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toluene by vacuum distillation, a liquid residue (20.2 g, containing 
94.5% of m-phenylene bisfluoroformate according to  the gc 
ratios) was obtained and purified further by vacuum distillation. 
The properties of the compound are listed in Table I .  

Preparation of 1,3,5-Phenenyl Trisfluoroformate.-Phloro- 
glucinol (0.3 mole), toluene (150 ml) as a solvent, tributylamine 
(2 ml) as a catalyst, and COFCl (1.09 moles) underwent similar 
reaction for 15 hr a t  80" in a 500-ml stainless steel lecture bottle. 
After removal of the volatile material, the solid residue was ex- 
tracted with diethyl ether until the extract did not show any 1,3,5- 
phenenyl trisfluoroformate on the gas chromatograph. The 
product (52 g) was isolated from the diethyl ether solution and 
recrystallized from the same solvent. Its properties are listed 
in Table I. 

Decarboxylation of the Aromatic F1uoroformates.-The same 
setup was used for all reactions. A stream of dry Nz, con- 
trolled by a flowmeter system, was passed through a small flask, 
containing the fluoroformate starting material. A fluoroformate 
vapor pressure of 100 mm was maintained by the external heating 
of the flask with an oil bath. The fluoroformate-nitrogen mixture 
was passed through an electrically heated quartz tube with Pt 
gauze as a filling. The products were quenched directly behind 
the exit of the tube by two cold traps, one at  -78" and the other 
a t  - 196". The second trap was connected to a mercury blow- 
off. The reaction tube was automatically heated and its tem- 
perature was measured with a thermocouple on its outside wall. 
The inlet part of the setup between the fluoroformate container 
and the reaction tube was heated by three infrared lamps to 
prevent condensation of the starting material. The conversion 
of the starting material and the yields were determined by weigh- 
ing of the used up starting material and of the collected products. 
The composition of the products was analyzed by gc. The 

compounds themselves were identified by infrared after gc 
separation. The results of all these reactions are summarized 
in Table 11. 

Hydrolysis of o-Brom0fluorobenzene.-Distilled water (3 
moles), o-bromofluorobenzene (0.05 mole), Ca(0H)t (0.05 mole), 
and CuO (10 mg) were placed into a 150-ml stainless steel cylin- 
der, equipped with a pressure gauge and a valve. The cylinder 
was agitated for 4 hr at  230" with its contents under apressure of 
400 psi. The product was extracted with diethyl ether. The 
diethyl ether solution was dried with MgSOl and filtered, and the 
ether was removed under vacuum. According to gc analysis the 
residue consisted of 95.6% o-fluorophenol and 4.6% starting 
material. No o-bromophenol was detected. 

Bromination of 1,3,5-Phenenyl Trisfluorof0nnate.-Bromine 
(25 ml) and 1,3,5-phenenyl trisfluoroformate (6.5 g )  were re- 
fluxed and stirred for 3 days using a small amount of hydrogen- 
reduced iron as a catalyst. The bromine was removed by 
vacuum distillation and a dark brown oily residue remained. 
Elemental analysis and an infrared spectrum showed only partial 
bromination of the starting material. 

Reaction between 1,3,5-Tribromophloroglucinol and COFCL- 
Carbonyl chloride fluoride (0.5 mole), 1,3,5-tribromophlorogluci- 
no1 (0.03 mole), tributylamine (1.5 ml) as a catalyst, and benzene 
(40 ml) as a solvent were placed into a 150-ml stainless steel lec- 
ture bottle and agitated at  100" for 20 hr. The volatile products 
were bled off, and the solvent was removed by vacuum distilla- 
tion. A dark brown oily product was obtained, which according 
to its fluorine analysis (Anal .  Calcd for 1,3,5-tribromophenenyl 
trisfluoroformate: F, 11.38. Found: F, 5.8.) and infrared 
spectrum was not the desired 1,3,5-tribromophenenyl trisfluo- 
roformate. Attempts to  isolate this compound out of the 
crude product were unsuccessful. 
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An optically active, strong-base anion-exchange resin was prepared from I,-( - )-N,N-dimethyl-a-phenethyl- 
amine and chloromethylated, cross-linked polystyrene. It was found possible to resolve partially the optical 
isomers of mandelic acid by the methods of frontal and displacement ion-exchange chromatography. 

A number of reports appear in the literature de- prepared a weak-base anion-exchange resin by incorpo- 
scribing the use of synthetic, optically active polymeric rating quinine into a polymer. On passage of 0.036 N 
materials as sorbents for the chromatographic resolu- racemic mandelic acid in chloroform through this 
tion of racemic substances. Grubhofer and Schleith2 resin, the first fractions of the effluent after the break- 

through of mandelic acid contained 4, 7, 16, 26, 34, 
(1) (a) Taken from the Ph.D. Thesis of J. A. L., 1965. (h) To whom 

inquiries should be sent: University of Michigan, Flint College, Flint, 
Mich. 48503. (2) N. Gruhhofer and L. Schleith, 2. Physiol. Chem., '296, 262 (1954). 
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Figure 1.-Frontal analysis I : 0, concentration of mandelate 
in first half of frontal analysis, left-hand scale; 0, concentration 
x 10 of (+)-mandelate in first half of frontal analysis, left- 
hand scale; 8, concentration of mandelate in second half of 
frontal analysis, right-hand scale; and 9, concentration X 100 
of ( - )-mandelate in second half of frontal analysis, right-hand 
scale. 

and 43 pmoles of the (+) isomer with respective 
optical purities of 100, 70, 44, 34, 31, and 30%. Suda 
and Oda,3 using a strong-base resin in which brucine 
had been incorporated, passed 0.053 N mandelic acid 
into their column and obtained effluent fractions con- 
taining 61, 90, and 190 pmoles of mandelic acid of 27, 
9.6, and 5.1% optical purity, respectively. Roberts 
and Haigh4 incorporated I,-( -)-cysteine into a poly- 
mer and then passed 0.2 N racemic methionine through 
a column of this resin. The first 28-ml fraction of 
effluent after the breakthrough was optically inactive. 
Subsequent fractions contained the (+) isomer of 
methionine with optical purities of approximately 14, 
8, 0, 16, 8, 22, 18, 18, 7, 19, and 0%. Losse, et u Z . , ~  
prepared active ion-exchange resins by condensing 
(-)-tyrosine and formaldehyde with one of the follow- 
ing : chromotropic acid, resorcinol, or m-toluidine. 
By eluting 1-g samples of racemic amino acids through 
these resin:; with water or 0.1 N hydrochloric acid, 
they obtained samples of about 600 mg of the (+)- 
amino acid with optical purities between 21 and 53%. 

An optically active resin may be sufficiently unstable 
so that its optically active constituent is released to 
the solution in appreciable quantity during a chroma- 
tographic resolution. This source of error can be 
ruled out if all the racemic substance applied to a 

For experimental conditions, see Table I. 

(3) H. Suda and R. Ode, Kanazawa Dazgaku Kogakubu Kiuo, 9, 215 
(1960). 
(4) C. W. Roberts and D. H. Haigh, J .  Org.  Chem., 17, 3375 (1962). 
( 5 )  G. Losse, H. Jeschkeit, G. Fickert, and H. Rabe, 2. Naturforach., 17b, 

419 (1962). 

column is recovered during an elution and if the polari- 
metric measurements indicate that both active isomers 
are recovered in equal amounts. 

I n  the ion-exchange resins in all the cases ~ i t e d , ~ - ~  
the optically active carbon is next to the ion-exchange 
group. The desirability of this configuration was 
pointed out by Bunnett and Marks.6 Further, with 
one e ~ c e p t i o n , ~  the asymmetric carbon atoms are 
locked in a rigid structure in the resin. Such a con- 
figuration may exclude all but one direction of approach 
for racemic solute molecules to the ion-exchange site 
and to the asymmetric carbon. Hence, the sorbent 
may interact differently with the two isomers of a 
racemic solute since one may “fit” into the available 
space better than the other. If the groups about 
the active carbon are bulky, the directions of approach 
to the active site may be restricted. 

I n  two  case^,^,^ the concentration of optically active 
carbon atoms in the resin was small, since a large 
active molecule was incorporated into an inactive 
polymer. It is probably highly desirable to have the 
concentration of active carbon atoms as large as 
possible, 

Weak-Base Anion-Exchange Resin.-The first part 
of this investigation was an attempt to repeat the work 
of Tsuboyama and Yanagita,’ who had treated chloro- 
methylated cross-linked polystyrene (CMX) with 
active a-phenethylarxine. These workers reported 

-c6H4CH2C1 + H2NCHMe( CBH5) + 
-C6H4dH~NHzCHMe( C6H5)C1- 

a partial resolution of mandelic acid with this resin. 
A repetition in this laboratory of the procedure of 
Tsuboyama and Yanagita produced a resin with a 
weak-base capacity of 1.90 mequiv/g of dry resin 
(free-amine form) and a strong-base capacity of 0.28 
mequiv/g of dry resin (chloride form). All attempts 
in this laboratory to use this resin in chromatographic 
resolution ended in failure. The unexpected strong- 
base groups were formed by the reaction of the secon- 
dary nitrogen atom with two other chloromethyl 

groups to yield (-C6H4CHz)3NCHMe(CaH5). This 
created additional cross-links and produced a resin 
through which mandelic acid or its anion could not 
readily diffuse. 

Strong-Base Anion-Exchange Resins.-ChlX was 
treated with excess N,N-dimethyl-a-phenethylamine 

to produce a resin with the group, -C6H4CH2NMe2- 
CHR/le(C6H5)C1-. Preliminary work with the race- 
mic amine indicated that best results were obtained 
by performing the reaction at  100” for 2 hr. Lower 
temperatures produced smaller degrees of quaterniza- 
tion, Le . ,  lower exchange capacities, while higher 
temperatures converted a significant part of the strong- 
base groups to weak-base groups, possibly by the follow- 
ing reaction. 

-C6H4CHZdMe&HMe( CsH6)Cl- + 

+ 

+ 

-CsH4CHzNMeCHMe( CeHs) + CH&l 

Two batches of optically active strong-base resin 
were prepared by the reaction between CMX and L- 

(6) J. F. Bunnett and J. L. Marks, J .  Am. Chem. Soc., 74, 5893 (1952). 
(7) 6. Tsuboyama and M. Yanagita, Sci. Papers Inst. Phya. Chem. Rea 

(Tokyo), S8,245 (1959). 
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(- )-X,N-dimethyl-a-phenethylamine. Their strong- 
base capacities, 2.33 and 2.23 mequiv/g of dry resin 
(chloride form), agreed well with the analogous racemic 
resin. They had no detectable weak-base groups, 
and the sorption of water was 1.06 and 1.01 g/g of 
dry, chloride-form resin, respectively. It was cal- 
culated’* that 51 and 48% of the benzene rings, re- 
spectively, in these resins had been quaternized. Since 
the original ClIX had chloromethyl groups on only 
SOYo of the rings, the quaternization of these groups 
was 64 and 60% complete, respectively. The reaction 
probably occurred without racemization since the 
excess (-)-amine recovered after the synthesis of the 
active resin had the same specific rotation as the un- 
used (-)-amine. 

Evidence of the stability of the resins was found in 
the fact that the strong-base capacity of the active 
resins was not diminished by use in the chromato- 
graphic experiments. 

Frontal Chromatography.-In three chromatographic 
experiments, solutions of racemic sodium mandelate 
were passed sloir-ly into a column of the chloride-form, 
optically active resin. The mandelate ion displaced 
the chloride on the resin. The concentration of niande- 
late in the effluent reached the concentration of the 
influent mandelate shortly after the breakthrough 
point of the mandelate. The first fractions containing 
mandelate gave definite positive rotations. The pas- 
sage of racemic mandelate into the column was con- 
tinued until the effluent mas also racemic. Then the 
interstitial mandelate was washed from the column 
with water, and the mandelate on the resin was dis- 
placed with sodium chloride or potassium nitrate. 
The first fractions containing mandelate that came 
from the column following the interstitial water had 
negative rotations. Although these experiments in- 
volre frontal chromatography in its strictest definition 
only up to the emergence of racemic mandelate, they 
are denoted here as frontal experiments to distinguish 
them from the later experiments in displacement chro- 
matography. 

The selectivity coefficient of the resin for the (-) 
isomer 1s E = L(- )JI (+) /L(+)M(-)  where L 
denotes the number of niilliequivalents of isomer 
[denoted by (+) or ( - )  ] on the resin and M is the con- 
centration of the indicated isomer in the interstitial 
solution. M ( + )  equals X( -) when the mandelate 
emerging from the column is racemic. The values of 
L(+)  and L ( - )  are readily calculated by two simul- 
taneous equations: L(+)  + L ( - )  = &T and L( - )  - 
L(+) = AL where &T is the total exchange capacity 
of the column and AL is the excess in milliequivalents 
of (-)-mandelate over (+)-mandelate on the column 
a t  the point of emergence of racemic mandelate. These 
equations may be combined to yield 

The data of three frontal chromatographic experi- 
ments are summarized in Table I. The discrepancy 
between the amounts of active (+) and (-) isomer 
found at the breakthrough of the mandelate and in 
the exchanged mandelate, respectively, of experiment 
I is probably due to a small error in the zero setting of 
the polarimeter. The rotations found in the several 
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Figure 2.-Comparison of the three frontal experiments: 
frontal I ;  0, frontal 11; and 8, frontal 111. 

0, 

TABLE I 
SUMMARY OF FRONTAL CHROMATOGRAPHY EXPERIMENTS ---- Expt-- 

I I1 I11 
Height of column, cm 48.5 45.5 189 
Cross-sectional area, cm2 0.50 0.50 1 .46  
QT, mequiv 26.2 26.2 300 

Flow rate, cm/min 0.24 0.20 0.23 
Sodium mandelate concn, N 0.10 1 . 0  0.10 

Displacing or eluting agent used L O N  1 .ON . . .  
NaCl KNO, 

A& ( f ) isomer in effluent, mequivn 0,032 0,047 0.65 
A& ( - ) isomer in effluent, mequivb 0 ,12  0.059 . . . 
E ,  based on (+)found 1.002 1.004 1.004 
E, based on ( - ) found 1.009 1.005 . . .  

a This is the total amount of the active (+) isomer found 
in the effluent up to the emergence of racemic mandelate. This 
is the total amount of active ( - )  isomer found in the effluent 
in the second half of the experiment. 

fractions were never greater than six times the prob- 
able error of reading the polarimeter ( f 0.005’). 

Figure 1 gives further detail on frontal experiment 
I. Figure 2 shows how the cumulative optical purity 
decreased with the quantity of mandelate that had 
emerged from the column. The term “cumulative 
optical purity” a t  any given point means the optical 
purity that mould be found if all of the mandelate 
collected in the effluent up to this point were mixed and 
examined. It is readily calculated from the analysis 
of the individual fractions of the effluent. The abscissa 
in Figure 2 is the quantity of mandelate that has 
emerged from the column expressed as the percentage 
of the “sample” of racemic mandelate used in the ex- 
periment. Since the ion-exchange groups were com- 
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Figure 3.-Displacement anal>& I: 0, total mandelate concentration; and e, ten times the concentration of active (+)- or active 
(-)-mandelate in a fraction. 

pletely converted to the mandelate form, the "sample" 
is equal to the milliequivalents of column capacity, 

Displacement Chromatography.-Nine partial reso- 
lutions of sodium mandelate were performed by dis- 
placement chromatography in which a sample of 
racemic sodium mandelate was added to a column of 
the chloride-form, optically active resin and then dis- 
placed by potassiuni nitrate. Figure 3 shows the 
course of one typical displacement analysis experi- 
ment. The mandelate concentration rose sharply to 
a plateau at the level of the normality of the displacing 
agent and then fell sharply to almost zero. The 
first fractions of rnandelate had positive rotations, the 
latter negative. 

In  nine displacement experiments, the height of the 
column, H ,  was varied between 42 and 488 cm, the 
cross-sectional area between 0.27 and 0.50 cm2, the 
total column capacity between 25 and 146 mequiv, 
the quantity of mandelate, S, between 1.0 and 20 
mequiv, the ratio of the height of the mandelate band 
to the column height, Hb/H, between 0.013 and 0.51, 
the normality of the potassium nitrate between 0.020 
and 0.10, and the flow rate between 0.38 and 0.54 
cm/min. Except for two experiments where the value 
of Hb/H was greater than 0.20, the following relation- 
ships were found. The cumulative optical purity of 
the (+)-mandelate a t  any given percentage emerg- 
ence of the mandelate sample (here defined as the 
amount of mandelate added to the column) was pro- 
portional to the square root of the column height. 
Equation 2 is valid with a standard deviation of 1.8. 

I n  the two displacement experiments with values of 
Hb/H equal to 0.31 and 0.51, the respective values of 
AL X 104/X<H were 5.1 and 2.2. 

By setting AL equal to SI2 and by making the as- 
sumption of dubious validity that eq 2 is applicable 

with column heights very much greater than those 
used in this investigation, it can be calculated that a 
complete resolution of mandelic acid would be achieved 
with a column 2.3 km in height. It is obvious that a 
complete resolution of mandelic acid by this method 
is impracticable. However, large quantities of mande- 
lic acid can be partly resolved by using columns with 
lengths and/or cross-sectional areas larger than those 
used in this investigation. 

Experimental Section 
L-( - )-a-Phenethy1amine.-The straightforward method of 

Theilacker and Winklers was used to resolve this amine: [ a ] z 4 ~  
-39.9' (neat), d*44 0.950 (lit.*,* [ ~ ] Z * D  -40.3', [ ~ ] Z S D  -39.4", 

L-( - )-N,N-Dimethyl-a-phenethylamine was prepared by the 
procedure of Kursanov and T.'ittlo from the L-( - )-or-phen- 
ethylamine D-( +)-tartrate: [alz6~ -70.73" (neat), dZ6* 0.902 
(lit.1o [ a I z 5 ~  -71.2', d2Oa0.903). 

Optically Active Strong-Base Resin.-CMX (90 g, 2% cross- 
linked, 200-400 mesh) was mixed with 200 g of L-( -)-N,N- 
dimethyl-a-phenethylamine in a glass flask. The polymer was 
allowed to swell a t  room temperature for 1 hr. Then the mix- 
ture was stirred at  100' for 2 hr in a thermostated oil bath. The 
mixture was allowed to stand at  room temperature for 24 hr 
and then filtered through a dry, sintered-glass funnel. The 
excess amine in the filtrate had [cY]'~D -70.7". The resin was 
washed with 500 ml of 1.0 N hydrochloric acid, 1 1. of ethanol, 
and 2 1. of deionized water. This washing cycle was repeated, 
and the finalwashing with water was continued until silver nitrate 
gave a negative test for chloride ion in the wash water. 

Determination of Ion-Exchange Capacity.-A sample of about 
2 g of the resin was stirred for 24 hr with an aqueous solution 
0.04 N in sodium hydroxide and 1.0 N in sodium chloride to 
convert the strong-base groups to the chloride form and the 
weak-base groups (if any) to the free-amine form. The elec- 
trolytes were removed by washing with water, and the resin 
was dried in vacuo over silica gel. A 1-g sample of this dried 

dZ440.950). 

(8) W. Theilacker and H. G. Winkler, Chem. Ber., 81, 690 (1954). 
(9) A. W. Ingersol, "Organic Syntheses," Coll. Vol. 11, John Wiley and 

(10) D. N .  Kurssnov and S. V. Vitt ,  Bull. Acad. Sci. USSR.  Div.  Chem. 
Sons, Inc., New York, N .  Y.,  1943, p. 506. 

Sei., 139i (1950). 
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resin was put on a sintered-glass filter and washed with 30-ml 
portions of 0.1 N potassium nitrate until the filtrate was free of 
chloride ion. ‘l’he chloride in the combined washings was titrated 
with standard 0.1 LV silver nitrate with 6 drops of 1 dl potas- 
sium chromate as indicator. The strong-base capacity of the 
resin is equal to the quantity (milliequivalents) of silver nitrate 
iised. Another 1-g sample of the dry resin was stirred for 144 hr 
in a closed container with 25.0 ml of standard 0.1 N hydro- 
chloric acid. Then the mixture was filtered on a dry sintered- 
glass funnel. The hydrochloric acid in a 10.0-ml aliquot of the 
filtrate was determined by titration with standard sodium hy- 
droxide. The weak-base capacity was calculated from these 
data. 

Chromatography.-In the frontal experiments, racemic sodium 
mandelate was passed into the columns (Table I). Fractions 
(3 ml) of effluent yere collected automatically and examined 
in a Beckman DU spectrophotometer at 2870 A and in a Rudolph 
Model SO polarimeter with a 1-dm tube and a sodium-vapor 
lamp. From these data, the concentration of the sodium mande- 
late and its optical purity a-ere calculated. The addition of 
racemic mandelate solution was stopped when the concentra- 
tion of mandelate in the efFiuent was equal to that in the in- 
fluent. .4t this point the effluent mandelate had no detectable 
rotation (Figure 1). The interstitial mandelate was washed 
out with deionized water. Then either 1.0 &V sodium chloride 
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or 1.0 N potassium nitrate was passed into the column. Frac- 
tions were collected and analyzed as before. 

In the resolutions by displacement chromatography, a suitable 
quantity of a solution of racemic sodium mandelate was added 
to the column of the optically active strong-base resin in the 
chloride form. Then the mandelate was displaced by a solution 
of potassium nitrate. Fractions of effluent were collected and 
analyzed as described above. A correction for the absorbance 
by nitrate a t  2570 A was applied to the fractions at  the rear of 
the mandelate band since there was some overlapping of the 
mandelate and nitrate. The absorbance of nitrate a t  3020 A 
was converted to the equivalent absorbance at  2570 A and sub- 
tracted from the absorbance of the fractions. Mandelate does 
not absorb at 3020 A. 
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The first electrophilic substitution (sulfonation) of the parent acridizinium ion has been accomplished. The 
resulting sulfobetaine was converted to a sulfone which by oxidative scission of ring B afforded a keto acid. The 
ketone obtained by decarboxylation of the keto acid was synthesized and proved to be 2-picolinoylphenyl phenyl 
sulfone. It follows that the new sulfonation product is the betaine of 10-sulfoacridizinium hydroxide. 

One niight have predicted that the quinolizinium 
ion (I), a resonant aromatic cation, would be reluctant 
to undergo electrophilic substitution. There has 
been no report of such a substitution save in those 
derivatives having an activating group p r e ~ e n t . ~  

& @&; 
1 11 10 

I 11 

The acridizinium or benzo [b]quinolizinium ion (11) 
might be expected to be more reactive, but the only 
reported electrophilic substitutions were carried out on 
the 8-hydroxy and 8-methoxy  derivative^.^ 

The present communication describes the first elec- 
trophilic substitution of the parent acridizinium cat- 
ion. When acridizinium bromide was dissolved in 
20% fuming sulfuric acid a t  room temperature and 
after 1 hr the mixture was poured into ether, a sulfo- 
betaine was obtained in 82% yield. It appeared likely 
that ring C, being most remote from the positive 
nitrogen atom, would be the one attacked. Two 
isomeric betaines having the sulfo groups in ring C a t  

(1) For the preceding communication of this series, see C. K. Bradsher and 
M. W. Barker, J .  Ow. Chem., 29, 452 (1964). 

(2) This investigation was supported by Public Health Service Research 
Grant No. H-2170 of the National Heart Institute. 

(3) A.  Fozard and G .  Jones, J .  Chen .  Sac., 2203 (1963); 2760,3030 (1964); 
P. A. Duke, A. Fosard, and G .  Jones, J .  Org. Chem., SO, 526 (1965); B. S. 
Thyagarayan and P. V. Gopalakrishnan, Tetrahedron, SO, 1051 (1964). 

(4) C. K.  Bradsher and R. C. Corley, J .  Ora .  Chem., 28, 1396 (1963). 

positions 75 and 9‘j had been prepared earlier by in- 
direct methods. It was not surprising that neither of 
these compounds was identical with the new direct 
sulfonation product since at  least two of the structures 
contributing to the acridizinium ion resonance hybrid 
bear positive charges at  positions 7 and 9. 

One technique for identifying the position of sub- 
stituents in ring C of the acridizinium nucleus involves 
catalytic reduction of rings A and B and subsequent 
observation of the infrared absorptions due to out-of- 
plane vibrations of the hydrogen atoms on ring C.’ 
The reduction product of the new betaine, like the 
reduction product of the betaine of 7-sulfoacridizinium 
hydroxide, showed the typical absorption pattern 
(in the 680-860-cm-’ region) for three adjacent aro- 
matic hydrogens. Unfortunately, the reduction prod- 
uct of the 9-substituted isomer (two adjacent aromatic 
hydrogens) showed an unexpectedly strong absorption 
at  705 cm-I, raising a question concerning the validity 
in this series of structural assignments based upon 
absorptions in the 705-710-cm-l region. 

To facilitate the degradation of the sulfonation 
product (111) it was converted to a phenyl sulfone (V) 
via the sulfonyl chloride IV. Oxidation of the phenyl 
acridizinium sulfone (V) with nitric acid’ led to a keto 
acid (VI), showing that the sulfo group could not be in 
ring B of the betaine. Decarboxylation of the keto acid 

( 5 )  C. K. Bradsher, J. C. Parham, and J. D. Turner, J .  HettrocycZic Chem., 

(6) C. K .  Bradsher and J. C. Parham, ibid., 1, 30 (1964). 
(7) L. J. Bellamy, “The Infra-red Spectra of Complex Molecules,” John 

2, 228 (1965). 

Wiley and Sons, Inc., New York, N. Y., 1956, p. 64. 


