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Tributyl(3-phthalidy1)phosphonium bromide ( la)  and triphenyl(3-phthalidy1)phosphonium bromide (1 b)  were 
prepared from 3-hydroxyphthalide, the appropriately substit,uted phosphine, and hydrogen bromide in acetic 
acid. Triethylamine-catalyzed Wittig reactions of la with aromatic aldehydes in methylene chloride solution 
produced, in nearly quantitative yields, E-2 mixtures of 3-benzylidenephthalides in which the E isomers pre- 
dominated (80-91%). Pure E isomers 3a-e were obtained in 40-497, yields by simple fractional crystallization 
procedures. Triethyl- 
amine-catalyzed reaction of l a  with aromatic nitroso compounds resulted in 3-aryliminophthalides 5a (73y0 
yield) and 5b (827, yield). 

This method constitutes the first practical synthesis of (E)-3-benzylidenephthalides. 

(E)-3-Benzylidenephthalides have been the subject 
of numerous publications throughout the years. These 
compounds have served extensively as intermediates 
for syntheses of drug candidates. Generally, 3-benzyl- 
idenephthalides are prepared by condensation ofphthalic 
anhydride with arylacetic acids a t  230-250°, a method 
that leads very predominantly to the 2 i ~ o m e r s . ~ ~ , g J - ~  
Recently, a new synthesis was reported in which (2)- 
3-benzylidene-6-nitrophthalides were prepared by con- 
densation of diphenyl 6-nitrophthalide-3-phosphonate 
and aromatic aldehydes using sodium hydride in N ,N-  
dimethylf~rmamide.~ (@-3-Benzylidenephthalides have 
appeared only rarely in the chemical l i t e r a t ~ r e ~ ~ , ~  and 
have been isolated with difficulty from E-2 mixtures 
in which the more stable 2 isomers predominated. 
S o  preparative method for synthesis of the E isomers 
appears to have been reported previously. We describe 
here a practical method of wide scope for the prepara- 
tion of (E)-3-benzylidenephthalides. 

The phthalidylphosphonium salts l a  and l b  were 
prepared as shown in Scheme I. These salts are re- 
markably acidic. Treatment of l a  with 1 equiv of 
triethylamine in methylene chloride results in ca. 10- 
20% formation of yellow ylide 2a and triethylammon- 
ium bromide, based on the intensity of the Et&H+Br- 
ir bands a t  3.85 and 4.05 p.  Inductive effects un- 
doubtedly play a major role in the acidity of la; how- 
ever, extended conjugation through the a electron 
system of the ylide lactone ring may also be a contribut- 
ing factor. 

Dropwise addition of 1 equiv of triethylamine to  la 
and 2,4-dichlorobenzaldehyde in methylene chloride 
resulted with each drop in a fleeting yellow color that 
rapidly discharged as the yellow ylide 2a reacted with 
the aldehyde. After 1.5 hr a t  23', ir analysis of the 
solution revealed that all the aldehyde was consumed 
and that 1 equiv of triethylammonium bromide had 
formed. Extraction of the solution with water and 
nmr analysis of the aqueous extracts, using DMSO as a 
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SCHEME I 

la,R = Bu 
b,R = C,H, 

PR, 
2a, R = Bu 

b, R = C,H, 
0 0 

l a  + ArCHO - 
-Et,"+ Br-  
-R,P - 0 

Ar H H Ar 
3 ( E )  4 (2) 

a. Ar = 2,4-C1,C6H, 
b, Ar  = 3-NCC6H, 
C, Ar = 2-FC6H, 
d, Ar = 3,4-(CH,O,)C,H, 
e, Ar = 3,4-(CH,O,)-6-O2NC,H, 

quantitative internal standard, revealed that triethyl- 
ammonium bromide had formed in 96% yield. Quan- 
titative gc analysis of the methylene chloride solution 
revealed that tributylphosphine oxide had formed in 
100% yield and that a 91 :9  mixture of (E)-  and (2)- 
3-(2,4-dichlorobenzylidene)phthalides had been pro- 
duced in 98% yield. Similar reaction of l b  with 2,4- 
dichlorobenzaldehyde gave triphenylphosphine oxide 
in 95.5% yield and an 87: 13 mixture of (E) -  and (2)- 
3-(2,4-dichlorobenzylidene)phthalides in 93% yield. 

The reaction appears general for aromatic aldehydes 
as demonstrated by the preparation of 3a-e from laU6 
With 3-cyanobenzaldehyde, an 86 : 14 mixture of 3b 
and 4b was obtained. 2-Fluorobenzaldehyde gave 
an 83: 17 mixture of 3c and 4c. From piperonal, an 
80:20 mixture of 3d and 4d was obtained. Use of 6- 
nitropiperonal resulted in formation of a mixture of 
3e and 4e in which the E isomer amounted to 285%. 

(6) Attempts to condense the ylide with acetone and wlth acetophenone 
were unsuccessful. 
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Compounds 3a-e were each obta'ined in 100% purity 
by fractional crystallizations. Yields of pure E iso- 
mers 3a-e ranged from 40 to 49%. 

Pure samples of the 2 isomers 4a-e were prepared by 
iodine-catalyzed isomerizations of the corresponding 
E isomers. Compounds 4a,lb 4 ~ ) '  and 4d8 have been 
prepared previously. Correspondence of the physical 
propert'ies of our samples of 4a, 4c, and 4d with the 
literature values for these compounds and conversion 
of the E isomers to the 2 isomers adds confirmation to  
the nmr and ir spect'ral assignments for the structures 
of the (E)-benzylidenephthalides 3a-e. 

Ylide 2a reacts very rapidly (5-15 min a t  10-30') 
with aromatic nitroso compounds to  produce 3-aryl- 
iminophthalides in good yields (73% for Sa, 82% for 

la + ArNO- CH,CI, *t ,N &J) 0 

NAr 
5a, Ar = C,H, 

b, Ar = 2-CH3C,H, 

5b).9 The very mild reaction conditions involved in 
this reaction allow isolation of these somewhat un- 
stable materials t'hat' are prone toward isomerization1° 
to N-ar ylph t halimides. 

The stereochemical outcome of any Wittig reaction 
depends on the interact'ions of several factors, including 
the ratio of epimeric betaine intermediates formed, 
the rates of reversion of the betaines to st'arting ma- 
t'erials, and the rates of conversion of the epimeric 
betaines to E and 2 olefins. In  most cases of the phos- 
phonate version of the Wittig reaction with aldehydes, 
these factors combine in such a fashion as to produce 
predominantly the more stable olefin." In the reac- 
tion of phosphonium ylides with aldehydes, the betaine 
that produces the less stable olefin is formed predom- 
inantly, for reasons that are not entirely clear, under 
conditions of kinetic control. l 1  When these conditions 
prevail and, in addition, when the epimeric phospho- 
nium betaines collapse to  olefin product's faster than 
they revert to starting mat'erials, the less stable olefin 
is produced predominantly." Such appears to be the 
case in the reactions of 2a and 2b with aromatic alde- 
hydes; restated, kl > IC8 and I C ,  > k - 1  in Scheme II.12,12a 

(7) U. S. Patent  3,641,153 (1972). 
(8) M. Furdik and I. Pastorek, Acta Fac. R e r u m  Na tur .  Uniu.  Comenianae, 
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led to  N-arylphthalimides, presumably via intermediate 3-arylimino-6-nitro- 
phthalides which rearranged under the reaction conditions: 
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R. F. Hudson, and R. J. G. Searle, Tetrahedron Lett., 2357 (1965). 

(12a) NOTE ADDED IN PROOF.-In a recent paper, E. Vedejs and K. A. 
J. Snoble [ J .  A m e r .  Chena. SOC. 95, 5778 (1973)l have provided direct evi- 
dence for  the intermediacy of oxaphosphetanes in the Wittig reactions of 
certain nonstabilised phosphonium ylides with aldehydes. Possible betaine 
intermediates were not detected ( < l % )  and were considered to  be con- 
siderably less stable than the cyclic oxaphosphetanes. Vedejs and Snoble 
proposed tha t  the oxaphosphetane is formed by concerted rr2. + cyclo- 
addition of ylide and aldehyde; predominant cycloaddition via the least 
hindered orientation of slide and aldehyde would lead directly to  the most 
hindered oxaphosphetane and thus would result in selective cis olefin forma- 
tion. This mechanism could account quite nicely for our results in the 
phthalidyl system. 

ref 5 .  

SCHEME I1 

+ -  
ArCHO ' -  

Bu,P+ CHAr 
I 
0- 

f) 

ArCHO "-' 
Bu,P+ C(Ar)H 

I 

Neither the triethylamine nor the product triethyl- 
ammonium bromide appears to influence significantly 
the stereochemical results of the reaction of 2a with 
aldehydes as determined from an experiment in which 
a solution of l a  and 2,4-dichlorobenzaldehyde in meth- 
ylene chloride was shaken with excess aqueous sodium 
hydroxide at  0-5'. Reaction was nearly instantaneous 
under these conditions, in which ylide 2a presumably 
is generated in the presence of the aldehyde and in the 
absence of any salts. Products 3a and 4a w r e  obtained 
in a 93: 7 ratio in 94% total yield. 

Experimental Section13 
Tributyl(3-phthalidy1)phosphonium Bromide (la).-A mixture 

of 30 g (0.20 mol) of 2-carboxybenzaldehyde, 57 g (0.211 mol of 
HBr) of 307, HBr in acetic acid, and 40.4 g (0.20 mol) of tri- 
butylphosphine was stirred under Nz at 90' for 22 hr and then 
was concentrated under vacuum. The residue was stirred with 
250 ml of ether, and seed crystals were added. The resultant 
semisolid was triturated with 250 ml of fresh ether to give 75.8 g 
of pale yellow solid, mp 135-146'. The solid was crystallized 
from CH3CN-EtOAc to give 34.6 g of white solid, mp 151-152.5'. 
An additional 18.1 g of solid, mp 149-151", was obtained from 
the filtrate. ir (mineral oil mull) 
5.61 p;  nmr (CDC13) 6 7.9 (m, 5 ,  ArH + ArCHP), 2.68 (ni, 6, 
PCH,), 1.50 (m, 12, PCH2CH,CH2CHI), 0.91 (m, 3, CHI). 

Anal. Calcd for CzoH3zBrOzP: C, 57.83; H ,  7.77. Found: 

The total yield was 63.57,: 

C, 57.61; H, 7.82. 

of 45 g (0.30 mol) of 2-carboxvbenzaldehvde, 78.6 
Triphenyl(3-phthalidy1)phosphonium Bromide (lb).-A solution 

(0.30 mol) 
of triphenylphosphine, 81.0 g i0.30 mol of HBr) of 307, HBr in 
acetic acid, and 60 ml of acetic acid was stirred at  90' under Xiz for 
48 hr. The reaction mixture was allowed to cool and was 
seeded with pure product obtained from an aliquot. The 
resultant 106.6 g of solid was boiled with 1400 ml of CHaCN, and 
the mixture was allowed to cool and was filtered to give 64.6 g 
of white solid, mp 258-260". An additional 37.7 g of solid, mp 
258-260°, was obtained from the filtrate (727, total yield): ir 
(mineral oil mull) 5.65 w .  

Anal, Calcd for C26HzoBrOzP: C, 65.70; H,  4.24. Found: 
C, 65.86; H,  4.22. 

(E)-3-(2,4-Dichlorobenzylidene)phthalide (3a).-To a solution 
of 4.15 g (0.010 mol) of tributyl(3-phthalidy1)phosphonium 
bromide and 1.75 g (0.010 mol) of 2,4-dichlorobenzaldehyde (re- 
crystallized) in 60 ml of CHzCl, was added dropwise with stirring 
1.01 g (0.010 mol) of triethylamine. The solution was stirred 
for 1.5 hr, and then 40 ml of CHnC12 was added. The solution 
was extracted with three 50-ml portions of water. The aqueous 
layers were combined, and 0.010 mol of DhISO was added. Nmr 
analysis of this solution, using the DMSO as a quantitative 
internal standard, indicated a 96% yield of triethylammonium 
bromide. Gc analysis of the CHzClz solution using bis(p-bromo- 
phenyl) ether as an internal standard revealed that tributyl- 

(13) Melting points mere taken in open capillaries in a Mel-Temp ap- 
paratus and are corrected. 
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phosphine oxide had formed in 100% yield and a mixture of ( E ) -  
and (Z)-3-(2,4-dichlorobenzylidene)phthalides was formed in 
98% yield (analysis on a 2-ft column of 10% SE-30 at  230"). 
Gc analysis on a 2-ft column of 2% XE-60 at  220" (injector port 
at 230") indicated the E to Z ratio to be 91:9 (under these latter 
gc conditions <1% isomerization of E to 2 isomer occurred). 
Nmr analysis of the CHZC12 solution indicated a 92:8 E to Z 
isomer ratio by comparison with a standard 92:8 mixture pre- 
pared from the pure isomers. The analysis was made possible 
by the fact that the Z isomer has a one-proton doublet a t  6 8.25 
that is a t  lower field than the rest of the proton signals of the 
E and Z isomem, 

The CHzClz solution was concentrated under vacuum to 5.0 g 
of solid (98% of theory for tributylphosphine oxide plus the 
phthalides). The solid was treated twice with hot hexane. 
The undissolved solid, 1.8 g (62% yield), mp 143-144", was 
>987, pure (E)-3-(2,4-dichlorobenzylidene)phthalide (ir analy- 
sis). Two crystallizations of the solid from ethanol gave 1.22 g 
(427, yield) of 100% pure E isomer (nmr, ir, and gc analyses): 
mp 145.5-146'; ir (mineral oil mull) 5.62 (s), 6.02 (w), 6.31 
(w); nmr (CDC13) 6 7.93 (m, 1, ArH), 7.53 (m, 6, ArH), 6.78 
(s, 1, ArCH=C). 

Anal. Calcd for C1,H8C1102: C, 61.88; H,  2.77. Found: 
C, 61.97; H ,  2.78. 

A similar reaction in which triphenyl(3-phthalidy1)phospho- 
nium bromide was employed gave triphenylphosphine oxide in 
95.5% yield and an 87: 13 mixture of (E)-  and (Z)-3-(2,4-dichloro- 
benzy1idene)phthalides in 93% yield. 

(Z)-3-(2,4-Dichlorobenzylidene)phthalide (4a).-A solution of 
1.1 g of (E)-3-(2,4-dichlorobenzylidene)phthalide and ca. 10 nig 
of 1 2  in 20 in1 of nitrobenzene was held at reflux under Nz for 30 
min. LIethylene chloride was added, and the solution was 
washed twice with dilute sodium thiosulfate solution. Gc 
analysis indicated a 5:95 ratio of E to 2 isomers. The solution 
was concentrated under vacuum to a brown solid, which was 
crystallized from niethylcyclohexane (charcoal) to give 0.63 g 
of solid, mp 180-181" (lit.lb mp 181°), which was 100% pure 
(gc assay) Z isomer: ir (mineral oil mull) 5.60 (s), 6.02 (w) 
6.32 p (w); nmr (CDCls) 6 8.25 (d, 1, J = 8 Hz, 6-H of 2,4- 
ClzCsH3 ring), 8.0-7.2 (m, 6, ArH), 6.80 (s, 1, ArCH=C). 
(E)-3-(m-Cyanobenzylidene)phthalide (3b).-To a solution of 

5.15 g (0.0393 mol) of 3-cyanobenzaldehyde and 16.3 g (0.0393 
mol) of la in 150 ml of CHzClp stirred under NB was added 3.97 g 
(0.0393 mol) of triethylamine during 5 min. The resultant 
mixture was stirred for another 15 min and then was diluted to  
600 ml to obtain a homogeneous solution. The solution was 
washed with water and was analyzed by gc (2-ft 2% XE-60 
column at 250"); the ratio of E and Z isomers was 86: 14. The 
solvent was removed under vacuum and the residue was tri- 
turated with 125 ml of hexane to remove tributylphosphine 
oxide. The hexane-insoluble solid, 9.40 g (97%), was dis- 
solved in hot CHC13, and the solution was allowed to cool and 
was seeded with pure Z isomer. After needles of the Z isomer 
formed, the mixture was rapidly filtered. The filtrate was re- 
heated to boiling, was allowed to cool somewhat, was seeded 
with pure E isomer, and was diluted to ca. four times the volume 
with CC1,. The mixture was filtered rapidly after two minutes 
to give E-rich solid. Recrystallizations of this material from 
CHC13-CC14 gave pure E isomer. In  this way, a total of 4.27 g 
(4470) of 100% pure (gc assay) (E)-3-(m-cyanobenzylidene)- 
phthalide, mp 206-207", was obtained: ir (mineral oil mull) 4.50, 
5.64 p ;  nmr (CDC13) 6 8.07-7.3 (m, 8 ,  ArH), 6.83 (s, 1, 
ArCH=C). 

Anal. Calcd for Cl6H9NO2: C, 77.72; H,  3.70. Found: 
C,  77.90; H, 3.81. 

A total of 0.63 g (6.57,) of fairly pure Z isomer 4b, mp 247- 
249", was also obtained. 

(Z)-3-(m-Cyanobenzylidene)phthalide (4b).--B solution of 
2.0 g of 3b and 20 mg of I, in 20 ml of nitrobenzene was held at  
reflux under NZ for 30 min and then was allowed to cool. The 
resultant solid was collected, washed with methanol, and crystal- 
lized twice from 1,2 dichloroethane to give 1.54 g (7770) of 100% 
pure (gc assay) Z isomer 4b: mp 249-250'; ir (mineral oil 
mull) 4.50, 5.58 p;  nmr (CDC13) 6 8.13-7.43 (m, 8, SrH) ,  6.37 
(s, 1, ArCH=C). 

Anal. Calcd for ClaHgNOz: C, 77.72; H, 3.70. Found: 
C, 77.92; H ,  3.78. 

(E)-3-(o-Fluorobenzylidene)phthalide (3c).-A solution of 
4.96 g (0.040 mol) of o-fluorobenzaldehyde, 16.6 g (0.040 mol) 
of la, and 4.04 g (0.040 mol) of triethylamine in 200 ml of CHzClz 

was stirred under NZ for 44 hr and then was washed with water. 
Gc analysis of the solution revealed an 83: 17 mixture of E and Z 
isomers. The solvent was removed under vacuum, and the 
residue was triturated with two 50-ml portions of hexane. The 
hexane-insoluble solid, 7.60 g (79%), was crystallized from 600 
ml of hexane to give 4.2 g (44%) of 100% pure E isomer 3c as 
white needles, mp 119-120'. An additional 0.43 g (4.5%) of 
3c, mp 119-120", was recovered from the hexane extracts and 
filtrate: ir (mineral oil mull) 5.60 p ;  nmr (CDC13) 6 8.07-7.10 
(m, 8, ArH), 6.78 (s, 1, ArCH=C). 

Anal. Calcd for C1,HQF02: C, 75.00; H, 3.78. Found: 
C, 75.22; H,  3.90. 

(Z)-3-(o-Fluorobenzylidene)phthalide (4c).-Iodine-catalyzed 
isomerization of 1.5 g of 3c in nitrobenzene at reflux under Nz for 
45 min and crystallization of the product from ethanol gave 0.63 
g (42%) of 4c as yellow needles: mp 131-152..5" (lit.' mp 348- 
151'); ir (mineral oil mull) 5.58 p;  nmr (CDC13) 6 8..53-7.0 (m, 
8, ArH), 6.71 (s, 1, ArCH=C). 

(E)-3-Piperonylidenephthalide (3d).-A solution of 8.30 g 
(0.020 mol) of la, 3.0 g (0.020 mol) of piperonal, and 2.02 g 
(0.020 mol) of triethylamine in 120 ml of CHzClz was stirred 
under Nz for 29 hr, was diluted to 150 ml with CH2C13, and was 
washed with water. Gc analysis of the solution revealed the 
E t o  Z product ratio to be 82: 18. The solution was concentrated 
under vacuum, and the solid residue was triturated with 50 ml 
of hexane. The hexane-insoluble solid, 5.0 g (94c/c), was 
crystallized from 30 ml of CHC1, at 5' (seeding with pure Z iso- 
mer) to give 0.59 g of 96% Z isomer, mp 196-200". Recrystal- 
lization of this solid from 1,2-dichloroethane gave 0.42 g (87,) of 
pure 2 isomer 4d, mp 202-204" (lit.3 nip 206-207.5"). 

The CHCl, filtrate was concentrated somewhat and was cooled 
in ice to give 2.33 g of 96% E isomer, nip 137-140'. The filtrate 
was diluted with CC14 and was seeded with Z isomer to give 0.17 
g of E-Z mixture. Concentration of the filtrate and seeding 
with E isomer gave 0.33 g of 95% E isomer. The 2.66 g (50%) 
of E isomer was dissolved in hot CCla. The solution was seeded 
with E isomer and was cooled rapidly to 20". The resultant 
2.31 g of 987, E isomer, mp 137-139", vas  recrystallized in the 
same way to give 2.11 g (40%) of pale yellow solid, mp 139-140", 
that was 1007, pure E isomer 3d: ir (mineral oil mull) 5.65 p;  
nmr (CDC13) 6 7.87 (m, l ) ,  7.7-7.43 (ni, 3), 6.90 (9, 3), 6.80 (s, 1, 
ArCH=C), 6.03 (s, 2, OCH20). 

Anal. Calcd for CTnHloOa: C. 72.18: H, 3.79. Found: C, - .  
71.98; H ,  3.84. 

(Z)-2-Piperonylidenephthalide (4d) .-A solution of 1 .0 g of 
ca. 82: 18 E : Z  mixture of 3-piperonylidenephthallde and a few 
milligrams of iodine in 25 ml of nitrobenzene was held at reflux for 
45 min and was concentrated under vacuum. The residue was 
triturated with methanol to give 0.90 g (90%) of solid, mp 201- 
203'. Recrystallization of this material from 1,2-dichloro- 
ethane gave 0.74 g of 100% pure 2 isomer 4d as a beige solid: 
mp 202.5-204" (lit.8 mp 206-207.3"); ir (mineral oil mull) 5.63 
and 5.68 p ;  nmr (CDC13) 6 8.0-7.2 (ni, 6), 6.82 (d, 1, J = 8 Hz, 
5-Hof piperonyl ring), 6.33 (8, 1, ArCH=C), 6.00 (s, 2, OCHzO). 

(E)-3-(6-Nitropiperonylidene)phthalide (3e).-A solution of 
4.15 g (0.010 mol) of la, 1.95 g (0.010 mol) of G-nitropiperonal, 
and 1.01 g (0.010 mol) of triethylamine in 50 ml of CHzClz was 
stirred under nitrogen for 30 hr, and the resultant mixture was 
diluted t o  220 ml with CH2C12 to obtain a homogeneous solution. 
The solution was washed with water and was dried (CaSOa). 
An aliquot was concentrated under vacuum, and the residue was 
dissolved in CDC13 for an nmr assay, which revealed that there 
was less than 157, of the Z isomer in the E product. 

The CDC13 solution was combined with the CHIC12 solution, 
and the solvents were removed under vacuum to give a yellow 
solid. The solid was crystallized from 1,2-dichloroethane-hexane 
to give 2.73 g (8870) of solid, mp 197-201". This material was 
fractionally recrystallized from 1,2 dichloroethane to give 1.36 g 
(44%) of pure E isomer 3e: mp 203-204" (above 204", the solid 
recrystallizes and then decomposes at 262-264" owing to isom- 
erization to  the 2 isomer); ir (mineral oil) mull) 5.65 p ;  nmr 
(CDC13) 6 8.0-6.9 (m, 7), 6.20 (s, 2, OCH20). 

Anal. Calcd for CI6H9S06; C, 61.74; H ,  2.91. Found: 
C, 61.56; H, 2.93. 

(Z)-3-(6-Nitropiperonylidene)phthalide (4e).-A solution of 
0.50 g of 3e and ca. 1 mg of iodine in 10 ml of nitrobenzene was 
held at reflux for 5 min under nitrogen and then was concentrated 
under vacuum. The residue was triturated with methanol to 
give 0.47 g (94%) of solid, mp 266-267" dec. This material was 
recrystallized from 1,2-dichloroethane to give 0.34 g (68%) of 4e 
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as a yellow solid: mp 269.5-270'; ir (mineral oil mull) 5.60 p ;  
nmr (CDC13) 6 8.1-7.4 (m, 6),  7.05 (s, I ,  ArCH=C), 6.13 (s, 2, 

Anal. Calcd for C16HgNOfi: C, 61.74; H,  2.91. Found: 
OCH20). 

C, 61.58; H, 2.83. 
34Phenvlimino hhthalide 15al.-To a solution of 4.15 P 

(0.010 moi) of l a  and 1.07 g (0.010 mol) of nitrosobenzene in 3; 
ml of CH2C12 was added dropwise, during 3 min, 1.01 g (0.010 
mol) of triethylamine with stirring at  25 rt 2" (ice-bath cooling 
required). The solution was stirred another 7 min at 10-25", 
and then 20 ml of CHzClz was added. The solution was ex- 
tracted with three 25-ml portions of ice water, dried (CaSO,), 
and concentrated under vacuum at 20" to 4.5 g of yellow solid. 
The solid was stirred with 16 ml of methanol, collected, and 
washed with 5 nil of methanol. The resultant 2.83 g of pasty 
solid was dissolved in 45 ml of CHSCS, the solution was filtered, 
and 25 ml of ice water was added to the filtrate to give 1.63 g 
(73% yield) of yellow solid: mp 120-121.5" (lit.Iomp 119-120", 
lit.14 mp 120-122'); ir (mineral oil mull) 5.60, 5.89 p.  

In  preliminary experiments, crystallizations of the product from 
hot hexane gave solid of constant mp 114-115.5'. Examination 
of the ir spectrum of this material revealed weak extraneous 
absorptions at 7.26,8.98, 11.33, and 13.89 p due to small amounts 
of S-phenylphthalimide. 

3-(o-Tolylimino)phthalide (5b).-To a solution of 8.30 g 
(0.020 mol) of l a  and 2.42 g (0.020 mol) of 2-nitrosotoluene in 60 
ml of CHzC12 was added dropwise, during 4 min, 2.02 g (0.020 
mol) of triethylamine with stirring at 25-30" (ice-bath cooling). 

339 (1902). 
(14) S. Hoogeiverff and IT. A. van Dorp, Red. Trau. Chim. Pays-Bas,  21, 

The solution was stirred for another 15 min at  5-15', and then 40 
ml of CHZC12 was added. The solution was extracted with three 
50-in1 portions of ice water, dried (CaSOa), and concentrated 
under vacuum at 20" to a yellow solid. The solid was swirled 
with methanol and collected to give 3.90 g (827 ,  yield) of yellow 
solid: mp 136-138" (lit.15 mp 136-137", 1it.IE mp 136"); ir 
(mineral oil mull) 5.31 (sh), 5.60, ,5238 p. There was no trace 
of the isomeric phthalimide present as judged from the absence 
of absorptions at  11.65 and 13.89 p, bands that are strong in the 
spectrum of AV-(o-tolyl)phthalimide. 

Reaction of l a  and 2,4-Dichlorobenzaldehyde Using Sodium 
Hydroxide as  the Base.-A solution of 4.13 g (0.010 mol) of l a  
and 1.75 g (0.010 mol) of 2,4-dichlorobenzaldehyde in 60 ml of 
methylene chloride was extracted at 0-5' with two 20-ml portions 
of 0.5 Jf aqueous sodium hydroxide and 20 ml of water. The 
very pale, yellow-green methylene chloride solution was dried 
(CaS04) and analyzed by ir within 5 min; no residual aldehyde 
was present. Gc analysis of the solution indicated that 3a and 
4a had formed in a 93:7 ratio in 947, total yield. 

Registry No.-la, 42116-85-8; lb, 42116-86-9; 3a, 42086-67-9; 
3b, 42086-68-0; 3c, 42086-69-1; 3d, 42086-70-4; 3e, 42086-71-5; 
4a, 42086-72-6; 4b, 42086-73-7; 4c, 42086-74-8; 4d, 42086-75-9; 
4e, 42086-76-0; Sa, 487-42-3; Sb, 42116-88-1 ; 2-carboxybenx- 
aldehyde, 119-67-5; tributylphosphine, 998-40-3; triphenylphos- 
phine, 603-35-0; 2,4-dichlorobenzaldehyde, 874-42-0; 3-cyano- 
benzaldehyde, 24964-64-5 ; o-fluorobenzaldehyde, 446-52-6 ; 
piperonal, 120-57-0; 6-nitropiperonal, 712-97-0. 

(15) Bellstein, 17, 1253. 
(16) W. R.  Roderick and P. L. Bhatia, J .  Oru. Chem., 28, 2018 (1963). 
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Acid-catalyzed cyclization of the 1-benzyl-2-cyanopyridinium ion and its congeners has provided a means for 
the synthesis of some 11-aminoacridizinium salts. Hydrolysis of the 11-aminoacridizinium ion afforded the 11- 
hydroxyacridizinium ion while diazotization effected ring opening and closing to form a 3-v-triazolo[ 1,5-a] pyridine 
derivative. 

The relatively large number of acridizinium deriva- 
tives (1) which have been synthesized2 includes only 
one amine, the 6-aminoacridizinium ion, obtained by 
the cyclization of o-(2-pyridylmethyl)benzonitrile (2) , 

N 

1 2 , Z = K  
3 , Z = C H  

This nitrile cyclization as well as the earlier cyclization4 
of o-benzylbenzonitrile (3) suggested that 1 l-amino- 
acridizinium salts (6) might be obtained by acid- 
catalyzed cyclization of 1-benzyl-2-cyanopyridinium 
salts (4). 

While a variety of acidic cyclization reagents, in- 
cluding trifluoroacetic acid, polyphosphoric acid, fluoro- 
sulfonic acid, and hydrogen chloride in acetic acid, 

(1) This research was supported by Grant KO. CA-05509 of the Xational 

(2) C. K. Bradsher, Accounts Chem. Res.. 2, 181 (1969). One amino- 
D. L. P'lelds and J. B. Miller, J .  Heterocyc l .  

Cancer Insti tute of the U. S. Public Health Service. 

phenol has been reported. 
Chem., 7, 91 (1970). 

(3) C. K. Bradsher and J. P. Sherer, J .  Org.  Chem., 32, 733 (1967). 
(4) C. K. Bradsher and D. J. Beavers, J .  Org. Chem., 21, 1067 (1956). 

x- x- 

\ 

C=N 
4. R=H 

I 
h-H2 

5. R = OCH, 7, R = H  
6, R = OCH, 

were tried, under a variety of conditions, nothing ap- 
peared superior to concentrated sulfuric acid (at 100" 
for 15 min) and yields of 6 did not surpass 35%. An 
important side reaction was cleavage of the quaternary 
salt 4; for example, the cyclization attempt using hydro- 
gen chloride afforded a good yield of 2-picolinamide 
hydrochloride. 

Since the cyclization reaction can be regarded as an 
internal Hoeschj reaction, it is not surprising that intro- 
duction of a methoxyl group para to the position of 
expected cyclization ( 5 )  resulted in an improved (70%) 
yield. Efforts to prepare benzologs of 6 by the cycliza- 
tion of la- or l~-naphthylmethyl-2-cyanopyridinium 
salts failed. 

An alternate approach to the synthesis of benzologs 
of the 11-aminoacridizinium system 6 was through the 

( 5 )  P. E. Spoerri and A. S. DuBois, "Organic Reactions," Vol. 5. Wiley, 
New York, N. Y., 1949, p 387. 


