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Reactions of Nitrohydmxychalcones : Synthesis of NitrohydmxyflavoP1es 

S. SESHADRI AND P. L. TRrVEDI' 

R& May 8,1968 

The c o d  of 2f,4'4ihydmq-3f-nitrochalwne derivativa to 7-hydroxy-8-nitroflavone derivatives is described. 
The farmaton of the 6- and hitro&hydro~vone derivativea from 2',6'dihydroxy-3'-nitmcMmne derivatives by 
different mutea ia deauibed and diecuseed . Modified procedures for the nitration of 5-hydroxy5mne and 7-hydroxyhvone 
antgiven. 

In an earlier communication,' the preparation of 
seversl nitrohydroxychalcones and their isomeriza- 
tion to the flavanones was reported. The present 
paper deals with the conversion of the chalcones to 
flavones. 
AB already reported, the cyclization of the 2',4'- 

dihydroxy-3'-nitrochalcones could not be generally 
effected in good yields and hence the only route to 
the synth& of flavones in this case was the de- 
hydrobromination of the corresponding chalcone 
dibromides. It was found desirable to protect the 
free hydroxyl group by acetylation to prevent 
bromination of the benzene ring. The dibromides 
were obtained d y  by the bromination of the 
diacetates in chloroform solution. The bromination 
of the chalcones with alkoxy substituents in the 
styryl part did not go to completion with molecular 
proportions of bromine. The dibromides were, 
however, obtained when more than molecular 
proportions of bromine were employed. The 
dehydrobromination of the dibromides was ef- 
fected by b o i i  with pyridine, whereupon 7- 
hydraxg-S-nitroflavone derivatives were obtained. 
That both the acetyl groups are removed is shown 
by the positive femc reaction as well as the instan- 
taneous reaction with alkali. This easy deacetyla- 
tion can be mribed to the labile nature of the 
acetoxyl group in a position ortho or para to a 
nitro group. The constitution of the flavone ob- 
tained from chalcone discetste Is, oiz., i'-hydroxy- 
8-nitroflavone, was conhmed by its identity with 
the mononitration product of 7-hydroxyfhvone as 
well as by its nitration to the lmown 7-hydroxy-6,& 
dinitroflavone.' The sequence of reactions is shown 
in (=hart I. 

In the case of 2',6'lihydroxy3'-nitrochalcones, 
both routes for the syntheaia of flavones, i.e., de- 
hydrobromination of the 3-bromoflavanones as 
well as of the chalcone dibromides, were investi- 
gated. The flavanones, on bromination, gave the 
corresponding 3-bromoiIavanones. More than 
molecular proportions of bromine were required 

(1) Present add": C2-j Department, M. N. Col- 

(2) 8. seebadri and P. L. 'l%vedi, J .  Org. C k ,  22,1633 
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to brominate the flavanones with alkoxy substit- 
uents in the 2-phenyl nucleus. The yields of pure 
bromoflavanones, in such cases, were poor and in 
one case the pure bromoflavanone could not be 
isolated. The crude bromination product could, 
however, be directly dehydrobrominated by boiling 
pyridine when the flavones crystallized from the 
reaction mixture. The flavanones obtained by the 
cyclization of 2',6'-dihydroxy3'-~~r~halcones had 
earlier' been assigned the constitution of 5-hydroxy- 
6-nitro flavanones, on theoretical considerations. 
This has now been confirmed by the formation of 
5-hydroq+nitroflavone from the flavanone ob- 
tained by the cyclization of 2',6'dihydroxy-3'- 
nitrochalcone. This flavone was found to be iden- 
tical with the 5 -hydroxy&nitroflavone prepared 
by Kostmecki-Robinson bemylation of 2,6- 
dihy~oxy-3-ni~~cetophenone.' It also resisted 
acetylation showing the hindered nature of the 5- 
hYdraXy1 group. 

The dehydrobromination of the 2',6'-discetoxy- 
3'-nitrochalcone dibromides was next investigated. 
2',6'-Dihydroq7-3 '-ni~2-methoxychalcone and 
2',6'dihydroxy 3'-nitro3-methoxychalcone did not 
yield a pure acetate by any method. The other 
chalcone &acetates were obtained pure and were 
brominated in chloroform solution. The proportions 
of bromine required were the same as in the case of 
the corresponding 2 ' , 4 ' ~ a c e ~ x y ~ ' - ~ t r ~ ~ l c o ~ e  
derivatives. The dehydrobromination of the chal- 
cone dibromides gave 5hydroxySnitroflavone 
derivativee. Them could be acetylated to give the 
saCetoXy-&nitroflavone derivatives, thus ahowing 

(4) R. M. N& and V. M. Thakor, Pm. Indica dad. 
sd, 37& 774 (1953). 
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that the 5-hydroxyl group is not hindered. The 
formation of 5-hydroxy-8-nitroflavones shows that 
the acetoxy group ortho to both the nitro and the 
carbonyl groups suffers deacetylation first and cy- 
clization occurs preferentially at that position. 5- 
Hydroxy-ELnitroftavone thus obtained was found 
to be identical with the mononitration product of 
5-hydroxyflavone. The formation of 5-hydroxy-6- 
nitroflavone by one method and of 5-hydroxy-8- 
nitrofhvone by the other method is indicated in 
Chart 11. 

chart I1 

0 

0 No acetate I 

:OCR 

AqO Pyridine 
NO2 I i. 

Acetate 
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The characteristic sulfuric acid colorations of the 
fbvones are set out in Table I11 and show the en- 
hanced halochromism with o-p alkoxy substitution 
in the 2-phenyl nucleus. 

EXPERIMENTAL 

Acetylation of the chalumes. AU the chalconee were acetyl- 
ated by acetic anhydride-pyridine. Some of the chalcones 
were heated on a water bath and some reacted at room tem- 
perature (ra. 30") as shown below. Chalcones Ia, If, IIa, 
IId, IIe were prepared by dissolving the corresponding 
hydroxy chalcones (500 mg.) in hot acetic anhydride (10 
cc.) and pyridine (1 cc.) and leaving overnight a t  room tem- 
perature. The solid obtained on treating with cold water 
waa crystallized from alcohol. The yield was 400 mg. 
Chalcones Ib, IC, Id, Ie were prepared by dissolving the 

hydroxy chalcone in acetic anhydride-pyridine as before, 
heating on a boiling water bath for 4 hr., and leaving over- 
night at mom temperature. The solid obtained on working 
up as usual was triturated with a little alcohol and filtered. 
The residue was then crystallized twice from alcohol. Yields 
were 200 to 250 mg. All the chalcone acetates were colorless 
or very pale yellow crystalline substances giving no color 
with alcoholic ferric chloride. The melting pointa and 
analysea are set out in Table I. 

Brominatiwr of the chukune diu.c&&a . Bromination of 
chuhnea Is, If, 1Ia. The chalcone diacetate (500 mg.) in 
chloroform (2 cc.) was treated with bromine in chloroform 

(2 CC.; 10%). The mixture was left at room temperature for 
2 hr. Chloroform was removed by evaporation and petm- 
leum ether (b.p. 40-60") added to the residue. The solid 
obtained was crystallized from a mixture of benzene- 
petroleum ether. The yield was 400 mg. Bromination of the 
other chalcone diacetates was carried out similarly with the 
exception that 3.5 cc. of the bromine solution was employed 
and the yields were 200 to 250 mg. The bromidea gave no 
color with alcoholic ferric chloride. The melting points and 
analyses are set out in Table I. 

Blomination of the $banones. Bromotbvanone IIA was 
obtained by reacting 5hydroxy4nitroflavanone (500 mg. ) 
in chloroform (2 cc.) with bromine in chloroform (2.5 cc.; 
10%) at  room temperature for 2 hr. Chloroform was evapo- 
rated and petroleum ether added to the residue. The solid 
obtained was recrystdized from a mixture of benwne- 
petroleum ether. The yield was 400 mg. The other bromo- 
flavanones, IIB, IIC, IID, T I E  were similarly obtained with 
the difference that 4 cc. of the bromine solution waa em- 
ployed. The pure bromoflavanones were obtained after 
repeated cryzltsllizationa. The yields were 80 to 100 mg. 
Bromoflavanone IIC could not be isolated in a pure condi- 
tion and the crude reaction product WBB used as such for 
further reaction. The melting points of the bromoflavanones 
and their analyses are given in Table 11. 

Dehiidrobrtnnination of the chalcone dibromides and the 
bronwjh~amnea. The bromo derivatives (500 mg.) were 
refluxed in pyridine (5 cc.) for 10 min. In many csses the 
flavanone separated out quantitatively as a crystalline solid 
during the reaction or on cooling the reaction mixture. The 
solid was filtered and washed with alcohol and c r y d t d l h d  
further from acetic acid (nitrobenzene WBB used for flavones 
9 and 14). If no solid separated even on cooling. dilute hydro- 
chloric mid was added and the solid obtained filtered and 
recrystalliied from acetic acid. AU the flavonee were white or 
pale yellow in color and gave negative B e i i m  test for 
halogen. The melting pinta  and the characterktic sulfuric 
acid colowtiona are set out in Table III. The 7-hydroxy-8- 
nitroflavone derivatives gave pale brown color with alcoholic 
ferric chloride, while the &hydroxy flavone derivatives gave 
brownish red colors. 

Nitrdtion of 7-hydroMljlavone. The procedure for nitration 
of 7-hydmxvflavone as reported in the literature' was found 
unsuitable as it led to the formation of di- and tri-nitro 
derivatives. The following was the method employed; 7- 
hydroxvfiavone (2 g.) was dissolved in acetic acid (100 CC.) 
and nitrobenzene (50 cc.) and treated with concd. nitric 
acid (d. 1.42, 5 cc.) in the cold. The mixture was left over- 
night at room temperature. Water was then added and the 
nitrobenzene layer extracted with dilute alkali solution (1 %). 
The alkaline ePtract waa washed with ether and acidified. 
The solid obtained was treated with dilute sodium bicar- 
bonate solution (2%) in which part of it dissolved to give 
a yellow solution. The solution waa filtered and acidified. 
The solid obtained was crystalbed from acetic acid, melting 
range 185-215", yield, 200 mg. It was purified by conversion 
to the acetate, m.p 16e170' (after two crystallizations 
from alcohol) 

Anal. Calcd. for Cg,HI1NOs: N, 4.31. Found: N, 4.35. 
This product was hydrolyzed by dissolving in 80% sul- 

furic acid and keeping overnight a t  room temperature. The 
d i d  obtained on adding to ice was crystallized from acetic 
acid w fluffy white needles, m.p. 228", mixed melting point 
with flavone (1) obtained through the chalcone dibromide 
(see Table 111) was undepressed. 
r-HvdtozvS,g-dinitro~e,a m.p. 289" was obtained by 

nitraticn of 7-hydroxyflavone in acetic acid at  100'. Flavone 
(1) on similar nitration gave the same compound, m.p. and 
mixed m.p 2 8 9 O .  
6-Hydroxy6-nilrojEavone was obtained by the reaction of 

2,6-dihydroxv-3-nitroacetophenone with sodium benzoate 
and benzoic anhydride The melting point of the product 
c rys ta l l i i  from acetic acid was 209" (previous shrinking 
at 200'). TJds agrees with the reported melting point. The 
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TABLE I 
CHALCONE DIACETATES AND THEIR DIBROMIDES 

Analysis, Dibromide Analysis, 
M.P., N %  M.P., Br % 

No. Chalcone “C. Formula Calcd. Found “C. Formula Calcd. Found 

Ia  2’,4’-(0A~)~3’-NO~ 133-135 ClgH15N07 3.79 3.75 181-183 CloHl&rJV07 30.24 30.60 
Ib 2’,4’( OAc)r3‘-NOrZ 103-105 CmH17N08 3.51 3.26 147-148 CmH17BrzNQ8 28.62 28.76 

IC 2’,4‘-(OA~)r3’-NOz-3- 105-107 CmH17N08 3.51 3.50 118 CmH17Br2N08 28.62 29.05 

Id 2’,4’-(OA~)r3’-NOrk 84-85 CeOHl7NO8 3.51 3.28 141-142 CmH17BrtNOs 28.62 28.54 

Ie 2‘,4’-(OAc)r3’-NOr3,4- 124-125 CmHl&Op 3.39 3.24 148-149 CmH1J3rtNOg 27.90 28.30 

If 2’,4’-(0A~)~3‘-NO&Me 137-139 CmHi7NO7 3.66 3.60 163-165 CmH17Br2N0.1 29.47 28.98 
11s 2’,6‘-(OA~)~3’-N0~ 104-105 c1&&&07 3.79 3.89 163 ClgH16Br2NO7 30.24 30.70 
IId 2’,6’-(OAc)A-OMe-3’- 109-110 CmH17NO8 3.51 3.59 146-148 CmH17BrzNOs 28.62 28.99 

IIe 2’,6’-(OA~)~3’-N0~3,4- 141-142 CmHlhNOg 3.39 3.40 150-151 CwHI5BrzNO9 27.90 28.17 

OMe 

OMe 

OMe 

()&HI 

NOz 

OzCHs 

TABLE I1 

No. Flavanone 
M.P., Analysis, Br % 

“C. Formula Calcd, Found 

I IA  5-0H-6-NOr3-Br 147 ClsHlOBrNOs 22.60 22.39 
IIB 5-0H-6NOr2’-OCHr3-Br 181-182 CI~HI~B~NOS 20.30 20.75 
IIC 5-OH-6-NOr3 ’-OCHr3-Br (1 

IID 5-OH-6-NOf4’-OCHr3-Br 179-180 ClsH12BrNOs 20.30 20.13 
IIE 5-0H-6-NOr3 ’,4 ‘-OzCHr 27ob ClsH1aBrN0.1 19.60 19.65 

3-Br 

a Could not be isolated. Becomes brown at  205” and chars a t  270”. 

TABLF, I11 
LIST OF FLAVONES PJ~EPABED 

No. Flavone 
M.P., 

“C. 
H a 0 1  
Color 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

7-OH-8-NO2 
7-OH-8-NO2-2 ’-OCHa 
7-OH-8-NOr3’-OCHa 
7-OH-8-NOf4 ’-OCHZ 
7-OH-gNOr3 ’,4’-0&Hz 
7-OH-8-NOp4 ’-CHI 
5-OH-8-NOa 
&OH-~-NOZ-~’-OCH~ 
5-0H-8-NOr3 ’,4’-O&Hz 
5-OH-6-NO2 
5-0H-6-N0~2’-OCHa 
5-0H-6-NOr3 ’-OCHa 
~-OH-~-NO~~’-OCHI 
5-0H-6-NOr3 ’,4‘-02CHz 

228 
258-2W 
242-243 

2600 
270” (dec.) 

250 
215’ (190) 
218’ (200) 

3006 
232 

208-210 
216-217 
234-236 

2 w  

Yellow 
Orange 
Orange-yellow 
Orange 
Orange-red 
Yellow 
Yellow 
Orange-yellow 
Orange-red 
Yellow 
Orangeyellow 
Deep yellow 
Orange-yellow 
Orange-red 

Analysis, N % 
Formula Calcd. Found 

4.95 
4.47 
4.47 
4.47 
4.28 
4.71 
4.95 
4.47 
4.28 
4.95 
4.47 
4.47 
4.47 
4.28 

4.80 
4.26 
3.34 
4.23 
4.12 
4.88 
5.19 
4.30 
4.50 
4.74 
4.27 
4.46 
4.66 
4.54 

~ ~~~~~~ 

a Melts with chamng. ’ Cham but does not melt. Softening occurs at the temperature indicated in brackets. 

product was, however, found to be contaminated with 5- 
hydroxy-6nitro-3-benzoylflavone. This impurity waa re- 
moved by crystallization from chloroform, whereupon the 
melting point rose to 230-232”. Mixed melting point with 
flavone (10) was not depressed. It was recovered unreacted 
after boiling with acetic anhydride-pyridine. 
Nitration of 5-hydrozyf&wone. The nitration of 5-hydroxy- 

(5) R. M. Naik, A. M. Mehta, G. V. Jadhav, V. M. 
Thakor, and R. C. Shah, Proc. Indian Acad. Sci., 38A, 31 
(1953). 

flavone in sulfuric acid solution as reported in the litera- 
ture‘ waa found unsatisfactory. The following procedure WM 
adopted: 5hydroxyfbvone (0.5 g.) in acetic acid (5 cc.) 
was treated with concd. nitric acid (5 cc.) in acetic acid (5 
cc.) with cooling in running tap water. The flavone dieaolved 
slowly and the nitroflavone started separating. After 15 
min., the product waa tilted, washed and c r y s t a W  from 
acetic acid, m.p. 215” (shrinking at 100”). Mixed melting 
point with flavone (7) waa not d e p r e d .  

A d .  Calcd. for C1sHSJOr: N, 4.95. Found: N, 5.25. 
Acety2ation of jtu” (7), (8), and (9). The flavones (200 

mg.) were refluxed with acetic anhydride (5 cc.) and pyridine 



1738 OKUDA AND PRICE VOL. 23 

(0.5 cc.) for 4 hr. The solid obtained on working up aa uaual 
waa ground with alcohol (10 cc.) and fiitered. The reeidue 
waa crystalli9ed from a mixture of alcohol and acetic acid. 
They gave negative feme reaction. 

acetoxy4uitro~voneJ mp. 155-156O. 

s A o e t o x y ~ u i ~ ' - 4 ' - ~ ~ y l ~ ~ ~ ~ ~  mp. 215- 

And.  Calcd. for C&NG: N, 3.79. Found: N, 3.80. 

The following acetoxyflavones were thus obtained: 5- A c b w h -  authors to expresS 
their gratitude to Dr. C. V. Jadhav for his keen 

A d .  C a l d  for GrHIINO*: N, 43. Found: N, 42. interest in the work. 
5Acetoq4hitro-4'-methoxyftsvone mp. 163-165". 

217". 

A n d  Calcd. for C@1rNO-,: N, 3.94. Found: N, 4.W. BOMBAY, INDIA 

[CONTRIBUTION FBOM TEE D~AJZTMENT OF CEEKISTBY, U " ~ ~ s r r p  OP PENNSYLVANIAI 

Some Analogs of Toxopyrimidine and Methiopriml 

TAKUO O A  AND (;'HARLEs c. PRICE 

RBoeioad May 7, 1968 

A number of new pyrimidines, related to Z m e t h y l - 4 - s m i n ~ h y ~ ~ e t h y l p ~ ~ e  (I, toxopyrimidine) and 2- 
methylthi&amin~5hydroxymethylpyrimidine (VIII, methioprim) have been prepad and c h a r a c w .  

The antimetabolite properties of toxopyrimidine* 
(I) stimulated our earlier work leading to the 
discovery of interesting antimetabolite and anti- 
tumor activity in "methioprim" (vm).a-6 We 
now wish to report the syntheses and characteriza- 
tion of a number of additional compounds related 
to these substances. 

The analogs of toxopyrimidine were made by ap- 
propriate substitution reactions with the bromw 
methyl compound (X).'Reaction of X with thiourea, 
followed by neutralization of the crude isothium 
dum salt, produced not only the disulfide 111 (pre- 
sumably through the mercaptan) but led also 4.0 
the isolation of the thiasinopyrimidine (VII), 
shown to be Merent from the isomeric thiocyanate 
(VI). XII, however, reacted normally with thiourea 
to produce the isothiuronium salt, XVII, which 

(1) Supported in part by the U. S. Public Health Service 
Grant CY-2714. 

(2) K. Makimo, T. Kinoahita, T. Saaaki, and T. Shiei, 
Nature, 173, 34 (1954); K. Makino, T. Kinoshita, Y. 
Aramaki, and S. shintani, Nature, 174, 275 (1954); K. 
Makino and M. Koike, Nafure, 174,1056 (1954); K. Makino 
and T. Kinoshita, J .  Vitamid., 1, 14 (1955); S. Shintani, 
J .  Vitaninol., 8, 185 (1956). 
(3) T. L. V. Ulbricht and C. C. Price, J.  Org. Chem., 21, 

,567 (1956); C h .  & Znd. (London), 1221 (1955). 
(4) T. L. V. TJlbricht and J. S. Gots, Nature, 178, 913 

(1956); D. B. McNairScott, T. L. V. Ulbricht, M. L. 
Rogers, E. Chu and C. Rose, C m m  Raeurch, in press; 
D. F. Dunning, T. L. V. Ulbricht, C. C. Price, and R. Jonee, 
Jr., unpublished results; R. Guthrie, M. E. Loebeck, and 
M. J. Hillmsn, Proc. Soc. Eqdl. Bwl. Med., 94, 792 (1957); 
R. Guthie, J. F. Holland, E. A. Hyatt, M. Hillman, and 
D. T. Mount, Pm. Am. Assoc. Ca~er iheurch, 2, 113 
(1956); I. J. Slotnick, R. Guthrie, J. F. Holland, and M. J. 
Hilhmn, Proc. Am. Asboc. Cancer ZhmrcA, 3,251 (1957). 
(5) F. Rosen, J. F. Holland, and C. A. Nichol, Pm. Am. 

Assoc. Cancer Reseatd, 3,243 (1957). 
(6) T h i a n a m e h a s b e e n ~ t o m b y D r . J o e e p h S .  

Go&, Univ. of Pa., and Dr. Robert Guthrie, Roewell Park 
Memorial Institute. 
(7) Kindly supplied by Dr. Max Tishler, Merck & Co., 

Rahway, N. J. 
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NHI 

1 , x  = oa 
[I1 x = )& 

v, x = SC& 
VI, x = SCN 

11, X = SH 

nt,X = )ls 

X, X = Br 

VIn, R = 
XI,R = 

X I V , R =  
X V , R =  

X V I , R =  

X M , R =  

MI, R = 
XIII, R = 

XVLI, R = 
XVIII, R = 

NH2 

a, X = OH 
H . X  = O H  

--. -- C&,x = s q N H , ) ,  
C&,X = )nsI 
G H , X  = O H  

+Br- 

was converted to disulfide, but did not give the 
analogous thiazinopyrimidine. 

Oxidation of VI11 by dichromate proceeded 
surprisingly smoothly to the aldehyde IX, which 
was also readily converted to the oxime. 

When X was b e a t 4  with sodium methyl mer- 
captide in ether, and then in dioxane, the sulfide 
IV instead of V was formed. This reaction may 
have proceeded through formation of a sulfonium 
salt (n) as an intermediate. 

[ C H 1 N  ~~~~~~ 

a 

The replacement of the bromine atom of XI1 by 

The reduction of Z-mercapto-4-amino45-carbeth- 
methoxyl proceeded readily by solvolysi~. 


