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The reaction of squaric acid (1,2-dihydroxycyclobutene-3,4-dione) with aniline in N,N- dimethylformamide 
and other solvents produces not exclusively the 1,3-dianilino derivative (1,3-dianilinocyclobutenediylium 2,4-dio- 
late, 3a), as was maintained in the earlier literature, but additionally furnishes the 1,2-dianilino isomer (1,2-diani- 
linocyclobutene-3,4-dione, 2a). The 3a:2a isomer ratio is found to depend on the acidity of the medium; the ratio 
decreases as the solvent acidity is enhanced. The proposed mechanism accounting for the concurrent formation of 
both isomers involves the intermediacy of anilinium anilinosquarate ( 5 )  in dissociation equilibrium with anilino- 
squaric acid (7) and its conjugate base, anilinosquarate anion, with both acid and anion implicated as substrates 
in the further nucleophilic attack steps leading to the two dianilino isomers. The reaction of squaric acid with pi- 
peridine is also briefly investigated. 

Considerable attention has been focussed for some time 
on the substitution behavior of squaric acid 1 (1,2-dihy- 
droxycyclobutene-3,4-dione) and some of its derivatives.l 
Reactions involving “amidation” through substitution of 
one or both hydroxy groups of 1 with primary and secon- 
dary amines have occupied special interest. There is con- 
sensus in the earlier literaturelbs2J that diamidation reac- 
tions, far from producing the “regular” 1,2-diamino deriva- 
tives 2, proceed exclusively with formation of the 1,3-diam- 
ino compounds 3 frequently depicted by cyclobutenediyl- 
ium 2,4-diolate stru~tureslb,~b-dJ as shown4 (eq 1). 
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The  most comprehensive study of this topic, employing 
the reactant pair squaric acidlaniline, was conducted by 
Gauger and M a n e ~ k e . ~  These authors, condensing the two 
compounds in a molar ratio of 1:2 in boiling N,N- dimethyl- 
formamide (DMF) over a 1.5-hr period (substrate concen- 
tration 1 mol l-l), obtained 3a (74%) as the sole product. 
This formation of 3a (and other 1,3-diamino compounds 
derived from different amines) was reported to be cata- 
lyzed by protonic a ~ i d s . ~ ~ , ~  The reaction, as formulated in 
eq 2, was postulated3 to  involve the intermediacy of dianil- 
inium squarate (4) and the anilinium salt 5 of anilinosquar- 
ic acid (l-anilino-2-hydroxycyclobutene-3,4-dione, 7). The 
two workers prepared the salt 4 independently from 1 and 
aniline (1:2 molar ratio; first step in eq 2) and demon- 
strated the conversion of 4 to 5 under mild conditions; they 
further reported the transformation of 5 to 3a in boiling 

5 
OH 

P- 

3a 

DMF in support of the scheme (eq 2) proposed. Tn the 
same the structure of 5 was ascertained by the inde- 
pendent preparation of this salt from aniliiiosquaric acid 
(7) and aniline; 7 in turn was synthesized from equimolar 
quantities of 1 and aniline via the acidic salt 6 (eq 3) .  

Preliminary work in our laboratory showed more re- 
cently6b that the reaction of 1 and aniline is less straight- 
forward than indicated by the proposed path of eq 2. It was 
foundsb that under various experimental conditions, in- 
cluding those selected by Gauger and Manecke3 and by 
Sprenger,2e the formation of 3a, while predominant, is ac- 
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Table  I 
Anilino and Piperidino Derivatives of Squaric Acida 

Molar 
ratio Substrate Isomer 

Expt substrl concn, Time, Temp, Product yields, %* ratlob 
no. Substrate Nucleophile nucl mol L-1  min. " C  2a 3a 5 3a: 2a - 
1 Squaric acid (1) Aniline 1:2 1 . 0  90 145 i 1 17c 56c 17d 3 
2 Squaric acid (1) Aniline 1 : 2  1 . 0  5 145 i 1 12< 40e 42 3 
3 Squaric acid (1) Aniline 1:2 1 . 0  10 145 i 1 16 49 f 
4 Squaric acid (1) Aniline 1 : 2  1 . 0  90 100 =k 3 13 54 f 
5 Squaric acid (1) Aniline 1:2 1 . 0  90 70 =k 3 5 35 45 7 
6 Squaric acid (1)~ Aniline0 1 :2  0 .8  60 60 i 2 15 a3 f 
7 Squaric acid (1) Aniline 1:2 0 .2  240 62 j, 1 19 67" f 
8 Anilinosquaric acid (7) Aniline 1:l 1 .0  90 145 i 1 17% 53% f 3 
9 Anilinosquaric acid (7) Aniline 1:l 0 . 5  5 145 I1 13' 39t f 3 

10 Anilinosqauric acid (7) p-Nitroaniline 1 : 1 0 .5  5 145 & 1 2' gk 701 4 5" 

12 Squaric acid (1) Piperidinep 1:32* 0.34 600 99 & 1 O . O m  94n3Q m0 

3 
4 

11 Squaric acid (1) Piperidine 1 :2  1 . 0  90 144 & 1 O.lm 3.2n 32" 

a Reactions conducted in DMF (methanol in experiment 7; piperidine in experiment 12. Rounded off to integral values ex- 
cept in experiments 11 and 12. Estimated maximum absolute error in yield determination: =t2% in 35-90% range; 11 .5% 
in 10-20% range; 10.5% in 2-5% range; i O . l %  for 2b in experiment 11. c Yields obtained under identical experimental 
conditions in ref 6b were 18 and 5570, respectively (74% 3a only in ref 3). d In  addition, 7% 12b. Unchanged product yields a t  
substrate concentration of 0.5 mol 1.-1. 5 Similar product yields a t  substrate concentration of 0.5 mol 1.-l. J Not determined. 
Q Similar product yields with 4 in place of 1 and aniline. i~ In addition, 3% 4. a Unchanged product yields with 1 mol of HzO 
added to  reconstitute conditions of experiment 1. Same results with 5 in place of 7 and aniline. 3 1-Anilino-2-p-nitroanilinocy- 
clobutene-3,4-dione (13a). i. 1-Anilino-3-p-nitroanilinocyclobutenediylium 2,4-diolate (13b). 2 Recovered 7. In addition, 73% 
p-nitroaniline recovered. 1,2-Dipiperidinocyclobutene-3,4-dione (2b). 1,3-Dipiperidinocyclobutenediylium 2,4-diolate (3b). 

Isomer ratio 13b:13a in experiment 10; 3b:2b in experiments 11 and 12. p Two moles of nucleophile added as piperidinium 
chloride (remainder as free base) to conform to literature prescription (ref 2e). 1 Yield obtained under identical experimental 
conditions in ref 2e was 61 % . 
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companied invariably by that  of 2a (eq l), yields of the lat- 
ter ranging from about 3 to  18%. As the substituent orien- 
tation in squaric acid diamidation proved of considerable 
interest to us in connection with polymerization ~ t u d i e s , ~  
we have continued and extended our earlier investigation 
of this problem, again using the reactant pair squaric acid1 
aniline, in an effort to cast some light on the mechanism 
underlying the two competing substitution reactions. 

Results and Discussion 
In a series of experiments, squaric acid and aniline 

(molar ratio 1:2) were allowed to react in solution a t  tem- 
peratures ranging from 60 to 146O. DMF was chosen as the 
solvent throughout to  permit direct comparison with the 
pertinent earlier ~ ~ r k ~ ~ l ~ ~ ~ * ~  conducted in this medium. In 
the first experiment, performed over a 1.5-hr period a t  the 
reflux temperature of the solvent (146O), we duplicated the 
conditions selected by Gauger and Manecke3 and employed 
them later in our own work.6b The results, summarized in 

Table I (experiment l), confirm our previous findings, 
yields of 2a and 3a being about 17 and 56%. In addition, we 
isolated the intermediary salt 5 (17%) and the by-product 
12b (7%), the latter resulting from solvent acylation a t  the 

0- 
I 

0- 
i2m 

boiling temperature as in previous investigations.6,s With 
reflux time restricted to 5 min, other factors being equal 
(experiment 2 ) ,  yields of the two dianilino compounds were 
12 and 40% respectively; within the rather large experimen- 
tal error limits (Table 1) inherent in the method of separa- 
tion, this indicates a 3a:2a isomer ratio identical with that 
in experiment 1. The same isomer ratio resulted from ex- 
periment 3, in which a 10-min reflux period was employed. 
The major product in experiment 2 was salt 5 (42%), which 
also represented the main product in some reactions con- 
ducted a t  lower temperatures, e.g. ,  experiments 6 (83%) 
and 7 (67%; in methanol). No significant changes in yield 
and product distribution resulted in these two experiments 
from the use of 4 in place of 1 and aniline in the pvoper 
stoichiometry. 

The smooth early stage formation of the monocondensa- 
tion product 5 from 4, as well as directly from 1 and aniline, 
and its consumption in advanced stages of the condensa- 
tion support the reaction scheme proposed by Gauger and 
Manecke3 (eq 2) with respect to the formation of 3a. Yet 
the results suggest the intermediacy of 5 not only in the se- 
quence leading to 3a but in the path leading to 2a as well. 
Indeed, reactions performed with 5 or an equimolar mix- 
ture of 7 and aniline gave yield data for both 2a and 3a well 
coincident, within experimental error limits, with those in 
the corresponding runs starting with the 1:2 squaric acid1 
aniline reactant pair (compare experiments 8 and 9 with 1 
and 2). On these grounds we accept the function of 5 (equil- 
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ibrating with 7 and aniline) as a common precursor of both 
2a and 3a. 

Accounting for the generation (from 5 or 7) of the two di- 
anilino compounds in the isomer ratios determined would 
be a straightforward matter if the reactions were thermo- 
dynamically controlled, as the product yield ratios should 
then simply correspond to the equilibrium isomer mixtures 
under the particular conditions of temperature and concen- 
tration. Yet the identical isomer ratio in experiments 1, 2, 
and 3 despite the wide range of heating periods suggests 
thermodynamic control to be highly unlikely. Equilibration 
experiments (see Experimental Section) in fact clearly 
show that, under the conditions of our condensation reac- 
tions in DMF medium, equilibrium control did not obtain, 
as no isomer interconversion was observed.10 

Accepting kinetically controlled formation of the two iso- 
mers, we propose the following reaction scheme (Scheme I). 
The acid 7, in the presence of aniline, exists in a rapidly es- 
tablishing ionization equilibrium with 5.11 Attack by the 

aniline nucleophile (equilibrating with its conjugate acid) 
can now occur a t  C-2 and C-3 of both 7 and its anion in the 
product-determining step.12 Each substrate species may, 
hence, produce both 2a and 3a along competitive reaction 
pathways, Considering first the acid 7, which retains the 
vinylogous system of squaric acid and so allows for appre- 
ciable accumulation of positive charge on C-2, we predict 
fast attack at position 2 of the ring, giving rise t o  the for- 
mation of 2a via the hypothetical adduct 8. A second route, 
in which 9 is implicated as an intermediate, will produce 3a 
through attack at C-3 of the polarized carbonyl group. 
Since any positive charge developing on C-3 is largely delo- 
calized onto C-1 in this enone system, we expect step 7 -. 9 
to be slower than 7 -. 8 despite steric preference of the for- 
mer step for adduct formation; hence k 1 > h 2. The net re- 
sult of the two concurrent reaction sequences then will be 
the predominant formation of the 1,2-dianilino compound 
and a minor yield of the 1,3-isomer. This inference presup- 
poses the first, adduct-forming steps (approach of the nu- 
cleophile) to be rate determining, as can reasonably be ex- 
pected for a vinylogous substitution reaction14 and be- 
comes in fact apparent from the appreciable retardation 
observed when a weak nucleophile, such as p -  nitroaniline, 
is used in place of aniline in this step. Experiment 10, for 
example, in which 7 was treated with an equimolar quanti- 
ty of the p -  nitro compound for 5 min in boiling~ DMF, af- 
fordedtonly 11% combined yield of the two diamide iso- 
mers, 13a and 13b, whereas the corresponding run employ- 

I 
0- 
13b 

ing aniline (experiment 9) gave rise to 54% of combined 2a. 
and 3a. The two reaction paths originating from 7 in fact 
are quite analogous to those leading to  2a and 3a in the re- 
cently described amidation of squaric esters,6a in which 
rate-controlling adduct formation by attack of aniline nu- 
cleophile on l-anilino-2-alkoxycyclobutene-3,4-dione 
(counterpart of 7 in this scheme) was similarly established. 

Superimposed on this pattern of pathways 7 -.. 2a and 7 
-+ 3a now are the two reaction sequences arising from the 
anilinosquarate anion. While attack a t  C-2 (more retarded 
here because of reduced net positive charge on both C-2 
and the equivalent C-4) will furnish 2a as before, the faster 
reaction (rate-controlling adduct formation again being as- 
sumed) will involve attack at  the more positivels (and steri- 
cally favored) c-3,  giving rise to 3a via 10; i.e., h8 > k d .  
Hence, the net result of the two reactions originating from 
anilinosquarate anion will be a predominant yield of the 
1,3-isomer and a minor one of the 1,2-disubstituted com- 
pound. 

Which one of the isomers now, with all four concurrent 
routes taken into consideration, exhibits net preponder- 
ance over the other, and to  what extent, should largely de- 
pend on the relative equilibrium populations oi 7 and its 
conjugate base and, hence, should be a function of the acid- 
ity of the medium. The outstandingly high acid strength 
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Table I1 
Anilino Derivatives of Squaric Acid in Media of Different Acidity 

Molar 
ratio 

Expt squaric 
no. acid/aniline Solventa 

Squaric acid Isomer 
concn, Time, Temp, Product yields, %* ratioC 
mol 1. -1  min. “ C  2a 3a 3a:2a 

13 1 : 2  DMF/pyridine (5 : 2) 0 . 7  90 126 f 1 6 70 12 
I d  1 : 2  D M F  1 .o 90 145 i 1 17 56 3 

14 1 . 1 : 2  DMF 1 .O 90 145 =k 1 21 52 2 
15 1 : 2  DMF/10 M HC1 (31: l )  1 .o 90 140 & 1 27 48 1 .a 
16 1 :2  DMF/10 iM HC1 (19: l )  0 . 7  90 134 i 1 40 25 0 . 6  
17 1 : 2  AcOH]TFAE (9: 1) 1 .O/O .5f  120 113 & 1 29 6 0 . 2  

a All ratios by volume. * Rounded off to integral values. c Rounded off to integral values except in experiments 15-17. 
Reentered from Table I. e Glacial acetic acid/trifluoroacetic acid. f Initial concentration 1.0 mol 1. -I, reduced to 0.5 mol 1. -l 

after 30 min for improved stirrability. 

(pKa = 0.37) of 1-phenylsquaric acid (1-phenyl-2-hydroxy- 
cyclobutene-3,4-dione) is on record,16 as is3 the high acidi- 
ty of the 1-anilino analog 7. At the squaric acidlaniline 
molar ratio of 1:2 employed in the experiments presented 
(numbers 1-7), it is, therefore, safe to expect the dissocia- 
tion equilibrium to be appreciably on the side of the anili- 
nosquarate anion in the highly polar ( E  = 38) and strongly 
cation-solvating medium.17 As a result, 3a should be the 
principal product of amidation in these experiments, as 
was, in fact, observed. One should, furthermore, expect k 4  

to decrease comparatively faster than k 3 as the reaction 
temperature is lowered, a higher activation energy being 
associated with the step leading to 11 than with the one af- 
fording 10. Again, this is borne out by the experimental re- 
sults, an increase in the 3a:2a isomer ratio being apparent 
as one goes from experiments 1 to 4 to 5 conducted a t  146, 
100, and 70°, respectively. Another trend corroborating the 
reaction pattern of Scheme I can be found in the variation 
of the isomer ratio with the acidity of the medium. In a se- 
ries of experiments (Table 11) conducted in DMF, the acid- 
ity was varied relative to experiment 1, taken as the stan- 
dard here, through the addition of pyridine (experiment 
13), on the one hand, and of increasing quantities of acidic 
compounds (1 in experiment 14; hydrochloric acid in exper- 
iments 15 and 16), on the other. A drastic decrease of the. 
3a:2a isomer ratio with increasing solvent acidity is quali- 
tatively apparent from the tabulated data and is further re- 
flected in the yield data of experiment 17 performed in the 
altogether different and even more acidic solvent, acetic/ 
trifluoroacetic acid. In acidic media, clearly, the ionization 
of 7 is suppressed powerfully enough to render the two 
reaction sequences originating from 7 more important or 
even predominant. As a result, the reaction described by 
the sequence anilinosquaric acid -+ 8 ---* 2a now p,rogres- 
sively overrides the one of sequence anilinosquarate anion - 10 -+ 3a with increasing acidity, and 2a ultimately arises 
as the major product of condensation. 

I t  is of interest to compare the reactivity of aniline with 
that of the more basic (but less nucleophilic) piperidine in 
condensation reactions with 1. The squaric acid/piperidine 
reactant pair ( 1 2 ;  conditions of experiment 1) gave little 
more than 3% of dipiperidino products 2b and 3b (experi- 
ment 11). These results confirm previous reports by Gauger 
and Manecke,2aad who found piperidine similarly unreac- 
tive, the high basicity of this aliphatic amine rendering the 
intermediary dipiperidinium squarate too stable for 
smooth further condensation. The high 3b:2b product ratio 
in this experiment is, of course, what one expects for a 
mechanism in which the primary adduct-forming steps are 
rate controlling as assumed for the aniline case in Scheme 
I, because only then can the amine’s low nucleophilicity 
and concomitantly enhanced selectivity bear effectively on 

the utilization of the path of lowest activation energy (1,3- 
disubstitution) in the medium employed. Another reaction, 
duplicating Sprenger’s work,*e was conducted in excess pi- 
peridine as the solvent (experiment 12). In agreement with 
Sprenger’s results, we found the 1,3-disubstituted com- 
pound (3b) to be the sole product (94%) under these condi- 
tions. This finding, again, supports the proposed reaction 
pattern of Scheme I, the ionization equilibrium of the in- 
termediary piperidinosquaric acid (counterpart of 7) being 
so far to t,he right in the strongly basic environment as to 
prevent observable participation of the free acid as a sub- 
strate. At the same time, the high product yield in this ex- 
periment reflects the availability of unprotonated nucleo- 
phile, contrasting these conditions favorably with those in 
experiment 11. 

The results here presented with aniline and piperidine as 
nucleophiles can be summarized as follows: (i) there is no 
evidence of proton assistance in the 1,3-diamidation of 
squaric acid; (ii) the 1,3-diamino compounds are not by ne- 
cessity the exclusive products of amidation, the corre- 
sponding 1,2-diamino isomers generally being formed as 
well; (iii) the substitution orientation in squaric acid am- 
idation depends decisively on both the amine’s nucleophili- 
city and the acidity of the medium, although the effect of 
the latter is doubtlessly more complex than indicated in 
the simplified scheme proposed. 

Experimental Sectionla 
Squaric acid (1) was used as received (Chem. Werke Huls AG). 

Aniline, p -  nitroaniline, and piperidine were dried with Linde Mo- 
lecular Sieves Type 4A and distilled under reduced pressure prior 
to use. N,N- Dimethylformamide (DMF), predried with Molecular 
Sieves, was distilled from CaH2 under reduced pressure. Methanol 
was dried with Na and distilled. All glassware was dried, and reac- 
tions were conducted with moisture protection. Unless stated oth- 
erwise, solvent evaporation was conducted in a rotating evaporator 
at 20 f 3’ (0.05 Torr), and products were dried for 10-16 hr at  20 
f 3O (0.1 Torr) over PzOb. Thin-layer chromatography (tlc) was 
performed on precoated plates, Merck Silica Gel F-254, in ethyl 
acetate (4:l ethyl acetatdethanol for 2a). 

Monoanilinium Squarate (6). The literature procedure3 (evap- 
oration of an equimolar solution of 1 and aniline in ethanol/water) 
proved unsatisfactory in our hands, as salt formation (65.7%) was 
accompanied by amidation (14%). Although higher yields of the 
salt resulted from use of DMF solvent under 0therwise:imilar con- 
ditions, the most satisfactory results were obtained by the fol- 
lowing modification. The solution of 0.57 g (5 mmol) of 1 in 3 ml of 
DMF was cooled in a Dry Ice-acetone bath. A solution of 0.93 g (10 
mmol) of aniline in 2 ml of DMF, precooled in the same fashion, 
was added, followed by the addition of cold ether (20 ml). The 
mixture was allowed to  stand for 10 min in the cold bath. The crys- 
tallized solids were then removed by rapid filtration, washed with 
cold ether (5 ml), and dried under the conventional conditions. 
The crude salt, 1.0 g (96.6%), showing the correct ir spectrum for 6, 
was recrystallized by dissolving it in DMF at room temperature, 



Dianilino Derivatives of Squaric Acid J .  Org. Chem., Vol. 39, No. 26, 1974 3885 

adding ether to beginning turbidity, and allowing the salt to crys- 
tallize a t  -8’. The crystals were filtered off, washed with ether, 
and dried as before. 

Anal. Calcd for C10H9N04: C, 57.97; H,  4.38; N, 6.76. Found: C, 
58.93; H, 4.45; N, 6.00,7.44. 

Ir (KBr): 3020 m ( U O H ,  bonded); 2850, 2600 s ( u N + H ) ;  1800 m, 
1650 s (vcolg); 1440-1600 s ( ~ N + H ,  vc=c; “anilino” bands); 745 s 
(~11, phenyl; a t  747 cm-l in anilinium chloride); 715 m (6c0, hy- 
droxycyclobutene-3,4-dione systemz0); 690 cm-1 m (v4, phenyl; a t  
685 cm-l in anilinium chloride). 

Pure 6, when allowed to stand for 10 days in the open at  room 
temperature, underwent partial condensation to 7, which could be 
extracted with ether. 

Dianilinium Squarate  (4). Attempts to prepare this salt from 1 
and aniline in methanolic solution by a literature procedure3 
failed, since the reaction invariably proceeded to the stage of 5. At 
-70°, 4 was formed under more favorable conditions; yields were 
low (10-15%), however, as crystallization from the methanolic so- 
lution, induced by the addition of excess ether, remained incom- 
plete. In the following procedure, which proved satisfactory, 0.93 g 
(10 mmol) of aniline was added to the solution of 0.57 g (5 mmol) 
of 1 in 100 ml of water, and the solution was immediately evapo- 
rated to dryness a t  20’ (0.1 Torr). The crystalline residue of crude 
monohydrate of 4 (no 5 or 3a were present as shown by absence of 
ir absorption near 1800 cm-l) was dried as before; yield 1.56 g 
(98%). For purification, 0.20 g of the monohydrate was dissolved in 
10 ml of water, and the filtered solution was concentrated to 1 ml 
by isothermal distillation into PzOj a t  22’ (0.1 Torr). The crystal- 
lized salt was washed with water (0’) and dried; yield 0.15 g. 

Anal Calcd for C ~ ~ H ~ & O ~ ” Z O :  C, 60.37; H. 5.70; N, 8.80. 
Found: C, 60.43; H, 5.69; N, 8.42. 

Ir (KBr): 3360 m (HzO); 2910, 2600 s (uN+H); 1440-1600 s ( ~ N + H ;  
uco and vc=c; “anilino” bands), 745 s (~11, phenyl), 687 cm-l m ( v 4 ,  
phenyl). 

The monohydrate was also obtained by use of an equimolar mix- 
ture of 6 and aniline as reactants under otherwise identical condi- 
tions; crude yield, 98.5%. 

For dehydration to 4, the monohydrate was dried for 1.5 hr a t  
60’ (0.05 Torr) over PzOj. 

Anal Calcd for C16H&204: C, 63.99; H,  5.37; N, 9.33. Found: 
C, 63.64; H, 5.41; N, 8.90. 

Ir (KBr): 2920,2850 (d) m, 2600,2510 (d) m (uN+H); 1420-1600 s 
(~w+H, vco and vc=c; “anilino” bands); 739 s (~11, phenyl); 689 
cm-l m (vq, phenyl). 

Anilinium Anilinosquarate ( 5 ) .  Preparation of 5 by the de- 
scribed procedure3 (heating the methanolic solution of 4 for 2 hr a t  
reflux) proved impracticable, large quantities of 2a and 3a being 
formed under these conditions. Acceptable yields were obtained at  
room temperature as follows. To the solution of 1.14 g (10 mmol) 
of 1 in 50 ml of methanol was added 1.86 g (20 mmol) of aniline, 
and the solvent was removed over a 10-min period a t  20’ (0.5 
Torr). The crystalline residue was taken up in warm (50’) water 
(500 ml). The solution was allowed to stand briefly a t  room tem- 
perature and was then filtered for removal of some diamidation 
products Stepwise solvent evaporation at  25’ to a final volume of 
15 ml, each step followed by cooling to 5”, produced several ir- 
identical fractions of 5 in a combined yield of 2.51 g (89%) of dried 
product. 

Anal Calcd for Cp.iH14N203: C, 68.07; H, 5.00; N, 9.92. Found: 
C, 68.87; H, 4.90; N, 9.59. 

Ir (KBr): 3180 m (LJNH); 2880, 2580 m (vN+H); 1780 m, 1645 m-s 
(vco); 1410-1600 s ( 6 y ~ ;  JN+H; vc=c; “anilino” bands); 758, 743 m 
(~11, phenyl of anilino and anilinium, respectively); 690 cm-1 m (vq; 
both phenyl groups). 

The final mother liquor furnished 0.012 g (0.4%) of 4. 
Anilinosquaric Acid (7) .  The compound was prepared by heat- 

ing salt 6 for 20 min at  200 f 5’ as described.3 The crude product 
was taken up in water (40 ml for 0.1 g of solid), and the filtered so- 
lution was concentrated to one-third its volume at 80’ under re- 
duced pressure. A major portion of the acid crystallized at  20°. Ad- 
ditional fractions crystallized upon further concentration and cool- 
ing of the mother liquor. The combined and dried, ir-identical 
fractions were obtained in 65% yield (lit.3 96.5%); dec range 265- 
275’. 

Anal. Calcd for C10H7N03: C, 63.49; H, 3.73; N, 7.40. Found: C, 
63.76; H, 3.50; N, 7.59. 

Ir (KBr): 3210 m (v“);  2680 m ( U O H ,  bonded); 1820 m, 1685 s 
(vco); 1400-1625 s (8”; YC=C; “anilino” bands); 760 s (~11, phenyl); 
707 m (6coZo); 690 cm-l m ( ~ 4 ,  phenyl). 

Condensation to 7 was similarly accomplished by heating 6 in 

DMF solution (1 M )  for 2 hr a t  60 f 2’. The product crystallizing 
after the addition of excess ether at -70’ was recrystallized from 
water as before; yield 52.4%. From the water-insoluble portions, a 
mixture of 2a and 3a was obtained in 12.4% yield. 
1,2-Dianilinocyclobutene-3,4-dione (2a), and 1,3-Dianilino- 

cyclobutenediylium 2,4-Diolate (3a). (a) From Squaric Acid 
(1) and  Aniline, in  DMF (Experiments 1-6). The following pro- 
cedure, describing experiment 1, Table I, is representative of the 
amidation reactions of 1 with aniline conducted in DMF. 

To the solution of 0.57 g (5 mmol) of 1 in 5 ml of DMF was 
added 0.93 g (10 mmol) of aniline, and the mixture was heated for 
90 min under reflux. During this period, the dianilino compounds 
partially crystallized from solution. Separation of the products was 
completed by the addition of 20 ml of water to the hot reaction 
mixture. The yellowish solid, removed by filtration from the cooled 
mixture, was thoroughly washed with warm (50’) water to remove 
admixed 5 (washings combined with main filtrate) and was then 
extracted with four 15-ml portions of hot (60’) methanol. The 
combined methanol extracts, on gradual concentration, furnished 
0.020 g of 2a (included in total yield of 2a, below), followed by 
0.066 g (6.1%) of the more soluble 12b, mp 273.5-274’ (from meth- 
anol; mp undepressed on admixture of authentic compound). No 
12a was shown by ir to be present in these methanol extracts. The 
residue remaining after methanol extraction (0.98 g), consisting of 
2a and 3a, was separated into the components by exhaustive ex- 
traction with four 10-ml portions of warm (40’) DMF, which re- 
moved the 1,2-isomer, leaving pure (ir3) 3a in the residue. On al- 
lowing the combined DMF extracts to stand overnight a t  8’, a few 
mg of 3a crystallized from the solution; these were combined with 
the main residue, to give a total of 0.74 g (56.1%) of dried 3a; mp > 
360’. The addition of 150 ml of water to the DMF filtrate pro- 
duced a precipitate of the 1,2-isomer, which, after 12 hr standing 
at go, was filtered off and dried as before, giving 0.225 g (17.0%) of 
pure (ir,3 tlc) 2a, 280’ dec (lit.Ia 270” dec). The original mother li- 
quor, combined with the water washings, was evaporated to dry- 
ness, and the residue was recrystallized from water a t  tempera- 
tures not exceeding 30°, to give 0.013 g of less soluble 12b (total 
yield 7.3%; product contaminated with traces of 12a identified by 
tlc) and 0.24 g (17.0%) of the more readily soluble salt 5. 

In an attempt to detect the presence of salt 4 in the reaction 
product, a parallel experiment was performed as described above, 
except that the final residue resulting from evaporation of the 
mother liquor and water extracts was treated with 0.5 M aqueous 
NaOH to a pH of 8-9. Some insoluble 12b was filtered off, and the 
aniline liberated was removed from the filtrate by evaporating the 
mixture to dryness (ultimately at  90’ (0.05 Torr)), adding 5 ml of 
water and repeating the evaporation step. The crystalline residue, 
taken up in 20 ml of water, was acidified with 1 M aqueous hydro- 
chloric acid, precipitating 7 as a white, fine-crystalline solid (0.155 
g). Fractional crystallization from water produced only 7, and no 1 
was found in the precipitate, proving the absence of 4 in the water 
solubles. 

Experiments 2-6 were conducted in an analogous fashion under 
the conditions listed in Table I. In experiments 2 and 3 (and, sirni- 
larly, experiments 9 and 10; see below) heating was accomplished 
by means of the direct flame of a Bunsen burner so as to minimize 
heat-up time (75 sec) and maintain proper control of the reflux pe- 
riod, and the mixture was quenched by immersing the flask into an 
ice bath. Work-up in experiment 6 required some modification be- 
cause of the salt-like nature of the principal product ( 5 ) .  The 
cooled reaction mixture was rapidly evaporated to dryness a t  20° 
(0.05 Torr), and the residue was treated with several portions of 
warm (50’) water (100 ml per mmol of substrate) to dissolve all 5.  
The insoluble crystalline residue, a mixture of 2a and 3a, was re- 
moved by filtration (not further separated in this experiment), and 
the filtrate on concentration at  room temperature (0.1 Torr) and 
cooling to 8‘ furnished a major fraction of pure 5 and a minor one 
of slightly less pure 5, bringing the total yield of this salt to 83.1%. 
No 4 was identified in the final fractions. In these and all subse- 
quent experiments, fraction composiion, as well as product identi- 
ty and purity, was determined by ir and, whenever feasible, by tlc. 

(b) From Squaric Acid (1) and Aniline, in Methanol (Ex- 
periment 7). To the solution of 0.57 g (5 mmol) of 1 in 15 ml of 
methanol was added 0.93 g (10 mmol) of aniline, and the solution, 
from which product soon began to crystallize, was allowed to reflux 
for 4 hr. The solvent was distilled off at 20’ (0.5 Torr), and the res- 
idue was extracted exhaustively with warm water. The water-insol- 
uble crystalline material, 0.25 g (18.9%), constituting a mixture of 
2a and 3a, was not separated further into the components. Work- 
up of the aqueous extracts as in experiment 6 furnished 0.94 g 
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(66.7%) of 5 and, from the final liquid concentrate, 0.05 g (3.4%) of 
4. Each salt was purified by a single recrystallization from water. 

IC)  From Anilinosquaric Acid (7)  and Aniline in DMF (Ex- 
periments 8 and 9). In experiment 8, 0.47 g (2.5 mmol) of 7 was 
dissolved in 2.5 ml of DMF. After the addition of 0.23 g (2.5 mmol) 
of aniline, the mixture was heated for 90 min at  reflux temperature 
and was then worked up as described for experiment 1 under (a) 
above. There was obtained 0.35 g (53.0%) of 3a and 0.115 g (17.4%) 
of 2a. The remainder of products, essentially 5 containing some 
12b and traces of Ea, was not further separated. 

In experiment 9, starting materials and quantities were em- 
ployed as in the preceding experiment; however, the mixture was 
heated for only 5 min under reflux. Work-up as in experiment 1 
gave 39.2% of 3a and 13.3% of 2a in addition to undetermined 
quantities of 5. 

(d) From Squaric Acid ( I )  and Aniline in Solvents of Vary- 
ing Acidity (Experiments 13-17). The experiments are summa- 
rized in Table 11, with experiment 1 reentered for comparison. Ex- 
periments 13 and 14-16 were performed as described for experi- 
ment 1 in (a) above, except that solvent mixtures were used as 
specified. In experiment 14 a 10% molar excess of 1 served as the 
acidic component. Experiment 17 was conducted by allowing the 
solution of the reactants in the specified concentrations to reflux 
for 2 hr. Solvent removal under the conventional conditions was 
followed by digestion of the residue with warm (50') water. The 
water-insoluble material was separated into the isomer compo- 
nents as described for experiment 1, to furnish 29.4% of 2a and 
6.4% of 3a. No attempts were made in these experiments to sepa- 
rate the salts (mainly 5 )  from the water extracts. 

1-Anilino-2-p- nitroanilinocyclobutene-3,4-dione (13a) and 
1-Anilino-3-p- nitroanilinocyclobutenediylium 2,4-Diolate 
(13b). From Anilinosquaric Acid (7) and p -  Nitroaniline in 
DMF (Experiment 10). p-Nitroaniline (0.34 g; 2.5 mmol) was 
added to the solution of 0.47 g (2.5 mmol) of 7 in 5 ml of DMF. The 
mixture was allowed to reflux for 5 min and was immediately 
quenched by immersing the flask in an ice bath. The fine-crystal- 
line residue was filtered off and washed with acetone. There was 
thus obtained 0.071 g (9.2%) of 13b, infusible up to 320'; mol wt 
309 (by mass spectrum). The addition of water (20 ml) to  the main 
filtrate produced a yellow precipitate, which was digested with 
ethanol, leaving a residue (0.010 g) of crude 13a. The ethanol 
washings were evaporated to dryness, and the residue was fraction- 
ally crystallized from the same solvent, giving 0.008 g of less solu- 
ble 13a (total yield 0.018 g, 2.3% mp 185' dec; mol wt 309 by mass 
spectrum) and 0.072 g of p- nitroaniline. The DMF-water mother 
liquor, on prolonged standing at  On, furnished a mixture of p -  ni- 
troaniline and 7, from which the former was extracted with ben- 
zene. A total of 0.25 g (73%) of p -  nitroaniline was thus recovered, 
as was 0.33 g (70%) of 7. 

1,2-Dipiperidinocyclobutene-3,4-dione (2b) and 1,3-Dipip- 
eridinocyclobutenediylium 2,4-Diolate (3b). (a) From Squaric 
Acid (1) and Piperidine, in DMF (Experiment 11). Piperidine 
(0.85 g; 10 mmol) was added to the solution of 0.57 g (5 mmol) of 1 
in 5 ml of DMF. The solution was allowed to reflux for 90 min. Fol- 
lowing solvent removal a t  40' (0.05 Torr), the somewhat tarry resi- 
due was chromatographed on silica gel in ethyl acetate, to give a 
small first fraction, from which 0,001 g (0.1%) of 2b, mp 156-157' 
(from dioxane) (lit.22 158-160°), was isolated, and a larger second 
fraction, which produced 0.04 g (3.2%) of 3b, mp 281-282' (from 
dioxane; lit. 281-283';1b1~~ 298' 2a,d). No attempt was made to sep- 
arate and identify the expected dipiperidinium squarate and other 
salts. 

(b) From Squaric Acid ( 1 )  and Excess Piperidine (Experi- 
ment 12). In this experiment, carried out as described? 1,22 g of 
piperidinium chloride (10 mmol) was dissolved in 15 ml of piperi- 
dine. Following the addition of 0.57 g (5 mmol) of 1, the mixture 
was heated for 10 hr at the reflux temperature. After cooling, insol- 
uble crystalline material was filtered off and washed with 15 ml of 
cold water to remove admixed piperidinium chloride (1.1 9). The 
water-insoluble crystals of 3b (1.16 g) were found by ir and tlc to 
be free from 2b. Evaporation to dryness of the original mother li- 
quor and thorough washing with water of the residue produced an- 
other small portion of 3b, bringing the total yield to 1.16 g (93.6%); 
no 2b was detected by tlc in the concentrated washing liquids. 

Equilibration Attempts. (a) In DMF. Compound 2a, 0.100 g, 
was dissolved in 10 ml of hot DMF, and the solution was heated for 
1.5 hr a t  the reflux temperature. The crystalline solid separated 
upon the addition of 40 ml of water was fractionally crystallized 
from DMF-water. All fractions, totaling 0.095 g (95% recovery), 
were found by ir and tic to constitute pure starting compound, and 

no 3a was detected in the least soluble fractions. The same results 
were obtained on extending the heating period to 8 hr. 

In a similar fashion, heating the solution of 0.100 g of 3a in 80 ml 
of DMF for 1.5 hr a t  the reflux temperature and cooling to room 
temperature allowed 0.097 g (97%) of ir-pure starting compound to 
crystallize. The filtrate was evaporated to dryness a t  50'. Ir and tlc 
showed no 2a to be present in the residue, nor did this isomer ap- 
pear upon extending the reflux period to 8 hr. The addition of 
water (1 mol per mol of dianilino compound) to the solvent in two 
parallel experiments produced the same results. 

(b) In DMF-HC1. Compound 2a, 0.660 g, was heated for 8 hr in 
a mixture of 2.5 ml of DMF and four drops of 10 M aqueous hy- 
drochloric acid at  the reflux temperature. Following the addition 
of 10 mi of DMF, the solution was allowed to cool to 110-120'. 
Water was then added dropwise to remaining turbidity, and prod- 
uct was allowed to crystallize a t  room temperature. The white 
crystalline material separated was recrystallized from DMF-water. 
All fractions were shown by ir and tlc to constitute pure starting 
compound, and no 3a was detected in the less soluble fractions. 
The addition of water (40 ml) to the original mother liquor fur- 
nished another portion of pure 2a, The filtrate, on evaporation t o  
dryness, furnished 2a (total recovery, 0.652 g) containing traces 
(tlc) of 12a and 12b. 

Similarly, 0.660 g of 3a was heated for 8 hr in the same solvent 
mixture as above a t  the reflux temperature. Unreacted pure start- 
ing material (0.654 g) was separated by filtration from the hot mix- 
ture. Following the addition of water (10 ml) to the filtrate, traces 
(<0.001 g) of 3a crystallized slowly from the solution. The filtered 
liquid, on solvent removal, gave 0.001 g of yellow solid consisting of 
12b. No 2a was detected in these final fractions. 
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In a n  a t tempt  t o  generate benzyne in i t s  excited t r ip le t  state, the benzophenone-sensitized decomposition of 
phthaloy l  peroxide (PPO) was examined. A l inear Stern-Volmer diagram was obtained. Reaction w i t h  trans- cy- 
clooctene gave a ra t io  of cycloadducts indicative of singlet benzyne. 

It is generally agreed that the ground state of benzyne is 
a singlet.2 Recent calculations3 predict that the energy sep- 
aration between the ground singlet and excited triplet 
states of benzyne may be as low as 0.72 eV.3f In an attempt 
to  generate triplet benzyne we have investigated the photo- 
chemical decomposition of phthaloyl peroxide (1, PPO) 
from its triplet state. 

Of the reported photochemical benzyne p r e c u r ~ o r s ~ a ~ ~  
PPO seemed best suited because of the absence of heavy 
atoms5 and its solubility in organic solvents. Furthermore, 
Walling and Gibian have reported that photosensitized de- 
composition is a general process for acyl peroxides.8 While 
this work was in progress, Jones and Decamp reported that 
benzyne adducts with olefins can be obtained in good yield 
from the direct photolysis of PPO through Pyrex.g They 
concluded that the same singlet state species obtained from 
the thermally generated benzyne was present in the direct 
photolysis of PPO; they did not observe triplet state ben- 
zyne. 

Results and Discussion 
In order to generate triplet benzyne in a photochemical 

reaction, the benzyne precursor should be converted into 
its excited triplet state. In the subsequent cleavage, triplet 
PPO should form benzyne in the triplet state because of 
the high triplet energy of carbon dioxide ( E T  > 120 kcal/ 
mol).l0 We have observed that PPO can be converted into 

0 
1 @PO) 

its excited triplet state by sensitization with benzophenone. 
Quenching experiments with acrylonitrilell were run in ac- 
etonitrile using a merry-go-round apparatus. Analyzing for 
peroxide by iodometric titration12 we found that PPO is 
decomposed photolytically (>330 nm) six times faster in 
the presence of benzophenone than in its absence. In the 
presence of benzophenone greater than 99% of the light is 
absorbed by benzophenone, supressing any direct photoly- 
sis. A Stern-Volmer plot of the inverse of the relative 
quantum yield (l/&~, loss of peroxide) us. quencher con- 
centration gave a straight line indicating that the decompo- 
sition of PPO proceeds uia the excited triplet state (Figure 
1). 

In order to observe whether or not benzyne is actually 
generated, a trapping agent which has a higher triplet ener- 
gy than the sensitizer is required. Furthermore, in order to 
be able to differentiate between singlet and triplet ben- 
zyne, it is desirable that two possible modes of reaction of 


