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4, 4-Dichorochromene (I) and 3,4, 4-trichlorochromene (II) are pre- 
pared, and their reactions with nucleophilic reagents (water and aro- 
matic amines) investigated, with water and p-nitroaniline the dichlor- 
ide I gives normal reaction products: chromone and 4-(p-uitrophenyl- 
amino) chromeue (IX). Compound II behaves differently, attack of 
water and aromatic amines occurring at position 2 in the chromene 
system to give respectively an ether (X) and amines (XI). Various 
chemical reactions of X and XI are investigated. 

Continuing a study of the reac t ion  of nucleophil ic  
r eagen t s  with 4, 4 - d i c h l o r o c h r o m e n e  (I), we chose  as 
subjec ts  of invest igat ion 4, 4 - d i c h l o r o c h r o m e n e  (I) and 
3, 4, 4 - t r i c h l o r o c h r o m e n e  (II). If the convers ion  of  2-  
ch lo roca rbony l -  and 2 - c a r b a l k o x y c h r o m o n e s  to the 
co r r e spond ing  4, 4 -d ich lo r ides  takes  place r a t h e r  
smooth ly  under  the act ion of halogen c a r r i e r s  [SOC12, 
(COC1)2, PC15] [1, 2], cons ide rab le  diff icult ies were  
encountered  in p repa r ing  I. The r eac t ion  of eh romone  
with thionyl chlor ide  is accompanied  by res in i f i ca t ion  
and format ion  of a side product ,  obviously t r i c h l o r o -  
c h r o m e n e  (rl), which it is imposs ib le  to sepa ra te  by 
dis t i l la t ion.  As t r i ch lo r ide  II can a r i s e  by oxidative 
chlor inat ion,  the reac t ion  was run in the absence  of 
oxygen of the air  (in a c u r r e n t  of ca rbon  dioxide), and 
dichlor ide  I was  obtained in 58% yield.  It is difficult  
to analyze and c h a r a c t e r i z e  this compound, as it r e a d -  
i ly  r e a c t s  with m o i s t u r e  of the air ,  to give the s t a r t -  
ing ch romone .  

To shift  the c o u r s e  of the r eac t ion  towards  the side 
of fo rma t ion  of t r i ch lo r ide  II, addition of benzoyl  p e r -  
oxide was  r e s o r t e d  to. Under  those condit ions t r i -  
ch lor ide  II was  obtained without d ichlor ide  as impur i -  
ty.  The amount  of benzoyl  peroxide  is of m a j o r  i m -  
por t ance  in running the r eac t ion  success fu l ly .  The 
s t r u c t u r e  of  the d ichlor ide  II is shown in the following 
way.  The act ion of su l fury l  ch lor ide  on ch romone  gave 
2, 3 - d i c h l o r o c h r o m a n - 4 - o n e  (III), smooth ly  conver ted  
by t r i e thy lamine  to 3 - c h l o r o c h r o m o n e  (IV). T r e a t m e n t  
of IV with thionyl ch lor ide  gave the t r i ch lo r ide  II. On 
the other  hand, the s t r u c t u r e  of IV is shown by c h l o r -  
inat ing the ethyl e s t e r  of  e h r o m o n e - 2 - c a r b o x y l i c  acid 
with sul furyl  chlor ide ,  to give the ethyl e s t e r  of 3-  
c h l o r o c h r o m o n e - 2 - c a r b o x y l i c  acid (V). The la t te r  
hyd ro lyzes  to the c o r r e s p o n d i n g  acid (VI), fu r the r  
deca rboxy la ted  to IV. 

Taking account  of the fact  that  the l i t e r a tu re  does 
not de sc r ibe  p repa ra t i on  of  3 - c h l o r o c h r o m o n e s  by 
d i r ec t  chlor inat ion with sul furyl  chlor ide ,  we t r ied  

*For  P a r t  XXII see  [4]. 

this  method on another  c o m m o n  ch romone  der ivat ive ,  
fiavone, and read i ly  obtained 3-ch lorof lavone  (VII). 
Use of excess  sulfuryl  ch lor ide  led to fo rmat ion  of 
2 ,2 ,  3 - t r i ch lo ro f lavanone  (VIII). 

Cons iderable  di f ference is obse rved  in the behavior  
of compounds  I and II towards  nucleophil ic  r eagen t s .  
I and wate r  give chromone ,  while p-n i t roani l ine  gives 
4 -p -n i t ropheny laminoch romene  (IX), i . e .  4 - subs t i tu -  
t ion products .  
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On the o ther  hand, compound II (obtained both f r o m  
chromone ,  and f r o m  IV) gives  2-subs t i tu t ion  p roduc ts  
with wa te r  and a r o m a t i c  amines :  the e ther  X and 
amines  XIa, b, c. The s t r u c t u r e  of e ther  X is proved 
by its hydrogena t ion  to e ther  XII, the la t te r ,  l ike an 
acetal ,  fo rming  a 2, 4 -d in i t rophenylhydrazone  (XIII) 
in acid solution.  T r e a t m e n t  of compound X with wate r  
in acid solution conver t s  it to IV, obviously  through 
the in t e rmed ia t e  hydroxy  der iva t ive  A, which by r e -  
a r r a n g e m e n t  gives the also unstable  i s o m e r  B. 
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XI :  a Ar=C6H S, b Ar=p-NH2SO2C6H4, c Ar=p-NO2C6H ~ 

T h e  l a t t e r  r e a d i l y  l o s e s  h y d r o g e n  c h l o r i d e .  T h e  s t r u c -  

t u r e  o f  X I  i s  e s t a b l i s h e d  f o r  X I a  b y  h y d r o g e n a t i o n  t o  

c o m p o u n d  X I V a ,  w h i c h  i s  a l t e r n a t i v e l y  s y n t h e s i z e d  b y  

s p l i t t i n g  d i h y d r o c o u m a r i m  w i t h  a n i l i n e ,  a n d  r e d u c i n g  

t h e  r e s u l t a n t  a n i l i d e  o f  o - h y d r o x y d i h y d r o c i n a m m i c  

a c i d  (XV) w i t h  L iA1H4.  H y d r o l y s i s  o f  XIa,  c i n  a c i d  

s o l u t i o n  g i v e s  IV.. H e a t i n g  X I c  a t  1 7 0 - 1 8 0  ~ c o n v e r t s  

i t  to  t h e  i m i n e  X V I ,  p r o b a b l y  v i a  i n t e r m e d i a t e  c o m -  

p o u n d  C .  

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

4,4-Dichlorochrom-2-ene  (I), 20 g (0.137 mole) chromone and 50 
ml SOC1 z were refluxed together in a slow stream of dry COz for 12 hr, 
excess SOC1 z vacuum distilled off, and the residue distilled in the ab- 
sence of moisture from the air, yield of I 16.08 g (58%), bp 150 ~ 
(7 mm).  Found: C1 35.21; 34.77%, calculated for C~-I6ClzO: C1 35.26%. 

4-(p-Nitrophenyl imino)chrom-2-ene (IX). A solution of 1 g 
(5 raM) I in 10 ml dry benzene was mixed with a solution of 0.62 g 
(5 mM) p-nitroaniline in a mixture of 25 ml  absolute benzene and 3 
ml  dry dioxane, and 1.01 g (0.01 mole) EtsN was added over a period 
of 16 hr (20*).  The mixture was kept for 4 hr at 20 ~ then refluxed 
for 30 rain, cooled, treated with NaHCO s solution, and extracted with 
benzene. The benzene solution was evaporated, and the residue re-  
crystallized from EtOH, Yield of IX 0.71 g (53%), dark yellow crys- 
tals, mp 188-188.5~. Found: C 67.33, 67.20; H 3.81, 3.74; N 10.35, 
10.45%, calculated for CtsHtaN~Oa: C 67.67; H 3.79; N 10.52%. 

3, 4, 4-Tr ichlorochrom-2-ene  (II). 5.84 g (0.04 mole) cbXomone, 
40 mg benzoyl peroxide, and 20 ml SOC1 x were refluxed together for 
l0  hr, excess SOC12 distilled off, and the residue vacuum distilled 
with protection against the moisture of the air. The product was left 
under vacuum for 40 rain, then heated under vacuum for 10 rain at 
60-65 ~ to remove hydrogen chloride. Yield 4.6 g (49%), bp 126 ~ 
(I ram), n~ ~ 1,6109. Found: C 45.74, 45.75; H 2.35, 2.33; CI 45.00, 

45.08%, calculated for C�HsCIsO: C 45.90; H 2.12; C1 45.28%. 
Ethyl 3-chlorocbxomone-2~carboxylate (V). 2.18 g (0.01 mole) 

ethyl chromone-2-carboxylate ,  6,75 g (0.05 mole) sulfuryl chloride, 
and 20 mg benzoyl peroxide were refluxed together for 10 hr, excess 
sulfuryl chloride distilled off under vacuum, and the residue recrystal-  
lized twice from EtOH, yield 1.64 g (439) ,  mp 91-91.5 ~ Found: 
C 56.63, 56.75; H 3.74, 3.52; C1 14.44, 14.52%, calculated for 

C12H9C104: C 57.03; H 3.60; C1 14.049. 
3.Chlorochromoneo2-carboxylic acid (VI). 2 g (8 raM) ester V 

and 20 ml AcOH-HC1 (1 : 1), were refluxed together for 4 hr, then 
left for about 16 hr, evaporated, and the residue treated with satur- 
ated NaHCO a solution, which was then extracted with benzene.  The 
bicarbonate solution was acidified, and 0.88 g (45%) acid VI filtered 
off, mp 206~ ex aqueous AcOH). Found: C 53.54, 53.67; 
H 2.33, 2.35; C1 15.79, 15.499,  calculated for Ci0HhC104: C 53.83; 

H 2.23; c1 15,799.  
3-Chlorochromone (IV). Decarboxylating 0.5 g acid VI (by hea t -  

ing at 230 ~ for 30 mln),  followed by crystallization of the reaction 
product from benzene-pe t ro l  ether, gave 0.24 g (61%) IV, mp 
112-113 ~ . IR spectrum (in KBr discs): 1655 cm -1 (C=O).  Found: 
C 60.00, 59.92; H 2.70, 2.74; C1 19.45, 19.459,  calculated for 

C9H~C102: C 59.86; H 2.77; C1 19.639o. 
2-(p-Nitrophenylamino) 3 ,4 -d ich lo rochrom-a-ene  (XIc), A. Ahot 

solution of a mixture of 2.02 g (0.02 mole) EtsN and 1.47 g (11.9 raM) 
p-nitroanil ine in 150 ml benzene was added to a solution of 2.32 g 
(9.9 raM) II (obtained from chromone) in 15 ml dry benzene.  After 

16 hr (20 ~ the EtzN �9 HC1 precipitate was filtered off, the benzene 
solution evaporated, and the oily residue rubbed with 5 ml petrol 
ether. The yellow crystals that formed were filtered off, washed with 
MeOH, and dried, yield o f X i c ( 2 . 0 4 g ( 6 1 . 5 % ) ,  mp 123-124~ - 
comp, ex petrol e ther -benzene :  active charcoal). IR spectrum(CHC13, 
c 0.05 M, d 0.166 ram): 3430 cm-](NH),  unsymmetrical  band at 1610 
cm "1 (valence vibrations of C=C bonds of the benzene ring, and of 
the C=C bond at the 3,4 position), 1527 and 1324 cm-~ (NO2). Found: 
C 53.44, 53.31; H 2.80, 3.00; C1 20.53, 20.65; N 8.41, 8.32% calcu-  
lated for C15H10C12N2Oa: C 59.45; H 3.00; C1 21.02; N 8.30%, 

B. 0.5"/ g (3,15 mM) IV and 5 ml  SOC12 were refluxed together for 
10 hr, excess SOC12 distilled off, the residue rubbed with 20 ml ben-  
zene, and 0.48 g (3.5 mM) p-nitroaniline and 0.7 g Et3N in 20 ml  
benzene added, and the products worked up as described in the pro- 
ceeding experiment, to give 1.04 g (98%), compound XIc (identified 
by mixed mp and IR spectrum). 

C, 1 g aminochromene XIo in 40 ml EtOH and 10 ml cone HC1 
were refluxed together for 15 min, the products diluted with an equal 
volume of water, and then repeatedly extracted with benzene. Crys- 
tallization from MeOH gave 0,24 g (38.6%) compound whose mp 
(mixed rap) and Rf in thin-layer  chromatography on AI,O s were identi-  
cal with that of known IV prepared as above, 

3 -Chlom-4- (p -n iuopheny lamino)chmm-2-ene  (XVI). 1.5 g (4.45 
raM) aminochromene XIr was heated,  in an oil bath to 170 ~ (at 130 ~ 
the compound melted,  then solidified, and at 170 ~ melted again). 
The products were ground in a mortar with a saturated solution of 
NazCOs, the solid filtered off, washed with water, dried, and treated 
with cold benzene (2 x 150 ml), the insoluble residue filtered off, the 
benzene solution evaporated, and the residue recrystallized from ben- 
zone-petrol  ether. Yield of XVI 0.34 g (25~ dark orange crystals, 
mp 191-192 ~ (ex benzene). Found: C 59.90; H 3.14; C1 11.72, 11.89 
N 9.36, 9.43%, calculated for ClsHd::lN2Os: C 59.92; H 3.02; C1 
11.80; N 9.32u/o. 

2-Phenylamino-3,  4-dichlorocbzom-3-ene (XIa). Compound II pre- 
pared from 3.6 g (0.02 mole) IV in 20 ml  dry benzene, was mixed with 
1.86 g (0.02 mole) aniline and 4.04 g (0.04 mole) EtsN in 100 ml dry 
benzene,  the EtsN �9 HC1 filtered off, the solution evaporated, the oily 
residue rubbed with a small  amount  of petrol ether, the product filtered 
off and recrystallized from MeOH to give 2.9 g colorless crystals of 
compound XIa. A further 0.7 g material  was isolated from the mother 
liquors. Total yield 3.6 g (61.5~ mp 92-92.5 ~ IR spectrum CHCls, 
c 0.1 M, d 0.166 mm) 3430 c m ' l ( N H ) ,  1605 c m - I  (unsymmetrical  
band, valence vibrations of C=C bonds in the benzene ring, and of 
the C = C  bond at the 3 ,4  position). Found: C 6t.94; 62.06; H 3.77, 
3,74; CI 24.38, 24.65; N 4.95, 5.02%, calculated for C~HuC12NO: 
C 61.67; H 3.80; C1 24.26; N 4.80. 

0.3 g XIa in 10 ml  EtOH and 8 ml  cone HC1 were refluxed together 
for 4 hr, the solution evaporated, and the residue washed with 2 N HCI 
and water, to give 0.18 g (95%) IV, idemical  with a lmown specimen 
with respect to mp (mixed mp) and Rf for thin layer chromatography 

on A12Os. 
3-(o-Hydtoxypheayl)propylphenylamine (XlVa). A. 0.8 g (2.73 raM) 

XIa was hydrogenated in 70 ml absolute MeOH in the presence of 0.5 
g 5 9  Pd/BaSO4 and 1.01 g (0.01 mole) EtsN for 30 min,  under ordinary 
conditions, until 4 molecules of H~ had been absorbed. The catalyst 
was filtered off, the filtrate diluted with an equal volume of water, 
when a colorless precipitate of XIVa formed, yield 0.85 g (88.7~ 
mp 123-124 ~ (ex petrol e ther-benzene,  then from aqueous MeOH). 
Found: C 78,98, 79.05; H %49, 7.66; N 6.26; 6.40%, calculated for 

CIsH~TNO: C 79.27; H 7.54; N 6,16%. 
B. A suspension of 5.2 g anilide XVin dry ether, was added with 

stirring, over a period of 20 min,  to 0.9 g LiAIH4 in 200 ml  dry ether, 
the whole refluxed for 6 hr, decomposed with water, and acidified with 
2 N HC1, The aqueous solution was separated off, the ether solution 

repeatedly extracted with 2 N HC1. 3 g starting anilide XV was isolated 
from the ether solution. The combined hydrochloric acid solutions were 

neutralized with K2COs and extracted with benzene,  the extract dried 
and evaporated to give 1.9 g amine XIVa (92% on the anilide reacted), 
mp 122-123.5 ~ (ex aqueous MeOH, active charcoal).  Undepressed 

mixed mp with a specimen prepared by method A. 
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o-Hydroxycinnamanilide (XV). 7.4 g (0.05 mole) dihydrocoumarin 
(obtained in quantitative yield by hydrogenating coumarin in EtOH 
using Pd/BaSO 4 in the presence of conc HC1) and 15 g (0.16 mole) ani- 
line were refluxed together for 6 hr. After 16 hr (20 ~ the product was 
filtered off and washed with ether, yield I0 g (83.2%), mp 137.5-138 ~ 
(ex benzene). Found: C 74.60, 74.65; H 6.34, 6.35; N 5.92, 5.88%, 
calculated for CIsHI~NO2: C 74.68; H 6.27; N 5.81%. 

2-(p-Sulfamidophenylamino)-3,4-dichlorochrom-8-ene (XIb). A so- 
lution of 0.87 g (5.08 raM) 4-aminobenzenesulfamide and 1.5 g (0.015 
mole) EtsN in 50 ml dry dioxane was added to a solution of 1.20 g 
(5.08 raM) II in 20 ml dry dioxane. After 2 days the products were di-  
luted with twice their volume of water, and the precipitate filtered off 
and recrystallized repeatedly from aqueous EtOH. Yield 1.44 g (76.5%). 
On heating it decomposed without melting. Found: C 48.56, 43.38; 
H 3.24, 3.11; C1 19.35, 19.53; S 8.98, 8.82%, calculated for ClsHIzClz 
N2035: C 48.55; H 3.26; C1 19.09; S 8.64%. 

3-(o-Hydroxyphenyl)ptopyl(p-sulfamidophenyl)amine (Xivb). 0.62 
g (1.67 raM) compound XIb was hydrogenated in 100 ml MeOH in the 
presence of 0.5 g 5% Pd/I~aSO4and 1.01 g (0.01 mole) Et~N, for 1 hr 
under ordinary conditions, until 4 moles of hydrogen had been absorb- 
ed. The catalyst was filtered off, the solution evaporated, and the 
residue treated with water and extracted with ether. The extract was 
dried and evaporated. Yield 0.34 g (66.5~ amine X1Vb, mp 159-160 ~ 
(ex aqueous EtOH, active charcoal). Found: N 9.04; S 10.53, 10.62J/o, 
calculated for C15HrsNzOsS: N 9.15; 8 10.46%. 

Di(3, 4-diehlorocoumar-8-ene-2-yl)  ether (X). Compound II, pre-  
pared from 1.80 g (0.01 mole) IV, was treated with a saturated solution 
of NaHCOs. The crystalline product was filtered off, washed with 
water, boiled with 5 ml MeOH, and the solid separated off and dried, 
yield 1.78 g (84.5%) X, mp 168-169 ~ (ex toluene-hexane,  active 
charcoal). Found: C 81.83, 51.84; H 2.42, 2.3O; C1 88.76, 88.92%, 
calculated for C18H10C14Os: C 51.96; H 2.43; C1 84.O7%. 

On keeping in air, the ether X was quantitatively hydrolyzed to 
IV. 

Dicoumarin ether (XII). A suspension of 1.55 g (8.76 mM) ether 
X in 175 ml absolute MeOH was hydrogenated in the presence of 2.02 g 
(0.02 mole) Et3N and 1 g 5% Pd/BaS04 for 4 hr under ordinary condi- 
tions until 6.2 moles of hydrogen had been absorbed. The catalyst was 
o 

filtered off, the solution evaporated, the residue treated with water, 
and extracted with ether. The extract was then dried over NazSO4, the 
"ether distilled off, and the residue rubbed with 5 ml cold MeOH 0.47 
g (44%) colorless crystals of XII were filtered off rapidly, mp 95-96 ~ 
(ex EtOH). Found: C 76.61, 76.46; H 6.52, 6.52~/~ calculated for 
CIsHlsO3: C 76.60; H 6.41%. 

8-(o-Hydroxyphenyl)propionaldehyde 2, 4-dinitrophenylhydrazone 
(XIII). 0.2 g (0.71 raM) ether XII, 10 ml MeOH, 0.14 g (0.71 raM) 
2,4-dinitrophenylhydrazine, and 0.5 ml cone HC1 were refluxed to- 
gether for 2 hr. Cooling precipitated 0.22 g (94% calculated on the 

2,4-dinitrophenylhydrazine) orange crystals of XIII, mp 178-179~ 
MeOH).* Found: C 54.55, 54.83; H 4.49, 4.40; N 16.93, 16.89%, 
calculated for Cr~/-h~N4Os: C 54.55; H 4.27; N 16.96~ 

2,3-Dichlorocbxomanone-4 (III), 2.92 G (0.02 mole) chromone 
and 3.34 g (0.025 mole) sulfuryl chloride were mixed with cooling, 
kept for about 16 hr at 20*, excess sulfuryl chloride vacuum distilled 
off, and the residue recrystallized from absolute EtOH. Yield of IIl 
2.4 g (56%), mp 91-91.5 ~ IR spectrum (in KBr discs): 1700 cm "t 
(C=O). Found: C 49.96, 50.14; H 2.80, 2.69; C1 32.91, 32.65%, ca l -  
culated for C�H~ClzO2: C 49.81; H 2.76; C1 32.67%. 

0.88 g (8.8 mM) EtsN was added to a solution of 1.90 g (8.8 raM) 
III in 20 ml dry benzene, the EtsN �9 HC1 filtered off, the solution 
evaporated, and the residue recrystallized from EtOH. Yield 1,24 g 
(78.5%) IV, mp 112-113 ~ 

3-Chloroflavone (VII). A solution of 1.11 g (5 raM) flavone in 15 
ml dry CHC13 and 0,75 g (5.6 raM) sulfuryl chloride were refluxed to- 
gether for 1 hr, the products vacuum evaporated, the residue washed 
with water, dried, and recrystailized from EtOH to give 0.82 g (65%) 
compound VII, mp 119.5-120.5% Found: C 70.27, 70.15; H 3.56, 
3.59; C1 14.06, 14.11~ calculated for C15Hd3102: C 70.18; H 3.54; 
Cl 13,81%o. 

2, 3, 3-Trichloroflavanone (VllI). A mixture of 1.1I g (5 mM) fla- 
vone, 1.67 g (12.5 raM) sulfuryl chloride, and I0 mg benzoyl peroxide 
(the mixture boiled on mixing) was allowed to stand for 16 hr at about 
20 ~ The precipitate was filtered off, washed with aqueous MeOH 
(1 : 1), and crystallized from absolute EtOH, to give 1.07 g (67%, " 
allowing for the material isolated from the mother liquors) VIII, nap 
110.5-111". Found: C 54.92, 54.94; H 2.80, 2.80; C1 32.44, 32.49%, 
calculated for CIsH�ClaO2: C 55.00; H 2,78; C1 32.48%. 

*The literature [3] gives mp 182-183'. 
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