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INTRODUCTION 

The reaction of flavylium salts with the active hydrogen of armnonia and 

amines indicates that these salts may behave as carbonium ions . 

The object of this research was to prepare the 2-(2'-nitrophenyl)-4-(4"

dimethylaminophenyl)-l .,4- benzopyran (II) and 2-(2 '-nitrophenyl)-4-(411-di.methyl

aminophenyl) - l ., 4'-benzopyranol (III) from the reaction of 2'-nitronavylium 

perchlorate (I) with dimethylaniline., and the analogous 4'-nitro derivatives . 

(IV., V, VI) 
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HISTORICAL 

The navylium, or 2 phenylbenzopyryllum, salts may be prepared, in 

general, by the reaction of the ether solutions of 2- hydroxychalcones with 

dry hydrogen chloride; or by direct condensation, in ether, of the appropriate-

ly substituted acetophenones with salicyl aldebyde with dry hydrogen chloride. 

Hill (5) has written a review on the methods of preparation of benzopyryliwa 

salts. 

One of the f irst of the few investigations of the reaction of carbonilllll 

ions with amnonia or amines was done by Decker and Becker (1) in 191.3. They 

reported the reaction of l.O-methyl-9-phenyl-acridium chloride (VII), 9-phenyl

xanthylium chloride (VIII), and 10-phenyl-thioxanthyllum chloride (IX) with 

ammonia to give the corresponding amines (X, XI, XII) . 
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Dilthey, Beires, Holterhoff and Wubken (2) prepared spiro-di-naphthopy

ran (1111) and noted that when heated alone, the compound produced a blue 

colored compound (llV), whereas when heated with piperidine, it rEIR&ined color

less. The following explanation was given for the transformation. 

colorless XIII colored XIV 

NH(C.H~5 

colorless 
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Schonberg and Sina (9) expl&ined the loss of color of the permanganate 

colored diphenylketene dimer on heating with piperidine by a mechanism analo-

gous to that of Dilthey. 

Ph2-C: C - C = 0 

' l 0 - C - Ph2 

colorless 

colorless 

) 

0 , 
u 

Ph2-C: 1_- C - ~-Ph2 

0 

colored ..i 

colored. 

+ 
Strauss (13) showed that compounds of the general type (Ar2C = CH-CH-Ar) 

Cl- fonned colored complex salts with ferric chloride and perchloric acid, 

had conductivity in sulfur dioxide, and reacted with alcohols to give alkoocy 

derivatives . These r eactions are all characteristic of the flavylium salts. 
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Shotton (10) reported that the r eaction of flavylium. perchlorate with 

ammonia gave three products which on analysis i mdicated that the per chlorate 

had reacted with amnonia in t he ratios of 3 to l, 2 to 1, and 1 to 1. Using 

piperidine to react with the flavylium salt, only one product was obtained, 

which .from ozonol.ysis data, indicated that the compound formed was 2-phenyl-

4-piperidino-1,4-benzopyran. 

Shotton also feund that when the flavylium perchlorate was reacted with 

aniline, three products were obtained, whereas when di.methyla.niline was used, 

only one product, 2-phenyl-4-(411-di.meteylaminophenyl)-l,4-benzopyran (XVI) was 

found. 

Ullman and llhgi (14) prepared 41-amino-9-diphenylxanthene by the reaction 

of 9-phenylxanthenol with aniline. 

Rice (S) prepared 9-(4' -dim.ethylaminophenyl)-xanthene by the reaction of 

xanthyllum perchlorate with dimethylaniline. 

The reaction of xanthydrol with phenols using glacial acetic acid, 

sulfuric acid or anhydrous aluminum chloride as a condensing agent to produce 

p-hydroocyxanthenes was reported by Nierderl and Hart (7) .. 

Gomberg and Kamm (4) showed that triphenylmethylcarbinol and triphenyl

methyl chloride in t he i:resen.ce of very small amounts of acid, condensed with 

phenol to give excellent yields of p-hydro.xytetraphenylmethane. 

Other condensations of tertia.ryphenyl alcohols with <:ompounds having an 

active hydrogen makes it possible to consider that the above r eactions might 

proceed via carbonium ions produced by the action of the acids involved. 
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THEORY AND DISCUSSION 

Shriner and Moffett (11 and 12) showed that flavyllum salts probably 

exist as carbonium ions with the two main positions for the charge being on 

the number two and four carbons of the heterocycllc ring. 

Shotton (10) found tha.t when flavylium perchlorate (XV) reacted with 

dimethylaniline the following reactions took place. 

-
CQOLf + 

xv 

<[o] 
1· I 

N (CH::)" N(C.lhk-. 
XVII · 

tf.f X + 
-

, X 
N ( Ulj tJ, 

XVIII 
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Rice (8) found that when xanthylium perchlorate (XIX) reacted with dimethyl-

aniline, XX was produced. which oxidized. to t he carbinol XXI which, 1n turn, 

formed the salt XXII in the presence of acid. 

+ 
CQOf - + ONC~~-

H 

XIX 

[OJ ·< . 
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f I The problem here was to study the reaction of the 2 and 4 nitroflavy-

liuin perehlorates with dimethylaniline. It was expected. that steric hindrance 

would cause the major reaction to occur at the number four position. The 

following reactions were postulated for the 2 1 nitro substituted flavylium 

salt with similar reactions for the 4' nitro substituted flavylium salt. 

+-

I or IV 

( [QJ 

H 

N(~u or v 

+ 
-

X 
we~~ 

XXIII or XXIV 



When the 41-nitroflavylium perchlorate was treated with one equivilant 

mole of di.methylanillne, the major product was the blue solid perchlorate 

(XXIV) with some production of the leuco base (V). The salt (XX.IV) was ma.de 

basic and extracted with ether, and the product was the carbinol (VI) . 

10 

when t.wo moles of dimethylanillne were used per mole or 4'-nitroflavyliwa 

perchlorate (IV), the amount of t he leuco base (V) was slightly increased. 

It was found that the leuco base could be oxidized. to the carbinol, either by 

air oxidation or by t,he use of ferric chloride. 

When two mol.es o f.' di.methyl.aniline wer-e used per mole of t he 2'-nitro.flavy

lium perchlorate (I), the major product was the leuco base {ll), with a small 

amount of the s.alt of' the carbinol (IlIII) . The leucobase (II) can be oxidized 

to the carbinol or the salt (XXIII) can be converted to t he ca.rbinol, (III) . 

Both the 21 and 4'-nitroleuco bases (II and IV) were bright yellow solids 

which tumed grass green on exposure to air snd acid !'um.es. The earbinols 

vere darker. and had a tendency to gum when wet. 



Lowenbein (6) described the preparation of the 21 4-diphenyl-l,4-benzo

pyran (XXV) by the reaction of phenylmagnesium bromide with flavylium 

perchlorate (XV). 

+ 
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Shotton (10) produced the 2-phenyl-4-(4"dimethylaminophenyl)-1,4-benzo

pyran (XVI) by a similar method using dimethylaminophenyl magnesium bromide. 

However, he found that dimethylaminophenyl lithium. could be produced in better 



yield and gave the same results . The leueo base (XVI) thus produced was 

oxidized to the carbinol (XVII) which in acid gave the blue salt (XVIII). 
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Shotton rirther proved that t he r e cti'On took place e.t t he number four 

position by Nac:ting the dimethylaino phenyl lithium with f l avone (XXVI) to 

give a compound which hydrolyzed. to produce the carbinol ( l'VII). 

II 
0 

XVII 

+ 

However, the attempt to prepare the 2-(4'-nitrophenyl)-4-(4."-iiimethyl

aminophenyl)-l,4-benzopyran (V), by reacting the 4'-nitrofla.vylium salt (IV) 

wU.h dimetbylaminophenyl lithium., failed to give significant results, 

probabzy due to the react.ion of the lithium com,uound wt t h t he nitro group. 

The products of the reaction were ~ and gave indefinite melting point.s. 



The 2-(2 1-nitrophenyl)-4-Cl."-dim.ethylaminophenyl) -1,4-benzopyran and the 

analogous 4 1 nitro derivative formed yellow solutions in acetone which did not 

( I n 
change color on acidification. The 2- 2-nitrophenyl)-4-(4 -dimethylamino-

phenyl)-1,4-benzopyranol and the 41nitro analog also formed a yellow solution 

in acetone, but on acidificati on, the solutions turned bright blue. Addition 

of excess of acid, however, caused a color change of blue to green t o yellow 

again. 

If the substitution had been in the four position of the flavylium salt, 

then the nitro leuco bases are vinylogs of a leuco base of a triphenylmethane 

dye. 
I I It 

Oxidation of the 2-(2 or 4 -nitrophenyl)-4-(4-dimethylaminophenyl)-l, 

4-benzopyran (II or V) to the carbinol (III or VI) which formed a colored 

compound in acid is comparable to the oxidation of the leuco base or 

malachite green (XXVII) to the carbinol (XXVIII) which also formed a colored 

compound in acid. 
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There are seven possible resonance forms or the carbonium ion in mala

chite green; seven major and one minor in the 2-phenyl-4-(4"dimethy-lamino

pher171)-l,4-benzopyranyl carboniua ion and the presence of the nitro group 

increases the resonance possibilities by two. It was interesting to note 

that the increase in the number of resonance forms due to the nitro group Dl&y' 

be the cause of the yellow color of both the leuco base and the carbinol as 

compared with the white color of t,he analogous non-nitrated compounds. 



These reactions may be summarized as follows: 

+ 

_ N(C}6)~, 

-x~ 
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EXPERIMENTAL 

Preparation g! Ortho ,!!!S! f!£!. NitrophenYlmethzl.carbinol. 

The method used was that of Ford-Moore and Rydon (3) using phenylme

thylcarbinol as the starting material. 

Ph9IJ1'laethylcarbinol (224 g.) was added, with cooling, over fif'teen 

minutes., to 400 ml. of acetic anhydride containing 2 ml. of sulfuric acid. 

After being kept at room temperature for 30 to 40 minutes., the solution 

was stirred mechanical.]Jr while 94 ml. of fuming nitric acid (d. 1.50) was 

added dropwise over 2 to 2 l/2 hours., the temperature being kept bel.ew 

2JJ0c. by ice cooling._ After stirring for a further 11/2 hours between 

15 and 2JJ0 c. the product was poured into a liter ot ice and water and 

let stand overnight. The next day the mixture 1118.s filtered and the 

solid alpha{R-nitrophenyl)ethyl acetate am the oily mixture of the 

latter and the alpha~nitrophenyl)ethyl acetate were treated different

ly. (Occasionally the solid para. derivative does not crystallyze and an 

acetone dry ice bath must be used to induce crystallization.) 

The oily mixture of the nitrophenylethyl acetates was separated from 

the water solution and washed. It was hydrolyzed by refluxing for six 

hours with a liter of alcohol and 200 ml. of concentrated hydrochloric 

acid. The low boiling products of this hydrolysis were removed by distill

ing on a water bath under the reduced pressure of the water pump. The 

residue was fractionally distilled under a pressure of 2 mm. &Xi the 

traction distilling at 125-141°C. was the ortho nitrophenylmethylcarbinol, 

vhile the para nitro derivative came ott at 143-156°c. 

The (,2-nitrophenyl)etbyl ae~tate recrystallized from petroleum ether 

in colorless prisms and had a melting point of 55-56°c. The acetate was 
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hydrolyzed using 200 ml. of alcohol and 40 ml. of concentrated hydrochloric 

acid, and again the low boiling products were distilled off at reduced pressure 

(water pump). The carbinol was combined with the para nitropheny'lmethylcarbi

nol from the vacuum distillation. 

Oxidation~ p-Nitrophenzlmetbzlcarbinol. 

The 2-nitrophenylmethylcarbinol (25 g.) was added to a solution of 76 g. 

of sodium dich!'omate ·1n 190 ml. of wat.er and 38 ml. of sulfuric acid previous

ly heated to 6o0 c. Ten minutes were required for the addition. 

The taaperature rose from 60 to 95°c. during the addition of the carbinol, 

and after the . temperature had dropped to 6o0 c. (in about 15 minutes), the 

mixture was stirred at 6o0c. for three more hours and then poured into 250 ml. 

ot ice and water. The product was recrystallized from methyl alcohol as 

shiny yellow .(lakes 1hich melted at 79-80°C. The yield from the carbinol was 

90%, from the original phenylmethylcarbinol was 18% of theory. 

Oxidation 2f o-Nitrophen.ylmeth.ylcarbinol. 

Continuing the method or Ford-Moore and Rydon (5), 150 g. of 

,2-nitrophenylmethylearbinol was added to a stirred solution of 266 g. of 

sodi. um dichromate in 670 ml. of water and 1.3.3 ml. of sulfuric acid,previously 

heated to 6o0c. During the addition the solution turned from the typical 

orange color of the dichromate to a dark brown and the temperature rose to 

95°c. After the temperature had dropped to 6o0 c. the mixture was stirred for 

three more hours and then poured into a liter of ice and water .. 

The product was extracted with eoo ml. of benzene. The benzene solution 

was washed with about a liter o! 10% sodium carbonate and then the benzene 

extract was dried over solid sodium carbonate. Arter the benzene was 



dist i lled of t at 809 C., the residue was vacuum distilled and at 3 mm. the 

light yellow viscous g,-nitroacetophenone distilled at 140°c. 'l'he yiel d 

was 5.3.% of the theory calculated on t he basis of t he 2-ni t rophenylmethyl-

carbi nol, 

I 
Attempted f r eparation of 4 - Nitro- 2- Hydroxychalcone. 

Sallcylaldehyde (12. 2 g. i e 0.1 mole) and ~ nitroacetophenone (16.5 g. 

ie O. l mole) were dissolved in 100 ml. of 10% sodium cydroxide (0.25 mole) 

and 30 ml. of alcohol. The mixtur e was let stand with occasional shaking 

for 24 hours . The sol ution at t he ead of this time was a dark reddi sh brown 

but on the a.ddition of ice and concentrated hydrochloric acid, the red color 

disappeared and a dir ty yellow precipitate appeared. After letting t he 

acidified solution stand in t he ice box overnight, t he yellow solid on 

filtration was found to have a melting point of 95° to 125°c. Evaporation 

of t he solution left a dark red residue which gummed on recrystallization 

from methyl alcohol. However, on recrystallization from benzene, t he 
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benzene soluble portion wa s found to soften ~t 165°, gum at 195° and decompose 

at 219- 221°c . This solid was f ireman•s red when wet and yellow orange when 

dry. The benzene insoluble por tion was a dark maroon solid which decomposed 

at 125-140°c .. 

Attempted Preparation of 21- Nitro- 2-H:yd.roxychalcone 

Salicylaldehyde (24. 5 g. ie 0. 2 mole) and 2-nitroacetophenone (33 g. ie 

0. 2 mole) were added to 200 ml . of 10% sodium cydroxide and 60 ml. o.f alcohol, 

and on mixing t he solution turned a dark red brown. · After standing ovemight, 

ice and concentrated acid wer e added to t he mixture. There was some loss of 

the r ed color. but after standing i n an ice box overnight, a r ed brown mass 
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was obtained lbich on recrystallization from alcohol formed a powdery percipi

tate having a melting point of 150-2°C. On recrystallization f rom benzene, 

a benzene soluble portion, melting point 155-6°c. and a benzene insoluble 

portion were obtained. 

Attempt S:g, Prepare Flay,:lium. Perchlorate 1?z Coupling of 21-Nitro-2-hydro:x;v:
chalcone .!!,:Y:! !!l ~. 

Nineteen and nine tenths grams of 2'-nitro-2-hydro.x;yehalcone (m. p. 155-

60c.) (0.074 mole) was dissolved in 500 ml. of ether. Dry hydrogen chloride 

was passed into the solution. Seven and four tenths grams of perchloric 

acid dissolved. in 18 ml. of acetic anhydride was added to the solution. The 

hydrogen chloride was fed into the ice cooled solution for about 2i hours, 

at the end of which time, the solution was apparently saturated. The precipi-

tate was filtered on a sintered glass filter and washed with ether and gla-

cial acetic aeid. The precipitate was found to be the original chalcone, 

(m.p. 155-6°c.). The solid was put back in solution and more cold dry 

hydrogen chloride was passed into the solution. After standing overnight, 

the solid was a.gain filtered and washed and it was found that this substance 

exploded on ignition and melted with decomposition at 170-172°c. The yield 

however~ was only 3. 6 g. , or lk% of theoretical. 

Preparation g! o-Nitroflay,:lium Perchlorate 1?z Direct Condensation. 

Twenty one and six tenths grams (0.18 mole) of 2-nitroacetophenone and 

22 grams (0.18 mole) of salicylaldehy'de were mixed in 180 ml. of ether, and 

dry hydrogen chloride was passed into the solution until saturated. The 

solution turned from a light yellow to a deep red color when saturated. 

Fifty grams of 721, perchloric acid (0.36 mole), dried by adding slowly, with 

cooling, to 108 ml. of acetic anhydride, were added, with shaking, and the 



solution was let stand for 24 hours. The dark red brown precipitate was 

filtered on a sintered glass filter and washed with dry ether and glacial 

acetic acid. The dry, dark maroon amorphous powder exploded on ignition, 

shrank at 211°c. and melted with decomposition at 219-220°C. The yield was 

4 g. or 6.J % of theory • 

• Preparation 2f 4 -Nitroflayzlium Perchlorate .£Z Direct .condensation 

Sixteen and five tenths (0.1 mole) of ,E-nitroacetophenone and 12. 2 g. 

of salicylaldehyde (O . l mole) were placed in a 600 ml. portion of absolute 

ether. Dry hydrogen chloride was passed into the solution until it was 

saturated. Then a solution of 28 g. of 72$ perchlorie acid (0. 2 mole) was 

added to the dark red saturated S') lution and the mixture was placed in the 

ice box for two days. The precipitate was filtered on a sintered glass 

filter and washed with acetic acid and ether. The rust or copper colored 

amorphous compound exploded on ignition, softened at 203° and melted with 

decomposition at 219-220°c. The ~eld was 18. 9 or 54 % of theory. 

Reaction of 2 1-Nitrofiayzlium Perchlorate~ Dimetnylaniline. 

Four grams (0.012 mole) of ,2-nitroflavylium perchlprate and 2. 90 g .. 

(0.024 mole) of dimethylaniline were mixed in dry ether and let stand about 
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forty minutes trl. th periodic shaking. The yellow ether solution was filtered 

from the greenish solid and the ether washings of the solid were combined 

with the original ether solution. The ether solutions were then evaporated 

under pressure. The 2-(2 1-nitrophenyl)-4-(4"-dimethylaminophenyl)-l,4-

benzopyran was yellowish green in color and had a melting point of 141-143oc. 

The yield was 0 . 5 g. or 11 'I, of theory. 

Found 
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The leuco base can be oxidized to the carbinol b1 air oxidation or by 

ferric chloride. The carbinol was 7ellowish green in acetone, but became 

bright blue on acidific.ation. This carbinol was hard to purity, probably 

' due to the inclusion of salts and unoxidized leuco base. The melting point 

of the impure carbinol was 83 to 95°c. Reeeystallization from both ether 

and methyl alcohol failed to give a pure compound. An attempt i.o obtain 

the pure carbinol by recrystallizing the perchlorate from glacial acetic 

acid produced the perchlorate which on making basic with sodium carbonate 

yielded the carbinol. 

Reaction S!! 41-Nitroflayzlium. Perchlorate~ D1methylADfl1ne. 

Fourteen grams of 4'-nitroflavylium perchlorate (0.039 mole) and 

4.84 g. (0.04 mole) of dimeth7lanillne were mixed in ether ani the mixture 

was let stand, with shaking for about an hour. The ether solution was 

separated from the blue insoluble solid by .filtration. On evaporation at 

reduced pressure (water pump), the leuco base was obtained in bright yellow 

needles which turned green on standing. The solid. on recrystallization from 

methyl aJ.cohol had a melting point of 153-4°C. The yieµi of 2-(4'-nitro

phenyl)-4-(4"-dimethylaminophenyl)-l,4-benzopyran was 2 g. or 14% or theory. 

Calculated% C ~ 

Found 

H ~ 

H .2.!.22 
The ether insoluble protion was a blue solid \tbich exploded on 

ignition. The yield was 12.5 g. or 71 % of theory. After the solution had 

been made basic and extracted with ether, a light orange brown gum was 

obtained which had a melting point or 85-96°c. The acetone solution o! this 



substance was yellow which tumed a royal blue on acidification. The sub-

stanc~ was purified by recrystallizing the perchlorate f rom hot glacial 

acetic acid and converting to the carbinol by sodium carbonate. The 

recrystallized perchlorate was found to have a melting point of 

and the carbinol now melted at • 

Analysis of c23H'2f)o4N2 Calculated% C 71.1 H 5.'2f) 

For impure carbinol Found % C ftb1t H !t.::1!t. 
For repurified carbinol Found % C H 

Preparation gJ_ Dimethzlaminophemrl Lithium. 

One tenth of a gram (0.28 mole) of lithium was cut into small pieces 

and covered with anhydrous ether. After t he mixture was placed in a three 

necked flask equipped with a dropping .tunnel, ice cooled condenser and 

stirrer, 1. 5 g. of _E-bromodimethyla.niline was dissolved in 25 ml. of ether 

and one third of the solution was added to the lithium-ether mixture. The 

mixture was retluxed to start the reaction and the remainder of .E":"bromodi-

methylaniline was added at a rate to keep the ether refluxing. After all 

the _E-bromodimethylaniline was added, refluxing was continued for half an 

hour on the steam bath. At the end of this time all the excess lithium was 

removed. 

' Reaction of Dimethzlaminophenyl Lithium~ 4 -Nitroflayzlium Perchlorate. 

To the solution of ,E-(lim.ethylaminophenyl lithium prepared as above, 

4.9 g. (0.014, mole) of ,R--nitrofiavylium perchlorate was added with shaking 

in saall portions. Only a trace of white precipitate was formed which was 

separated from the greenish yellow ether solution by filtration .. After 

evaporation of the ether solution under pressure, the green gummy solid 

was washed with ether. On taking a melting point.,,, it was found to soften 
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at 1170 and decompose at 129-1,30°. A mixed melting point with the leuco base 
t n 

of the 2-(4 -nitrophenyl)-4-(4 -dimethylaminophenyl)-1,4-benzopyran gummed at 

116-ll?°and possibly decomposed at 155°c, 



SUMMARY 

Four new compounds were prepared. and characterized and another, whose 

meltmg point was not given in the literature, was prepared and its melting 

point determined. 
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2-(2'-Nitrophenyl)benzopyrylium perchlorate was prepared by the direct 

condensation of salicylaldehyde and 2-nitroacetophenone with dey hydrogen 

chloride and perchloric acid. Its melting point, which was not given in 

the literature., was found to be 219-220°C. with decomposition. 

2-(2'-Nitrophenyl)-4-{4"-dimeth1'1aainophen,'l)-l,4-benzopyran and the 

analogous 4'-nitro derivative were prepared by the reaction of the appro

priate 2-(2'- or 41-nitrophenyl)benzopyry-lium perchlorate with dimethyl

aniline. 

2-(2 1-Nitrophenyl)-4-(411-dimethylaminophmyl)-l,4-benzopyranol and 

the 4'-nitro analog were prepared either by oxidation of the appropriate 

benzopyran or by neutralization of the perchlorates which were also toraed 

by the reaction of the nitro fla'Y)"lium perchlorate with dimethylanillne. 
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