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Aromatic Nitro Groups with Amines

Konstantine A. Kislyi, Alexander V. Samet,* Yuri A. Strelenko, and Victor V. Semenov
N. D. Zelinsky Institute of Organic Chemistry RAS, Leninsky Pr., 47 Moscow, 119991, Russia

sameta@sewer.ioc.ac.ru

Receied Naember 26, 2007

RRN O
R

COOH
NO, R,R,NH =

OoN N
R
— N

' NO, O
N)\ AlKS R

AlkS N)\

5,7-Dinitroquinazoline-4-ones undergo nucleophilic displacement of a nitro group with N-, S-, and
O-nucleophiles. In contrast to previously studied dinitro-substituted benzoannulated five- and seven-
membered heterocycles (where a high degree of selectivity was observed), these quinazolines mostly
yield mixtures of regioisomeric substitution products. At the same time, primary and secondary amines
react selectively to afford 5-aminoquinazolonger{-substitution). A similar effect is observed for

some other polynitroaromatic compounds with adjacent nitro and carbonyl groups. This phenomenon is

O,N NO, O

NO, O2N

attributed to a stabilization of the intermediateri-o-complex by intramolecular hydrogen bond-N

H...0=C.

Introduction

It is known that dinitro-substituted benzoannulated five-

membered heterocyclic systems phthalimides, benzop]-
furans, indoleg2? benzop]thiophenes, benzf]isoxazoles)
indazoles, benzM]isothiazole§ — undergo selective nucleo-
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SCHEME 1. Selectivity of Aromatic Nitro Group
Displacement in Some Benzoannulated Systems
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philic displacement of a nitro group adjacent to a ring fusion
point (peri-nitro group) with O-, N-, and S-nucleophiles. On
the other hand, we recently demonstratedat with 1,3-
dinitrodibenzp,f][1,4]oxazepine-11(18)-one just the opposite
occurs; the nonadjacent nitro groupata-nitro group) is
displaced with O- and S-nucleophiles (Scheme 1).

N
O,N

(7) Samet, A. V.; Marshalkin, V. N.; Kislyi, K. A.; Chernysheva, N. B.;
Strelenko, Y. A.; Semenov, V. \d. Org. Chem2005 70, 9371.
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Naturally, with such a difference in reactivity between five- SCHEME 2. Preparation of 5,7-Dinitroquinazolone 4 from
and seven-membered heterocycles, it was interesting to inves-2,4,6-Trinitrobenzoic Acid 1

tigate a case of dinitro-substituted benzoannulated six-membered COOH COOH
heterocycle. O,N NOz NH, OoN NH,
Just in connection with the ongoing research on utilization “FeCl,

of polynitroaromatic compounds1°we studied conversion of

2,4,6-trinitrobenzoic acicf to 2-amino-4,6-dinitrobenzoic acid NO2 NO;

and further to 5,7-dinitroquinazolongg®: 1 2(83%)
Nu lAczO,

reflux

NO, O
\\L N’Rz
)\ NO, NO,

o) o]
A
O,N AN R4 /@:U\NH aqg. NH, /CELO
-
fl
O,N N)\ reflux ON N)\

DinitroquinazolinesA proved to be the objects of choice for 4 (90%) 3(81%)
investigating substitution of a nitro group with various nucleo-
philes. Of particular interest were amines, since some amino- SCHEME 3.  Reactions of the Compounds 3 and 5 with
substituted quinazolines are promising anticancer agents thatViethylamine

inhibit epidermal growth factor (EGF) receptor tyrosine NOz O
kinase!?-15 s CH,NH, (1.5 equiv) N~
— EOH
O,N N¢K

Results and Discussion 5 (58% from 3, 85% from 4)

CH;NH, (10 equiv)
EtOH

Initially, 2,4,6-trinitrobenzoic acid (prepared through oxida-
tion of TNT with dilute HNG?) is converted to 2-amino-4,6-

o i e : VETE i) |(CH,),80
dinitrobenzoic acid?116 with hydrazine in the presence of CHaNH, (10 equiv) | (CH)SO,

EtOH

catalytic amounts of Feg}” Previously the aci@ was prepared SNH O
from 1 by the action of TiCJ, but the reaction was accompanied N 4
by formation of 4-amino-2,6-dinitrobenzoic acid as a side ON N)\

2

product, and separation of the isomers was troubleséme.
Refluxing acid 2 in acetic anhydride affords 2-methyl-5,7-
dinitrobenzoxazine-4-or& which undergoes facile recyclization SCHEME 4. Reactions of Dinitroquinazolones 4, 5 with
to a corresponding quinazoloAaipon heating in aqueous NH  amines '

6a (62% from 3, 85% from 5)

(Scheme 2).

N-Methylquinazolone5 is prepared by methylation of the NO2 @ . RiIRN O -
compound4 with dimethyl sulfate. It could also be obtained /dLN’ RiR,NH (excess) /@E\J\N’
from benzoxazinon8 by heating it in an ethanolic solution of 0N N)\ BuGH O,N NJ\
methylamine (50% excess) (Scheme 3). With a large excess of 45 -

methylamine the reaction does not stop at the formation of
recyclization produch but proceeds further to afford a nucleo- ) )
philic substitution product, 5-methylamino-7-nitroquinazolone Shown to be a general approach to the corresponding amino
6a. derivatives (see Scheme 4 and Table 1). Hydrazine also reacts
The displacement of a nitro group M-methylquinazolone ~ readily to furnish6c. At the same time, less nucleophilic

5 with primary and secondary amines in EtOH or BUOH was aromatic amines require drastic conditions and use of DMF
(instead of alcohols) as a solvent, as demonstrated by the

(8) Zlotin, S. G.; Kislitsin, P. G.; Samet, A. V.; Serebryakov, E. A.; reaction with p-anisidine affording6k. Interestingly, in this

Konyushkin, L. D.; Semenov, V. V.; Buchanan, A. C., Ill; Gakh, A. A. process 5-(dimethylamino)quinazolofig is formed as a side
O'%é)czﬂgtri‘?fosoqg? Ei“sﬁ?s-m P. G: Podgursky, A 1; Samet, A, V. product. The latter evidently results from the nucleophilic attack
Semenov, V. V.; Buchanan, A. C., IIl; Gakh, A. 4. Org. Chem200q  Of the quinazoloné by dimethylamine, which, in turn, could
65, 8439. arise from DMF upon prolonged heating wiphanisidine!8

(10) Samet, A. V.; Zakharov, E. P.; Semenov, V. V.; Gakh, A. A, Methylamine reacts with NH-quinazoloné much more

B“f{'ﬁ”;g‘ly?'lg 'A'.'."ggmzi ?@T%f%%]hgvl’ &é%‘uss_ 3. 0rg. Chem  Slowly than with the N-methyl derivativé (cf. reaction time

2006 42, 292. for 6a and6l, Table 1). Methylamine probably acts as a base,
(12) (@) Fry, D. W.; Kraber, A. J.; McMichael, A.; Ambroso, L. A.;;  abstracting an acidic NH-proton from the molecdléo form

Nelson, J. M.; Leopold, W. R.; Connors, R. W.; Bridges, AStience ; ; ; o
1994 265 1093, (b) Bridges, A. JChem. Re. 2001, 101, 2541. the corresponding anion, thus hampering the nucleophilic

(13) Rewcastle, G. W.; Denny, W. A.; Bridges, A. J.; Zhou, H.; Cody, Substitution.

D. R.; McMichael, A.; Fry, D. W.J. Med. Chem1995 38, 3482. Substitution selectivity was determined By NOE measure-
20(()%421Rg%0a3t'e' G.W.; Denny, W. A; Showalter, H.Qurr. Org. Chem  ments. In a 2D'H NMR NOESY spectrum of the compound

(15) Hennequin, L. F.; Stokes, E. S.; Thomas, A. P.; Johnstone, C.; Ple, 6a & cross-peak between the Sign_a|3 of methyl protons.of the
P. A.; Ogilvie, D. J.; Dukes, M.; Wedge, S. R.; Kendrew, J.; Curwen, J. 0. NHMe group ¢ 2.94) and aromatic proton H(6) (7.00) is

J. Med. Chem2002 45, 1300. observed, whereas a cross-peak between the sigrak&i4
(16) Bilkis, I. I.; Uskov, S. I.; Shteingarts, V. OZh. Org. Khim.1991, ' P 9

27, 1922.
(17) Hirashima, T.; Manabe, G@hem. Lett1975 259. (18) Kraus, M.Synthesis973 361.
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TABLE 1. Displacement of the Nitro Group with Amines in
Quinazolones 4 and 5

product R R> R h T,°C vyield, %
62 CHs H CH; 2 80 85
6b PhCH H CH; 2 120 76
6¢c NH> H CH;s 2 80 68
6d cyclo-CsHs H CHjs 2 120 72
6e Ph(CH): H CHs 2 120 74
6f 3,4-(MeO)CeH3(CHp), H CH3 2 120 83
602 CHs CH; CHs 2 80 40
6h —(CH2)4— CH; 2 120 49
6i —(CHy)s— CH; 2 120 52
6j —(CH2)20(CHy)2— CH; 2 120 65
6kd  4-MeOGH4 H CHjs 0 100 35
62 CHs H H 5 80 58
aEtOH used as a solveiDMF used as a solvent.
)
CHaC\N,H.O (‘ N O
He N-CHs He n-CHa
O,N N)\ O,N NJ\
Hg Hg
6a 6j

FIGURE 1. Key cross-peaks in 2BH NMR NOESY spectra oba
and6j.

SCHEME 5. Reactions of Dinitroquinazolones 4, 5 with
NaN3
NO, O NO, O
N R NaN,
, DMF )\ )\
4,5

R =H (4, 7Ta,b); Me (5, 7c,d) R = Me | Nal, FeCl

MeCN

Diﬁ @E&

and a signal of aromatic proton H(8) 7.21) is absent (Figure
1). This provides strong evidence of a NHgKubstituent
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FIGURE 2. Key cross-peaks in 2BH NMR NOESY spectra oB
and8'.

SCHEME 6. Reactions of Dinitroquinazolones 4, 5 with
S-Nucleophiles
NO, O NO, O

NP AIkSH KCO /©:U\
)\ AlkS )\

4,5 9a: R = H, Alk = Bu (85%)

R = H (4); Me (5) 9b: R = Me, Alk = Bu (91%)
PhSH, K,CO, 9c: R = Me, Alk = PhCH, (89%)
DMF
SPh O NO, O
_R
nR . N
O,N NN s N
9d,f 9e,9

R = H (9d,e); Me (9f,g)

converted in high yield to a mixture of amin&sand 8 via
chemoselective reduction with Nal/Fe@h MeCN 1°

The 5-amino derivativ8 proved to be predominant, 7-amino
isomer8' being a minor one (Figure 2). Hence, in the mixture
of azides resulting from the nucleophilic substitution in 5,7-
dinitroquinazoloneb, 5-azido derivativerc (peri-isomer) also
predominates over 7-azido derivativd (para-isomer).

IH NMR spectra of the mixtures7& + 7b) and (7c + 7d)
are quite similar— in both cases the signals of H(6) and H(8)
protons of a minor isomer show a substantial upfield shift
compared to the signals of a major one, and the corresponding
chemical shifts are close) (7.83 and 7.98 ppm for the major
isomer,o 7.40 and 7.65 ppm for the minor one in théa(+
7b) mixture; o 7.86 and 8.01 ppm for the major isomeéry.42
and 7.69 ppm for the minor one in th&d+ 7d) mixture).

entering position 5 (if it attacked position 7, then the corre- Thus, it is evident that geri-substitution product (5-azido
sponding cross-peaks would be observed for both H(6) and H(8) derivative7a) predominates in the7é + 7b) mixture as well.
signals). It should be mentioned that the cross-peak between a While the azide anion preferentially attacks pei-position,

signal of NH-proton ¢ 8.83) and aromatic proton H(6) is not

reactions of the compoundsand5 with S- and O-nucleophiles

observed. Formation of an intramolecular hydrogen bond often result in predominatelgara-substitution products. With
between the NH-proton and O atom of the carbonyl group could S-nucleophiles substitution occurs in DMF at room temperature

be a reasonable explanation for this fact (Figure 1).

(Scheme 6). According to NOE measurements (Figure 3), with

In the same way, with the help of 2D NOE spectroscopy a alkanethiols a nitro group in position 7 is displaced selectively
morpholine substituent was shown to occupy position 5 in the (para-substitution), whereas thiophenol yields isomeric mixtures

6j molecule, as the methylamino group6a does (Figure 1).

(3:1 for quinazolonet and 5:2 for5, with peri-isomers being

Thus, both primary and secondary amines selectively attack themajor ones in both cases).

peri-position of 5,7-dinitroquinazolones in substitution reactions,

with no isomeric products being observed.

The reaction of compound$é and5 with phenols requires
more drastic conditions (80C compared to 20°C with

Noteworthy, other nucleophiles fail to demonstrate such a S-nucleophiles) and yields mixtures of isomers in all cases

high peri-selectivity. Thus, the nitro groups in quinazolorkes

(Scheme 7), while aliphatic alcohols failed to afford substitution

and 5 undergo displacement with an azide anion to yield products.

isomeric mixtures (ca. 6:1) in both cases (Scheme 5). To

determine the relative ratio of azidés and 7d, a 2D NOE

(19) Kamal, A.; Ramana, K. V.; Ankati, H. B.; Ramana, A. V.

experiment was used, for which purpose the above azides wereTetrahedron Lett2002 43, 6861.
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SCHEME 7. Reactions of Dinitroquinazolones 4, 5 with Phenols
NO, O A0 O NO, O
N-R ArOH, K,CO, /@E\LNR . /@fL
OyN N)\ O,N NJ\ )\
45 10a: R = Me, Ar = Ph 10b: R = Me, Ar = Ph
R = H (4); Me (5) 10c: R = Me, Ar = 4-CH,C.H, 10d: R = Me, Ar = 4-CH,CH,
10e: R = H, Ar = 4-CH,C,H, 10f: R = H, Ar = 4-CH,CH,
According to a NOESY spectrum of an isomeric mixture g-~jeve 8. Relative Steric Hindrance in Some
resulting from a reaction between the quinazolbraed phenol Benzoannulated Structures
(Figure 4), isomerlOb with the phenoxy group in position 7 o N
(para-isomer) is the major product, while isomBbdais a minor 2 /O
one (ratio 5:1)Para-substitution also predominates in reactions d\ /@i\k "
of the compound$§ and4 with p-cresol and phenol (ratidsOc/ 2 >
10dand10e/10fare 1:6 and 1:4, respectively, according to NMR OaN OaN o)
B

data).
As mentioned above, dinitro-substituted benzoannulated

heterocyclic systems (both five- and seven-membered) undergoAmlnes

selective nucleophilic displacement of the nitro groper(-
group for five-membered heterocycles m#ra-group for the
seven-membered one) with the various nucleophiles stddied.
Thus, the incomplete selectivity of the nucleophilic substitution

observed in the case of quinazolones and very strong dependence

of the product ratio upon relatively minor changes of the
structure of nucleophiles (i.e., AIk#ArS~ and ArS/ArQ~)30.20

are quite unusual. However, this is not at all unexpected,; it is
only natural to suppose that quinazolines, as six-membered

benzoannulated heterocycles, should display a selectivity pattern

somewhere between those of five- and seven-membered het-
erocycles.
It was assumedhat steric hindrance at thperi-position was

more significant in the seven-membered benzoannulated het-

erocycle than in five-membered heterocycles (due to the
different geometry of the molecule). At least, semiempirical
calculations (method AM1, CS MOPAC application) demon-
strated that the distance between glegi-carbon atom and O
atom of the carbonyl group (which could be viewed as a measure
of the steric hindrance, ScheméeB)vas noticeably shorter in
1,3-dinitrodibenZ,f][1,4]oxazepine-11(18)-onellthan in 3,5-
dinitrophthalimideB?® (2.95 A versus 3.20 A, respectively),
while in 5,7-dinitroquinazoline-4@3)-one4 it is 2.98 A.

Thus, quinazolone$and>b, as six-membered benzoannulated
heterocycles, evidently lie just between benzoannulated five-

NO, O ©\s
Heg

FIGURE 3. Key cross-peaks in 2BH NMR NOESY spectra oPa
and9d.

10

FIGURE 4. Key cross-peaks in 2EH NMR NOESY spectra of.0a
and10b.
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SCHEME 9. Reaction of Dinitrodibenzoxazepinone 11 with

NO,QO
NH
s

1"

RR,N O
NH

A0

12a-d
12a: R, = H, R, = Me (77%)

12b: R, = H, R, = cyclo-C,H; (88%)
12¢: R, R, = - (CH,),0(CH,),- (74%)
12d:R,, R, = - (CH,),- (67%)

R;R,NH (excess)

BuOH/EtOH

O,N O,N

‘and seven-membered heterocycles both in terms of steric
hindrance for the substitution and in selectivity of this process.

However, the high degree glri-selectivity in the reaction
of these quinazolones with amines still looked quite surprising.
This prompted us to investigate the analogous reaction of 1,3-
dinitrodibenzp,f][1,4]oxazepine-11(18)-one 11. To our sur-
prise, amines (in contrast to O- and S-nucleopfjlesacted
with 11 with selective formation operi-amino derivatived 2
(Scheme 9).

Selectivity of the substitution was confirmed by a 2B
NMR NOESY spectrum of the compountRa (Figure 5).
Notably, a cross-peak between a signal of NH-proton and
aromatic proton H(2) is absent in the spectrum. The same
phenomenon observed in the caséafwas accounted for by
an intramolecular hydrogen bond between the NH-proton and
O atom of the carbonyl group (Figure 1); thus, the analogous
hydrogen bond might be presenti2aas well.

Similarly, 2,4,6-trinitrobenzoic acid morpholidé&® undergoes
ortho-attack with methylamine to yield 2-methylamino deriva-
tive 14 (Scheme 10), though O-, S-nucleophiles and the azide
anion selectively displace thgara-nitro group of13.28

Thus, amines seleetly attack ortho- (peri-) positionscen
of thosevery few known substratésompoundL1’ and tertiary

C

O,N

H3C., H.

N™ O

Hy NH

/
Hy
A _A'

12a

(0]

FIGURE 5. Key cross-peaks in 2BH NMR NOESY spectrum of
12a



Nucleophilic Displacement of Aromatic Nitro Groups

SCHEME 10. Reaction of 2,4,6-Trinitrobenzoyl Morpholide
13 with Methylamine

ON NO2 MeNH, (10 equiv) ANH NO2
_— >
i-PrOH, 60-65°C
N02 N02
13 14 (52%)
SCHEME 11. Stabilization of Anionic a-Complexes by
Intramolecular Hydrogene Bond
Ry R
Rid g Ri\aH.
OxN Hal—) g
X Ne)
c D

amides of 2,4,6-trinitrobenzoic aéjl which are selectiely
attacked in para-positions with other nucleophilé&uch an

JOC Article

(40 mL), and water (10 mL) is added portionwise for 30 min upon
stirring at 42-47 °C. The mixture is stirred at the same temperature
for an additionb2 h and cooled. A precipitate is filtered off, washed
with EtOH (3 x 5 mL), and suspended in water (50 mL), and the
suspension is acidified to pH 3. The resulting yellow precipitate is
filtered off and dried. Yield: 9.2 g (52%). An additional amount
of the product (2.0 g) is collected after acidifying and concentrating
the filtrate. Overall yield: 11.2 g (63%), mp 26265°C (decomp)
(lit.1* mp 268-270 °C (decomp)!H NMR (DMSO-ds, 0): 7.67
(s, 1H), 7.89 (s, 1H). EI-MS (70 eV)W/z |, %): 227 [M*, 27],
209 [72], 183 [79], 64 [100]13C NMR (DMSO-ds, 6): 104.2,
111.4, 114.1, 148.6, 150.1, 151.0, 165.2. Anal. Calcd for
C;HsN3Og: C, 37.02; H, 2.22; N, 18.50. Found: C, 36.70; H, 2.38;
N, 18.69.

2-Methyl-5,7-dinitro-4H-benzo[d][1,3]oxazine-4-one (3% A
suspension of 4,6-dinitroanthranilic a2d10.0 g, 44.0 mmol) is
refluxed in AgO (70 mL) for 1 h. Some insoluble material is filtered
off, and the filtrate is evaporated #, of the initial volume. The
precipitate is filtered off and washed with dry ether. Yield: 9.0 g
(81%), mp 148-150 °C. Signals of3 in 'H NMR spectrum
(DMSO-dg, 9): 2.47 (s, 3H), 8.43 (dJ = 2.0 Hz, 1H), 8.88 (dJ
= 2.0 Hz, 1H). EI-MS (70 eV) 1tvz, |, %): 251 [M*, 44], 236
[100], 207 [55], 43 [45]. Anal. Calcd for §sN3Os: C, 43.04; H,

“abnormal” substitution pattern is probably due to formation 5 01 N 16.73. Found: C, 43.36: H, 2.29: N. 16.41.

of a hydrogen bond between the amine proton and O atom of

the carbonyl group, which stabilizes the intermedipégi-o-

Signals of 2-acetylamino-4,6-dinitrobenzoic acidth NMR
spectrum (DMSQds, 6): 2.11 (s, 3H), 8.51 (dJ = 2.0 Hz, 1H),

complexC (Scheme 11). This assumption is in good agreement 8.82 (d,J = 2.0 Hz, 1H), 10.36 (br.s, 1H).

with the already mentioned 2D NOESY data providing evidence
for the existence of a similar hydrogen bond in the substitution
products6a and 12a (see Figures 1 and 5). Such stabilization
is impossible in the correspondirmqgara-o-complex and evi-
dently is significant enough to “overpower” the steric factors
favoring para-attack of the nucleophile (Scheme 8).
Noteworthy, this peculiar behavior of amines in nucleophilic
substitution reactions (that is, their preferential attack in the
positionortho- to the activating group) was reported eadfer

for the displacement of halogen atoms in 2- and 4-halonitroben-

zenes where formation of the intermedidewas postulated
(in contrast to the compleg, in this case the nitro group rather
than carbonyl is an acceptor of the hydrogen bond).

Experimental Section

Caution: Both we and other researché#3 encountered no
difficulties in working with multigram (0.10.5 kg) quantities of

2,4,6-trinitrobenzoic acid and its derivatives. Nevertheless, polyni-

2-Methyl-5,7-dinitroquinazoline-4(3H)-one (4).To a 6% agq.
NH; (80 mL) benzoxazinone (4.0 g, 15.9 mmol) is added
portionwise under vigorous stirring. The mixture is refluxed with
stirring for 10 min, then the solvent evaporated to dryness, water
(20 mL) is added, and the insoluble residue is filtered off, washed
with water, and dried. Yield: 3.6 g (90%), mp 29899 °C
(MeOH) (decomp)!H NMR (DMSO-ds, 0): 2.42 (s, 3H), 8.46 (s,
1H), 8.67 (s, 1H), 13.03 (s, 1H)3C NMR (DMSO-ds, 9): 21.6,
113.9, 115.2, 123.7, 148.5, 150.5, 150.7, 157.7, 158.9. EI-MS (70
eV) (m'z, 1, %): 250 [M*, 100], 204 [16], 158 [21], 90 [13]. Anal.
Calcd for GHeN4Os: C, 43.21; H, 2.42; N, 22.40. Found: C, 42.93;
H, 2.28; N, 22.67.

2,3-Dimethyl-5,7-dinitroquinazoline-4(3H)-one (5).(Procedure
A — alkylation of the compound). To a solution of quinazolinone
4 (2.0 g, 8.0 mmol) and NaOH (0.48 g, 12.0 mmol) in water (15
mL) (CH3),SO, (1.51 g, 12.0 mmol) is added with stirring. The
mixture is stirred fo 1 h at room temperature. The resulting
precipitate is filtered off, washed with 10% aqg. NE3 x 10 mL)
and then with water, and dried. Yield: 1.8 g (85%), mp 206
208 °C (EtOH).H NMR (DMSO-dg, 9): 2.65 (s, 3H), 3.53 (s,

troaromatic compounds are potential explosives, so proper protective3H), 8.47 (s, 1H), 8.70 (s, 1H}3C NMR (DMSO-dg, 0): 23.4,
measures (shields, glasses) should be used during experiments wit31.2, 114.0, 114.2, 124.1, 148.5, 148.7, 150.4, 157.2, 160.1. El-
these materials. Scale-up of the reported reactions requires apMS (70 eV) Wz, |, %): 264 [M*, 100], 236 [19], 206 [21], 103

propriate chemical hazards testing.
2-Amino-4,6-dinitrobenzoic Acid (2). To a suspension of the

acid1 (20.0 g, 77.8 mmol) and Feg£6H,0 (5.0 g, 18.5 mmol) in

400 mL of EtOH a mixture of 70% M4-H,O (30 mL), AcOH

(20) Dalinger, I. L.; Cherkasova, T. I.; Vorob'ev, S. S.; Aleksandrov,
A. V.; Popova, G. P.; Shevelev, S. Russ. Chem. BulR00%, 50, 2401.
(21) The absence of a carbonyl group could faperi-substitution by

decreasing the steric hindrance (in particular, this factor could be essential
for annulated six- and seven-membered heterocycles). Thus, the latest data

show that reaction of 3-acetyl-2-methyl-5,7-dinitroquinoline with PhSH
results in selectiveperi-substitution: Mezhnev, V. V.; Dutov, M. D.;
Sapozhnikov, O. Yu.; Kachala, V. V.; Shevelev, SMendelee Commun.
2007, 234. For more detailed discussion, see Supporting Information.

(22) (a) De Boer, T. J.; Dirkx, I. P. IThe Chemistry of the Nitro and
Nitroso Groups. Part 1Feuer, H., Ed.; Interscience: New York, 1969;
Chapter 8. (b) Terrier, Mucleophilic Aromatic Displacement: the Influence
of the Nitro Group VCH Publishers: New York, 1991; pp 368.

(23) (a) Organic Synthesediley & Sons: New York, 1941; Collect.
Vol. I, p 541. (b)Organic SynthesedViley & Sons: New York, 1941;
Collect. Vol. |, p 455.

[26]. Anal. Calcd for GHgN4Os: C, 45.46; H, 3.05; N, 21.21.
Found: C, 45.09; H, 2.80; N, 21.53.

Procedure B (recyclization of the compouBd To a solution
of 40% ag. methylamine (0.5 mL, 6.5 mmol) in EtOH (10 mL) is
added benzoxazinorg(1.0 g, 4.0 mmol) under vigorous stirring.
The mixture is refluxed with stirring for 10 min, and the solvent is
evaporated to dryness. The residue is washed with water and dried.
Yield: 0.61 g (58%), mp 206208 °C (EtOH).
5-Methylamino-2,3-dimethyl-7-nitroquinazoline-4(3H)-one (6a)
(from 3). A solution of benzoxazinon& (0.38 g, 1.52 mmol)
and 40% ag. methylamine (1.2 mL, 15 mmol) in EtOH (10 mL) is
refluxed with stirring fo 4 h and cooled. The precipitate thus

(24) In the 'H NMR spectrum of3, signals of 2-acetylamino-4,6-
dinitrobenzoic acid are present, evidently due to hydrolysi3 iof water-
containing DMSOds. This instability of 2-methylben#][1,3]oxazine-4-
ones (which leads, in particular, to the problems with NMR spectra
interpretation) is well known: Rocco, S. A.; Barbarini, J. E.; Rittner, R.
Synthesi®004 429 and references cited therein.

J. Org. ChemVol. 73, No. 6, 2008 2289



JOC Article

formed is filtered off and washed with MeOH. Yield: 0.18 g
(62%). Red crystals, mp 192195 °C (EtOH).*H NMR (DMSO-
ds, 0): 2.55 (s, 3H), 2.94 (dJ = 5.0 Hz, 3H), 3.47 (s, 3H), 7.00
(d,J=2.1Hz, 1H), 7.21 (dJ = 2.1 Hz, 1H), 8.83 (br.q) = 5.0
Hz, 1H, NH). *C NMR (DMSO-s, 0): 23.1, 29.4, 30.4, 96.7,

Kislyi et al.

spectrum: 2.59 (s, 3H), 3.48 (s, 3H), 7.42 {d= 2.1 Hz, 1H),
7.69 (d,J = 2.1 Hz, 1H). Ratio7c/7d 6:1.
5-Amino-2,3-dimethyl-7-nitroquinazoline-4(3H)-one (8), 7-Amino-
2,3-dimethyl-5-nitroquinazoline-4(3)-one (8). To a solution of
the mixture of isomer§c and7d (0.34 g, 1.31 mmol) in MeCN

105.0, 107.3, 149.6, 151.5, 151.7, 157.0, 162.8. EI-MS (70 eV) (10 mL) Nal (1.77 g, 11.78 mmol) and FeQD.32 g, 1.96 mmol)

(m/z, I, %): 248 [M*, 77], 202 [6], 56 [100]. Anal. Calcd for
Ci1iH1:N4Os: C, 53.22; H, 4.87; N, 22.57. Found: C, 53.49; H,
4.71; N, 22.38.

Preparation of 5-Alkylamino-2,3-dimethyl-7-nitroquinazo-
line-4(3H)-ones 6a-j (General Procedure). A solution of 2,3-
dimethyl-5,7-dinitroquinazolinon& (0.4 g, 1.52 mmol) and the

are added. The mixture is stirred for 30 min and filtered. The filtrate
is evaporated to dryness, and the residue is washed with 10% aq.
Na,S,05 and then with water. Yield of the mixture of isomers: 0.28

g (92%). Red crystals. Major isomer is 5-amino-2,3-dimethyl-7-
nitroquinazoline-4(Bl)-one 8. *H NMR (DMSO-ds, 6): 2.55 (s,

3H), 3.47 (s, 3H), 7.17 (d] = 2.2 Hz, 1H), 7.31 (dJ = 2.2 Hz,

corresponding amine (6.06 mmol) (in the case of methylamine and 1H), 7.65 (br.s., 2H). Signals of the minor ison&rin 'H NMR

dimethylamine, a 10-fold excess of 40% aq. solution is used) in
BuOH (5 mL) (in the case of methylamine and dimethylamine,
EtOH is used) is refluxed fol h and cooled. The precipitate thus
formed is filtered off h 3 h and washed with MeOH. The resulting
red crystals could be recrystallized from EtO6&( ¢ or MeCN
(6b, d—j).
5-((4-Methoxyphenyl)amino)-2,3-dimethyl-7-nitroquinazoline-
4(3H)-one (6k).A solution of 2,3-dimethyl-5,7-dinitroquinazolinone
5(0.26 g, 1.0 mmol) ang-methoxyaniline (0.37 g, 3.0 mmol) in
DMF (5 mL) is stirred at 100C for 10 h. The mixture is poured
into water (100 mL) and acidified to pH 3, and the precipitate is
filtered off and purified by flash-chromatography (silica gel,
eluent: heptaneEtOAc from 9:1 to 1:1). Yield: 0.12 g (35%).
Red powder, mp 150152 °C (MeCN).H NMR (DMSO-ds, 9):
2.60 (s, 3H), 3.52 (s, 3H), 3.80 (s, 3H), 7.05 Jd= 8.3 Hz, 2H),
7.27 (d,J = 2.1 Hz, 1H), 7.31 (dJ = 8.3 Hz, 2H), 7.36 (dJ =
2.1 Hz, 1H), 10.51 (br.s, 1H). EI-MS (70 eVingz, I, %): 340
[M*, 100], 325 [70], 279 [31], 165 [30]. Anal. Calcd for
Ci7/H16N4O4: C, 59.99; H, 4.74; N, 16.46. Found: C, 60.26; H,
4.81; N, 16.22.
5-Methylamino-2-methyl-7-nitroquinazoline-4(3H)-one (61).A
solution of 2-methyl-5,7-dinitroquinazolinodg0.38 g, 1.52 mmol)
and 40% ag. methylamine (1.2 mL, 15 mmol) in EtOH (5 mL) is
refluxed fa 5 h and cooled. The resulting precipitate is filtered off
and washed with MeOH. Yellowish-brown crystals. Yield: 0.21 g
(58%), decomp> 290 °C (EtOH).*H NMR (DMSO-ds, 6): 2.31
(s, 3H), 2.92 (dJ = 5.0 Hz, 3H), 7.01 (dJ = 2.1 Hz, 1H), 7.23
(d,J = 2.1 Hz, 1H), 8.79 (br.s, 1H); 12.37 (br.s, 1H). EI-MS (70
eV) (m'z, |, %): 234 [M*, 100], 188 [34], 159 [32], 147 [73]. Anal.
Calcd for GoH1oN4Os: C, 51.28; H, 4.30; N, 23.92. Found: C,
51.59; H, 4.39; N, 23.76.
5-Azido-2-methyl-7-nitroquinazoline-4(3H)-one (7a), 7-Azido-
2-methyl-5-nitroquinazoline-4(3H)-one (7b). A suspension of
2-methyl-5,7-dinitroquinazolinor#(0.38 g, 1.52 mmol) and NajN
(0.10 g, 1.54 mmol) in DMF (7 mL) is stirred at 6@ for 2 h.
The mixture is poured into water (100 mL) and acidified to pH 3.
The precipitate is filtered off and washed with water. Yield of the
mixture of isomers is 0.26 g. Additional amount of the product
(0.05 g) is obtained by extraction of the filtrate with EtOAc and
evaporation of the solvent. Total yield is 0.31 g (83%). The major
isomer is 5-azido-2-methyl-7-nitroquinazoline-#8one 7a, de-
comp> 170°C (50% ag. MeCN)!H NMR (DMSO-dg, 6): 2.37
(s, 3H), 7.83 (dJ = 2.0 Hz, 1H), 7.98 (dJ = 2.0 Hz, 1H), 12.58
(br.s., 1H). EI-MS (70 eV)1tVz, 1, %): 221 [20], 220 [M" — 26,
100], 218 [15]. Anal. Calcd for HeNeO3: C, 43.91; H, 2.46; N,
34.14. Found: C, 44.24; H, 2.23; N, 33.90. Signals of minor isomer
7b observed in the spectrum: 7.40 (W= 2.0 Hz, 1H), 7.65 (dJ
= 2.0 Hz, 1H). Ratio7a/7b 6:1.
5-Azido-2,3-dimethyl-7-nitroquinazoline-4(3)-one (7c), 7-Azi-
do-2,3-dimethyl-5-nitroquinazoline-4(3H)-one (7d).Prepared from
5 as described above fofa and 7b. Yield of the mixture of
isomers: 85%. EI-MS (70 eVnf/z, |, %): 260 [M*, 4], 234 [M*
— 26, 44], 232 [48], 186 [72], 56 [100]. Major isomer is 5-azido-
2,3-dimethyl-7-nitroquinazoline-4(8-one7c. 'H NMR (DMSO-
ds, 0): 2.60 (s, 3H), 3.50 (s, 3H), 7.86 (d,= 2.1 Hz, 1H), 8.01
(d, J = 2.1 Hz, 1H). Signals of minor isoméftd observed in the
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spectrum (DMSQd, J): 2.56 (s, 3H), 3.40 (s, 3H), 6.55 (br.s,
2H), 6.66 (s, 1H), 6.82 (s, 1H). Rat®/8 6:1. EI-MS (70 eV) (v
z, |, %): 234 [M*, 67], 204 [22], 188 [47], 56 [100].

Preparation of 7-Alkylsulfanyl-5-nitroquinazoline-4(3H)-ones
9a—c (General Procedure).A suspension of 5,7-dinitroquinazoli-
none4 or 5 (1.50 mmol), a corresponding alkanethiol (1.52 mmaol),
and KCO; (0.31 g, 2.27 mmol) in DMF (7 mL) is stirred for 40
min at rt. The mixture is poured into water (100 mL) and acidified
to pH 3. The precipitate is filtered off and washed with water.

7-Butylsulfanyl-2-methyl-5-nitroquinazoline-4(3H)-one (9a).
Yield: 85%, mp 218-220°C (MeOH).H NMR (DMSO-dg, 0):
0.91 (t, 3H,J = 7.5 Hz); 1.43 (m, 2H), 1.62 (m, 2H), 2.36 (s, 3H),
3.18 (t,J = 7.5 Hz, 2H), 7.54 (s, 1H), 7.71 (s, 1H), 12.53 (br.s,
1H). %C NMR (DMSO4g, 6): 13.5, 21.4, 21.5, 30.0, 30.4, 107.6,
117.5, 123.8, 146.8, 148.4, 150.2, 157.2, 158.0. EI-MS (70 eV)
(m/z, 1, %): 294 [12], 293 [Mf, 82], 237 [100]. Anal. Calcd for
C13H15N30382 C, 53.23; H, 5.15; N, 14.32; S, 10.93. Found: C,
53.51; H, 5.27; N, 14.12; S, 10.65.

2-Methyl-7-nitro-5-(phenylsulfanyl)quinazoline-4(3H)-one (9d),
2-Methyl-5-nitro-7-(phenylsulfanyl)quinazoline-4(3H)-one (9e).
A suspension of 2-methyl-5,7-dinitroquinazolinché0.70 g, 2.80
mmol), thiophenol (0.58 g, 4.20 mmol) and®0O; (0.58 g, 2.80
mmol) in DMF (10 mL) is stirred for 40 min at rt. The resulting
precipitate is filtered off and washed with water to yield 2-methyl-
7-nitro-5-(phenylsulfanyl)quinazolin-4€8-one9d. Yield: 0.44 g
(50%). Yellow crystals, mp 266263°C (DMF).'H NMR (DMSO-
ds, 9): 2.38 (s, 3H), 7.11 (s, 1H), 7.64 (m, 5H), 7.84 (s, 1H), 12.56
(br.s, 1H). EI-MS (70 eV)1tvz, 1, %): 313 [M*, 100], 266 [18],
171 [23]. Anal. Calcd for @H11N3O3S: C, 57.50; H, 3.54; N,
13.41; S, 10.23. Found: C, 57.92; H, 3.58; N, 13.30; S, 10.33.
The filtrate is poured into water (100 mL) and acidified to pH 3,
and the precipitate is filtered off and washed with water. Yield of
the mixture of isomer8d and9e 0.23 g (26%). Overall rati®d/
9e3:1.

Reaction of 5,7-Dinitroquinazoline-4(3)-ones 4 and 5 with
Phenols (Preparation of 10a-f, General Procedure).A suspen-
sion of 5,7-dinitroquinazolinoné or 5 (1.52 mmol), a correspond-
ing phenol (1.56 mmol), and &0; (0.32 g, 2.34 mmol) in DMF
(7 mL) is stirred at 80C for 4 h. The mixture is poured into water
(100 mL) and acidified to pH 3, and the precipitate is filtered off
and dissolved in benzene (20 mL). The filtrate is extracted with
benzene (3« 20 mL). The combined benzene solutions are filtered
through silica gel, and the solvent evaporated to dryness.

2,3-Dimethyl-7-nitro-5-phenoxyquinazoline-4(81)-one (10a),
2,3-Dimethyl-5-nitro-7-phenoxyquinazoline-4(81)-one (10b).Yield
of the mixture of isomers: 55%. Major isomer is 2,3-dimethyl-5-
nitro-7-phenoxyquinazoline-4(8-one 10b. *H NMR (DMSO-ds,
0): 2.52 (s, 3H), 3.46 (s, 3H), 6.90 (d,= 2.0 Hz, 1H), 7.24 (d,
J = 8.0 Hz, 2H), 7.32 (tJ = 8.0 Hz, 1H), 7.52 (tJ = 8.0 Hz,
2H), 7.64 (d,J = 2.0 Hz, 1H). Signals of the minor isomé&ba
2.60 (s, 3H), 3.47 (s, 3H), 7.07 (d,= 8.1 Hz, 2H), 7.22 (1) =
8.1 Hz, 1H), 7.38 (dJ = 2.0 Hz, 1H), 7.43 (tJ = 8.1 Hz, 2H),
7.99 (d,J = 2.0 Hz, 1H). EI-MS (70 eV)1fvz, |, %): 311 [M*,
35], 281 [53], 253 [24], 97 [65], 56 [100]. Ratib0a/10b1:5.

Preparation of 1-Alkylamino-3-nitrodibenz[ b,f][1,4]oxazepine-
11(1H)-ones 12a-d (General Procedure).A suspension of 1,3-
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dinitrodibenzp,fl[1,4]oxazepine-11(18)-one 11 (0.40 g, 1.33
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52%, mp 216-218°C. *H NMR (DMSO-dg, 9): 2.87 (d,J = 4.7

mmol) and the corresponding amine (5.5 mmol) (in the case of Hz, 3H), 3.20 (m, 2H), 3.563.65 (m, 4H), 3.71 (m, 1H), 3.84
methylamine, a 10-fold excess of 40% ag. solution is used) in BUOH (m, 1H), 6.40 (br.q,J = 4.7 Hz, 1H), 7.57 (dJ = 2.0 Hz,

(5 mL) (in the case of methylamine, EtOH is used) is refluxed for

4 h and cooled. The mixture is kept overnight, and the resulting

crystals are filtered off and washed with MeOH %23 mL).
1-Methylamino-3-nitrodibenz[b,f][1,4]Joxazepine-11(161)-

one (12a).Yield: 77%, mp 266-262 °C. *H NMR (DMSO-ds,

0): 2.87 (d,J=5.4 Hz, 3H), 7.147.23 (m, 4H), 7.30 (d) = 2.2

Hz, 1H), 7.44 (dJ = 8.4 Hz, 1H), 7.50 (br.qJ) = 5.4 Hz, 1H),

10.81 (br.s, 1H). EI-MS (70 eVnf/z |, %): 285 [M*, 100], 268

[22], 238 [48], 211 [30]. Anal. Calcd for gH11N3O4: C, 58.95;

H, 3.89; N, 14.73. Found: C, 58.66; H, 3.99; N, 14.95.
2-Methylamino-4,6-dinitrobenzoic Acid Morpholide (14). A

solution of 2,4,6-trinitrobenzoyl morpholides® (0.65 g, 2 mmol)

and 40% aq. methylamine (1.6 mL, 20 mmol)ii{RrOH (5 mL) is

stirred fa 1 h at 60-65 °C. Upon cooling, the resulting precipitate

is filtered off and washed with MeOH. Yield 0.25 g. The filtrate is

filtered through silica gel, the solvent evaporated to dryness,

and the residue crystallized fromPrOH to afford an additional

0.07 g of the product. Yellowish-brown crystals. Total yield

1H), 7.95 (d,J = 2.0 Hz, 1H). EI-MS (70 eV)fvz |, %): 310
[M*, 31], 224 [42], 86 [48], 56 [100]. Anal. Calcd for
CioH14N4Og: C, 46.45; H, 4.55; N, 18.06. Found: C, 46.77; H,
4.62; N, 17.78.
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