the
crude dimethoxyphthalazine by column chromatography (silica, eluent : petroleum ether/ethyl acetate (6/4))

afforded 442 mg (39% in 2 steps) of 26 as a white solid, mp 137-138°C; '"H NMR (CDCL): 6 8.06 (s, 1H, Hy);
8.04 (d, J=8.7Hz, 1H, Hy); 7.74 (d, J=8.7 Hz, 1H, Hy); 4.18 (s, 6H, 2xOCH,); ir : v 3056, 2949, 1548, 1461,

1374, 1063, 975, 850, 761 cm™". Anal. Calcd for CioHoCIN, 0O, (224.65): C, 53.47; H, 4.04; N, 12.47. Found: C,
53.34; H,4.31; N, 12.30.

6,7-dimethoxy-8-(1-hydroxyethyl)-4-phenylaminoquinazoline (2): metalation of 1 (100 mg, 0.36 mmol)
according to the procedure A with n-BuLi 1.6 M (5 eq., 1.12 mL), TMPH (5.1 eq., 031 mL), t, =2h, 6, =
-78°C, followed by reaction with acetaldehyde (2 mL), t, = 30 min., 6, = -78°C, gave after purification by
column chromatography (silica, eluent : ethyl acetate) 105 mg (91%) of 2 as a white solid, mp 204-205°C; "H

NMR (CDClL): 8 8.56 (s, 1H, Hy); 7.76 (s, 1H, NH); 7.66 (m, 2H, 2Hpy); 7.50 (1H, OH); 7.39 (m, 2H, 2Hpm,);

—! 17 7 ML I ,., 0N s raYe: A IR B *) FaYat & gy

7.16 (m, 1H, Hpn); 7.08 (s, 1H, Hs); 5.51 (q, J=6.6 Hz, 1H, CH); 3.97 (s, 3H, ULl‘l}), 3.89 (s, 3H, OCHz); 1.64

(d, J=6.6 Hz, 3H, CHa); ir : v 3330, 1407, 1267, 1042, 803, 688, 509 cm™'. Anal. Calcd for CigHoN3O3
(325.37): C, 66.44; H, 5.89; N, 12.91. Found: C, 66.04; H, 6.03; N, 12.59.

NN,

Another fraction afforded 9 mg (9%) of startmg matmdl

6,7-dimethoxy-8-(hydroxyphenylmethyl)-4-phenylaminoguinazoline (3): metalation of 1 (100 mg, 0.36
mmol) according to the procedure A with n-BuLi 1.6 M (5 eq., 1.12mL), TMPH (5.1 eq., 0.31 mL), t,=2h,

0, = -78°C, followed by reaction with benzaldehyde (2.2 eq., 80 uL), t, = 1| h, 6, = -78°C, gave after

purification by column chromatography (silica, efuent : petroleum cther/ethyl acetate (5/5)) 117 mg (85%) of 3

as a white solid, mp 231-232°C; 'H NMR (CDCl5): 6 8.56 (s, 1H, H2); 8.12 (1H, NH); 7.65 (m, 2H, 2Hpy);
7.53-7.14 (m, 9H, Hs + 8Hpy); 7.05 (s, 1H, CH); 6.51 (s, 1H, OH); 3.98 (s, 3H, OCHj); 3.90 (s, 3H, OCH;); ir :
1 /1

177 ’\f\A‘l 180N 1&MN0 1A0A AL 1TANO 180 1N 7&ND _‘_.-.'l Awnnt M1 3 £ . M IY AT M 2077 A AN,

v 3317, 2941, 1580, 1528, 1484, 1451, 1409, 1259, 1021, 752 cm . Anal. Caled for Cy3H NG5 (387.44): C,
71.30: H ‘{A(\-N 10.85. Found: C, 71.32: 5.35:N. 10,94
1.30; H 546, N, 10.85. Found: C) /1,32, H, 5.35; N, 10.94,

7-chloro-8-(1-hydroxyethyl)-4(3H)-guinazolinone (7): metalation of 5 (100 mg, 0.55 mmol) [first reacted
with n-BuLi 2.5 M (1.1 eq., 0.24 mL)/-78°C/15 min.] according to the proccdure A with n-Buli 2.5 M (4 eq.,
0.89 mL), TMPH (4.1 eq., 0.39 mL), t, = 1 h, 0, = -78°C, followed by reaction with acetaldehyde (2 mL), t, =
30 min., 0, = -78°C, gave after purification by column chromatography (silica, eluent : ethyl acetate) 90 mg
(73%) of 7 as a white solid, mp 207-208°C; 'H NMR (CDCl3): & 11.2 (1H, NII); 8.14 (m, 2H, Ho+Hs); 7.52 (d,
J=8.5 Hz, 1H, He); 6.70 (q, J=6.4 Hz, 1H, CH); 3.6 (1H, OH); 1.65 (d, J=6.4 Hz, 3H, CHjy); ir : v 3173, 1677,
1618, 1423, 875, 794 cm™. Anal. Caled for CioHoCIN,O, (224.65): C, 53.47; H, 4.04; N, 12.47. Found: C,
53.82; H,3.87; N, 12.17.

7-chloro-8-(hydroxyphenylmethyl)-4(3H)-quinazolinone (8): metalation of 5 (100 mg, 0.55 mmol) [first
reacted with n-BuLi 2.5 M (1.1 eq., 0.24 mL)/-78°C/15 min.] according to the procedure A with n-BuLi 2.5 M
(4 eq., 0.89 mL), TMPH (4.1 eq., 0.39 mL), t, = 1 h, 0, = -78°C, followed by reaction with benzaldehyde (2.2
eq., 0.13 mL), t, = 1h30, 6, = -78°C, gave after purification by column chromatography (silica, eluent : ethyl
acetate) 151 mg (95%) of 8 as a white solid, mp >265°C; ' NMR (CDCly): 8 11.4 (1H, NH); 8.24 (s, 1H, Hy);
8.04 (d, J=8.4 Hz, 1H, H;s); 7.55 (d, J=8.4 Hz, 1H, Hy); 7.29 (m, SH, 5Hpp); 6.75 (s, 1H, CH); 6.6 (1H, OH); ir :
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A2AA NYOLT7 1£9777 1£71 1A 1NA"T OTT7 LT e i Aol M1 1 £ M A el SIVaY MO L "IN\, LY OA ir
V 3344, 2607, 1047, 1021, 1422, 1U4/7, 07/, 0Y/7 cm . Anal. Caicd 101 CysryCiNaU2 (£060.72) C, 02.84; H,
IR87-N. 977 Found: C. 63.05: H. 3.85: N. 958
3.0/, N, Y. round: C, 03.00; K, 5.80, N, Y.00

6.7-dimethoxy-8-(1-hydroxyethyl)-4(3H)-quinazolinone (9): metalation of 6 (100 mg, 0.48 mmol) [first
reacted with n-BuLi 1.6 M (1.1 eq., 0.33 mL)/-78°C/15 min.] according to the procedure A with n-BuLi 1.6 M
(4 eq., 1.21 mL), TMPH (4.1 eq., 0.35 mL), t, = 2 h, 8; = -78°C, followed by reaction with acetaidehyde (2
mL), t; = 30 min., 6, = -78°C, gave after purification by column chromatography (silica, eluent : ethyl acetate)

60 mg (50%) of 9 as a white solid, mp 180-181°C; 'H NMR (CDCLy): 3 111 (1H, NH); 8.03 (s, 1H, Hy);

7.60 (s, 1H, Hs); 6.1 (m OH); 5.48 (q, J=6.5 Hz, 1H, CH); 4.01 (s, 3H, OCHj;); 3.98 (s, 3H, OCH3); 1.62 (d,
J=6.5 Hz, 3H, CHa); *C NMR (CDCh) : § 162.7 (C4); 152.6, 151.4 (C6,7), 142.5 (Cy); 140.7 (Cy); 133.9 (Cy);
11Q02/0. ) INEN (0N LENLE (CIIN. £1 ) KA Y (DN LTI A D8 Q /OIT e i s 121D DQNA TLLT 147N 142D
117,44 (0 10), VIV (L5), ODOVU (1), Vi.g, JUGL (2AULTEY), £0.0 (L X13), U V 3014, L7V, 1OU7, 197U, 1434,
1041, 798 cm’. Anal. Calcd for C12H1sN20O4 (250.25): C, 57.59; H, 5.64; N, 11.19. Found: C, 57.68; H, 5.89;
N, 11.13

6,7-dimethoxy-8-(hydroxyphenylmethyl)-4(3H)-quinazolinone (10): metalation of 6 (100 mg, 0.48 mmol)
[first reacted with n-BuLi 1.6 M (1.1 eq., 0.33 mL)/-78°C/15 min.] according to the procedure A with n-BuLi

1.6 M (4 eq., 1.21 mL), TMPH (4.1 eq., 0.35 mL), t; = 2 h, 0, = -78°C, followed by reaction with
benzaldehyde (2.2 eq., 0.11 mL), t, =1 h, 6, = -78°C, gave after purification by column chromatography
(silica, eluent : ethyl acetate) 75 mg (50%) of 10 as a white solid, mp 229-230°C; 'H NMR (CDCL): 6 114

(1H, NH); 7.96 (s, 1H, Hy); 7.66 (s, 1H, Hs); 7.42 (m, 2H, 2Hp,); 7.29 (m, 3H, 3Hp); 6.70 (d, J=11 Hz, 1H,
CH), 6.51 (d, J=11 Hz, lH OH); 4.02 (s, 3H, OCHj3); 3.92 (s, 3H, OCHjy); ir : v 3356, 2869, 1666, 1620, 1471,

AT SAALr ANA MIn no, ¥

035, 904, 710 cm”. Anal. Calcd for C17H6N204 (312.32): C, 65.38; H, 5.16; N, 8.97. Found: C, 65.15;
« N

2,2-di(n-butyl)-1,2-dihydro-3-methoxyquinoxaline (12): metalation of 11 (100 mg, 0.53 mmol) according to
the procedure C with n-BuLi 1.6 M (2.2 eq., 0.72 mL), t; = 10 min., followed by reaction with acetaldehyde (2
mL), t, = 30 min., gave after purification by column chromatography (silica, eluent : petroleum ether/ethyl

acetate (8/2)) 127 mg (88%) of 12 as a colorless oil; 'H NMR (CDClL): 6 7.06 (dd, J=7.6 Hz and 1.4 Hz, 1H,
Hpenz); 6.89 (td, J=7.6 Hz and 1.4 Hz, 1H, Hpey,); 6.66 (td, J=7.6 Hz and 1.2 Hz, 1H, Hgen,); 6.49 (dd, J=7.6 Hz
and 1.2 Hz, 1H, Hp.n,); 3.88 (s, 3H, OCH3); 3.50 (s, 1H, NH); 1.88 (m 2H, CH;); 1.55-1.27 (m, 10H, SxCHg)

nnn/m L£LY Yo MET N\ ‘L"‘\‘lll’) {f‘l’\f‘l\-1£‘lllf‘,\- 126 £ 120 "’(’7 11 o A (0'1
V.7V (iTl, Or1, XL D13, U INIVIN {LL3) - 1051 (L3, 1908, 10U \\_910), 123.7-11%

19N
(OCH:): 199 262 220 3xcy 14.0 (CH3): ir - v 2957, 1650, 1495, 1222, 747 ¢m™’. Anal. C

ANWNCRRI ] g D707y LUk & 2) [V R 5.2 e R L7217,

Ci7HogN,0 (274.41): C, 74.4 55:N, 10.21. Found: C, 74.25; H, 9.60; N, 10.26.

6-chlore-2,3-dimethoxy-5-(1-hydroxyethyl)quinoxaline (14a) and 6-chlore-2,3-dimethoxy-7-(1-hydroxy-
ethyl)quinoxaline (14b): metalation of 13 (100 mg, 0.45 mmol) according to the procedure A with n-BuL.i 1.6
M (4 eq, i.i1 mL), TMPH (4.1 eq, 031 mL), t; = 30 min, 6; = -78°C, followed by reaction with
acetaldehyde (2 mL), t; = 30 min., 6, = -78°C, gave afler purification by column chromatography (silica,
eluent dlchloromethane) 97 mg (81%) of 14a as a white solid, mp 100- 101°C 'H NMR (CDCL): & 7.61 (d
J ); 5.97 (d, J=11.3 Hz, 1H, OH); 5.59 (sext, J=11.3 and 6.6 Hz
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ral 8 A% A r-avd LYY -~ 7al B Y £ 1 Y. . 7 YY_ “TY NEY N - AN 1210 t A1 T AN i sV Lo ) Nnanc 01 - ks o
CH); 4.15 (s 6H, /.xux,ng), 1.67 (d, J=6.6 Hz, 3H, CHj); ir : v 3403, 1518, 1481, 1406, 1242, 995, 816, 537
l rars i ral s S IVAY Ve YA ‘e AN A & LA Ty A QO AT 1N A ) A Y al F3o 2N <o PO & 1 A € A L 4 1M NN
cm . Anal. Caled for C;H;3CIN2O3 (268.70): C, 53.64; H, 4.88; N, 10.43. Found: C, 533.57: H, 4.84; N, 10.03.
1
Another fraction afforded 16 mg (13%) of 14b as a colorless oil; 'H NMR (CDCl;): 8 7.97 (s, 1H, Hs);
7T 78 /o 1LY Yo & 727 7w T=K 2 1T~ IU I A 1A fa AT DY 'IT N DD (11T NI, 1 &0 71 T—£ 7 LI 210
1.79 (5, 111, 113), S3.07 g, 9700 M, 101, LI 4 1a (8, O, LXVUNI3), 2.4 (1D, Unl); 1.0 (4, J7005 Nz, on,
MIT N fee - 12 2277 1818 1A7€ 11299 1797217 QQ7 {120 nm'l Anal Dalad fae £ LI _OINL Y. D£Q TN\ £ &Y £LA. 1T
\/ll:}}, L V JLTO0, £ 210, 170, 1004, 1404, 70/, 200 LIl MAldlal. Lalbld 1w 2030 1iNY g \LUO IU}- Ly JI.04%, n,
4.88: N, 10.43. Found: C, 53.58; H, 5.13; N, 10.27.
third fraction afforded 6 mg (6%) of starting material.
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6-chlore-2.3-dimethoxy-5-(hydroxyphenylmethyl)quinoxaline (15a): metalation of 13 (100 mg, 0.45 mmol)
according to the procedure A with n-Bul.i 1.6 M (4 eq., 1.11 mL), TMPH (4.1 eq., 0.31 mL), t, =1h, 6, =
-78°C, followed by reaction with benzaldehyde (2.4 eq., 108 uL), 1 h, 6, = -78°C, gave after purification

t =
by column chromatography (silica, eluent : dichloromethane) 125 mg (85%) of 15a as a paie yeiiow solid, mp

1 49 1 A20 lf"\llln '7aaVYall O‘I‘ll\ 71 T_ 0O TY 1YY YT N\ ~ o1 T O 0 YTY 1YY [ Y »y aa r ~Y T ~YT Y

1943-19447C; H NMK (LUL13) 0 /./U (U, J=0.8 INZ, 11, Hg); 7.0/ (4, J=5.8 r1Z, 1H, Hy); /.44 (m i, Zﬂph),

792 (i AT MW N L EE7A TZ11 8 o 1 COIN- 406 3 T=11 8§ 10, 11T O A4 14 (o 2 nn

/.46 \0il, J11, OXiph), U.U0 (G, J=11.0 N1Z, 111, Lil), O.V0 (@, s=11.0 117, 111, VI 4.4 (8, orn, U\.d'l3} 4.00 \b,
. - -1 ~

3H, OCHj); ir : v 3428, 1607, 1515, 1478, 1404, 1237, 983, 546 cm™. Anal. Caled for C;7H;5sCIN,O; (330.77):

C, 61.73: H, 4.57; N, 8.47. Found: C, 62.06; H, 4.43; N, 8.10.

6-chloro-2,3-dimethoxy-5-methylquinoxaline (16a) and 6-chloro-2,3-dimethoxy-5-ethylquinoxaline (16¢):
metalation of 13 (100 mg, 0.45 mmol) according to the procedure A with n-BuLi 1.6 M (4 eq., 1.11 mL),
TMPH (4.1 eq., 031 mL), t, =1 h, 6, = -78°C, followed by reaction with iodomethane (2.4 eq., 67 pL), t, =
1 h, 6, =-78°C, gave after purification by column chromatography (silica, eluent : petroleum ether/ethyl acetate
(7/3)) 114 mg of a mixture of 16a/16¢/13 (proportions : 50/9/41 ; yield : 51%/10%/39%); 'H NMR (CDCh) of
16a : 8 7.51 (d, J=8.9 Hz, 1H, Hg); 7.39 (d, J=8.9 Hz, 1H, Hy); 4.12 (s, 6H, 2xOCHj3); 2.64 (s, 3H, CH3) ; 'H
NMR (CDCly) of 16¢ : & 7.51 (d, J=8.9 Hz, 1H, Hyg); 7.39 (d, J=8.9 11z, 1H, Hy); 4.12 (s, 6H, 2xOCHjs); 3.23 (q,

J=7.4 Hz, 2H, CHyp); 1.23 (t, J=7.4 Hz, 3H, CH;).

&_(1 elnulr-nvu wl 7,mp nvvgi_nhpnvlnnlnnvahnn (18a) and R-(1_-hvdroxv ethvl)-2. maoathavv . I nhanvi_
Wy ATAEY &R WA w.l Y e EER W RERRYFMY Taf TRFARN/EAY AV UARAANZMéamARE Ay O=ya VAR S AN Ve mvu--vay oprEAvERyY R

quinoxaline (18b): metalation of 17 (100 mg, 0.42 mmol) according to the procedure A with n-BuLi 1.6 M (4
eq., 1.06 mL), TMPH (4.1 eq., 0.30 mL), t, = 30 min., 8; =0°C, followed by reaction with acetaldehyde (2
mL), t, = 30 min., 8, = 0°C, gave after purification by column chromatography (silica, eluent : petroleum
ether/ethyl acetate (7/3)) 50 mg (42%) of 18a as a white solid, mp 90-91°C; 'H NMR (CDCL): 8 8.12 (m, 2H,
2Hpy); 7.78 (dd, J=8.3 Hz and 1.4 Hz, 1H, Hy); 7.59 (dd, J= 8.3 Hz and 7.2 Hz, 1H, Hy); 7.49 (m, 4H,
3Hpn+Hg); 5.54 (quint, J=6.7 Hz, 1H, CH); 5.00 (d, J=6.8 Hz, 1H, OH); 4.18 (s, 3H, OCHs); 1.75 (d, J=6.6 Hz,
3H, CHs); "N NMR (CDCl) : & 325 (Ny); 267 (N}); ir : v 3362, 1445, 1395, 1331, 1111, 770, 695, 523 cm™".
Anal. Caled for C17H1¢N2O; (280.33): C, 72.84; H, 5.75; N, 9.99. Found: C, 72.83; H, 5.57; N, 9.81.

Another fraction afforded 9 mg (8%) of 18b as a yellow oil; 'H NMR (CDCL3): & 8.10 (m, 2H, 2Hp);
8.02 (d, J=7.8 Hz, 1H, Hs); 7.57 (m, 511, 3Hpy+Het+H7); 5.50 (q, J=6.6 Hz, 1H, CH); 4.4 (lH OH); 4.16 (s, 3H,

‘)C" Iy); 1.74 (d, J=6.6 1iz, 3H, CHj); ir : v 3386, 2926, 1634, 1443, 1337, 1076 cm™. Anal. Caled for
ral \Y,{\ N 1NN TYQRA LT £ 75N 0QQ Fannd- 0 79 77- 10 § LO N 1IN N7
\.,17 1]6IN2VJ2 (LO0VU.DJ J. U, 7L.0%, 1L, J. 710, 1N, 7.77. TOULIU, U,y 74,77, 11, J.U0, IN,1V.UD

A third fraction aftforded 46 mg (46%) of starting material.

5-(hydroxyphenylmethyl)-2-methoxy-3-phenylquinoxaline  (19a) and _ 8-(hydroxyphenylmethyl)-2-
methoxy-3-phenylquinoxaline (19b): metalation of 17 (100 mg, 0.42 mmol) according to the procedure A
with n-BuLi 1.6 M (4 eq., 1.06 mL), TMPH (4.1 eq., 0.30 mL), t, = 30 min., 0, =0°C, followed by reaction
with benzaldehyde (2.2 eq., 95uL), t, = 1 h, 8, = 0°C, gave after purification by column chromatography (silica,
eluent : petroleum ether/ethyl acetate (9/1)) 64 mg (44%) of 19a as a white solid, mp 100-101°C; 'H NMR
(CDCl3): & 8.03 (m, 2H, 2Hpy); 7.82 (d, J=8.3 Hz, 1H, Hg); 7.63 (dd, J=8.3 Hz and 7.2 Hz, 1H, H;); 7.52 (m,

5H, 5Hpn); 7.40 (d, J=7.2 Hz, 1H, H¢); 7.30 (m, 3H, 3Hp,); 6.51 (d, J=6 Hz, 1H, CH); 5.51 (d, J=6 Hz, 1H, OH),

4.17 (s, 3H, GCHjs); N NMR (CDCIL3) : 8 320 (Ng); 267 (Ny); ir : v 3400, 2947, 1446, 1394, 1338, 1219,
1021, 767, 696, 526 cm™. Anal. Caled for CyH gN,0, (342.40): C, 77.17; H, 5.30; N, 8.18. Found: C, 77.42;
H, 5.05; N, 8.36.
Anathar fractinn affardad 77 mo (1000 Af 1Qh ac a vellnw nil ‘IJ NNA (CNCIY-3208 (m 27H 27H.. )
LREIURINGE LI AGVUIUAY GGLEVIVING & 7 lllb \1 e /U} s R QA0 G J\/ll\Jv - 18 2VEAN \\/le }- AV AR PRV S \lll, ‘-ll’ da & lm”
8.01 (dd, 1-8.4 Hz and 1.4 Hz, Fs); 7.60 (dd, 1=7 Hz and 14 Hz, Hs); 7.55 (dd, J=8.4 Hz and 7 Hz, Hy); 7.49
(m, 5H, 5Hpy); 7.32 (m, 3H, 3Hp); 6.49 (d, J=5 Hz, 1H, CH); 4.81 (d, J=5 Hz, 1H, OH); 4.08 (S 3H, OCH,);

"N NMR (CDCl3) : & 336 (Na); 255 (N ir < v 3980, 1580, 1382, 1063, 1040, 738, 660, 531 om’ ', Anal. Calcd
for CoHgN,0, (342.40): C, 77.17; H, 5.30; N, 8.18. Found: C, 77.35; H, 5.17; N, 8.05.
A third fraction affordcd 25 mg (25%) of starting material.
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2-methoxy-3-phenyl-5-trimethylsilylquinoxaline _(20a) and 5.8-di(trimethylsilyl)-2-methoxy-3-pheny\-
quinoxaline (20¢): metalation of 17 (100 mg, 0.42 mmol) according to the procedure B with n-BuLi 1.6 M (4

eq., 1.06 mL), TMPH (4.1 eq., 0.30 mL), trimethylsilyl chioride (4 eq., 0.22 mL), t = 2 h, 8=0°C, gave after
purification by column chromatography (silica, cluent : petroleum ether/ethyl acetate (7/3)) 85 mg (65%) of 20a

ne n snala erallacey anlid o 1148 11L£000 lLt \I\,ﬂ) LOTY VN R QODVL (me DL DIY . T OL 731 T_O A YT ___ 1 % A T¥_
ds a pai€ yeuow 301iQ, Mp 1 15-110 L) 0 INVVIR (LJLI3 )0 0 6.20 {11, 411, L1iph); /.60 (G4, J=0.4 NZ and 1.4 11Z,
TH By 771 (34 =72 Hzand 1A Hz TH TLY: 762 (dd 1=R4A H7 and 72 H> 1TH H.\- 748 (m TH 2TEI.)\-
Riky RARJy To7 & MUy 0754 IRL QERA BT R4, 11dy 3110y F.UL (U, JTTOLT 1L QUK T oL ARLy 1Ry XX J, 1YO (UL, JER, JLAPh),
4.20 (s, 3H, OCH;); 0.50 (s, 9H, Si(CH3)s); "N NMR (CDClL) : § 336 (Ng); 266 (N;); ir : v 2949, 1444, 1389,
1248, 1023, 837, 770, 697, 522 em™ . Anal. Calcd for C,gHaN,08Si (308.45): C,70.09; H, 6.54; N, 9.08. Found:
C,70.15; H,6.75; N, 8.72.

Another fraction afforded 16 mg (10%) of 20c as a white solid, mp 135-136°C; 'H NMR (CDClL): &
8.22 (m, 2H, 2Hp); 7.76 (d, J=6.8 Hz, 1H, Hy); 7.70 (d, J=6.8 Hz, 1H, Hg); 7.50 (m, 3H, 3Hpy,); 4.18 (s, 3H,
OCH3); 0.45 (s, 18H, 2xSi(CHs)s); "N NMR (CDCL) : 8 336 (N3); 268 (Ny). Anal. Caled for CpHsN20Siy
(380.64): C, 66.27; H, 7.41; N, 7.36. Found: C, 66.30; H, 7.78; N, 7.26.

A third fraction afforded 25 mg (25%) of starting material.
1,1-di(n-butyl)-1,2-dihydro-4-phenylphthalazine (25): metalation of 24 (100 mg, 0.42 mmol) according to

e Cimi iyt s Rnyssr Hl e 1 fL2828 V&S il EAVAVER 145 1) LR SRRl

the procedure C with n-Bul.i 1.6 M (1.2 eq., 0.32 mL), t; = 15 min,, followed by reaction with acetaldehyde (2
mL), t; = 30 min., gave after purification by column chromatography (silica, cluent : petroleum ether/ethyl
acetate (5/5)) 62 mg (45%) of 25 as a ycllow oil; 'H NMR (CDCly): & 7.59 (' m, 2H, 2Hp); 7.40 (m, 4H,
4Hgenz); 7.26 (m, 3H, 3Hp,); 1.82 (m, 4H, 2xCH,); 1.32 (m, 8H, 4xCH;); 0.89 (m, 6H, 2xCH;). Anal. Calcd for
CnHgN, (320.48): C, 82.45; H, 8.81; N, 8.74. Found: C, 82.82; H, 8.67; N, 8.83. MS : [M]", 320; [M-C4H]",
263.

starting material,

6-chloro-1.4-dimethoxy-7-(1-hydroxyethyl)phthalazine (27) : metalation of 26 (100 mg, 0.45 mmol)
according to the procedure C with n-Bul.i 1.6 M (2.2 eq., 0.61 mL), t; = 30 min., followed by reaction with
acetaldehyde (2 ml), t, = 30 min.,, gave after purification by column chromatography (silica, eluent :
dichloromethane/ethyl acetate (8/2)) 107 mg (89%) of 27 as a white solid, mp 112-113°C; '"H NMR (CDCl): &
8.22 (s, 1H, Hs); 7.86 (s, 1H, Hy); 5.36 (g, J=6.3 Hz, 1H, CH); 4.13 (s, 3H, OCH;); 4.11 (s, 3H, OCH3); 3.6
(1H, OL1); 1.49 (d, J=6.3 Hz, 3H, CHa); ir : v 3277, 2949, 1550, 1463, 1358, 1116, 976, 766 cm™'. Anal. Calcd
for C;oH3CIN;O5 (268.70): C, 53.64; H, 4.88; N, 10.43. Found: C, 53.51; 11, 5.25; N, 10.13.

6-chloro-1.4-dimethoxy-7-{hydroxyphenylmethyl)phthalazine (28) : metalation of 26 (100 mg, 0.45 mmol)
according to the procedure C with »-BuLi 1.6 M (2.2 eq., 0.61 mL), t, = 30 min,, followed by reaction with
benzaldehyde (2.2 eq., 0.1 mL), t, = 1 h, gave after purification by column chromatography (silica, eluent :
petroleum cther/ethyl acetate (6/4)) 115 mg (78%) of 28 as a white solid, mp 144-145°C; '"H NMR (CDCl;): 8
8.49 (s, 1H, Hs); 7.97 (s, IHs Hg)' 7.30 (m, 5H, 5Hpy); 6.29 (s, 1H, CH); 4.17 (s, 3H, OCH3); 4=14 (s, 3H,
OCH;); 3.6 (1H, OH); ir : v 3479, 1543, 1367, 1113, 1047, 755, 698 cm™. Anal. Calcd for CysH;sCIN;O;
(330.77): C, 61.73; H, 4.57, N 847 Found: C, 61.58; H 4.87; N, 8.20.

6-chloro-1.4-dimethoxy-7-methylphthalazine (29) : metalation of 26 (100 mg, 0.45 mmol) according to the
procedure C with n-BuLi 1.6 M (2.2 eq., 0.61 mL), t, = 30 min,, followed by reaction with iodomethane (2.2
eq., 61 puL), t, = 1 h, gave after purification by column chromatography (silica, eiuent : petroleum ether/ethyl
acetate (6/4)) 88 mg of a mixture of 29 and 26 (proportions : 63/37 ; yield : 53%/47%); 'H NMR (CDCl3): &

o nNe 7

8.06 (s, 111, u;), 7.94 (s m Hg); 4. ns(s ou zxuun),za/(s 3H, CHj).

i
n with iodine (2 ea.. 226
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mg), t, = 2 h, gave after purification by column chromatography (silica, eluent : petroleum ether/cthyl acetate
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(6/4)) 130 mg (83%) of 30 as a white solid, mp 127-128°C; 'H NMR (CDCL): & 8.66 (s, 1H, H,); 8.17 (s, 1H,

Hs); 4.21 (s, 3H, OCHs); 4.18 (s, 3H, OCH3); ir : v 2946, 1531, 1458, 1363, 1117, 890, 762 cm™'. Anal. Calcd
for C;oHzCIIN,O, (350.54): C, 34.26; H, 2.30; N, 7.99. Found: C, 34.27; H, 2.50; N, 7.78.
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