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Reaction of 4, 4-dichloroflavine (I) with sul furylchlor ide  affords 2, 3, 3, 4, 4 -pentachioro-  
flavan (II). Hydrolysis  of II gives 2-hydroxy-3,  3-dichloro-4-f lavanone (III), while alcoholysis  
with aqueous alcohols yields 2-a lkoxy-3 ,3-d ichloro-4- f lavanones  (IVa, b). T rea tmen t  of Ill with 
SOC12 gives 2 ,3 ,3- t r  ichloro-4-f lavanone (V), whichwith caustic alkali or sodium ethoxide is con- 
ver ted into o-(1-phenyl-2,  2-dichlorovinyloxy)benzoic acid (VIc) or  i ts ethyl e s t e r  (VIb), r e s -  
pect ively.  

Although reac t ions  of 4, 4-d ichloropyrans  involving rep lacement  of one or  both halogen atoms have 
been fair ly  widely investigated, react ions  of these dichlor ides  in which both chlorine atoms are  unaffected 
have not been examined. 

we  have obtained 2, 3, 3, 4, 4-pentachlorof lavan (ID in 66% yield by t rea tment  of 4, 4-dichlorof lavine 
(I) [1] with sulfuryl  chloride.  This compound undergoes a var ie ty  of reac t ions .  Hydrolysis  of II g i v e s  
2-hydroxy-3,  3-dichloro-4-f lavanone (HI), and react ion with aqueous alcohols (sometimes with the addition 
of hydrochlor ic  acid) affords 2-alkoxy-3,  3-d ichloro-4- f lavanones  (IVa and b). Themethyl  e ther  IVa was 
also obtained by t rea tment  of III with diazomethane.  
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Alkaline hydrolysis  of the dichloride III r emoves  two chloride ions. This shows that all the chlorine 
atoms in III, and consequently also in II, occur  in the pyran ring. The hydroxyl group in HI is not rep laced  
by methoxyl on t rea tment  with methanol in the p resence  of conc. HC1. Reaction of III with thionyl chloride 
afforded 2, 3, 3 - t r ich loro-4- f lavanone  (V). Pass ing hydrogen chloride thoough a benzene solution of Ill did 
not give the t r ich loro-compound V, even on addition of anhydrous zinc chloride.  Compound V is hydrolyzed 
in acid solution back to the carbinol  IIi. Reaction of V with methanol (best in p re sence  of hydrochlor ic  acid) 
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gives IVa. Trea tment  of V with caustic alkali or  with sodium ethoxide affords o,(1-phenyl-2,  2 -d ich loro-  
vinyloxy)benzoic scid (VIc), or  its ethyl es te r  (VIb), respect ively .  In the p resence  of t e r t i a ry  amines, the 
t r ichlorocompound V loses  a molecule of chlorine with the formation of 3-chloro-4- f lavone:  The acid VIc 
gives the methyl  es te r  (Via) on acidic ester i f icat ion or  on t rea tment  with diazomethane. The s t ructure  of 
Via wss confirmed by its IR spect rum (1728 cm-1, C=O), and by hydrogenolysis  to methyl  salicylate (VIII) 
which was identified by convers ion into the known crysta l l ine  benzoate (IX). Reaction of the acid VIc with 
thionyl chloride afforded the acid chloride (VII), which could be converted into the acid (VIc) or  the es te r s  
(Via and b). Moreover ,  react ion of VII with benzylamine gives the benzylamide of VIc (X), which on hydro-  
genation afforded the known benzylamide of sal icylic acid (XI). 

Compounds VII and V are i someric ,  and a doubt therefore  a r i ses  as to whether they might be con- 
f o r m e r s  of cyclic s t ruc tu res  of the V type. A thorough examination of the chemical  proper t ies  and of some 
physicochemical  cha rac te r i s t i c s  showed that VII is, however, an acid chloride, while V is a substituted 
flavanone. VII reac t s  much more  readi ly than V with solutions of s i lver  nitrate to give s i lver  chloride. The 
IR spec t rum of VII (see Fig.) exhibits s t rong acid chloride carbonyl  absorption at 1785 cm-1 (together with 
a low intensity band at 1750 cm-1), in the IR spec t rum of V (see figure), the carbonyl adsorpt ionappears  at 
1730 cm -1. The IR spect ra l  curves  of V and VII differ. The nuclear  quadrupole resonance (NQR) spect rum 
of V shows signals at 38.248 and 39.060 MHz attributed to the two geminal chlorine atoms in the 3-posit ion 
and a signal at 34.986 MHz ar is ing f rom the C1 in the 2-posit ion. The NQR spect rum of VII exhibits signals 
at 37.590 and 37.954 MHz (two geminal chlorine atoms at the double bond), and at 30.264 MHz (C1 in the 
COC1 group). (The NQR spect ra  were obtained by T. A. Babushkina, for which the authors are ex t remely  
grateful.) We were unable to convert  V into VII, whereas  the r eve r s e  p rocess  was accomplished by heating 
V with thionyl chloride (the react ion proceeded much bet ter  if smal lquant i t ies  of water  were added at in te r -  
vals, resul t ing in the l iberation of hydrogen chloride), or  in benzene in the presence  of anhydrous zinc chlo- 
r ide.  The convers ion of VII into V is probably a modified Kondakov react ion,  with c lear  evidence for  the 
possibi l i ty of the addition of the elements  of the acid chloride group to the ca rbon-ca rbon  double bond. This 
example, in our  view, is of in te res t  in view of the cur rent  in teres t  in the mechanism of the Kondakov r e a c -  
tion. We have observed that the acid VIb is not converted into the carbinol  III or  the chloride V on t rea tment  
with hydrogen chloride.  The mechanism of the convers ion of the fl-chloroketone V into VI under the influence 
of alkaline reagents  would appear  to be s imi lar  to that of the corresponding fragmentat ion react ion of open- 
chain fi-haloketones [2, 3]: 
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[R Spectra (in CHC13, c 0.1 M, 
d 0.1 ram). 1) o-(1-phenyl-2,  2- 
dichlorovinyloxy)benzoyl chloride 
(VII), 2) 2, 2, 3 - t r i ch lo ro -4 - f l ava -  
none (V). 

In the case of open-chain ketones, f ragmentat ion of the mole -  
cule occurs  via the intermediate  compound A, with the formation of 
an es te r  and an unsaturated compound. In our case, the intermediate  
addition product  of the nucleophile with the carbonyl  compound is 
assigned the s t ruc ture  B, and this on fission of the single C - C  bond 
does not give two molecules,  since the acid and olefin f ragments  
remain  in the same molecule.  

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

2, 3, 3, 4, 4-Pentachlorof lavan (II). Dichloroflavan [1] (I), 
obtained f rom 4.44 g (0.02 mole) of flavone, was boiled with 10 ml 
of SO2C12 for 1 hr 30 min. The excess  of SO2C12 was distil led off in 
vacuo, and the residue was washed with light petroleum and r e c r y s -  
tall ized f rom the minimum amount of benzene to give 5 g (66%) of 
II, mp 143-144 ~ (from a mixture of benzene and light petroleum).  
Found: C 47.2; H 2.6; C1 46.0. C15H9C150. Calculated: C 47.1; H2.4; 
C1 46.4%. 

2-Hydroxy-3,  3-dichloro-4-f lavanone (III). A portion of II 
[0.77 g (2 mmole)] in 30 ml of 60% acetic acid was boiled for  7 h, 
and evaporated to dryness .  The residue was washed repeatedly with 
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water  and r ec rys t a l l i z ed  f rom CC14 to give 0.5 g (80%) of HI, mp 164-165 ~ (from CC14). Found: C 58.6; H 3.3; 
C1 22.9%. C15H10C1203. Calculated: C 58.3; H 3.3; C1 22.9%. The compound gave no colorat ion with f e r r i c  
chlor ide.  IR spec t rum (in CC14, c 0.01 M, d 1 mm), cm- l :  3600 (OH), 1732 (C=O), 1614, 1590, 1480, 1465, 
1455. UV spec t rum (in alcohol, c 1.10-5-1.10 -2 M} Xmax, nm (log e): 245 (4.28) and 312 (3.17). 

2-Methoxy-3,  3-dichloro-4-f iavanone (IVa). A port ion of II [0.7 g (1.8) mole)] was boiled in a mix ture  
of 20 ml  of methanol and 5 ml  Of water,  cooled, and 0.5 g (86%) of IVa, mp 141-141.5 ~ (from methanol) was 
f i l te red  off. Found: C 59.7; H 3.8; C1 21.7%. C16H1~C1203. Calculated: C 59.5; H 3.7; C1 21.9%. IR spect rum 
(here and below, the IR spec t ra  are  given in solution at c 0.1 M, d 0.1-1.0 mm) (in CHC13) , cm-l :  1723 (C=O), 
1612, 1590, 1480, 1467, 1455. Carry ing  out the react ion in the p resence  of hydrochlor ic  acid had vir tual ly 
no effect  on the resu l t s .  IVa was also obtained by the reac t ion  of e therea l  diazomethane with III, in 20% 
yield, mp 140-141 ~ Both samples  were  identical  by the i r  IR spec t ra  and the i r  R f  values on thin l aye r  
chromatography on alumina. 

2-Ethoxy-3,  3-dichloro-4-f lavanone (IVb). Obtained as for  IVa, f rom 0.77 g (2 mmole)  of II by boiling 
for  7 h in a mixture  of 10 ml of alcohol and 5 ml of 2N HC1. Yield 0.4 g (60%), mp 108-109 ~ (from 80% 
methanol).  Found: C 60.7; H 4.1; C1 20.9%. C17H14C1203. Calculated: C 60.5; H 4.2; C1 21.0%. IR spec t rum 
{in CHC13), cm- l :  1725 (C = O), 1615,1590, 1480,1465, 1455. 

2, 3, 3 -Tr ich lo ro-4- f l avanone  (V). A port ion of III [0.12 g (0.38 mmole)] in 5 ml  of SOC12 was boiled 
for  1 h 30 min, the excess  of thionyl chlor ide r emoved  in vacuo, and the res idue  t r i tu ra ted  with 2 ml of 
alcohol. Crystal l izat ion f rom absolute alcohol afforded 0.1 g (76%) of V, mp 110-110.5 ~ IR spec t rum (in 
CHC13), cm- l :  1730 (C=O), 1615, 1590, 1480, 1452. The sample gave no depress ion  of mp on admixture  with 
an authentic sample [4], and was identical  with the la t te r  by its IR spec t rum and Rf value by thin layer  
chromatography on alumina. UV spec t rum (in heptane, c 1.10-5-1.10 -2 M), •max, nm (log ~): 255 (3.97, 3.12 
(3.39). 

Reactions of 2, 3 3 - t r i ch lo ro-4- f l avanone  (V). a) Onboiling 0.5 g (1.5 mmole) of V in a mixture  of 10 
ml  of acetic acid and 5 ml of cone. HC1, there  was obtained 0.3 g (64%) of HI, mp 164-165.5 ~ (from CC14). 

b) 0.5 g (1.5 mmole) of V was boiled for  10 h with a mixture  of 10 ml of methanol and 1 ml of cone. 
HC1 and evaporated to about 1/4 of i ts volume. The prec ip i ta tewas  f i l te red  off and r ec rys t a l l i z ed  f rom 
methanol to  give 0.3 g (60%) of IVa, mp 140-141 ~ Without hydrochlor ic  acid, the reac t ion  proceeded  dif- 
ferent ly .  

c) To a solution of 1.31 g (4 mmole) of V in 45 ml  of dioxane was added at ~50~ of 0.52 g (13 
mmole) of NaOH in 30 ml of water .  The mixture  was boiled for  30 min, evaporated rapidly in vacuo at 50 ~ 
to i/3 of its volume, 30 ml of water  added, f i l tered,  acidified with dilute (1:3) NHO% and ext rac ted  with ethyl 
acetate .  The ex t rac t  was evaporated in vaeuo, and the res idual  oil  was t r ea ted  with 100 ml of boiling light 
pe t ro leum (5 • 20 ml) with decantation, and r ec rys t a l l i z ed  f rom a mix ture  of benzene and light pe t ro leum 
to give 0.85 g (77%) of o-(1-phenyl-2,  2-diehlorovinyloxy)benzoic acid (VIc), mp 139.5-140.5 ~ Found: C 58.3; 
H 3.3; C1 22.8%. C13HIoC1203. Calculated: C 58.3; H 3.3; C1 22.9%. IR spec t rum (in CC14) , cm- l :  2400-3400 
(wide bands, hydroxyl in COOH), 1760 and 7007 (weak and very  strong, respect ively ,  doublet due to C=O in 
COOH), 1610, 1490. UV spec t rum (in alcohol, c 1.10-3-1.10-2 M), Xmax, nm (log e): 260 (4.11), inflexion at 
286 (3.7). 

d) To a solution of 1.64 g (5 mmole) of V in 20 ml of absolute alcohol was added at ~50 ~ a solution of 
sodium ethoxide (from 0.12 g of sodium and 5 ml of absolute alcohol), and the mix ture  was boiled for  6 h. 
The solid which separa ted  on cooling was f i l te red  off, and washed thoroughly with water  to give 0.65 g (40%) 
of VIc ethyl e s t e r  (VIb), mp 117.5-118 ~ (from alcohol). Found: C 60.6; H 4.1; C1 21.2%. C17H14C1203. Calcu- 
lated: C 60.5; H 4.2; C1 21.0%. IR spect rum (in CC14), cm- l :  1728 (C=O), 1610, 1585, 1490, 1460. The a lco-  
holic solution, af ter  r emova l  of VIb, was evaporated,  and the res idue  ext rac ted  with sodium carbonate  solu- 
tion to give 0.22 g (14%) of VIc, mp 139-140 ~ 

o- (1-Phenyl -2 ,  2-dichloro~nyloxy)benzoyl  Chloride (VII). A mix ture  of 1.78 g 15.7 mmole)  of VIc and 
15 ml  of SOCI~ was boiled for  1 h, evaporated in vacuo, and the res idue r ee rys t a l l i z ed  f rom light pe t ro leum 
to give 1.56 g (83%) of VII, mp 74-75 ~ ffrom light petroleum, with charcoal) .  Found: C 55.1; H 3.1; C1 32.5%. 
C13H9C1302. Calculated: C 55.0; H 2.8; C1 32.5%. IR spec t rum (in CHC13), cm-l :  1785 and 1750 (strong and 
weak, respect ive ly ,  doublet due to C=O in COCD, 1605, 1585, 1480, 1455. UV spec t rum (in heptane, c 1.10-3- 
1.10-3 M), kmax, nm (log ~): 249 (4.25), 303 (3.59). 
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Reactions of VII, a) A port ion of VII (0.1 g) and 4 ml of water  were  boiled for  4 h, to give 0.08 g (85%) 
of VIc, mp 139-140 ~ 

b) A port ion of VII (0.5 g) and 15 ml of methanol were  boiled for  I h, and the mixture  evaporated to 
~/~ it  volume and 0.44 g (90%) of the methyl  e s t e r  of VIc (Via) was f i l te red  off, mp 126.5-127 ~ (from meth-  
anol). Found: C 59.7; H 3.8; C1 22.0%. C16H12C1203. Calculated: C 59.5; H 3.7; C1 21.9%. Reaction of VII with 
the equivalent amount of sodium methoxide in methanol gave 81% of Via, also obtained in 96% yield by t r e a t -  
ment  of Vic with diazomethane, or in 80% yield by es ter f f ica t ion of VIc with methanol in the p re sence  of 
conc. HC1. IR spec t rum (in CHC13) , cm-~: 1728, 1610, 1585, 1490, 1457. Hydrogenation of Via in methanol 
over  10% Pd/BaSO4 under  the usual conditions until 4 moles  of hydrogen had been taken up afforded the 
oily sal icyl ic  acid methyl  e ther  (VIII), which was benzoylated by the Schotten-Baumann method without 
purif icat ion to give 41% of VIII benzoate (IX), mp 81-82 ~ (from alcohol, with charcoal) ,  identical  with an 
authentic specimen [5]. 

c) Similarly,  0.5 g of VII on boiling for  30 min in alcohol gave 0.5 g (92%) of VIb. 

d) To a solution of 0.33 g (1 mmole) of ViI in 20 ml of absolute benzene was added a solution of 0.21 
g (2 mmole)  of benzylamine.  After 2 h, the mixture  was f i l tered,  the benzene solution concentra ted to 2 ml, 
and 20 ml of light pe t ro leum added to give 0.35 g (87.5%) of VIc (X) benzylamide,  mp 109.5-110 ~ (from a mix-  
tu re  of benzene and light petroleum).  Found: C 66.3; H 4.4. C1 17.7%. C22H17NC1203. Calculated: C 66.3; 
H 4.3; N 3.5; C1 17.8%. IR spec t rum (in CHC13), cm- l :  3440 (narrow band, amide NH), 1650 (amide I), 1600, 
1530 (amide II), 1480, 1450. Hydrogenation of X in alcohol over  10% Pd/BaSO 4 u . d e r  the usual conditions 
until  absorpt ion of hydrogen ceased  gave sal icylic  acid benzylamide (XI), yield 87%, mp 133.5-134.5 ~ giving 
no depress ion  of mp on admixture  with an authentic sample [6]. 

e) A port ion of VII [0.2 g (0.6 mmole)] was boiled with 5 ml of SOC12 for  10 h, 2 drops of water  being 
added each hour. The excess  of SOC12 was dist i l led off in vacuo, and the res idue was t r ea ted  with light pe t ro -  
leum and twice r ec ry s t a l l i z ed  f rom alcohol with charcoal ,  to give 0.1 g (50%) of V, mp 110.5-111 ~ The 
compound was identical  with an authentic sample (by mixed mp and IR spectrum).  Cyclization of VII to V 
also occu r r ed  on boiling in dry  benzene in the p resence  of a catalyt ic  amount of calcined zinc chloride, for  
1 h 30 min. 
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