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Abstnct-The (E) and (%I ~sonws of ~1~hromo-?~h)-dron!_J_nllrcrhalconc both cxhrbltcd ~hc unusual abdity IO 

undergo nuckophilic addition IO the n+o\ltmn of the double bond. ‘17~) differed markcdlg. houevcr. in rhclr 

preferred mode; rhe former favourcd o.additmn. 1hc lalkr @-addition. II IS proposed tha1 lhcx Isomers arc 

intermediates in the Fmrkwicz-von Kosrawckl cychzalmn of !‘-hydroxy-&nilrochakonc dibromidc IO a mwurc of 

awone and Aavonc 

The Emilewicz-von Kostaneckr reaction-the cycliration 

of ?-hydroxychalcone dihalides (c.g. I) or their acetates 

by base-is an excellent general synthesis’ of flavones. 

Dihalides having certain substitution patterns and 
known’ collectively as class 2 dihalidcs. vvhilc forming 

flavones exclusively’.’ under mild conditions. form the 

Smembercd hctcrocyclcs. aurones (e.g. 4). IO some 
extent when these conditions arc altered. 

The first group of these exceptional dihalides (class 

?A) is characterixd by a substitucnt. usually an ether. m 

the 6’-position of the A-rmg. At relatively high base 

concentrations these dihalides (1) form.’ to some extent. 
a-halogerm+-hydroxyl dihydrochalcones (3) (via n- 
halogenochalcones (2)). the cyclization of which to 

auroncs (4) is a reflection on the leaving-group abilities of 
the side-chain substituents. Class 2B chalconc drhalides 
(5) are characterised by an ether substituent in the o- or 

p-position of the B-ring and. if their cyclization” is 
carried out in ~‘omt alcohol, this substituent facilitates 

prior displacement of the ncarcr halogen by solvent. The 

cyclization of the resulting n-halogcno-/3-alkoxyl dihy- 

drochalcone (6). like that of the analogous intcrmcdiate 
(3) from class ?A dihalides above. results in the 

formation of aurones (7). The mode of cycliration of the 

remaining aurone-forming group of dihalidec (class 2C) is 
the subject of the present study. 

Chalconc dihalides of class ?C (8) contain an o- or 

p-nitro group in the B-ring and have been reported’.” IO 

yield only aurones (11). In contrast. 3nitrochalcone 
dihalides cyclizc’.’ to 3’-nitrojforones. This dichotomy in 

the reactions of R-ring nitrochalcone dihalides has led’ to 
the suggestion that aurone-formation occurs not via 

direct cyclosubstitution of the a-halogen but \ ia prior 

elimination of hydrogen halide to form a S-halogeno- 
chalconc (9). followed by cycloaddition to the Q -position 

of the double bond-both the elimination and the 

cycloaddition steps being controlled by the nitro group 

rather than by the phcnoxide-deactivated CO group. 
I1 has now been found that ?‘-hydroxy-t-nitrochalcone 

dihromidc (8) does no1 exclusively form aurone (11). It 
yielded (Table I) nearly half as much flavonc as auronc. 

Also. unlike class ZA dihalides.’ the aurone-to-Aavone 

ratio (M-7 was not significantly affected by the 

concentration of the added base. Other chakonc 

dihromides with substitucnts having positive Hammctt tr 
constants in the Cposition gave flavones alone and. 

therefore. belong’ to class I: 4-bromo-2’-hydroxychal- 
cone dihromidc (12. X = Hr) and 4-chloro-2’.hydroxy- 

chalcone dibromide (12. X = Cl) gave 4’-bromoflavone 

(13. X = Br) and I’chloroflavone (13, X = Cl). respec- 
tively. It was found that ?‘-hydroxy-3nitrochalcone 

dihromide. like its acetate.” cyclizcc exclusively to 
3’nilroflavonc. 

It has been possible to prepare the (Z) and (E) isomers 

of a monobromochalcone by the reaction of T-hydroxy- 

4-nitrochalcone dibromide (8) with cthanohc potassium 

acetate. These isomers are behcvcd to be the aurone- and 
tlavone-forming intcrmcdiates in the Emilewicz-von 

Kostanccki reaction of this chalconc dihromtdc. They 
were only ohtaincd, however, in small quantities: the 

main products being aurone (11) and substrate(O). The) 

were more readily prepared indirectly from !‘-acctoxy4 

nitrochalconc dibromide (14). This acetate eliminated 
hydrogen bromide on reaction with potassium acetate 
and the (i!)- (IS) and (E)- (16) isomers of 2’-acctoxy-a- 

hromo4nitrochalcone were isolated in the approximate 

Tahlc I. Products VZ) from rhc reachon of ~‘-h~dror~-l-nlrrohalconc dlbromldc (8) with aqueous cthanolx 

potawum hjdroxlde 

Added base cone. C’-Nitroaurone 4’-N~troflavonc A/F 

0.2n 59.4 26.3 2.26 

0.2n 58.8 28.9 2.03 

l.CH 62.9 27.6 2.28 

1 .c+r 55.9 23.4 2.39 

32x9 
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ratio of 2 : I. Some I’nitroaurone (11) and ii small amount 

of an unknown bromo-cthoxyl compound were dso 

isolated. 
The assignment of the bromine of the monobromo- 

chalcones (15. 16) to the n-rather than to the S-position 
is based on the observations of Ago8 and Cabaleiro who 
found’” that P-acetoxy-a-bromo4nitrodihydrochalcone 

(17) eliminated acetic acid rather than hydrogen bromide 
on reaction with ethanolic sodium acetate. The pos- 

sibility that the products are an a- and a B- 
bromochalcone is excluded by the interconversion tscc 

below) of their derivatives. 

(Z)-2’-Acetoxy-a-bromo4nitrochalconc (IS) was 
dcacctylated by aqueous cthanolic hydrogen chloride and 
gave (Z)-a-bromo-?-hydroxy4nitrochalcone (19). The 

(E)-acetate (16). similarly treated, gave both (E)- (18) and 

(Z)- (19) a-bromo-?-hydroxy4nitrochalconc. The latter 

was photoisomerised to the (E)-isomer by sunlight 

irradiation. These isomers of a-hromo-!‘-hydroxy4 
nitrochalcone were identical with the above-mentioned 
monobromochalcones (NMR: tic) obtained directly 

from 2’-hvdroxy4nitrochalconc dibromide (8). Their 
proposed ’ intermediacy in the cyclization of the 

dibromide to aurone and flavonc was tested by 
subjecting them to typical Emilewicz-van Kostanccki 

reaction conditions. The results are shown in Table 2. 

While both isomers exhibited the ability to undergo 

cycloaddition to both ends of the double bond. they 
differed markedly in their preferred mode. (E)-o-bromo- 

2’.hydroxy4nitrochalconc (18) gave predommantlg 
aurone (21) on cyclization while its (Qitomcr (19) 

yielded mostly flavone (22). If the cyclization of 
2’.hydroxy4nitrochalcone dibromide occurs entirely 

through these o-bromochalcone isomers. it follows from 
the data in Table 2 that they would have to be formed in 
the ratio of 30:70 approximately in order that the A/F 

ratio of the chalcone dibromide products be that 

ohscrvcd (Table I). 
No data are available for the elimination of one mole 

of hydrogen bromide from 2’-hydroxy4nitrochalconc 
dibromide (8) by potassium hydroxide because of more 

rapid further reactions. However, NMR data on the 
isomer composition of the products of hydrogen bromide 

elimination from Y-acetoxy4nitrochalcone dibromide 

(14) by potassium acetate indicate an (E)/(Z) ratio of 
25:75 which is not significantly different from that 

required for the Emilewict-von Kostanecki reaction. 

considering the ease of interconversion of these isomers 
and that the data are not from 2’-hydroxy4nitrochal 

cone dibromidc but from its acetate. 
The dichotomy in the predominant mode of cyclization 

of these a-bromochalcones may be a consequence of the 
nonbonding interaction of the aromatic nuclei in the 
transition state for the cyclization of the (E)-isomer (18) 

lo flavone (22). resulting in preferential formation of 

aurone 21 (Scheme I). No such interaction occurs in the 
cyclization of the (Z)-isomer (19) with the consequent 

production mainly of flavone (22). Nucleophilic addition 

to the a-position of the double bond of an a$- 
unsaturated CO group is unusual” and is attributed here 

to the counter effects of the Cnitrophenyl group to the 
phcnoxide-conjugated ketone. Scheme I shows the 

suggested routes to aurone and flavone from 4 

nitrochalcone dibromide (class 2C). 
The unknown bromoethoxyl minor product. isolated 

from the reaction of ?-acctoxy4nitrochalcone 

dibromide (14) with ethanolic potassium acetate. 

analysed for C,,H,,BrNO, and gave a’nitroflavonc (22) 
when treated with cthanolic potassium hydroxide. A 

likely structure appeared to be 3-bromo-!cthoxy4’- 
nitroflavanone (23). However. unlike the parent com- 
pound. 3-bromo-Zethoxyflavanone (24). it could not be 

prepared from the corresponding flavone (22) and its 

one-proton singlet occurred at 86.10 as against 64.47 for 
the 3-H of the parent flavanone (24). Also. the parent 
compound (24) yielded not flavone (26) but 3- 

bromoflavone (28) when treated with ethanolic potassium 

hydroxide. Only with the soft base. dimcthyl-sulphox- 

Table 2. Products (5%) from rhc rcactton of n.hro~r.hydroxy4nilrochalcoMs wth 

aqueous cthanohc potassium hjdroxdc (I 0 M) 

SuhstraIe I’.h’ilroaurone 4’.Nitroflavonc AIF 

(Lb-o-Hronwzhalconc (18) x6.0 13.0 6.6 
(E)_o~Rrorrwchalconc (18) 74.3 13.0 6.7 
(Zbn-Bromochalconc (19) 39. I 65.1 0.6 
(Zba-Bromwhalconc (19) 33.9 63.X 0.5 
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omum methylide, did 3-bromo-2-ethoxyflavanone (24) 

form Aavonc (26) (together with 2,3-methanoflavanone 

(27). the product of a secondary reaction between 
flavone (26) and the ylide). 

ExP?.RlmAL 

‘H-NMR spectra were ohtamed at 60MHr with a Pcrkm- 

Elmer RI2 \pcctrorrwter. m CIX’I, with TMS as internal 
rcfercncc. Chemical shifts arc gwcn in ppm (6). Mps wcrc taken 
ulth a K&r hot-stage apparatus. Merck sihca gel PF:“. M was 

used for IIC. Unlw othcrwi5c stated. all solid products ucrc 

ir)\t.allvcd from EtOH. 
A win of 2’ acclon~ 2.3 . dibromo . 3 (4 nilro- 

phen~l).proplophcnonc’ (2~) m aqueous EtOH 

I<I~. 2OOml) and HClaq (10%; cOrnI) was refluxcd for 

( hr and ddutcd uith waler 0OOml) IO grvc a yellow ppt of 
2.3.d~hromo~2’-lr~Jmxv~3-~4-nitmphcn~l)pmpiophrnone (I.481 
m p 197-g’ tFtnmd: ?. 41.5: H; 2.6; fi. ?6:Hr. 37!: h’. 3.j. 

(‘,.H,.Hr.SO. rcaurrw C. 42.0; H. 2.6; Rr. 37.2; N. ?.?%I. 
P m.r” q.8 fi. 3.H). .(.9?l cd. 2-H). 11.1#1 (s. OH). I:, I2 HI. 

Simdar lrcatmcnt of 2’ . acetax! . 2.3 - drbromo 3 t3 . 
mtrophcnyl@ropmphcnonc’ (!g) gave 2.3 . dihromo 2’ 
hydm.;\- 3 I! nrrmphPn!-l)pmpiophmonr t 1.3 g)* m.p. ItQLV 

(Founds (‘. 42.5. H. 2.7; Br. 36.6; N. 3.2. C,,H,,Br,NO, require\: 

C. 42.0. H. 2.6; Br. 37.2; N. 3.3%). PMR: ? 79 (d. 3-H). 6.01 td. 

?.HI. II t5 I\. 011). J:, I! Hr 
Brommc 12 lg) m chloroform t IOml) was added to a soln of 

J.bromo.!‘.h!drox)-Ehalcone” 14 g) in chloroform IloO ml). 
Rcmo\;d of the wlvcnt gave 2.3. dihmmo ? hvdmxv - 3 . (4. 

hn,ml~phcn\lrpn,prophcnonc (3.4g). m.p. IWI’. tI:ound~ C. 

3x5. H. 2.2: Br. 524. C .H!,Hr,Ol rcqurrcs. C. 3lt.9; H. 2.4. Br. 
‘1 x?i PUR. 5.W Id. 3-H). 5 Rx (d. 2.H). Il.83 Is. OH). J:, 

I2HI 
Slrmlar addmon of hrommc (?..Cg) lo 4 chloro-?-hydroxy- 

chalcone” (4g1 gave 2.3 dibmmo . ? . hydmxy 3 (4 - 
c+rfomphrnvl ~propiophenont (3.4g). m.p. I8GIRI’. (Found: C. 
42.8: If. 1 y; Rr. 39.2; Cl. R.I. C,,H,,Br&IIO~ requrres: C. 43.0; H. 
2 6. Hr. 38.2: Cl. g 5%). PMR 5.71 (d. 3-H). 5 93 Id. 2-H). II.@ (5. 

OHI. J:, I2 Hz 
KOHaq (0.2 51: I7 5 ml, was added to a suspension of 2.3 . 

dthromo 2 hydroxy 3 (3 - nitrophenyllpropropherwnc 
~.Cal mpl m EIOH t3Oml). After? hr al 25’. ~hc ruspcnsion was 
dllurcd uilh uarcr (30 ml) IO prcclpltatc 3’mlroflavonc’ (232 mg). 
m p 203-t’. PUR: 7.05 15. 3-H). 

Slmdar addttion of KOHaq (0.2 U; I7 3 ml) IO 2.3 dihromo 

2’ hydroxy 3 14 . hromophcnyl~roptophenone (Wrnmp) gave 
J’.hromofla\onc” (310 mg). m.p. I?-’ P.UR: 6.88 (s. .LH1. 

The aJdl!ion of KOHaq 10.2 M. 18 ml) IO 2.3 . dibromo ? . 
hydrox> 3 (4 . chlorophenyl)propaphcnonc (WOmmg) gave 
J’chloroflavonc” (240 mg). m.p. IR34’. PUR: 6.1(6 (s. 3-H) 

‘Ihr pp~ from the reaction of KOHaq (0.2 m: 17.5 ml) uith 2.3 
ddvomo 2. h)droxy 3 (4 - nitrophcnyl)propmphcnonc 

r.WOmgb. a\ abow. was fracttonated by IIC and gave 4’. 
mtroauronc’ I 175 mg). m.p 2Of0 IPMR: ?.OO (s. 8-H)) and 
4’.mlroRnvonc” cg2 mg1. m p 2W-2W IPMR: 7.03 I\. 3-H)) ‘hs 

rcacmn. uhcn repealed. gabc I’-nilroauronc 1 I83 mg) and 
4’.nilrofla~one 190 mg). 

\\hcn the abo\c rcactlon uas carved out using KOHaq Il.0 M; 
3 5 ml). rhc products were 4’.nitroauronc (196mg) and 4’. 

nnroflavone ~X(,mp) \&bcn repeated. IhIs reaction gakc auronc 

I I’4 mg1 and flahone (93 mg). 
A mlxlurc of 2.3 dihromo ? hydroxy . 3 I4 

mlrophcnyl)prop~ophenonc 1400 mg) and anhyd KOAc I91 mgl m 
i<tOH 125 ml) war \tincd at room tcmp for 24 hr. ddutcd with 
uater. and extracted with chhxoform. This extract was 
fracrlonaled b! IIC and gave sutntrarc (46mg). 4’.mtroauronc 
( ,%I mg). I I :I <I bmmo 2’ h!_dmxF 4 nirmchalconr (3.2 mg). 
m p 1% I??’ and (Z) n bromo 2’ hvdmxy 4 
ntrmch~dww (CY mg). 114-5’. PMR of (fi)_isomcr: 6.tW1.3 (m. 
.uomalK- and fl I(‘\), II.54 I$. OH). (Fwnd: (‘. 52.0. H. 3 0: ISr. 
2 2. $. 39 C’,,H,,HrNO, rcquwcs: C. ?1.7. H. 29: Hr. 230. S. 
4 0%) PUR of I%l.isomcr. 6 9-R.’ (m. aromalic and /3 H’s). I I.38 

(5. OH). (Found: C. !1.4; H. 2.X: Br. 22.9; N. 3.9. C,,H,&NO, 

rcquirw C. 51 7: H. 2.9; Br. 23.0; N. 4.W) 

A coin of 2’ acctox) . 2.3 . dihromo 3 (4 . 
mtrophcnyl)propiophenone (3.0~) and anhyd KOAc (0.72 g) in 

ErOH (200 ml) was rcfluxcd for 2 hr. ddured with water C-W, ml). 

and extracted with chloroform. The chloroform cxlrac~ was 
fractmnatcd by IIC and gave I’-nitroaurow I I2Omg). an 
umdcnrdicd oil (90 mg). IE) ?’ . ardox~ n bmmo . 4 . 
nirmrhokone 18llOmg). m p 10.(-T and (1.1 . 2’ . orefox~ o 
bmmo . 4 nrrmchalconr (I 62g). m.p. 90 3’. PMR of 

tE)&mcr: 2.40 (5. OAc). 7.1-X.2 (m. aromatic and p H.5). 

IFound: C. 51.9; H. 2.9: Br. 20 6; S. 3.6. C,-H,IBrh’O, requires: 

C. 52.3; H. 3 I: Rr. 20.5; S. 3.641. PYR of t%Lrwmer: 2.26 I\. 

0.4~). ‘.3-X.4 (m. amnat~c and 0 H’s). Wound: C. 52 I: H. 2.9: 
Rr. 20.4; S. 3.4. C,.H,,Rrh’O, requires. C. 52.3: H. 3 I: Hr. 20.5: 

S. 3.6%) PUR of unknown oil: 1.50 II. CH,I. 4.W Iq. CH!I J 
6H1. 6 10 15. one HI. 6.bg.4 m. CI& H’\) (Found: C. 52.5; H. 
3 C; Br. 20.5: N. 4.4 C .H.,RrNO, rcqwcs. C. ‘2 6: H. 1.0: Rr. 
x.4; N. 3.6”rI. 

A soln of (Ii)-I6 (400 mg) m EIOH I 100 ml) and fl(‘laq I IO%: 
20 ml) uas rctluxcd for .C hr. ddutcd ulth waler 1200 ml). and 

extracted utth chloroform ‘Ih extract U;L\ fracllonarcd h! 11s 
and gave (E)-I8 (.Wmg), m.p. 12%P and IIS r%Lwmcr (2OmgL 
m.p. I II!‘. 

(ZI-IS (400 mg). similarI) treated. gate (%).I9 (3AOmgL m.p. 
I I&!c. 

KOHaq (l.OU; I ml) wa\ added lo a suspension of tE)-18 
f I00 mg) m EIOH (25 ml) After ? hr at 25’. Ihe wspnwn u’a5 
diluted wrh waler I50 ml). and cxlracled with chloroform. ‘IhI\ 
cxlracl ua\ fraccrionated b! IIC and gave 4’.nitroauronc (66 mg). 

m.p. 206-P and 4’.nitroflavonc (IOmpl. m.p. 239-240’. lhs 
rcactron. when repealed. gave 4’.nrlroauronc fcY mp) and 

4’.niIroAavonc I IO mg) 
‘Ihe ppl from 1hc rcaclmn of KOHaq 1 IO 51: I ml) uith (%bI9 

(100 mgL ;cs abovc. gave 4’.nrlroauronc (30 mgl and 4’- 
nitroflavone iY) mg). Tluc reaction. u hen rcpcarcd. ga\e auronc 
(26 mp) and llavonc 149 mg). 

Sunhghr Irradiation of a win of fZ)-19 1Wmg1 m pcnlanc 

(WI ml) for 4 hr followed h! frdctronatlon b) tic. ga\c (E)-I8 
(20 mg). m.p. I ?lc9-’ and \ub\Iralc I20 mgI 

Rr: 10.g3 mg) uas added IO a w$pcnswn of .AgOAc (0.9Ogl m a 

soln of kWnC (1.16g) in chloroform l%mlb and EIOH II ml). 

After I hr the mixture was filtered and the \olwnt rcmobed. 
givmg 3 . bromo . 2 crhox~fluronone 10X3gl. m.p. l2.W 

(Found: C. 5X.4. H. 4.5; Hr , !? 4 C-H .HrO, rcwrc\’ C. %.8: 
H. 4.4. Hr. 23.0%). PYH: 0.91 (I. (.H,I. \.W ~q. cII,L J ‘.! Hr. 

4.4’ 1%. ~.HI 

KOHaq (6.5 51 . ! ml) u’a\ added IO a win of 3 . hromo ! 
cthoytla\anonc (0.9-g) In 1:tOH (30ml). After 1.’ mm the 

mrxturc uas drlutcd with ualcr tcotl ml) and the rcwltmp ppt was 
cr) rlallrzcd from aqueow EIOH pi\mp 3.hromotlawnc” (0.65 g), 
m.p. I%? Trcatmcnl of 3 hromo 2 cthor!fla~anonc (!.IOgl 
m duncth~lwlphoxldc u-lth dlmcth~l~ulphoxonrum mclh)lrdc” 

[from NaH I I.1 gl and trimcthylwlphoxomum I&de I 13.3 g)) m 

drmcth)lwlphoxidc. follou-cd after 5 mm h! dilution with uatcr 
(DImI). cxlraclron Inlo dlcth!l ether. and rcmwal of wlvcnr. 
gave an orI uhich uac frdclionared hy ~lc IO pw fla\onc (2 I g). 
m p 9%9T and ?.3~mcthanoflavanone“ IO VI go. m.p. f14-6.C’. 

KOHaq I I 0 U; I ml) ua\ added IO a soln of Ihe unknown. 

C,.H,,Hrti;O.. OII (5Omp) m ErOH 15 mll and gakc a ppr of 
~~rulroflavonc (20 mp). m p ?!9-!4@. 

Acknwkd~~mmlrnrs-WC uish IO rxpres, our indchrcdnc\\ IO 
Profc\wr E U Phllhm. One of II\ (D.J.1I.l thank5 Hnrlol 
Laboralorlc5. S~racuw. N’eu York for financnl wpport 
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