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Abstract - 4--Substituted 5 , 6 - d i h y d r c ~ b e n z o [ ~ l 9 u i n a ~ z l i n e s  ( I V )  were -- 
synthesized by the reaction of 4--chlor0-5,6-dihydrobenzo[h_I- 

quinazoline (11) with amines (111) and their inhibitory activity 

against platelet aggregation was investigated. 

4-Amino-5,6-dihydroben~o[~lq~inazolinr (1) was originally reported by us nu n 

precursor of ll,l3,15-triaznsteroid. ' Its phnrmacolagiral activity was not 

investigated except for en entireserpine activity in mice.' Tn the course of 

the random screenig of I for a research o n  other biological activities, it w a s  

found that this compound had an inhibitory activity against collagen-induced 

platelet aggregation and the potency of its sctlvity was stronger than that of 

anpirin which was familiar s s  an anti-plt~l.elt:t ag!cnt.. I'lnlalet is one of the 

constituent of blood and a protective cell for 
A 

bleeding of the organism, and it also acts nn 

important role in the formation of hemostasis @fyNN2 
and thrombosis, so that, the anti-platelet 

therapy recently became main one of the somc I 

antithrombotic therapies. 

Furthermore, concerning to the inhibitory act iuity ugninal platrl<:I sgere{!Ht i o n ,  

there are no reports of compounds having a benzo[~lquinazoline skeleton. These 

facts suggested us that the invertigi~tiun on 1 snd i t s  ;inslagur linked 1 0  il 

development of new inhibitory agent against pletelet aggregation. Therefore, 



we were interested in cnrring out the chemical modification of I in the hope 

that a m o r e  effective inhibitory agent could be found. This paper deals with 

the synthesis of some 4 - -auhs t i tuCed  5.6-dihydrob~nao[hlquineeolines and 

evaluation of them on inhibitory activity ageinst platelet aggregation. 

l a  shown in Scheme 1, nlkylarines (11Ib-q) were allowed to reactwith 4-chloro- 

5,6-dihydrobenzo(hlquinaz01ine' (11) to obtain 4-alkylamino-6.6-dihydrobenzo- 

[~lquinazolines (IVb-q). Syntheses of several compounds of 4-clkylamioo 

derivatives were already reported (IVb,e-n,r,~).~-~ 4-Hydrezino derivative 

([Val was prepared by the reaction of I 1  with hydrszine hydrate (IIIal in methyl 

cellosolve ~t room tempcrnture. N-(5,6-Dihydro-4-benzo[~Iquin~zoliny1)-2-mrthyt~ 

Scheme 1 
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-alenine (IVL) w a s  prepared by the reaction of IS with 2-methyl-B alanine 

(111t) in the presence of potassium carbonate. N-(5,6-Dihydro-4-benzo[hI- 

quinazoliny1)-y-aminohutyric acid (IVu) was also prepared by the similar 

renction of 11 with y --aminobutyric acid (111"). 4-(2-0x0--1-pyrrolidiny1)-5,5 

dihydrobenzo[hlquinazoline (IVv) was obtained by the cyclization of IVu with 

acetic anhydride and pyridine. Reaction conditions, appearances, melting points, 

and yields of alkylamino derivatives (IVc,d,o.p.q) are listed in Table I and 

instrumental analyses of the products which were newly synthesized in this paper 

are listed in Tables 11-111. 

The inhibitory activity against rabbit platelet aggregation of the above com 

pounds (I and IV) was screened by a turbidinetric method developed by Born fi 

using an eggregometer. The maximum aggregation ratr (MAR) was calculated - 

from an aggregation response curve obtained by equation 1 ,  and then inhibition 

ratr of the test compound at each concentration was calculated by equation 2. 

Equation 1: 
X - optical transmission of PUP 

MAR = x 100 
optical transmission of PPP - optical trnnsmission of PUP 

where X was maximum optical transmission on the aggregation response curve. 

Equation 2: 
MAH of test compound~~treated PHP 

Inhibition rate = 
MAR of vehicle-treated PRP 

) x loo 

The inhibitory activity against rabbit platelet aggregation of aspirin was also 

screened as n positive control. Only when the inhibition rnte of a test 

compound (final concentration was 50 #mgl/l and this is as same as that of 

espirin) uss significantly different from that of aspirin at ptO.05 oo statis- 

tical analysis using Student's t-test, the amounts of the test compound which 

was required to produce a 50% inhibition (IC50) of rabbit platelet aggregation 

induced by collagen was calculated by a probit method. Inhibition rates and 

IC5,, velues of the test. compounds and aspirin are shown in Table IV. 

Many compounds produced a potent and dose-dependent inhibition against rabbit 

platelet aggregation induced by collagen. Their structure-activity reletion- 

ships may be summerized as follows. First, comparison of their potency showed 

IVd > IVc, IVm, IVb > 1, IVn, SVa, IVe, IVh > lVu, IVj, IVq > IVp > IVk, 1Vi > 

IV1> IVs. IVv, IVr, IVg, IVt, IVf, IVo. There is no different between 4-amino 

derivative ( I )  and 4-hydrazino derivative (IVa) on an inhibitiory activity end 



Table 1 React.jon Conditions, Appearance., Melting Points, 

and Yields of IVc,d,o,p,q 

Compd Heact. cundi L i o n  Appearence MP ('C) Yield ( X I  

Temp. ('C) Time ( h )  (Recryst. sol".) 

1 Vc 2 0 2.5 colorless needles 70 - I1 78 

(benzene-n-heuane) 

1Vd 20 10 colorless needles 184 - 186 94 

(ethanol) 

1Vo 5 0 0.5 colorless plates 104.5 - 105 6 8  

(ethanol-water) 

I VP 70 0.5 colorless prisms 127 - I29 79 

(n-hexane) 

IVq 7 0 1 colorless plates 117 - 118 86 

(methanol-water) 

Table  I 1  h'lernental Analyses and Ms and l r  Spectral Data of Products 

Compd Formula Analysis ( X ) ;  Calcd (Found) Ms (!!/I) lrs) 

C H N ( crn-l) 

- ~p ~- 

IVa C12H12N4 67.90 5.70 26.40 212 ( M + ) ~ )  3330, 3290, 
(67.92 5.61 26.28) 3200 

IVc C14H16C1~3C) 64.26 6.12 16.06 225 (Mtlb) 

(64.01 6.16 16.05) 

1Vd C14H15N3 74.63 6.71 18.65 225 (M')~) 3250 

(74.48 6.77 18.57) 

IVo C16H11N3 16.46 6.81 16.72 252 (M + H ) ~ )  - 
(16.20 6.83 16.51) 

IVP C11H20N4 72.82 1.19 19.99 281 (M + H ) ~ )  - 
(13.05 7.30 19.84) 

IVq C16H17N30 71.88 6.41 16.12 268 (M + H ) ~ )  - 
(71.61 6.44 15.48) 

IVt C16H17N302 61.82 6.05 14.83 265 3350, 1110 

(67.70 6.12 14.71) (Mf - ~ ~ 0 ) ~ )  

IV" '16~1 7N302 67.82 6.05 14.83 283 3350, 2950 
(61.91 6.07 14.79) 1610 

IVv C16H15N30 12.43 5.70 15.84 265 (M')~) 1700 

(12.40 5.68 15.75) 

a )  Absorption hands due to N-H, 0-H. and/or C=O; measured in KBr dieke. 

b) EI us. c )  As monohydrochloride. d) FA0 ma. 
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t h i s  r e s u l t  s u g g e s t e d  t h a t  h y d r a z i n o  g r o u p  p l a y s  a s i m i l a r  r o l e  t o  amino g r o u p  

i n  a n  i n h i b i t o r y  a c t i o n  a g e i n s t  a g g r e g a t i o n  o f  p l a t e l e t .  Tho compounds b e a r i n g  

d i n e t h y l a m i n o  g r o u p  (IVc,.) showed  h i g h e r  p o t e n c y ,  w h e t h e r  t h a t  g r o u p  d i r e c t l y  

a t t a c h e d  t o  t h e  4 - p o s i t i o n  o f  t h e  n u c l e u s  o r  n o t .  I n t r o d u c t i o n  o f  m e t h y l  g r o u p  

T a b l e  111 N m r  Spectral U a t a  of P r o d u c t s  

C h e m i c a l  S h i f t s ,  6 (.Z i n  Hz) 

~ o m p d ~ )  R ing  P r o t o n s  
S i d e  C h a i n  P r o t o n s  

2 -Hb)  5 , 6 - H  7 , 8 , 9 - H C )  10  If') 

IVa 

1 v c e )  

IVd 

IV0 

I  VP 

I v q  

IVt 

I V "  

I V "  

3 . 6 0  a n d  6 . 1 2 ( 2 8  a n d  IH, each b r ,  

D20 e x c h a n g e a b l e ,  N H 2  a n d  NH), 

3 . 0 2 ( 6 8 ,  s, 2  n NCE13), 

1 . 3 0 ( 3 H ,  t ,  J = 7 ,  CH3), 3 . 5 8  

( 2 8 ,  m ,  NCH2). 6 . 8 0 ( 1 H ,  b r ,  

e x c h a n g e a b l e  w i t h  D 2 0 ,  NH) 

1 . 9 4 ( 4 8 ,  m, NCH2CH2CH2), 3 . 6 8  

(4H,  t ,  J = 6 . 5 ,  2  x NCH2) 

2 . 3 6 ( 3 8 ,  8 ,  CH3), 2 .55 (4H,  t ,  

1 = 5 ,  2  x CB2NCH3), 3 . 4 3 ( 4 8 ,  

t ,  J = 5 ,  2  x NCB2CH2NCH3) 

3 . 4 0 ( 4 8 .  t ,  L = 5 ,  2  n NCH2), 

3 . 8 7 ( 4 8 .  t ,  J = 5 ,  2  x 0CH2) 

1 .10 (3H,  d ,  J = 7 ,  CH3) ,  2 . 7 8  

(ZH, m, o v e r l a p p e d  a n  5.6-H, 

CH2) ,  3 .60 (1H,  m ,  C K H 3 ) ,  7 . 0 0  

( I H ,  b r ,  e x c h a n g e a b l e  w i t h  D20, 

NH) 

1 . 8 5 f 2 H .  m. CH2CH2CH2). 2 . 3 1  

(ZH, t ,  J = 7 ,  CH2CO), 3 . 4 5 ( 2 8 ,  

m ,  c h a n g e d  t o  t r i p l e t  a f t e r  

a d d i t i o n  of D 2 0 ,  J : 7 ,  NCH2), 

6 . 9 6 ( 1 8 .  b r ,  e x c h a n g e a b l e  v i t h  

D20. NH), 1 2 . 0 0 ( 1 H ,  b r ,   exchange^^ 

a b l e  v i t h  D20. OH) 

2 .30 (2H,  m, CH2CH2CH2), 2 . 6 0  

(PH, t ,  J = 7 ,  CH2CO), 4 . 1 0 ( 2 H ,  

t ,  = 7 ,  NCH2) 
-- 

a) Measu red  1x1 CDC13 e x c e p t  f o r  1Vt a n d  IVu (UMSO d g ) .  b )  A l l  s l g n a l a  w e r e  

s i n g l e t .  c )  A l l  s l g n a l s  w e r e  m u l t l p l e t .  d )  Each  2H, e a c h  t ,  J = 8  Hz. 

e) M e a s u r e d  as f r ee  b a s e .  f )  Each  2H, m .  



T s b l c  I V  Mtiximun I n h i h i t  i o n  Hatr: a n d  1CS0 on 

P l a t e l e t  A g g r e g a t i o n  I n d u c e d  by C o l l a g e n  

Compd M H X .  i n h i b i t .  IC5, ,b)  Comprl M H Y .  i n h i b i t . .  l C s o b )  

r a t e H )  rntt :")  

(1Vtr) and  ethyl g r o u p  (1Vrl) t u  t h o  i t n ~ ~ n o  g r o u p  u n  t h e  4 p o s i t  i o n  o f  t h c  n u c l e u s  

r e s u l t e d  i n  i n c r e a s i n g  1.hr a c t i v i t y .  E s p e c i a l l y ,  compound IVd had  t h e  h i g h e s t  

p o t e n c y  am<,ng a l l  d e r i v a t i v e s  l i s l r : r l  i n  Ta l , l e  1V. A c o m p n r i s u n  o f  t h o  i n h i b b  

t o r y  a c t i v i t y  o f  compouod IVd w i t h  t h a t  ,of a s p i r i n  i n  t e r m s  o f  I C g 0  i n d i c a t e s  

t h a t  compound IVd was a b o u t  1 0  t i m e s  more p o t e n t  t h e n  a s p i r i n .  O n  t h e  o t h e r  

h a n d ,  t ' u r t hv r .  i n t r o d u c t i o n  of' met houy g r o u p  ( I V e ) ,  d i e t h y l a m i n o  g r o u p  ( l v f ' ) ,  o r  
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morphnlino group (1Vg) t o  the terminal cnrbon in the side chain of compound 1Vd 

resulted in reducing the aclivity. In Particular, the introduction of dialkyl- 

amino group such e s  compounds TVf,I! greatly reduced the potency, but, that of 

dinlkylsainonethyl group to the same position s u c h  as compounds IVm,n did a 

liltle. 'The compounds bearing N-cyclic croup directly st the 4-~pasi tion of the 

nucleus were less active, especially, compounds T V o , v  which contained pyrrolidine 

ring were much less activa. The nnml~uonds bearing carboryl Group or eater group 

at the terminal position in the side chain w e r e  less active, except for compound 

1Vu. This comprrund. IVu, eltower1 higher potency than nspirin and contained three 

carbon atoms between nitrogen atom and carbunyl group in the side chnin, while 

other compounds V t  contained two carbon atoms between thcm. 

EXPERIMENTAL 

Mpa were determined on a Yanagirnoto micro melting point npparatus and a r e  

uncorrected. Elemental analyses were performed on a Yanagimoto MT-2 CHN Corder 

elemental analyzer.. Thr i r  spe<.tro werr ol,t.:~inc,d with n .lapan Spectroscopic 

A-102 diffracLion g r v t ~ n g  infrared rpectrophotameter. The nmr spectre w e r e  

measured on n Hitnchi 1122FTS FT NMll spert romctel- (911 MHz). The chemica 1 

shifts ( 6 )  in ppm a r c  rnr:asorr~l relative to tr~lrilrnclhylsi1;lnr as nn internal 

standard, and the signals are designated as follows: s, a i n ~ l e l :  d, doublet; 

t ,  triplet; rn, mrrltiplct; h r ,  hronrl. The El ms spectra were taken with a 

Shimadnu LKR-YO00 instrument at 7 0  eV, and FA0 ms spectra werr done with a VG 

11--2511 instrument. at 70 ev. Amines used 8 s  rcngenl.~ are cammarcit~Jly c$vnil:ll,Ic~ 

and D L a m i n o  acids w e r e  used in these experiments. 

General Procedur.e f o r  thr: I,!-cparat.ion o f  4 Alkylamirao-5,fi-dihydrubenzolhl 

quinnzolines ( TVb-q) 

A mixture of I mmol o f  4-chloro--6,fi-dihydrobenzo[!!l~~oinaznI i n e  (11) nn<l 5 - 8 

mmol of a suitable slkylnnine (111) was stirred at 20 - 100 " C  until the 

starting materiel disappe~retl (oht?ckrd by a thin lsyrr chromatogrilphy). A r t r r  

evaporation of e x c e s s  a m i n c ,  ca. 50 m1 of water was added and precipitnted 

crystalline solid wms collected by suction and rer:rystallized from un iapprayri... 

ate solvent. When the residue did not solidify on addition of water, it war 

extracted with chloroform. The organic layer was washed with water, dried over 

anhydrous sodium sulfste, e n d  evaporsted to dryness. The resulting residue was 



recrystallized f r m  itn ~ppropriute solvent.. When the residue 1,hus obtained 

could not b e  recrystallized, the oily residue was rryrtallieed as hydrochloride. 

Preparation of 4-Hydrneino-5,6-dihydrohc11z~~[~]quinezolin IlVa) 

To a solution of 7.55 g (34.9 mm01) of I 1  in 50 nl o f  methyl cellosolve was 

added 17 ml (350 mmol) of h y d r ~ e i n e  hydratr: and the resulting mixture w u s  

stirred under N2 gas s t r e ~ m  for 1 h nt. roonl temperittore. Alter concr~ntriltior~ 

of the reaction mixture, the precipitated crystalline solid was collected by 

suction, washed with water, and rrcrystnl lizrd from benzene to givr 7.04 g 

(96%) of the titled product as colorless needles. mp 173 - 175 'C. 

Preparation of N--(5,6 D i h y d r o 4 l ~ e n i : o [ h l r ~ u i n i ~ r ~ 1 I  iny I)-2mcthyl - 4 nlanino (IVt) 

A mixture oP 216 m 8  (1.0 mmol) of TI, 242 m g  (2.3 nmol) 01 '  1 mothyl /I -nlunine, 

221 mg of potsssium carbonate. 15 ml of dioxane, and 15 nl of water w a s  

refluxed for 2 clays. After evnporntion o r  the si>lvrnt., n sm;tll ;mount of water 

was added to dissolve the residue and the resulting solution was ncid~fied with 

acetic acid. The precipitnted i:rystnIIine sol id wns cot 1cc:ted b y  suction ignd 

was recrystallized from diluted ethanol to give 118 ng (42%) of the titled 

product ns colorlens necdlcs, np 213 215 " C .  

Preparation of N_-(5,6-Dihydro-il-t~c:neoIt~1qeinazol iny I )  ~minobut.yrir: A<:id (1Vo) 

To a solution of 648 me ( 3  mm01) of I T  in 10 ml of dioxena was ndded a solutioo 

of 618 m g  (6 mmrrl) of y --aminotlutyric ncid and 663 mg (4.8 mmol) of potassium 

carbonate in 10 a1 of water and the resulting solution was refluxed for 24 h. 

After cooling of the reaction roixter.e, the solvenl. was r~np~riltrtl and the 

residue was dissolved in e small amount of water. The solution was acidified 

with acetic "aid. I'recipitutod crystal l i n e  solid w a s  co1ler:ted by suction and 

recrystallized from ethanol to give 493 mg (58%) of the titled product as 

colorless needles, my 216 - 218 O C .  

Preparation of 4-(2-Oxo-I-pyrrolidiny1)-5,fi dthydrobenzo[$]quinazzLine ( T V v )  

Tu a solution of 400 rag (1.4 mmul) of TVu in 0.4 ml o l  d r y  pyridirle wits eddt.d 

0.42 ml (4.4 mmol) of acetic anhydride, and the resultiug solution w a s  allowed 

to stand for 5 days nt room temperatorr. After eveporntion of the solvenl, a 

small amount of xylene was added and the mixture was furthermore evaporated to 

dryness. Resulting crystnllinr residue was rec:ryatnllczed from ethsnol. 

cyclohexane to give 268 mg (72%) of the titled produt:l: us colorless fine needles, 

mp 129 - 1 3 1  'C. 
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Preparation of Platelet 

~ l o o d  was collected from male ~ l b i n o  rabbit with 0.1 uolumr of 3.11% sodi,rm 

cilrate us the anticoagulant. After mixing, platelet rich plasma was obt;iinr:d 

by removing erythrocytes and leukocytes hy slow c e n t r ~ f u g ~ l i n n  (160 x I, Ill 

min). Platelet poor plasma was prepared by further centrifugation at 2000 x g 

for 10 mi". The pletrlct r.ich plasma and plalrlel. p o n r  p1;asma thus obtuined 

w e r e  used far the aggregation. 

Me~surement. of Platelel Aggregation 

Platrlt+l. aggregutian w r t s  measured hr continuo~rs rrcordint of i ight t r ~ n s n ~ i ~ i ~ i o ~  

through platelet rich plasma uslng a aggregometer (Aggrecoder TI PA-3220, Ky-to 

Daiichi Kngaku Co. Ltd., Kyoto) at 37 'C. Twenty f i v r  microi iter of 111% 1)MSO- 

1 M tris-HC1 buffer (pH 7.4) solution containing inhib~tory agents (aspirin) or 

test. compound (final concenlrittion, 5 0  #mol/l) w e r e  added to 325 # i i8liqoot.s 01 

platelet rich plaama in slliconized glass cuuettns. After incubation far 2 m i n ,  

collagen was added a s  n ntyrrgating agc:nt (final concentrat ion, 20 # g/ml). 

Continuous magnetic stirring was used to ensure adcquate m l x i n e  and to prevent 

platelet sedimentation. 
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