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synthesis of 2,4-substituted quinazolinesin catalyst free conditions
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ABSTRACT

Polyethylene glycol (PEG-400) was found to be an effective reaction medium for one-pot synthesis of quinazoline
derivatives in good yields under mild reaction conditions. The use of PEG-400 is low, recyclable, and eco-friendly
solvent.
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INTRODUCTION

Quinazoline and its derivatives are important coomus not only in organic synthesis but also in miedi
chemistry* and these derivatives have attracted consideirtialeest because of their potential therapeutip@rites
as anticancer agent%,NFyB nuclear translocation inducers,ALK5 inhibitors, 4 and cannabinoid-1 inverse
agonistd. In particular quinazoline derivatives are potartibitors of Growth Factor Receptor (GFR) tyrosine
kinases and have found clinical applications indépinal and Vascular Endothelial GFR targ@fgure 1)°%.
Among other pharmacological activities, such asbasterial®, antidiabetit’, antihypertensivé’, antitumor™* *3
antirinflammatory™*,
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Therefore, there is sustained interest in devetppimple and efficient methods for the synthesiagous types of
guinazolines. 22minobenzonitriles, zhalophenyl precursorsritrobenzoic acids or anthranilic acids as well as
N-arylbenzamides are commonly used starting matesiadeng those methods. Although several protocole ha
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been developed for the synthesis of quinazolinevateres %, many of the methods are associated with various

drawbacks, such as harsh reaction conditions, usdexperimental procedures, unsatisfactory yietagl long
reaction times and usage of expensive and moisteingitive catalysts. Hence, there is a need fap#d rand
efficient method for the synthesis of quinazolidesivatives under catalyst-free conditions.

In recent years, polyethylene glycol (PEG) has gextias a powerful phase transfer catalyst andligegtin many
useful organic transformations under mild reactcamditions. Moreover, PEG is inexpensive, easy dadie,
thermally stable, non-toxic, and recyclable in was organic transformatiofé This inspired us to focus on the
aspect of the synthesis of biologically active gaivlines derivatives under catalyst free conditiopsising PEG as
an eco-friendly and recyclable medium. Herein wgorethe synthesis of quinazolines derivatives bing PEG-
400 as a recyclable medium without adding any dogswivent and catalyst. To the best of our knogtethere are
no reports for the synthesis of quinazolines déinea by using PEG-400 as a reaction medium unaedyst-free
conditions(Scheme 1).

o) R
@fJ\R LS CHO  PEG-400 (5 mL) @N
S, NH, @/ 85°C, 6h SN N
R1 RZ R1 | _R2
=
R = H, Me, Ph
R1= H,CI,Br,no2,MeO
R2=H, Me,MeO, EtO,0OH,F, Cl, Br, NO,
Scheme 1
O R
n @CHO PEG-400 SN
NH, 85 °C, 6h NN
R X /
R=Me,Ph  X=S,ONH
Scheme 1

EXPERIMENTAL SECTION

In general, all the reactions were clean affordimg 2,4substituted quinazolinederivatives in high yieldsler the
above conditions. Both electron rich and electrefieient aldehyde derivatives gave the desired yetsd(Table
land 2). The structures of all the products weterdgned from their spectral (IRH NMR, *C NMR and ESI-
MS) data and also by direct comparison with auibesstmples?®

The generality of this reaction was investigatedhvdubstituted aldehydes andagino acetophenone&mnino
benzophenones and the results are presented ire Tlabid 2. A variety of aldehydes underwent smooth
condensation with -2mino acetophenone&mino benzophenones in PEG-400 at’85to provide a diversified
2,4-substituted quinazolinederivatives (Table 1and 2).

General procedure for the synthesis of 2, 4 - Substitutedquinazolines in polyethylene glycol-400:

To a flask containing the-@mino acetophenone&nino benzophenones (1 mmol) in water (20mL), aldek
(1.25 equiv.) and NKDAc (0.77 g, 10 mmol) were added. The mixture wasymetically stirred at 88C until

reaction was complete (as monitored by TLC). Aftempletion of the reaction, the reaction mixtures\eatracted
with ethylacetate (25 mL). The extract was furthexshed with water and saturated brine solutioreddover
anhydrous Ng5O,, and evaporated under reduced pressure to giveubgtituted quinazolines in 2% % yields.
(Scheme 1 and 2)
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The characteristic data of compounds are given below.

Compound (1, Table 1):4 - Methyl - 2 - phenylquinazoline: Brown.Yield: 62%. M.p.: 725 °C. '"H NMR (500
MHz, CDCk, §, ppm):8.658.60 (m, 2H, ArH), 8.05 (m, 2H, ArH), 7.48839 (m, 5H,ArH), 2.99 (s, 3H, CH3¥C
NMR (75 MHz, CDC}, 8, ppm): 168.6, 162.2, 150.46, 139.9, 138.8, 13830,6, 129.5, 128.5, 128.6, 126.8, 124.6,
123.8,122.5, 21.9. MS (ESty2): 221 [M+H] +.

Compound (4, Table 1):6,7 - Dimethoxy -4 - methyl -2 - phenylquinazoline: Light yellow. Yield: 59%. M.p.:
132:134°C. *H NMR (300MHz, CDC}, 5, ppm): 8.578.53 (m, 2H, ArH), 7.4&.45 (m, 3H,ArH), 7.33 (s, 1H,
ArH), 7.15 (s, 1H, ArH), 4.09 (s, 3H, OG}#.01 (s, 3H, OCH), 2.90 (s, 3H, Ch). °C NMR (75 MHz, CDC},
d,ppm): 164.6, 155.7, 149.8, 149.6, 147.9, 139.8,3,3130.3,128.9, 128.5, 128.5, 127.9, 107.6, 1®&6S, 55.9,
21.9. MS(ESI/2): 281 [M+H]+.

Compound (5, Table 1):6 - Chloro -2 - phenylquinazoline: Light yellows. Yield: 60%. M.p.: 20@04°C.*H NMR
(300 MHz, CDC},6, ppm): 9.39 (s, 1H, ArH), 8.68.59 (m, 2H, ArH), 8.2 (m, 1H, ArH), 7.89 (m, 1HrH),
7.847.82 (m, 1H, ArH), 7.53.49 (m,3H, ArH).*C NMR (75 MHz, CDC}, 8, ppm): 159.9, 149.5, 137.6, 135.5,
132.9, 130.9, 130.5, 128.66, 128.63, 125.8, 128 (ESI):m/z 241 [M+H] +.

Compound (7, Table 1):8 - Methyl -6 - phenyl -[1, 3] dioxolo [4, 5 - @] quinazoline: Brown. Yield: 61%. M.p.:
133136 °C. 'H NMR (500MHz, CDC}, 8, ppm): 8.55 (m, 1H, ArH), 7.52.48 (m, 4H, ArH),7.31 (s, 1H, ArH),
7.32 (s, 1H, ArH), 6.09 (s, 2H, OGE), 2.94 (s,3H, CH3)}*C NMR (75 MHz, CDC}, &, ppm): 165.3, 159.4,
153.6,149.9, 147.9, 138.6, 130.9, 129.9, 128.6,512®8.3, 119.9,105.8, 101.9, 100.5, 22.10. MS,(Efx):265

[M+H]+.

Compound (8, Table 1):2,4 - Diphenylquinazoline: Yellow. Yield: 63%. M.p.: 117119 °C. *H NMR (500 MHz,
CDCly, 8, ppm): 8.75(m, 2H, ArH), 8.18.19 (m, 2H, ArH), 7.95.85 (m, 3H, ArH),7.65.49 (m, 7H, ArH)**C
NMR (75 MHz, CDC4, 8, ppm):168.5, 160.5, 152.5, 138.5, 137.9, 133.5.8,3130.9, 129.8,129.5, 128.8, 128.5,
126.9, 121.8. MS (EShvz): 283 [M+H]+.

Compound (9, Table 1):6 - Chloro - 2,4 - diphenylquinazoline: Yellow.Yield: 67%. M.p.: 202204 °C. *H NMR
(500 MHz, CDC}, 8, ppm):8.698.65 (m, 2H, ArH), 8.08.08 (m, 2H, ArH), 7.89.79 (m,3H, ArH), 7.65.59 (n,

3H, ArH) 7.557.49 (m, 3H, ArH).”*CNMR (75 MHz, CDC}, 5, ppm): 167.8, 160.9, 151.6, 138.4, 137.9,134.8,
133.2,131.8, 131.2, 130.8, 129.3, 129.3, 129.8,8A MS(ESIm2): 317 [M+H]+.

Compound (10, Table 1): .6 - Chloro -4 - (2 - chlorophenyl) -2 - phenylquinazoline: Grey. Yield: 65%. M.p.:
210212°C. *H NMR (500 MHz,CDC}, 8, ppm): 8.658.67 (m, 2H, ArH), 8.08 (m, 1H, ArH), 7.7885 (m, 1H,
ArH), 7.637.48 (m, 8H, ArH).®*C NMR (75 MHz,CDC}, §, ppm): 167.8, 160.6, 151.5, 138.2, 137.9, 134.6,
133.2,131.7, 131.6, 130.7, 129.6, 129.2, 128.8,2128S (ESIm/2):351 [M+H]+.

Compound (11, Table 1):7 - Bromo - 2,4 - diphenylquinazoline: Yellow.Yield: 62%. M.p.: 136139°C. *H NMR
(300 MHz, CDC}, 8, ppm):8.658.69 (m, 2H, ArH), 8.15 (m, 1H, ArH), 8.06 (m, 1ArH),7.887.89 (m, 1H, ArH),
7.71:7.72 (m, 4H, ArH), 7.48.56 (m,4H, ArH)."*C NMR (75 MHz, CDC}, §, ppm): 167.3, 160.5, 152.5,138.3,
136.9, 133.9, 131.9, 130.9, 129.8, 128.6, 127.6,9,224.6, 121.4. MS (EStyY2): 361 [M+H]+.

Compound (12, Table 1):6 - Nitro - 2, 4 - diphenylquinazoline: Brown.Yield: 25%. M.p.: 21218 °C. 'H NMR
(300 MHz, CDC}, &, ppm):9.05 §, 1H, ArH), 8.758.77 (n, 2H, ArH), 8.25 (m, 1H, ArH),7.92.95 (n, 2H, ArH)
7.667.68 (n, 3H, ArH), 7.537.55 (3H, ArH), 7.25 § 1H, ArH). *C NMR (75 MHz, CDC}, §, ppm):124.2,
126.9, 167.6, 160.9, 150.9, 132.8, 131.9, 131.6,9,330.5, 129.5, 129.3, 128.8. MS (E8lz): 328 [M+H]+.

Compound (1, Table 2):4 - Methyl -2 - p -tolylquinazoline: Brown.Yield: 60%. M.p.: 885 °C. '"H NMR (300

MHz, CDCl, 8, ppm):8.53 (m, 2H, ArH), 8.01 (m, 2H, ArH), 7.8879 (m, 1H, ArH),7.55.49 (m, 1H, ArH),
7.337.23 (m, 2H, ArH), 2.99 (s, 3H,CH3), 2.45 (s, 3HHZ). ESEMS: 235 [M+H]+.
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Compound (2, Table 2):4 - Methyl -2 - (naphthalen - 1 -yl) quinazoline:Yield: 64%. M.p.: 9295 °C. 'H NMR
(500 MHz, CDC}, 8, ppm):8.88 (m, 1H, ArH), 8.09.89 (m, 6H, ArH), 7.5¢.49 (m, 4H,ArH), 3.05 (s, 3H, GH
3C NMR (75 MHz, CDC}, 5, ppm): 167.8,159.9, 149.9, 135.5, 134.6, 134.3.3,3129.6, 128.8, 128.8,128.5,
127.6, 127.6, 127.5, 126.5, 126.5, 125.5, 125.5,8,222.8, 122.5, 21.8. MS (E®N2): 271 [M+H]+.

Compound (3, Table 2):2 - (4 - Chlorophenyl) -4 - methylquinazoline:Brown. Yield: 69%. M.p.: 6467 °C. *H
NMR (300 MHz, CDC}, 8,ppm): 8.59 (m, 2H, ArH), 7.98.99 (m, 2H, ArH), 7.8&.79 (m,1H, ArH), 7.52.45
(m, 3H, ArH), 2.92 (s, 3H, CH3)}*C NMR (75MHz, CDC}, 8, ppm): 168.5, 158.9, 150.5, 136.6, 136.5,
133.6,129.9, 128.9, 128.8, 126.9, 124.9, 123.9,9122.8. MS (EShV2): 255 [M+H]+.

Compound (4, Table 2):4 - Methyl - 2 - (4 - nitrophenyl) quinazoline:Brown. Yield: 74%. M.p.: 15153 °C. *H
NMR (300 MHz, CDC4,5, ppm): 8.85 (m, 2H, ArH), 8.37 (m, 2H, ArH), 8:8209 (m, 2H,ArH), 7.9§.89 (m, 1H,
ArH), 7.697.62 (m, 1H, ArH), 3.05 (s,3H, GH °C NMR (75 MHz, CDC}, 5, ppm): 133.9, 129.8, 129.5,127.9,
125.5, 123.8, 22.7. MS (ES2): 266 [M+H]+.

Compound (5, Table 2):2 - (4 - Methoxyphenyl) -4 - methylquinazoline: Brown. Yield: 58%. M.p.: 671 °C. *H

NMR (300 MHz, CDC},8, ppm): 8.57 (m, 2H, ArH), 8.68.98 (m, 2H, ArH), 7.8%.76(m, 2H, ArH), 7.5%.47
(m, 1H, ArH), 6.98 (m, 1H, ArH), 3.89 (s,3H, OGH2.99 (s, 3H, Ck). **C NMR (75 MHz, CDC}, 8, ppm):167.5,
161.8, 160.2, 150.8, 133.5, 130.9, 130.5, 129.8,91226.5, 124.9, 124.5, 124.2, 122.8, 115.5, 11562, 22.3.
MS(ESI): m/z 251 [M+H]+. \

Compound (6, Table 2):2 - (4 - Ethoxyphenyl) -4 - methylquinazoline (:Grey. Yield: 55%. M.p.: 759 °C. *H
NMR (300 MHz, CDC}, 8,ppm): 8.55 (m, 2H, ArH), 8.00 (m, 2H, ArH), 7.78,(1H, ArH),7.49 (m, 1H, ArH),
6.95 (m, 2H, ArH), 4.15 (gJ = 6.5, 2H, CH),2.99 (s, 3H, CH), 1.48 (t,J = 6.8, 3H, CH). MS (ESI,m/2):
265[M+H]+.

Compound(7, Table 2): Table,24 - (4 - Methylquinazolin - 2 - yl)phenol:Brown. Yield: 52%. M.p.: 20@10 °C.
'H NMR (300 MHz, CDC},8, ppm): 9.45 (s, 1H, OH), 8.45 (m, 2H, ArH), 8.08,(1H, ArH),7.957.81 (m, 2H,
ArH), 7.56 (m, 1H, ArH), 6.87 (m, 2H, ArH),2.98 3, CH;). MS (ESI,nV2): 237 [M+H]+.

Compound (8, Table 2):2 - Methoxy -5 - (4 - methylquinazolin -2 -yl)phenol: Brown. Yield: 58%. M.p.:
198200°C.'H NMR (300MHz, CDC}, 8, ppm): 8.26 (m, 1H, ArH), 8.18 (s, 1H, OH), 8.00@hi, ArH), 7.857.78
(m, 1H, ArH), 7.557.49 (m, 1H, ArH),6.99 (m, 1H, ArH), 6.8578 (m, 1H, ArH), 4.095 3H, OCH,),2.98 §, 3H,
CH). *C NMR (75 MHz, CDC}, §, ppm): 134.9,133.5, 130.9, 129.2, 127.8, 126.2.92121.2, 117.6,
115.8,114.7, 110.9, 56.2, 21.9. MS (E8/2): 267 [M+H]+.

Compound (9, Table 2):4 - Methyl -2 - (3,4,5 - trimethoxyphenyl)quinazoline: Brown. Yield: 57%. M.p.: 14042
°C. 'H NMR (300MHz, CDC}, &, ppm): 8.068.05 (m, 2H, ArH), 7.92 (s, 2H, ArH),7.87.79 (m, 1H, ArH),
7.587.56 (m, 1H, ArH), 4.05 (s, 6H,0GH 3.95 (s, 3H, OCH), 3.05 (s, 3H, CH. *C NMR (75 MHz,CDC}, 3,
ppm): 153.5, 150.6, 133.5, 129.3, 126.8, 124.9,9,63.8, 56.5, 22.0. MS (EStY2): 311 [M+H]+.

RESULTSAND DISCUSSION

In search of developing a new and catalyst-freehotefor quinazoline derivatives, a model reactias carried
out in aqueous medium taking 2-amino acetophermrezaldehyde and NBAC as substrates. After maintainance
for 15 hrs at 106C, the desired quinazoline was isolated with 62%ielfl. In our thorough investigation, reaction
time and temperature were optimized at 4 hours7aL respectively. Studying various experimental ctods
we varied the amount of aldehydes (1-1.5 equiv) MRIGOAC (10 to 25 equiv). The results show that 20 eadi
NH4OAC is favorable to the reaction with 1.25 equivatilehyde. Later, in a trial to enhance the progisid, we
examined the reaction in different organic solvesiish as EtoAc, Toluene, Acetonitrile, MeoH, Isggool,
Dichloromethane and PEG-400. However, water rendaihe best solvent among the solvents tested.|uerie no
product was obtained. Acetonitrile, Isopropanold anethanol resulted in trace amounts of quinazoliite so
many byproducts. Low yields were obtained in aadetoAc, Dichloromethane and PEG-400.
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Table 1. Synthesis of quinazolines from various 2-aminoar ylcar bonyl compoundsin presence of PEG-400

Entry Substrate Benzaldehyde Product Time(h)  vyield®
[¢] Me
H
o O X T
NH, N” “Ph
o
5 E CHO F \)N\ ° 68
H
©/ N” Ph
o [ SN
| CHO 8
3 H ©/ N/)\Ph 66
Me
o] MeO SN
MeO NH, cl SN
i N
Cl H CHO NZ >Ph 7 60
5 Ph
NH
o 2 Br SN
Br CHO Br N/)\Ph 8 62
6 Me
Br NH, 0 N
N
9 <
8 61
o CHO 0 N//I\Ph
7 < 5 ©/ Ph
0 NH,
o SN
CHO 6 72
8 @Ph ©/ N/)\Ph
Ph
NH,
(0] Cl SN
cl CHO 7 o
: oy S
NH, O
o
ol CHO cl
T s o C ALY S
NH A
0 N~ “Ph
CHO Ph
o IO O b
Br NH
02 Br N” Ph 8 62
CHO Ph

12

o
o
N
-4
z P4
T I
(AR,

O

CHO

QY
>\_

SN
12 58
N/)\Dh
Reaction conditions: Substituted 2-aminocarbonyl compounds (1.00 eq), benzaldehyde (1.25 )in PEG-400 at 85 °C.
®Yieldsin persentage

We next explored the substrate scope with a vargdty2- amino carbonyl compounds. The formation of
quinazolines all in moderate to good yields (Figstiowed that the reaction tolerates a good rahfenctionality
in the 2-amino carbonyls. Cl, Br, OMe, N@ere tolerated in 2-amino carbonyls. To probe gbesitivity of the
reaction to substituents at the 4-position of tlhénagzoline, we extended our investigation to aldigsy When
electron-withdrawing groups, such as chloro, fluprand nitre, were introduced to the phenyl ring of
benzaldehyde, good results were obtained (Tablgieen6-8). Whereas the introduction of electromatong
groups, such as OMe, OEt as well as hydroxyl tophenyl ring of benzaldehyde, the yields decredigeter
(Table, entries 4 and 5).The reaction tolerates OOt as well as hydroxyl functional groups ofdedlydes. A
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wide range of substrates, including electron riod/ar electron deficient substituents (Table, estd and 5) in
addition to heterocylic aldehydes (Table 2, entti@sl6) were compatible with this method.

Aliphatic aldehydes propanal, butanal, hexanalamat and cyclohexane caraboxaldehyde were also ie&dm
Hexanal, cyclohexane caraboxaldehyde resultedsipeted dihydroquinazolines as products. Resteohliphatic
aldehydes remained inactive in the present comditio

Table 2. Synthesis of quinazolines from various benzaldehydes

2-Aminoaceto

H,

g

Entry phenone Aldehyde Product Time (h) Yield®
(0) Me
| Ej\)L Me OHC@\ @ﬁu: 8 60
NH, N~
(0] Me
Me
Me  OHC “n
2 _ 8 64
NH, N
0 Me
OHC
3 Me N
P 7 72
NH, F N
(0] Me .
Co 0L b
7 69
NH, N N/)\©\
(0] Me
cl
5 ©\)LMe OHC\©\ C\/k\N
NH, NO, N~ 6 74
(0) Me
NO
Me  OHC SN 5
6 —
NH, OMe N 8 58
o) Me
OHC q OMe
Crye L !
7 _
NH, OEt N)\©\ 9 55
(0] Me OEt
OHC N
s I 0 CC D w
NH, OH N
O Me
OH
Nesdha salive
=z OH
NH, OMe NJ\@[ 8 57
(0) Me OMe
0 Me  OHC OMe @N _
- e 8 60
NH, OMe N
o OMe Me OMe
SN OMe
OHC
11 ©\)LMe [ I 7 8 60
N

# Reaction conditions: 2-aminoacetophenone (1.0 eq).substituted benzaldehyde (1.25eq) in PEG-400, 85 °C

® Yieldsin percentage
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CONCLUSION

In conclusion, we have developed an eco-friendiynttegsis of 2-phenyl-2, 3-dihydroquinazolin-B{tone
derivatives by using PEG-400 as a recyclable reagtiedium without the need of any additive or agithlyst. The
mild reaction conditions, inexpensive reaction meti operational simplicity and high yields are #tlvantages of
this protocol.
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