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simple and metal-free reaction conditions usingoiesl ando-benzenediamines oxidized by iodine :
TBHP. A TBHP oxidized ring expansion reaction methm that explains the synthesis
benzimidaza],2-clquinazolines was reported.
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1. Introduction serotonic receptor anatgonismthat selectively amtagd thew;-
L . . o . N adrenoceptor? Also compounds with the similar structure such
Benzimidazole and quinazolinone derivatives exisielyi in as 2-[[4-(2-methoxyphenyl)-piperazin-1-ylimethylj32dihy-
natural products. They are important heterocycles diverse droimidazo[1,2¢]-quinazolin-5(64)-one  (3) and ~ 3-[[4-(2-
range of biological and medical activities suchaagidiabetic, methoxyphenyl)piperazin-1-yljmethyl]-2,3-dihydroidazo[1,2-
analgesic, antiviral, chemotherapeutic, antifungeilii-parasitic cJ-quinazolin-5(64)-one (4) that selectively antagonized thé
anti-inflammatory, antihypertensive, anti-HIV, brorditatory  ggrengceptor.® On this basis, we speculated that benzo-

and .anti-allgrgic.l Also in the early literatures, benzimidazo[1,2- 14 gimidazo[t,2-cJquinazolin6(5H)-one and its derivatives had
c]quicnazoline and its derivatives have shown paéattivities potential biological and medical activities.

in pharmaceuticals. For example, they showed argitigpic,
antirheumatic, antianaphylactic, anti-asthmaticandguilizing, Previous work:
neurostimulating, and benzodiazepine binding awisi *
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2 Scheme 2 Preparation of benzimidazo[1,2-c]quinazolin-6-ones

Scheme 1 Example of benzimidazo[1,2-c]quinazoline-6-ones. There_have been Some literatures_ that r.eportemehgaods for

For example, CGS-1761 was thought to have weak attixioly Preparation of benzimidazo[1@quinazolin-6-ones.” Zhao
profiles. 3 The SGB1534 has been found to have reported a synthesis of pyridoimidazoles througangition-
antihypertensive activities mediated viaadrenoceptor and metal-catalyzed or hypervalent-iodine-mediated C-H/Nross-
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coupling ofN-arylamidines (Scheme 24d)In the other report, a
synthesis of quinazolines via the reductive cytiiga by low-
valent titanium reagent was proposed (Scheme *2Based on
the early literatures, an operationaltymple and generally
applicable strategy to access a variety of benzmuofl,2-
cJquinazolin-6-ones with indoles ando-benzenediamines
mediated by JTBHP was reported (Scheme 2c).

2. Results and discussion

Our study was initiated by the reactionMimethyl-indoles (0.5
mmol) in DMSO at 9F°C in the presence of hnd TBHP (2.5

mmol). After 24 hoursp-benzenediamine was added, and the 5‘@ }
)@ﬁ X [I A

reaction lasted for 30 min. The product could b&eioted in 90%
yield (Table 1, entry 1). In our design, the reactivould give
quinoxaline, but finally 5-methylbenzo-[4,5]imiddcR-
c]quinazolin-6(3)-one @a) was obtained. The structure was
determined by'H NMR, *C NMR and XRD (see supporting
information). When the reaction was mediated by otbdine
sources such as Kl and BNHthe yield of 4a was decreased
(Table 1, entries 3-4). Then we changed the oxgamaction
temperatures, solvents and other reaction condifimore details
are shown in Supporting Information), no better ksswere
revealed (Table 1 entries 5-13).

Table 1. Reaction Optimization®.

NHy
/ @
o) step 2

2a

iodine, oxidant
solvent , 90°C

I
o

step 1

Entry lodine(mmol)  Oxidant (mmol)  Solvent Yield (%)°
1 1,(0.6) TBHP (2.5) DMSO 90

2 NH,l (0.6) TBHP (2.5) DMSO 40

3 K1 (0.6) TBHP (2.5) DMSO 36

4 1,(0.6) BPO (2.5) DMSO 44

5 1,(0.6) Na,S; (2.5) DMSO Trace
6 ,(0.6) (NH4),5,05 (2.5)  DMSO 84

7 1,(0.6) TBHP (2.5) DMF 30

8 1,(0.6) TBHP (2.5) Toluene 54

9 1,(0.6) TBHP (2.5) 1,4-dioxane  trace
10 1,(0.6) TBHP (2.5) DMSO 40°
11 ,(0.6) TBHP (2.5) DMSO 66°
12 1,(0.6) TBHP (2.5) DMSO 64°
13 ,(0.6) TBHP (2.5) DMSO 88’

9 All reactions were carried out using 0.5 mmol 1a in the solvent (5 ml) by first
adding I, (0.6 mmol) and TBHP (2.5 mmol) at the 90 °C and stirring for 24 h,
followed by adding 3a (0.34 mol) and stirring until reaction finished. © Isolated
yield. € Changed the temperature to 120 °C after added o-benzenediamine. d
Reaction time of step 2 is 10 min. ° Reaction proceeded in nitrogen. fReaction
proceeded in oxygen.

With the optimal reaction conditions in hand, wedstigated
the scope of the reaction by using different indobnd o-
benzenediamines (Scheme 3). Generallysmethyl-indoles
bearing electron-donating groups gave similar geldth those
bearing electron-withdrawing groupdbf4d, 4e-4f). It showed
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that the yield of reaction was uninfluenced by thecteonic
effect of the substituents on the indoles.
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Scheme 3 Substrate scope of indoles and o-benzenediamines (All reactions were
carried out by adding 0.5 mmol 1, 0.6 mmol 12 and 2.5 mmol TBHP to 6 ml DMSO
at 90 °C, stirring for 24 hours, followed by adding 0.34 mmol 2 at 90 °C and

stirring for 30 min).

It was worth noting that indoles proceeded smootilythis
reaction and provided the higher yields of the pas thanN-
methyl-indoles 4g-4i). Steric hindrance also played an important
role in this reaction. 4-Chloro-1-methyHiindole @j-4l)
showed lower yields than 5-chloro-1-methyl-indole @c, 4o
and 4s). Electron-donating groups and electron-withdrawing
groups on th@-benzenediamines were tolerated. Intriguingky,
benzenediamines with electron-donating grouf®-4q) gave
better yields than those with electron-withdrawingugps 4&r-
4v). Monosubstituted substitutedbenzenediamineglX-4z) also
proceeded well.

In order to better understand the mechanism of rétion,
several control experiments were performed in Schénleatin

2a was used under standard conditions, and a sligigly yield

of 4a was obtained, which indicated that isatin was an
intermediate in the reaction. A faster reactiore nafis received
when acetic acid was added in, which showed that hgdraan
influenced the reaction. @ control experiment was conducted
with TBHP as the only oxidant and a slightly higlelgii of 4a was
obtain, which showed that TBHP was crucial for teeond step.
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Then the2a reacted in the reaction condition without any orida  Subsequently, intramolecular nucleophilic reactiaf I
and no produc#fa was obtained. It was shown that oxidant afforded the intermediate!. The nitrogen atom attack to ketone

played an important role in the reaction procesfieRVisatoic  ang provides intermediat®. Finally, along with intramolecular
anhydride2b was subjected to the reaction under the Standargondensatmn reaction, the desired prodaaas obtained.
conditions, and no product was obtained. The rgsoled that

isatin wasn't oxidized and the oxidant showed efi@ttother

process. When aniling was used in the standard conditions and3, Conclusions

a trance amount of compouBd was obtained. It was indicated

that nucleophilic reaction occurred withbenzenediamine and  In conclusion, we have found that benzimidazold;2-

isatin. Finally, the2a reacted for 2 minutes under the samequinazolin-6(%)-ones could be synthesized with indolesnd

reaction conditiorScheme (a). We found that the less yield of o-benzenediamine® oxidized by } and TBHP. This procedure

product 4a was obtained and intermediatewas detected by worked in reasonable yields for different indolesval aso-

crude HRMs. benzenediamines and thus might provide a convearhimetal-
I, TBHP, DMSO free synthesis of quinazolinone derivatives.

@E@: . ©:NH2 90 °C, 30 min, d @
. e Ao 4. Experimental
2a 3a

4392/

4.1. General Information:

o} I, HOAc, TBHP, DMSO
NH. . . .
@:&o @[ ?o__soccismin m N-methyl-1H-indoles were prepared according to literature
(b) .
\ Nre procedures. Other reagents were purchased from canainer

suppliers and used without further purification. Adactions
o \w,  TBHPDNSO were carried out in air and using undistilled sotyevithout any
EI Ao

2a 3a 4a 88%

@[ 0. smn,, © precautions to exclude air and moisture. All reatiovere
Ao monitored by thin-layer chromatography (TLC). Chedograms
were visualized by fluorescence quenching with UV lighR54
- DVF, N, nm and 365 nntH NMR spectra were recorded in CRQ®F d-
@f:,g‘o * @[N RN @fﬁg @ DMSO on a Bruker Avance 300 spectrometer at 400 MHz and
500 MHz, and tetramethylsilane (TMS) served as ivaer
standard*C NMR spectra were run in the same instrument at
. C[N '2QZB§P3§:§° 101 MHz, and 126 MHz. HRMS was recorded on a commercial
©\):,go ' ©\/€& © apparatus (ESI Source).

- g 4.2. Preparation of N-methyl-1H-indoles:
o 1 BN, 1O V’O To a §o|ution of indole (1.1.7 g, 10 mmol) and pstas
@E‘g:o ©/ _s0°c,3omn @j% 0 hydroxide (2.8 g, 50 mmol) in anhydrous DMF (20 milas
2”\ N added iodomethane (2.13 g, 15 mmol). The reactiotune was
= ot stirred at room temperature for 2 h. ThesOHvas added to the
o \ 'l TOHPDVSO i@ mixture. The water layer was extracted with EtOAc (50xr8).
@[@:o C( | ©\/l @ The organic layer was combined and dried ovesSa After
N NH, o . . . . . o
\ N filtration and evaporation, the residue was purifimdsilica gel

2a 4a 60 %

1 chromatography (petroleum ether/ethyl acetate &Bfford N-
Scheme 4 Control experiments methy|-]H-indO|e (1.24 g, 94%).
4.3.General Procedure for the Reaction:

N-methyl indole (0.5 mmol), DMSO (5 ml) were added into
reaction tube and stirred at Q. Then the J (0.6 mmol) and
TBHP (2.5 mmol) were added into the reaction tubdeA24
hours theo-benzenediamine (0.34 mmol) was added into the
mixture. The reaction was stopped until thbenzenediamine
was completetly consumed as monitored by TLC armlysiter

the completion of reaction, 5% P&O; solution (30 mL) was

Based on the above result and the literatufes, proposed
reaction mechanism for the formation of benzimidazsc]-
quinazoline derivatives is illustrated in Schemé&isst, indole 1la
was oxidized to the isatiRa. Then nucleophilic reaction
occurred with compound2a and o-benzenediamines and
intermediatel was generated. Baeyer-Villiger oxidation was
occurred on the intermediateand generated intermedidte

H,N
H2N]© QNW added to the mixture. The mixture was extracted \EOAc
(3%x20 ml) and the organic layer was dried by8@,. Then the
@@ R @E%‘ m crude product was purified by silica gel chromatpgsa
1 ‘ TB\""‘ me (petroleum ether/ethyl acetate/ dichloromethanély/1
Q d 4.4, Characterization of Benzimidazo[ 1,2-c] quinazoline.
/ k 4.4.1.5-Methylbenzo[4,5]imidazo[1,2}quinazolin-6(31)-one

5‘;@ H0 HOHN " ! (4a)
N 3:
N " Yield = 90%; white solid. Mp: 160-16°C. 'H NMR (400 MHz,
Scheme 5 Proposed reaction mechanism CDCl) & 8.57 (d,J = 7.6 Hz, 1H), 8.49 (d] = 7.6 Hz, 1H), 7.90

(d,J = 8.0 Hz, 1H), 7.65 (t, 1H), 7.52 (m, 4H), 3.19 (s)3"°C
NMR (101 MHz, CDCJ) & 147.0, 146.7, 143.5, 138.0, 132.4,
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131.2, 125.7, 125.6, 124.3, 123.9, 119.3, 115.4,511113.2,

30.5."F NMR (376 MHz, CDCJ) § -103.76, -218.54. HRMS

(ESI) caled for GHiN;O [(M + H): 250.0975; found,

250.0975.

4.4.2. 3-Fluoro-5-methylbenzo[4,5]imidazo[1@¢quinazolin-

6(5H)-one @b)

Yield = 61%; white solid. Mp: 188-191C. 'H NMR (400 MHz,
CDCl;) 6 8.52 (ddJ = 8.8, 6.4 Hz, 1H), 8.42 (d,= 7.6 Hz, 1H),

Tetrahedron

MHz, d-DMSO) & 148.1, 146.9, 144.0, 137.6, 132.7, 131.1,
125.5, 124.9, 124.1, 123.8, 119.6, 116.4, 115.2.3L1HRMS
(ESI) calcd for GHgN;0 [(M +H)']: 236.0818; found, 236.0815.

4.4.8. 2-Methoxybenzo[4,5]imidazo[1,8quinazolin-6(3)-one
(4h)

Yield = 75%, white solid. Mp: 292-29%C. 'H NMR (400 MHz,
ds-DMS0) & 11.83 (s, 1H), 8.35 (d, = 7.2 Hz, 1H), 7.84 (d] =

7.85 (d,J = 7.6 Hz, 1H), 7.50-7.40 (m, 2H), 7.11-6.99 (m, 2H) 7.6 Hz, 1H), 7.72 (d] = 2.4 Hz, 1H), 7.49-7.24 (m, 4H), 3.86 (s,

3.72 (s, 3H).;*C NMR (101 MHz, CDG)) & 166.3 (d,"Jc ¢ =
253 Hz, 1C), 146.9, 146.0, 143.7, 139.8%#, r= 10 Hz, 1C),

131.0, 127.9 (d®Jc = 10 Hz, 1C), 125.6, 124.3, 119.3, 115.3,

111.7 (d2Jc = 23 Hz, 1C), 109.8 (dJc = 3 Hz, 1C), 102.2 (d,
%Jo. ¢ = 28 Hz, 1C), 30.7. HRMS (ESI) calcd foggH,0FN;O [(M
+H)']: 268.0881; found, 268.0888.

44.3. 3-Chloro-5-methylbenzo[4,5]imidazo[1@guinazolin-
6(5H)-one @c)

Yield = 57%, white solid. Mp: 223-22%C. 'H NMR (400 MHz,
CDCl) 6 8.44 (ddJ = 8.4, 5.2 Hz, 2H), 7.86 (d,= 8.0 Hz, 1H),
7.50-7.26 (m, 4H), 3.73 (s, 3H)3C NMR (101 MHz, CDC)) &
146.7, 145.9, 143.7, 138.8, 138.4, 131.1, 126.8&.712124.5,
124.2, 119.4, 115.4, 114.7, 111.8, 30.6. HRMS (E&lyd for
C1sH1oCINLO [(M +H)']: 284.0585; found, 284.0588.

44A4. 3-Bromo-5-methylbenzo[4,5]imidazo[1&quinazolin-
6(5H)-one @d)

Yield = 64%, white solid. Mp: 221-22%C.*"H NMR (400 MHz,
CDCl,)  8.42 (d,J = 8.0 Hz, 1H), 8.37 (d] = 8.4 Hz, 1H), 7.85
(dd, J = 1.2, 6.8 Hz, 1H), 7.50-7.41 (m, 4H), 3.73 (s, 3HG
NMR (101 MHz, CDCJ) & 146.6, 145.9, 143.5, 138.8, 131.1,
127.1, 126.8, 126.7, 125.7, 124.6, 119.4, 117.6.41112.1,
30.6. HRMS (ESI) calcd for £H,0BrN;O [(M +H)']: 328.0080;
found, 328.0088.

445,
one @e)

3,5-Dimethylbenzo[4,5]imidazo[1,8lquinazolin-6(3)-

Yield = 80%, white solid. Mp: 269-27°C. *H NMR (500 MHz,
CDCl,)  8.47 (dd,J = 9.5, 8.0 Hz, 2H), 7.88(d,= 8.0 Hz, 1H),
7.51-7.42 (m, 2H), 7.20 (d} = 8.0, 1H), 7.09 (s, 1H), 3.76 (s,
3H), 2.48 (s, 3H).2*C NMR (126 MHz, CDCJ) 6 147.1, 146.9,
1435, 138.0, 131.1, 125.5, 125.5, 125.1, 124.8.111115.4,
114.8, 110.6, 30.4, 22.3. HRMS (ESI) calcd fagHGN5O [(M
+H)']: 264.1131; found, 264.1138.

3N30 [(M +H)+]: 264.1131; found, 264.1138.

4.4.6. 2-Methoxy-5-methylbenzo[4,5]imidazo[1@¢quinazolin-
6(5H)-one d@f)

Yield = 61%, white solid. Mp: 233-23%.'"H NMR (500 MHz,
CDCl) & 8.48 (d,J = 8.0 Hz, 1H), 7.92 (d] = 3.0 Hz, 1H), 7.88
(d, J = 8.0 Hz, 1H), 7.51-7.42 (m, 2H), 7.26-7.16 (m, 2HR43
(s, 3H), 3.74 (s, 3H).”*C NMR (126 MHz, CDCJ) 5 156.0,
146.8, 146.6, 143.6, 132.0, 131.3, 125.5, 124.2,312119.2,
116.0, 115.5, 113.8, 106.7, 56.0, 30.5. HRMS (E&lgdt for
C1aH13N50, [(M +H)™]: 280.1081; found, 280.1122.

4.4.7. Benzo[4,5]imidazo[1,2&]quinazolin-6(31)-one 4g)
Yield = 84%, white solid. Mp: >308C. *H NMR (400 MHz, ¢-

DMSO0)$ 11.97 (s, 1H), 8.38 (dd,= 10.0, 8.0 Hz, 2H), 7.88 (d,
J = 7.6 Hz, 1H), 7.68 (t, 1H), 7.52-7.36 (m, 4HJC NMR (101

3H).; ®C NMR (101 MHz, ¢DMSO) § 155.7, 148.0, 146.6,
143.9, 131.6, 131.2, 125.5, 124.1, 121.6, 119.8.01.1115.3,
112.8, 106.3, 56.1. HRMS (ESI) calcd fors@uNsO, [(M
+H)']: 266.0924; found, 266.0918.

4.4.9.
(4)

Yield = 68%, white solid. Mp: >308C. *H NMR (400 MHz, ¢-
DMSO0) & 12.09 (s, 1H), 8.39 (dd,= 7.2, 1.6 Hz, 1H), 7.91 (d,

= 8.0 Hz, 1H), 7.58 (t, 1H), 7.49-7.34 (m, 5HYC NMR (101
MHz, d-DMSO) & 146.5, 146.0, 143.8, 139.7, 132.4, 131.6,
130.4, 126.0, 125.6, 124.8, 120.1, 115.3, 115.8,41HRMS
(ESI) calcd for GHsCIN;O [(M +H)]: 270.0429; found,
270.0423.

1-Chlorobenzo[4,5]imidazo[1,8lquinazolin-6(31)-one

4.410. 1-Chloro-5-methylbenzo[4,5]imidazo[1@gquinazolin-
6(5H)-one @j)

Yield = 49%, white solid. Mp: 238-248C. '"H NMR (500
MHz, CDCk) & 8.50 (d,J = 7.5 Hz, 1H), 8.01 (dJ) = 8.0 Hz,
1H), 7.53-7.22 (m, 5H), 3.77 (s, 34H}3C NMR (126 MHz,
CDCl,) & 146.6, 144.4, 143.6, 139.7, 133.5, 131.1, 13(26,6
125.5, 124.9, 120.3, 115.4, 113.1, 111.8, 31.3. HR#SI)
calcd for GsHyCINSO [(M + Na)]: 306.0405; fond, 306.0412.

44.11. 1-Chloro-5,9,10-trimethylbenzo[4,5]imidazo[1,2-
c]quinazolin-6(31)-one @k)

Yield = 49%, white solid. Mp: 243-248C. 'H NMR (500
MHz, CDCk) & 8.20 (s, 1H), 7.73 (s, 1H), 7.41-7.35 (m, 2H),
7.19 (dd,J = 8.0, 1.0 Hz, 1H), 3.74 (s, 3H), 2.43 (= 6.0 Hz,
6H).; °C NMR (126 MHz, CDGJ)) 5 146.6, 143.5, 142.1, 139.5,
134.6, 134.4, 133.1, 130.6, 128.7, 126.4, 120.5.311112.9,
111.9, 31.2, 20.6, 20.5. HRMS (ESI) calcd fqrHG,CIN;O [(M
+ H)']: 312.0898; found, 312.0907.

4.412. 1-Chloro-9,10-difluoro-5-methylbenzo[4,5]imidaz¢?i
c]quinazolin-6(3)-one @l)

Yield = 56%, white solid. Mp: 266-268C. '"H NMR (400
MHz, CDCk) & 8.38 (dd,J = 10.0, 7.9 Hz, 1H), 7.81 (dd,=
10.0, 7.9 Hz, 1H), 7.59-7.49 (m, 2H), 7.34 Jds 8.0 Hz, 1H),
3.82 (s, 3H).*C NMR (101 MHz, CDCJ) 6 151.0 (dd,"J¢, ¢ =
18, 249 Hz, 1C), 150.2 (ddllc = 17, 249 Hz, 1C), 146.3, 145.8
(d,*Jc £ = 3 Hz, 1C) 139.7, 133.6, 131.6, 127.0, 125.81d¢=
11 Hz, 1C), 113.3, 111.6, 107.8 {d¢ £ = 20 Hz, 1C), 104.1 (d,
%Je ¢ =24 Hz, 1C), 31.5"%F NMR (376 MHz, CDG)) & -137.65~
-137.91 (m, 2F). HRMS (ESI) calcd for,48sCIF,N;O [(M +
H)*]: 320.0397; found, 320.0402.

4.4.13. 5,9,10-Trimethylbenzo[4,5]imidazo[1@guinazolin-
6(5H)-one @m)

Yield = 64%, white solid. Mp: 221-22%C. '"H NMR (400
MHz, CDCk) & 8.53 (ddJ = 7.6, 1.2 Hz, 1H), 8.23 (s, 1H), 7.63-
7.26 (m, 4H), 3.77 (s, 3H), 2.44 (@= 6.4 Hz, 6H).;°C NMR
(400 MHz, CDCJ) 5 147.1, 145.9, 142.1, 137.8, 134.6, 133.6,
131.9, 129.6, 125.5, 123.7, 119.4, 115.4, 114.3,5,180.4, 20.6.



HRMS (ESI) calcd for GH,eNsO [(M + H)']: 278.1288; found,
278.1300.

4.4.14. 3-Fluoro-5,9,10-trimethylbenzo[4,5]imidazo[1,2-
c]quinazolin-6(31)-one @n)

Yield = 69%, white solid. Mp: 252-252C. '"H NMR (400
MHz, CDCkL) & 8.49 (dd,J = 8.8, 6.4 Hz, 1H), 8.16 (s, 1H), 7.58
(s, 1H), 7.09-6.97 (m, 2H), 3.71 (s, 3H), 2.43 41d,= 7.6 Hz,
6H).; °C NMR (101 MHz, CDG)) & 166.1 (d,"Jc r = 253 Hz,
1C), 146.9, 145.3, 142.0, 139.5 (@ r = 11 Hz, 1C), 134.7,
1337,129.3, 1277 (dJ)c = 10 Hz, 1C), 119.3, 115.3, 111.6 (d,
JC £= 23 Hz, 1C), 111.3, 109.9 (‘%;I]C £= 2.2 Hz, 1C), 102.1 (d,
?Je.r = 28 Hz, 1C), 30.6, 20.83%F NMR (376 MHz, CDGC)) & -
104.53 (s, 1F). HRMS (ESI) calcd forA,,FN;O [(M + H)']:
296.1194; found, 296.1203.

4.4.15. 3-Chloro-5,9,10-trimethylbenzo[4,5]imidazo[1,2-
c]quinazolin-6(31)-one @o)

Yield = 71%, whitesolid. Mp: 267-278C. '"H NMR (400
MHz, CDCE) & 8.40 (d,J = 8.4, 1H), 8.15 (s, 1H), 7.58(s, 1H),
7.32-7.26 (m, 2H), 3.72 (s, 3H), 2.43 (&= 7.6, 6H).;°C NMR
(101 MHz, CDC}) & 146.7, 145.1, 142.1, 138.6, 137.9, 134.9,
133.9, 129.4, 126.5, 124.0, 119.4, 115.3, 114.8,01 130.5, 20.6,
20.5. HRMS (ESI) calcd for £H;,CIN;O [(M + H)']: 312.0898;
found, 312.0901.

4.4.16. 3-Bromo-5,9,10-trimethylbenzo[4,5]imidazo[1,2-
c]quinazolin-6(3)-one ép)

Yield = 83%, white solid. Mp: 286-288C. '"H NMR (400
MHz, CDCk) & 8.38 (d,J = 8.0 Hz, 1H), 8.18 (s, 1H), 7.61 (s,
1H), 7.50-7.46 (m, 2H), 3.74 (s, 3H), 2.44 {d= 7.2 Hz, 6H).;
*C NMR (101 MHz, CDGJ) § 146.7, 145.1, 141.8, 138.7, 135.0,
134.1, 129.4, 127.0, 126.7, 126.3, 119.4, 117.6.411112.3,
30.6, 29.7, 20.6. HRMS (ESI) calcd for;8,,BrN;O [(M + H)']:
356.0393; found, 356.0397.

4.4.17. 2-Methoxy-5,9,10-trimethylbenzo[4,5]imidazo[1,2-
c]quinazolin-6(3)-one @q)

Yield = 56%, White solid. Mp: 242-248C. 'H NMR (500
MHz, CDCk) § 8.21 (s, 1H), 7.91 (s, 1H), 7.61 (s, 1H), 7.22-7.13
(m, 2H), 3.93 (s, 3H), 3.73 (s, 3H), 2.43 Jd; 7.0 Hz, 3H).°C
NMR (126 MHz, CDC)) 6 155.9, 146.8, 145.8, 134.7, 133.7,
131.9, 129.6,121.0, 119.2, 115.9, 115.5, 113.6,681(%6.0, 30.5,
20.6, 20.6. HRMS (ESI) calcd for if::N0, [(M +H)']:
308.1394; found, 308.1400.

4.4.18. 3,9,10-Trifluoro-5-methylbenzo[4,5]imidazo[1,2-
c]quinazolin-6(%1)-one @r)

Yield = 70%, white solid. Mp: 241-242C. 'H-NMR (400
MHz, CDClL) 5 8.54 (dd,J = 8.6, 6.4 Hz, 1H), 8.32 (dd,= 9.6,
7.4 Hz, 1H), 7.65 (dd) = 10.2, 7.0 Hz, 1H), 7.18-7.07(m, 2H),
3.78 (s, 3H).;°C NMR (101 MHz, CDCJ) 6 166.6 (d,"Jc ¢ =
254 Hz, 1C), 151.0 (ddJc £= 15, 246 Hz, 1C), 149.7 (ddle ¢
=15, 246 Hz, 1C), 147.4, 146.6, 13983% ¢ = 11 Hz, 1C),
139.3 (d, JC ¢= 11 Hz, 1C), 128.0 (d)c = 10 Hz, 1C), 126.2,
112.2 (d,2c ¢ = 23 Hz, 1C), 109.5 (dJc = 2 Hz, 1C), 107.0
(d,*Jc £= 20 Hz, 1C), 104.0 (d)c ¢ = 24 Hz, 1C), 102.4 (&),
¢ = 28 Hz, 1C), 30.8°F NMR (376 MHz, CDGCJ) 5 -103.03 (s,
1F), -137.97~-138.85(m, 2F). HRMS (ESI) calcd fogtGFsN;O
[(M + H)]: 304.0692; found, 304.0694.

4.419. 3-Chloro-9,10-difluoro-5-methylbenzo[4,5]imidazdli,
c]quinazolin-6(51)-one @s)

Yield = 68%, white solid. Mp: 293-298C 'H NMR (400
MHz, CDCk) 8 8.46 (d, J = 8.4 Hz, 1H), 8.33 (dd, J = 10.0, 7.6
Hz, 1H), 7.67 (dd, J = 10.0, 7.8 Hz, 1H), 7.42-7.40 BH),

5
3.79.;°C NMR (101 MHz, CDGJ) & 149.9 (d,"Jc ¢ = 260 Hz,
1C), 148.6 (d'Jc ¢ = 217 Hz, 1C), 139.4 (dJc ¢ = 10 Hz, 1C),
138.9 (d,Jc £ = 11 Hz, 1C), 126.8, 126.5 (Hll. ( = 12 Hz, 1C),
124.6, 114.9, 111.5, 107.1 (¢ = 20 Hz, 1C), 104.1 (cf,]C .
= 24 Hz, 1C), 30. 819 NMR (376 MHz, CDCJ) & -137.56~-
138.24(m, 2F). HRMS (ESI) calcd for GHsCIF,N;O [(M +
H)"]: 320.397; found, 320.0402

4.4.20. 3-Bromo-9,10-difluoro-5-methylbenzo[4,5]imidazdli,
c]quinazolin-6(%1)-one @t)

Yield = 77%, white solid. Mp: >308C. 'H NMR (500 MHz,
CDCl) 6 8.41 (d,J = 6.8 Hz, 1H), 8.34 (dd] = 6.0, 8.0 Hz, 1H),
7.68 (dd,J = 5.6, 8.0 Hz, 1H), 7.58-7.57 (m 2H), 3.80 (s, 3H),;
*C NMR (126 MHz, CDC)) & 149.3 (dd,"Jc ¢ = 16, 243 Hz,
1C) 148.2 (dd}Jc ¢ = 15, 236 Hz, 1C), 147.3, 140.2, 139.2 (d,
*Jc.r= 9 Hz, 1C), 138.8, 130.6, 127.5, 127.2, 126.9,9,17711.8,
107.1 (d,Jc ¢ = 21 Hz, 1C), 104.1 (&,JC ¢= 25 Hz, 1C), 30.8.
F NMR (376 MHz, CDG)) 6 -137.87~-138.64 (m, 2F). HRMS
(ESI) caled for GHgBrFN;O [(M +H)']: 363.9892; found,
363.9898.

44.21. 9,10-Difluoro-3,5-dimethylbenzo[4,5]imidazo[1,2-
c]quinazolin-6(%1)-one @u)

Yield = 73%, white solid. Mp: 279-28iC. '"H NMR (400
MHz, CDCk) § 8.39 (d,J = 8.4 Hz, 1H), 8.33 (dd] = 7.2, 10.0
Hz, 1H), 7.65 (ddJ = 7.2, 10.0 Hz, 1H), 7.24-7.18 (m, 2H), 3.79
(s 3H) 2.55 (s, 3H)XC NMR (101 MHz, CDCJ) 5 150.8 (dd,
e, = 24, 258 Hz, 1C), 149.5 (dd)c ¢ = 26, 246 Hz, 1C),
143.8, 138.0, 128.8, 126.5, 125.5 {@; r = 12 Hz, 1C), 115.0,
110.7, 106.8 (fJc £ = 20 Hz, 1C), 104.0 (dJc = 24 Hz, 1C),
30.5, 29.7, 23.9, 22.4%F NMR (376 MHz, CDGJ) & -138.26(d,
2F). HRMS (ESI) calcd for GH1,FN;0 [(M + H)'T: 300.0943;
found, 300.0964.

4.4.22. 9,10-Difluoro-2-methoxy-5-methylbenzo[4,5]
imidazo[1,2¢€]quinazolin-6(31)-one @v)

Yield = 42%, white solid. Mp: 249-25iC. '"H NMR (500
MHz, CDC}) 6 8.35 (dd,J = 10.0, 6.0 Hz, 1H), 7.93 (d,= 2.5
Hz, 1H), 7.66 (ddJ = 10.0, 7.5 Hz, 1H), 7.32-7.26 (m, 2H), 3.94
(s, 3H), 3.79 (s, 3H).”*C NMR (126 MHz, CDCJ)) 5 156.2,
150.7(dd, "Jc ¢ = 15, 246 Hz, 1C), 149.4 (éuC £ = 15, 246 Hz,
1C), 148.0 (d*Jc ¢ = 3 Hz, 1C) 146.4, 139.3 (8)c = 11 Hz,
1C), 132.1, 126.6 () r = 12 Hz, 1C), 121.7, 116.2, 113.6,
106.8 (d, ZJC £ = 20Hz, 1C), 106.7, 104.1 (@l = 25 Hz, 1C),
56.0, 30.7.F NMR (376 MHz, CDGJ)) 5 -137.82 (d, 2F).
HRMS (ESI) calcd for GHy;FN3O, [(M + H)']: 316.0892;
found, 316.0891.

4.4.23 5-methylpyrido[3',2":4,5]imidazo[1,2}quinazolin-6(5)-
one @w)

Yield= 68%, white solid. Mp: >306C. *H NMR (500 MHz,
CDCl) & 8.75 (m, 2H), 8.71 (dd] = 1.5, 8.0 Hz, 1H), 7.76 (m,
1H), 7.49 (m, 3H), 3.84 (s, 3HYC NMR (126 MHz, CDG)) 5
156.1, 148.9, 147.6, 146.7, 138.2, 133.3, 126.8..3,2123.5,
119.2, 114.6, 113.0, 30.6. HRMS (ESI) calcd fesHGoN,O [(M

+ H)"]: 251.0927; found, 251.0930

4.4.24. 5,10-dimethylbenzo[4,5]imidazo[IgRyuinazolin-6(5)-
one @x)

Yield = 59%, white solid. Mp: 219-22C. 'H NMR (400 MHz,
CDCly) 4 8.53 (ddJ = 1.5, 9.5 Hz, 1H), 8.32 (d,= 10.5 Hz,
1H), 7.65 (s, 1H), 7.63 (m, 1H), 7.38 (m, 3H), 3(863H),
2.54 (s, 3H)*C NMR (101 MHz, CDGC)) & 147.0, 146.7,
144.0, 137.9, 135.5, 132.1, 129.2, 125.7, 125.63.712
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119.2, 114.8, 114.4, 113.4, 30.4, 21.9, 21.8. HRESI)
calcd for GeH1aN;O [(M+H)*]: 264.3013; found, 264.3020.

4.4.25. 2-methoxy-5,10-dimethylbenzo[4,5]imidazo[1,2-
c]quinazolin-6(5H)-one4y)

Yield = 38% white solid. Mp: 175-17C. 'H NMR (400
MHz, CDCl) & 8.36 (m, 1H), 8.00 (m, 1H), 7.76 (m, 1H),
7.33 (m, 3H), 3.96 (s, 3H), 3.77 (s, 3H), 2.553H); °C 2.
NMR (101 MHz, CDC}) & 156.1, 146.8, 132.2, 127.1,
125.8, 121.4, 119.0, 118.7, 116.0, 115.5, 115.07..0
106.9, 56.1, 30.6, 21.9. HRMS (ESI) calcd farHG:NsO,
[(M+H)*]:294.3273; found, 294.3281.

4.4.26. 10-chloro-5-methylbenzo[4,5]imidazo[1,2-
c]lquinazolin-6(84)-one @z)

Yield = 65% white solid. Mp: 136-13%. 'H NMR (400
MHz, CDCk) 4 8.38 (d,J = 7.2 Hz, 1H), 8.22 (d] = 8.0 Hz,

1H), 7.73 (d,J = 7.2 Hz, 1H), 7.62 (d)J = 10.7 Hz, 1H),
7.44 (d,J = 7.6 Hz, 1H), 7.25 (d) = 7.6 Hz, 1H), 3.68 (s,
3H); *C NMR (101 MHz, CDCJ) & 147.0, 146.6, 146.3, ,
138.0, 135.6, 134.6, 132.3, 129.2, 127.0, 125.8,8,219.2,
118.8, 115.4, 114.8, 114.5. HRMS (ESI) calcd fors.
C1sH1oCIN;O[(M+H)™]: 284.7194 found, 284.7196. 6.
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