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The reac t ion  of 2 - acy l aminoch romones  with formaldehyde  and p r i m a r y  amines  leads to de- 
r i va t i ve s  of 1 ,2 ,3 ,4 - te t rahydrochromeno[2 ,3 -d]pyr imid ine ,  and with a r o m a t i c  aldehydes in the 
p r e s e n c e  of t r i e thy lamine ,  to aryl idene-3 ,3W-bis(2-acylaminochromone)s~ The chlor inat ion 
of 2 - acy l am i noch rom ones  has yie lded the cor responding  3-chloro  der iva t ives .  The amino-  
methyla t ion  of 2 -aminochromone  takes  place in posit ion 3. 

We have p rev ious ly  [1-3] studied the action of a s e r i e s  of e lec t rophi l ic  r eagen t s  on 2 -aminochromone  
and 2 -acy l aminoch romones  and have es tabl i shed that  substi tut ion may take place  at  the ni t rogen atom, at 
the C 3 a tom of the pyrone  r ing,  or  in posit ion 6 of the benzene ring. Thus,  for  example ,  2 - acy lamino-  
ch romones  undergo aminomethyla t ion  with mix tu r e s  of fo rmadehyde  and secondary  amines  to f o r m  2 - a c y l -  
amino -3 -d i a lky l a m i nom e t hy l ch rom ones  [1], while in the reac t ion  with formaldehyde  in the p r e s e n c e  of 
t e r t i a r y  amines  m e t h y l e n e - 3 , 3 ' - b i s ( 2 - a c y l a m i n o c h r o m o n e ) s  we re  obtained [1]. Brominat ion  [3] ni t ra t ion 
[2,3], and alkylat ion [3] r eac t ions  have a lso  been studied. 

In the p re sen t  work we have made  a study of e lec t rophi l ic  substi tut ion reac t ions  in de r iva t ives  of 2- 
aminochromone .  If in the aminomethyla t ion  reac t ion  of 2 -e thoxyca rbamoylch romone  (Ia) and 2-benzyloxy-  
ca rbony laminochromone  (Ib) a p r i m a r y  amine  is used instead of a secondary  amine,  products  of the c lo su re  
of  the pyr imid ine  r i n g -  1, 2, 3, 4 - t e t r a h y d r o - 5 H - c h r o m e n o  [2,3-d] py r imid in -5 -ones  ( I I a - e ) -  a re  f o rmed  
in high yie lds  (75-90%). 

I CH20+ WNH2 ~ -R, .HCI 
NHCOR 2 HCI 

Ia, b IIa-e cooR 

[aR =OC2H5; ~ R=OCH2C6Hs; a R=C2Hs, R,=n-C4Hg; b R=C2H5, R'=iSO-%HT; cR=C2H ~, 
R'=CH2C6Hs: dR=C~H 5, R'~CH2CH~OH; e R=R'=CH~C6H ~ 

It is app rop r i a t e  to ment ion that  condensed s y s t e m s  with conjugated he t e rocyc le s  of the pyran  of a 
ch romene  r ing and pyr imid ine  have not been studied prev ious ly  [4]. 

The subs tances  obtained f o r m  monohydrochlor ides  and, in con t ras t  to the initial Ia, a r e  insoluble in 
a lkal is  and do not exhibit  a mobi le  hydrogen a tom.  The IR spec t rum (in chloroform,_c 0.05 M) of the base  
lIc lacks  the bands of the s t re tch ing  v ibra t ions  of OH and NH groups .  The NMR s p e c t r u m  (60 MHz in s t ru -  
ment ,  solvent  CDCla, s tandard  HMDS, 5 scale)  of the base  IIc ag r ee s  with the s t r u c t u r e  given: 1.13 and 
4.13 ppm (tr iplet  and quar te t  f r o m  CH3CH20), 3.60, 3.73, and 4.50 ppm (singlets,  t h r ee  isola ted CH 2 groups) .  

*For  Communicat ion XL, see  [5]. 
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The reac t ion  of 2-p iper id inocarbonyl  aminochromone  (Ic) with a roma t i c  aldehydes in the p r e sen ce  of 
t r i e thy lamine  gave the cor responding  a ry l idene-3 ,3 ' -b i s (2 -p iper id inocarbonylaminochromone)  s (Il ia-c).  

? r o 1 

NtlCO N(C2Hs) 3 NHCO 

Ic I l la-c 
aR=H; bR=NO2; CR=OCH 3 

The introduction of an aryl idene res idue  into posit ion 3, and not at the ni t rogen a tom,  p roves  the ex-  
i s tence  of mobi le  hydrogen:  compound III d i s so lves  in alkal is  and is r ep rec ip i t a t ed  unchanged by acids 
f r o m  the alkaline solutions.  

Fo r  the case  of Ia and t r i ch lo roace ty l aminochromone  (Id), as examples ,  it has  been shown that the 
reac t ion  with sulfuryl  chlor ide  in ch lo ro fo rm leads exclus ive ly  tochlor inat ion in posit ion 3 of the chromone  
sys t em.  

O O 
n II 

~ N H C O R  SO2Cl2 ~ : I H c o R  

l a ,  ld (R=CCl 3) lVa-~) 
aR=OC2Hs; b R=CCI 3 

Compound IVa hydrolyzes  in an acid medium to the known 3 -ch lo ro -4 -hyd roxycoumar in .  Substances 
IVa,b d isso lve  in alkali .  The IR s pec t r a  of IVa in the c rys ta l l ine  s ta te  (mull in paraff in  oil) and in ch lo ro-  
f o r m  solution show bands o f  the s t re tching vibra t ions  of the NH group in the 3170 and 3410 cm - i  regions  
r e spec t ive ly .  

2 -Aminochromone  (V) read i ly  aminomethy la tes  to 2 -amino-3 -d ime thy laminomethy lch romone  (V1). 

O O 
fl tl 

�9 t JLoX ., 
v V !  

As in the ease  of 2 -e thoxycarbony lamino-3-p ipe r id inomethyIchromone  [1] the aeid hydro lys i s  of VI 
leads to me thy lene -3 ,3 ' -b i s (4 -hydroxycoumar in ) .  NMR spec t rum of VI [in (CD3)2SO solution, s tandard  
ttMDS], ppm: 2.10 (singlet signal of the protons of two equivalent  CIt 3 groups) ,  3.33 (singlet s ignal  of an 
i so l a t edCH2-Ngroup) ,  7-8 (four protons  of a benzene ring).  The re  is no signal of a vinyl proton at C a in 
the 5-6 ppm region.  The NIl 2 group and the water  in the solvent  a re  not revea led ,  obviously,  because  of 
the exis tence  of a slow exchange of protons .  The addition to a solution of VIe in (CD3)2SO of ~1 mole  of 
t r i f luoroace t ic  acid leads to the fo rmat ion  of a sa l t  of the al iphatic amino group, which is shown by a down- 
field shift  of the s ignals  of the protons  of the N(CH3) 2 and CH2-N groups  (2.4 and 3.7 ppm respec t ive ly ) .  In 
the p r e sence  of an excess  of this acid, fu r the r  chemica l  shif ts  of the s ignals  a r e  found: 2.8 ppm for  
N(CH3) 2 and 4.2 ppm for  Ct t2-N,  which can be explained by an equi l ibr ium between the f o r m  protonated at 
the al iphatic  amino group and the nonprotonated f o r m  VI or ,  m o r e  probably,  by a t rans i t ion  (possibly p a r -  
tial) of the monoprotonated f o r m  into the diprotonated fo rm.  

The acetyla t ion of 2 - a m i n o - 3 - b r o m o c h r o m o n e  (VII) takes  place somewhat  anomalous ly .  While, as we 
have shown previous ly  [3], in the case  of the acetylat ion of V a monoacetyl  de r iva t ive  (namely 2 - ace ty l ami -  
nochromone)  is fo rmed ,  in the case  of VII a diacetyl  der iva t ive  is fo rmed  to which we a s c r i b e  the s t ruc tu re  
of 2-(diaoetylamino)ehromone (VII1). 

o O 
I! Jl 

~ B r  (CH3CO)2_ O ~ B r  
NH 2 N(COCH~)~ 

Vii  VIII 

I H 2 0 ,  HCI 

OCOCH 3 OH 

NCOCH 3 
A IX 
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TABLE 1. 

Corn-, ImP ~ pouna - '  __ [(from EtOH) 

Hydroch lor ides  of Der iva t ives  of 1 ,2 ,3 ,4 -Te t r ahydro -  5H- 

Yield 

chromeno  [2,3-d] py r imid in -5 -one .  

Er~piric{1 / Found % Calculated % 
~ormma [ c  iH I~' IX C ~ i c i  {~ 

3 4 ! 56]5751 [-44 9441745 57,5 6 ,1  9,3217, , 6, ' i '  
10,08 7,90 8 1005 7,94 

63,165 8  89',83,2905  -699 
5419545 994794  5416:540 9,99790 
73:48 5,12 ' 6:54 173,2515:20 / [6,57 

[ 
ClsHmN204 �9 HC1. 

�9 0,5H20 
CITH2oN204 �9 HC1 
C21H2oN204 �9 HCI 
C1GH1BN204 �9 HC1 
C2eH22N204 

IIa 139--140 

IIb 224--225 
IIc* 192--193 
I/d 168--168,~ 
II~ 140--141 

90 �84 

91 
75,5 
76,z 
84,5 

*Base, rap 100-101~ (from ethanol),found %: C 69.46; H 5.67; N 
7.87. Calculated for  C21H20N204, %: C 69.20; H 5.53; N 7.69. 

The base  s e p a r a t e d  out when the reac t ion  mix tu re  was cooled. 
kmax,  nm (log e): 232-234 (4.41); 298-300 (4.19). 

The hydro lys i s  of VIII with hydrochlor ic  acid g ives  3 - c h l o r o - 4 - h y d r o x y c o u m a r i n  (IX), l ike the anal -  
ogous reac t ion  of 3 - b r o m o - 2 - e t h o x y c a r b o n y l c h r o m o n e  [3]. The decis ion between s t r u c t u r e s  VIII and A for  
the diacetyl  de r iva t ive  was made  on the bas i s  of the UV and IR spec t r a .  IR s p e c t r u m  of the subs tance  (in 
oil), c m ' l :  1746 and 1705 (equal in tensi t ies  C = O of amide  groups) ,  1658 (apparently pyrone C = O), 
1618, 1571. IR s p e c t r u m  (in ch lo roform,  c 0.1 M, d 0.16 ram) ,  c m - i :  1734 (one ve ry  s t rong band, two iden- 
t ica l  amide  C = O groups) ,  1663 (apparently a pyrone C = O) ,  1620, 1557. UV s p e c t r u m  of VIII (in ethanol, 
c 1 0 - 4 - 1 0  -5 M), nm (log e): 238 (4.38), 306 (3.87). 

E X P E R I M E N T A L  

3_-n- B u t y l - l - e t h o x y c a r b o n y l - l , 2 , 3 , 4 - t e t r a h y d r o -  5H-chromeno [2 ,3-d]pyr imidin-  5-one (IIa). A mix -  
tu re  of 2.33 g (0.01 mole)  of Ia, 0.88 g (0.012 mole)  of n -bu ty lamine ,  1.44 g (0.048 mole)  of a 32% aqueous 
solution of CH20, and 15 ml  of absolute  ethanol was boiled for  a few minutes  until it was comple te ly  homo ,  
geneous and was then left  overnight .  Then it was evapora ted  in vacuum, the res idue  was dissolved in an-  
hydrous e ther ,  and the solution was t r e a t ed  with e the rea l  hydrogen chlor ide  solution. The prec ip i ta te  that  
deposi ted was f i l t e red  off, giving 3.3 g (90 %) of IIa. Substances I Ib ,  e were  obtained by the s a m e  method. 
Informat ion  on compounds I I a - e  is given in Tab le  1. 

Benzy l idene-3 ,3" -b i s (2 -p ipe r id inocarbony laminoehromone)  (IIIa). A solution of 1.36 g (0.005 mole)  
of Ic, 0.'-53 g (0.005 mole)  of benzaldehyde,  and0.5 g (0.005 mole)  of t r i e thy lamine  in 10 ml  of absolute e tha-  
nol was boiled in the water  bath for  3 hr .  The prec ip i ta te  that  deposi ted was f i l t e red  off and washed with 
e ther  to give 0.85 g of IIIa.  An additional 0.15 g of IIIa was isola ted f r o m  the f i l t ra te .  The total  yield of 
IIIa was 1 g (63.2%), mp 222-223~ (decomp, from ethanol). IR spectrum (in oil) cm-l: 3000-3300 (broad 
band, bound NH groups), 1680 (amide C = O), _620 (pyrone C = O). Found %: C 70.66; H 5.82; N 8.92. 
Calculated for C37H36N406, %: C 70.25; H 5.74; N 8.86. 

4--Nitrobenzylidene-3,3'-bis(2-piperidinocarbonylaminochromone) (IIIb). A solution of 1.36 g (0.005 
mole) of Ic, 0.75 g (0.005 mole) of 4-nitrobenzaldehyde, and 0.5 g (0.005 mole) of triethylamine in 10 ml of 
absolute ethanol was boiled for half an hour, and then the reaction mixture was left overnight and the pre- 
cipitate was filtered off. Yield 1 g (59~), mp 216-217~ (decomp, ethanol). Found, ~: C 65.23; H 5.22; 
N 10.32. Calculated for C37H35~508, %" C 65.57; H 5.20; N 1053. 

4-Methoxybenzylidene-3,3'-bis (2-piperidinoearbonylaminoehromone) (IIIc). A solution of 1.36 g 
(0.005 mole) of Ic, 0.68 g (0.005 mole) of 4-methoxybenzaldehyde, and 0.5 g of triethylamine in 10 ml of 
absolute ethanol was boiled for 2 hr. The reaction mixture was concentrated in vacuum, and the precipitate 
that deposited was filtered off and washed with ether to give the hydrate of IIIc, yield 1.2 g (70.6%), mp 
208-209~ (ethanol). Found, %: C 67.42; H 5.94; N 8.22. Calculated for C38H38N40?'H20, %: C 67.13; 
H 5.93; N8.24. 

3-Chloro-2-ethoxycarbonylaminochromone (IVa). A solution of 2.33 g (0.01 mole) of la in 50 ml of 
chloroform was treated with 1.5 g (0.011 mole) of SO2CI 2 and left for 48 hr, after which the chloroform was 
distilled off to give 2.4 g (90 ~) of the chloride IVa, mp 147-148~ (ethanol). ]:R spectrum (in chloroform, 
c 0.05 mole, d 0.16 mm), era-i: 3410 (uNH), 1760 (amide C = O), 1620 (pyrone C = O), 1570. Found, %: 
C 54.00; H 3.66; C113.09. Calculated for CI2HIoCINO ~, %: C 53.84; H 3.77; Cl13.25. 
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Hydrolys i s  of IVa. A solution of 1 g of IVa and 10 ml  of conc. HClin 10 ml  of ethanol was boiled for  
2 hr  and left  overnight.  The prec ip i ta te  that  deposi ted was f i l t e red  off, giving 0.5 g (68.5 %) of 3 -ch lo ro -  
4 -hydroxycoumar in  mp 215-216~ (ethanol). A mix tu re  with an authentic sample  gave no dep res s ion  of the 
melt ing point. 

3 -Ch lo ro -2 - t r i ch l o roace t y l am i noch romon  e (IVb) was obtained in a s i m i l a r  manner  to IVa f r o m  1.53 g 
(0.005 mole) of Id and 0.75 g {0.0055 mole) of SO2C12. Yield 1.7 g (100%), mp 170-171~ (ethanol). Found, 
%: C 39.08; H 1.62; C1 41.31; N 4.34. Calculated for  CilHsC14NO 4, %: C 38.74; H 1.48; C1 41.59; 
N 4.11. 

2 -Amino-3 -d ime thy laminomethy lch romone  (VI). A mix tu re  of 0.8 g (0.005) of 2 -aminochromone ,  2 
ml  of [(CH3)2N]2CH 2 and 60 ml  of absolute ethanol were  boiled for  1 hr .  The ethanol was dis t i l led off f r o m  
the reac t ion  mix tu re  in vacuum. The resul t ing  oil was t r i t u ra t ed  with a smal l  amount of e ther ,  giving VI 
with a yield of 0.9 g (82.5%), mp 159.5~ (decomp, ~.thanol). IR spec t rum (in ch lo ro fo rm c 0.05 mole ,  d 0.4 
mm) ,  c m - t :  3100-3480 (vNH2), 1620 (pyrone C = O), 1568. Found, %: 65.96; H 6.40; 1~ 12.71. Calculated 
for  C12I-I14N202, %: C 66.05; H 6.47; N 12.84. 

Dihydroehlor ide mp 205-206~ (decomp, ethanol). Found, %: C 49.56, H 5.54. Calculated for  
Ci2H16C12N202, %: C 48.49; H 5.54. 

Hydro lys i s  of VI. A mix tu re  of 1.09 g of VI, 6 ml  of conc. HC1 and 20 ml  of acet ic  acid was boiled for  
6 hr .  The reac t ion  mix tu re  was evapora ted ,  and the res idue  was t r ea t ed  with an aqueous solution of NaHCO 3 
and f i l tered,  and the res idue  was dissolved in 10% NaOH solution. The alkaline solution was acidified with 
cone.HC1 and the prec ip i ta te  that  deposi ted was f i l t e red  off and washed with water  to give m e t h y l e n e - 3 , 3 ' -  
b i s (4-hydroxycoumar in) ,  yield 0. 3 g (35.7 %), mp 259-260~ A mix tu re  with an authentic sample  gave no 
depress ion  of the melt ing point. The two samples  had the s ame  mobil i ty  (R f 0.4) in t h in - l aye r  c h r o m a t o g -  
raphy on A1203 (activity g rade  II, benzene).  

3 - B r o m o - 2 - d i a c e t y l a m i n o c h r o m o n e  (VIII). A mix tu re  of 0.2 g (0.8 mmole)  of VII and 3 ml  of acet ic  
anhydride,  together  with a few m i l l i g r a m s  of p- toluenesulfonic  acid, was boiled for  4 hr  and left  overnight .  
Then it was poured into 50 m l  of water ,  and the p rec ip i ta te  that  deposited was f i l t e red  off and washed with 
water  to give VIII ,  yield 0.23 g (84%), mp 141-142~ (ethanol). Found, %: C 48.14; H 3.16; N 4.45. Cal- 
culated for  C13HIoBrNO4; %: C 48.19; H 3.11; N 4.32. 

A mixture  of 0.5 g of VIII ,  4 ml  of 10% HC1, and 10 ml  of ethanol was boiled for  5 hr .  The ethanol 
was dis t i l led off f rom the reac t ion  mix tu re  and the p rec ip i ta te  was s epa ra t ed  off to give 0.2 g (66.6 %) of 
3 -ch lo ro -4 -hydroxycoumar in ,  mp 213-214~ (ethanol). A mix tu re  with an authentic sample  mel ted  without 
depress ion .  

2 -Benzy loxyca rbony lamino-3 -n i t roch romone  was obtained in a s i m i l a r  manner  to 2-e thoxycarbonyl -  
a m i n o - 3 - n i t r o c h r o m o n e  [2], yield 20.6%, mp 124-125~ (ethanol). Found, %: C 59.78; H 3.74; N 8.25. 
Calculated for  C17H12N206, %: C 59.99; H 3.55; N 8.23. 
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