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The application of the Mannich reaction to 7-hydroxychromones and flavones, which gives rise to the corresponding 8- 
aminomethyl derivatives, is described. Experimental proof of the position taken by the aminomethyl group is given. These 
derivatives act as powerful central nervous system stimulants, especially on the brain stem, and have a cardiokinetic and 
hypertensive action. The central nervous system stimulating activity of mqny of these compounds proved to be consider- 
ably greater than that of pentamethylentetrazol, which was taken as the standard. 

Previous research112 on the chromone and flavone 
groups led to the discovery of a new class of power- 
ful central nervous system stimulants: the N-sub- 
stituted 7-methoxy-8-aminomethyl derivatives. 
Pursuing this line of research, we prepared some 
Mannich bases starting from 7-hydroxychromones 
and flavones, substituted in the 2 and 3 positions, 
in order to  extend the pharmacological investiga- 
tion to derivatives with a free phenolic hydroxy 
group and to compounds not attainable by the pro- 
cedure hitherto used.2,3 

The application of the Mannich reaction to  phe- 
nolic compounds is well k n o ~ i i . ~ ~ ~  Wiley6 tried it on 
the benz-substituted (including 7-methoxy) but 
2,3-unsubstituted chromones; however, as far as 
we know, it has not been applied to 7-hydroxy- 
chromones aiid flavones. The conventional pro- 
cedure was used, i.e., condensation of the phenolic 
derivatives with formaldehyde and a secondary 
base such as dimethyl- or diethylamine, piperidine, 
or morpholine, in ethanol : 

B 

N 3 ,  N 2 .  

The products were isolated as hydrochloride salts. 
The position of the introduced aminomethyl 

group can be predicted on the basis of Raiigaswami 
and Seshadri’s work.’ These authors, using the Clai- 
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sen rearrangement on 7-allyloxyflavones, found 
that there was a peculiar distribution of aromatic 
double bonds in 7-hydroxyflavones, similar in every 
respect to that of P-hydroxynaphthalene, and such 
as to render the 8- position more reactive, as shown 
by the fact that they obtained 8-allyl derivatives. 

Indeed, the Mannich reaction led to the 8-amino- 
methyl derivatives, as shown by the following series 
of reactions, limited to 8-dimethylaminomethy1-7- 
hydroxy-2,3-dimethylchromone (I). The same be- 
havior was exhibited by the analogous flavone deriv- 
ative (see Experimental). 

0 
I1 

I. R = H, X = CHJX(SH3)s 
11. R = H, X = CHO 

111. R = H, X = H 
IV. R = H, X = OH 
V. R = CHaCO, X = CHzOOCCHa 
VI. R = H ;  X=CHzOH 

A 
VII. R =  H; x = C H ~ N ~  ; CH,N-O 

VIII. R = CHI, X 
IX. R = CH3, X 

CHO 
CHzOH 

X. R - CHa, X = CHzOOCCHs 

Compound I, by boiling with acetic acid in 
the presence of hexamine, was converted into 
the 8-aldehydo-derivative (11), also obtainable 
by the Duff reaction from 7-hydro~y-2~3-dimethyl- 
chromone (111). The oxidation of 11, following the 
Dakin modification of the Bayer-Williger proce- 
d u e l 8  led to the corresponding 7,s-dihydroxy com- 
pound (IV), already described by Robertson et aL9 

By boiling I with acetic anhydride using the Tif- 
feneau procedurelo for tert-benzylamines, the di- 
methylamino group could be replaced by the ace- 
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toxy group, thereby yielding V, also obtainable by 
acetylating VI. The catalytic reduction of I1 (hy- 
drogen on platinum at  atmospheric pressure) led 
to the 8-hydroxymethyl derivative (VI) and the 
same course of the hydrogenolysis was observed 
with the 8-forn~yl-7-hydroxy-3-methylflavone 

For an analogous compound, i.e., the 8-formyl-7- 
hydroxy-3-methoxyflavone (XII) , Rangaswami and 
Seshadri7 obtained the 8-methyl derivative, as was 
to be expected if the reaction aiialogy between 7- 
hydroxyflavones and 0-naphthol could be extended 
to the formyl derivatives : indeed, 1-formyl-2-hy- 
droxynaphthalene is hydrogenolyzed to  the 1- 
methyl-2-hydroxy derivative. l1 

The different behavior of I1 and X I  as compared 
with XI1 could, perhaps, be attributed to the sub- 
stituent in the 3-position1 considering the influence 
exerted by a 2- or 3-substituent on the reactirity of 
the positions of the aromatic ring. Kelkar and Lim- 
aye12 have shown that an acyl group in the 3- 
position of 7-benzoyloxy-2-methylchromoiie exerts 
an inhibitive influence on the Fries rearrangement, 
and one of usI3 has also noted that the nitration of 
some chromones takes a different course if an alkyl 
group is in the 2-position. 

The reaction analogy, on the other hand, iyas ob- 
servable between the products we have described 
and the @-naphthol Rlaiinich bases: in both cases it 
was possible, with the amine exchange reaction, to 
substitute a secondary base such as piperidine or 
morpholine for the dimethylamino group (VII) us- 
ing the Snyder and Brewster procedure.I4 The 
methylation of I1 gave the 7-methoxy derivatix-e 
(VIII), the reduction of VI11 yielded $-hydroxy- 
methyl-7-methoxy-2,3-dirnethylchromone (IX), 
which was then acetylated to X. The mixture melt- 
ing points of IX and X with authentic samples of 
the identical products obtained by another proce- 
dure as described earlier, did not show depression. 

As Rangaswami and Seshadri observed' in con- 
nection with the distribution of the aromatic double 
bonds in 7-hydroxyflavones, the 6-position also can 
become reactive. In  fact, by carrying out the Man- 
nich reaction on 7-hydroxy-2,3-dimethylchromone 
using two moles of piperidine and two moles of form- 
aldehyde, the 6,$-dipiperidinomethyl derivative 
was obtained. 

The compounds prepared and their pharmacologi- 
cal activity are summarized in Table I. 

Pharmacologzcal acknowledgment. The N-sub- 
stituted 7-hydroxy-8-aminomethylchromones and 
flavones, like their 7-methoxy analogues, exert an 
intense stimulant action upon the central nervous 
system, probably at  brain stem level. Administered 
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in adequate doses by oral or parenteral route to 
mice, rats, rabbits, cats, or dogs, they cause clonic 
convulsions, followed by maximal tonic extension 
seizures. The general toxic picture is very similar to  
that induced by pentamethyleiitetrazol. 

Although generally less active than their 7-meth- 
oxy analogues, some of the derivatives under ex- 
amination were quite interesting. For example, the 
3-methyl-7- hydroxy - 8 - dimethylaminomethylfla- 
vone (compound 21) is about nine times more active 
than pentamet hylentetrazol, 2-et hyl-3-methyl-7- 
hydroxychromone (compound 9) about eight times 
more active, and the 2,3-dimethyl analogue (com- 
pound 1) is seven times more active than this well 
known bulbar stimulant. Furthermore, almost all 
these new derivatives, if administered intravenously 
in doses equivalent to a .1 to .05 of their intraperi- 
toneal ~ ~ 5 0 ,  exert pronounced and prolonged 
hypertensive and cardiokinetic effect. In  addition, 
they have an intense respiratory stimulant action. 
This latter action together with the hypertensive 
and central nervous system stimulant actions 
should mean that these substances are indicated in 
cases of severe depression of the central nervous 
system, such as after barbiturate poisoning. In  fact, 
mice intoxicated with lethal doses of pentobarbital 
survive if they are treated with these stimulants. 
A more detailed report on the pharmacology of these 
derivatives mill be published elsewhere. l6 

EXPERIMENTAL 

To exemplify the synthesis of the products of Table I, 
we shall describe the synthesis of 8-dimethylaminomethy1-7- 
hydroxy-2,3-dimethylchromone hydrochloride. 

8-Dimethylaminomethyl-7-hydrox~-2,S-dimeth ylchromone- 
h ydrochlorzde ( I ) .  To nine grams of 7-hydroxy-2,3-dimethyl- 
chromone in 300 mi. of ethyl alcohol, 5.5 ml. of 40% di- 
methylamine, and 5 ml. of formalin were added and the 
mixture was refluxed for 5 or 6 hr. After cooling, the mixture 
was acidified with alcoholic hydrochloric acid, concentrated, 
and again cooled until a precipitate formed. The solid \vas 
filtered and purified on crystallization from alcohol. The 
71-hite crystalline product, so obtained, weighed 6.3 g. and 
melted a t  213-214'. 

8-Formyl-7-h ydroz~-2,5-dii~ietliylchl.omolze (11). Two grams 
of 8-dimethylaminomethyl-7-hydroxy-2,3-dimethylchro- 
mone and 2 g. of hexamine in 20 ml. of glacial acetic acid 
TTere refluxed for 1 hr. The reaction mixture was poured 
into ice water-hydrochloric acid mixture and left to stand 
overnight. The solid which separated was filtered, washed 
with Ryater, and dried. The crude product on crystallizing 
from 40% acetic acid gave 0.3 g. of light yellow solid, m.p. 

Anal. Calcd. for CI2Hl004: C, 66.05; H, 4.62. Found: C, 
66.23; H, 4.77. 

A mixture melting point xTith a sample of the same prod- 
uct, prepared by the Duff reaction on 7-hydroxy-2,3-di- 
methylchromone, was not depressed. 
7,8-Dihydroxy-2,S-dimeth~lchromone (IV). 8-Formyl-7-hy- 

droxy-2,3-dimethylchromone (11) (0.8 g.) and 40 ml. of 
0.1N sodium hydroxide, were diluted with water to 100 ml. 
and 29.6 ml. of 4.9y0 hydrogen peroxide were added, while 
stirring, in the course of half an hour. The mixture, after 

184-186 '. 
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stirring again for 1 hr., became dark and a solid separated. 
Acidification with dilute hydrochloric acid, completed the 
precipitation of the product, which was then filtered, washed 
with water, and dried. Crystallization of the crude product 
from 70% acetic acid afforded a white crystalline solid, m.p. 

Anal. Calcd. for CllH1004: C, 64.07; H, 4.89. Found: C, 
64.13; H, 4.89. 

The diucetate was a white crystalline solid, m.p. 149-150'. 
A mixture melting point of ( IV)  with an authentic sample 
of 7,8-dihydroxy-2,3-dimethylchromone, prepared according 
to Robertson et ~ l . , ~  was not depressed. 
8-Acetoxy~nethy1-7-acetoxy-b,S-dimeth~lchromone (V). One 

gram of 8-dimcthylaminomethyl-7-hydroxy-2,3-dimethyl- 
chromone ( I )  and 1 g. of anhydrous sodium acetate in 15 
ml. of acetic anhydride mere refluxed for 2 hr. The reaction 
mixture was poured into ice water and left to stand over- 
night. The solid n-hich separated was collected on filtration, 
washed with water, and dried. On crystallizing from ligroin 
the yield mas 0.8 g. of white product, m.p. 127-129". 

Anal. Calcd. for C16H1606: C, 63.15: H. 5.31. Found: C. 

230-231". 

63.15; H, 5.10. 
8-Hydroxy1nethyl-Y-hydrox~-d,S-dimethylchromone (VI). A 

solution of 1.1 E. of 8-formvl-7-hvdroxv-2.3-dimethvlchro- 
mone (11) in 1 5  ml. of absolute"ethano1,'with 0.15 g. of 
platinum oxide, was hydrogenated a t  atmospheric pressure 
until absorption ceased. The catalyst was removed by filtra- 
tion and the filtrate was evaporated to dryness. The crude 
product (1.1 g.) on crystallizing from ethanol gave a white 
crystalline solid with no sharp melting point. 

Anal. Calcd. for CiZH1204: C, 65.45; H,  5.49. Found: C, 
65.27; H, 5.66. 

The diacetate was oreoared from VI bv boilinn with acetic 
anhydride as a white crystalline solid; m.p. i27-129'. A 
mixture melting point of this diacetate with a sample of 
V was not depressed. 

Anal. Calcd. for C16HlsOe: C, 63.15; H,  5.31. Found: C, 
63.16; H, 5.23. 
8-Formyl-7-methoxy-2,3-dirnethylchromone (VIII). A mix- 

ture of 2.18 n. of 8-formvl-7-hydroxy-2,3-dimethglchro- 
mone, 60 ml. of anhydrous acetone, 3 g. of anhydrous po- 
tassium carbonate, and 1.5 g. of methyl sulfate was boiled 
for 8 hr., cooled, filtered, and the solid washed with hot 
acetone. Removal of acetone left a residue which on crys- 
tallizing from ethanol, 95', gave 0.8 g. of 7-methoxy de- 
rivative, m.p. 176-178". 

Anal. Calcd. for ClaH1904: C, 67.24; H, 5.21. Found: C, 
67.45; H, 5.44. 
8-Hudroxurnethul-7-methox~-2~3-dimethulchromone (1x1. A " " -  

solution of 1.16 g. of 8-formyl-7-me~hoxy-2,3-dimethyl- 
chromone (VIII) in 150 ml. of ethanol was hydrogenated, 
a t  atmospheric pressure, over 0.1 g. of platinum oxide cata- 
lyst until absorption ceased. After removal of the catalyst, 
the filtrate was concentrated to dryness and the crude 
oroduct was crvstallized from ethanol as a white crystalline 
powder, m.p. 188.6-189.5'. 

Anal. Calcd. for Cl3HI404: C, 66.64; H, 6.01. Found: C, 
66.46; H, 5.80. 

The acetate (X)  was prepared from IX by boiling with 
acetic anhydride as white crystals from ligroin, m.p. 163- 
164'. 

Anal. Calcd. for C.bH1eOb: C, 65.20; H, 5.84. Found: C, 
65.31; H, 5.57. 

The mixture melting points of IX and X with the corre- 
sponding samples of the same products obtained by another 
procedure as described earlier, 3 were not depressed. 

8-Acetoxymethyl-7-aeetoxyS-methyl$avone. One gram of 
compound 21 (see Table I) with the same reactions as V, 
gave 0.8 g. (from ligroin) of diacetoxy derivative, m.p. 
I 17-1 19'. - -. - - . 

Anal. Calcd. for C21HlaO6: C, 68.83; H, 4.96. Found: C, 
69.10: H. 5.24. 

8-Hydroxymethyl-7-hydroxy-3-1neth~l$auo~e (XII). A 1.4-g. 
sample of 7-hydroxy-8-formyl-3-methylflavone with the 
same reactions as VI, gave 1.1 g. (from ethanol) of XII, 
m.p. 183-185' dec. 

Anal. Calcd. for CI~H1404: C, 72.33; H, 5.00. Found: 
C, 72.16; H, 5.31. 

The diaeetate was prepared as a white crystalline solid 
from ligroin, m.p. 118-119°. A mixture melting point with 
the same product obtained from compound 21 (see Table I) 
was not depressed. 

8-Formyl-7-hydroxy-S-methyl~uvone (XI). Three grams of 
compound 21 (see Table I), with the same reactions as 11, 
gave 1.5 g. (from dilute acetic acid) of the formyl derivative, 
m.p. 156z1570. 

Anal. Calcd. for CI . IHI~O~: C. 72.73: H. 4.39. Found: C. , ,  .. _ _  . , 

72.49; H, 4.50. 
A mixture melting point with a sample of the same prod- 

uct, prepared by the Duff reaction on 7-hydroxy-3-methyl- 
flavone, was not depressed. 
8-Formyl-7-methoxy-S-methyl$auone. Three grams of 8- 

formyl-7-hydroxy-3-methylflavone, methylated according 
to the Drocedure of VIII, gave 1.8 E. of the 7-methoxv de- , -  

rivative, m.p. 152-154'. 

73.23: H,  4.71. 

- 

Anal. Calcd. for ClaH1404: C, 73.45; H, 4.80. Found: C, 

8 Hydroxymethyl-7-rnethoxy-S-methyl$avone. One gram of 
8-formyl-7-methoxy-3-methylflavone hydrogenolyzed under 
the same conditions as IX gave 0.65 g. of the 8-hydroxy- 
methyl derivative as a white crystalline solid with no sharp 
melting point. 

Anal. Calcd. for ClsHle04: C, 72.97: H, 5.44. Found: C. , ,  .. 

73.01; H, 5.34. 

ethanol. m.D. 168-169'. 
The acetate was prepared as a white solid from diluted 

Anal.' Cdcd. for CzoHlsOs: C, 71.00; H, 5.32. Found: C, 
70.89; H, 5.20. 

A mixture melting point with the same product obtained 
by another procedure,a was not depressed. 

6,8-Dipiperidinomethyl-%hydrox ydI3-dimeth ylchromone-2- 
hydrochloride. To a solution of 1.9 g. of 7-hydroxy-2,3-di- 
methylchromone in 100 ml. of ethanol, 1.7 g. of piperidine, 
and 2 ml. of formalin were added, and then the mixture was 
refluxed for 8 hr. After cooling, alcoholic hydrochloric acid 
was added and the mixture was concentrated and again 
cooled until a precipitate formed. The crude product on 
crvstallization from ethanol/ether gave 2.1 g. of white 
soiid, m.p. 256-257'. 

Anal. Calcd. for C2aHt4Cl&zOs: X, G.12. Found: N, 6.04. 
Amine exehanqe reaction of hudroxychromones Mannich 

bases. We employed the procedure of Snyder and Brewsterll 
for p-naphthol Mannich bases. The product were identified 
by melting point and mixture melting point. 
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