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I NTRODUCTION 

: en the synthesis of squaric acid (c4o4H2 ) was first 

published in 1959, the authors re erred to the compound as 

a new cyclobutadieno-acid derivative. 1 Of immediate impor­

tance to the experimenters was the indicated resonance 

stabilization of the anion (c
4
o )=. Others became interested 

in this comp ound and·~roposed t~.at the anions of the cyclic 

series (CnOn)= would be symmetrical, electron-delocalized 
. ~ anions. 

Much work had already been done on the study of 

cyclobutadiene derivatives ith the rimary interest being 

the stabilization of these derivatives through resonant 

stabilization. 3 , 4 , 5 According to Hueckel's Rule of 

resonant energy, completely filled molecular orbitals are 

peculiarly stable just as filled ato ic orbitals are stable 

(ie. noble gases). Since there are only four pi electrons 

in cyclobutadiene, one must predict a triplet ground state 

which violates the Pauli Exclusion Principle and which does 

not demonstrate delocalization energy. 3 Cyclobutadiene 

derivatives inductively stabilize t e ring by ithdrawing 

the excess pi electrons from the ring. The elocalization 

energies for many of these derivatives have been calculated 

by LCAO molecular orbital calculations. 3 

To ·de ermine delocalization energies, one uses the 

equation for the averag energy of a olecular orbital, 

-1-
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whi ch is derived from the Sch odinger wave equation 

This average ene gy equation? = SlfJ fl~d·, is then min"mized to 

etermine the ground state energy stable elec tron 

distribution). The wave func tion o each LC O molecular 

orbital can be set up in the form t/ls -:: C.::, C.-1. DJ.. • · • ..J. C..Jn ~ 

or /j)! ·:::: f C. , r r/) ( ) where t is for molecular orbital and ~r . 
J r-== l r 

is the wave fu.Ylction ·.-of t he atomi c orbi tal and C j are the 

weighting coeffi cients. Thus, substituting equat ion II into 

equation I, t h e equation for average energy of the mole cular 

orbital becomes 

S<;;; c f ,. ) H (J;c., f y) d 1 

} < ~ c. cpr ~ d -./ 
~ :Z: C r C..5 S f y J-1 fs. J '1 

f_. f C1rC5 sf;. fs d Y 

For convenience the following symbols are introduced 

I t-S sd Y 

Thus we have 
~ ~ c..- C.s rs 

E -=- --::----... ---..--t t c_~ s S,.. 
The average energy can tnen be minimiz ed by differentiating 

equation III with respect to coeffi cient C.~ 

E ~ C.s .S S -t- E f c.. .-. S -t == f C.s /-/ S -t- ;;- C. r- ,4 r+ ) 

which can be reduced o f C.;-Srt -= 7i' c.r · 

where 5,-5 -==- Ss r and 
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If we haven atomic orbitals we can minimize tne average 

energy with respect to each coefficient and thus obtain n 

simultane ous equations in the form of 

C. 
1 

(HJ - 51, {;_ + C. ;;._ ( f/0 _ - S. ~ E ) -+ • · · + C n ( /fl - S II t. -==- 0 

The coulombic integral re ers to the term Hr,- • This 

term represents the energy of an electron in one e:lp orbital. 

The symbol o< 0 repres _nts this energy for a carbon orbital, 

and ~a f flx ~c re pres en ts the energy for a p heteroa tom orbital. 

The term Hr~ where r/s is called t e ban , integral or resonance 

integral. This is the energy of interaction of two atomic 

orbitals and thus for nonbonde a toms Hr5 = 0 and for bonded 

Thus, to get proper resonance integrals the 

two bonding ~~ orbi tals must have the same nodal plane. 

There is a proportionality factor times , a for bonds other 

than c-c of benzene. Also, in setting up the simultaneous 

equations it matters whether there ·. is transanular interaction 

in the smaller ring systems. 

The term is the overlap integral. Since the 

molecular orbitals are normalized, Srr:\; and 

to be equal to zero. 

r.s is assumed 

Then simultaneous equations are set up in a secular 

determinant which is set equal to zero. From this determip nt 

n energy values are generated as an algebrai c sum of a 

coulombic integral and some fraction of a bond integral. If 

energy o-<, the energy o~ an electron in one ::l~ orbital, is 

assumed to be zero energy, a series of energy levels -above 

and below e< can be set up . A matrix such as the · fol owing 
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) 

would be suitable for cyclobutadiene, where x-

- 0 

This matrix generates the values for x=2,0,0,-2, which 

indicates the energy·~levels to be c:< , ~ , and - ~ 

Since /j ando,< are negative values, the energy diagram for 

cyclobutadiene is 

I T 

The calculated value or t wo pi electrons in an 

ethylene bond is £ i/ .r q(C?(.;. 6 Therefore, the energy of 

two isolated ethylene bonds .:.s ~Pf f 41,6. The £ rr of 

cyclobutadiene equals , 

Thus the delocalization energy for cyclobutadiene is zero. 

The weighting co efficients can be calculated once the 

values of x .for the determinant have been generated. The 

coefficients then are used to calculate the bond order (Prs) 

by adding the products of the number of electrons in a 

particular orbital (n j), and weighting coefficients Crj) 

for each atomic orbital that has been linearly combine 

in t o the molecular orbital ( ie. Prs -=- ~ I}· C..yj C..s 5 ) • 
J 

From this value the free valence of atom r (Fr) can be cal-

culated by subtracting the total energy of an atom used for 
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bonding L Pr.s from the max mum available energy of the 

The calculated delocalizatioi energies, bond orders, 

and fre valenc es for three of the cyclobutadiene der·vatives 

are as follows. 

/,50 
o.'73 , · 

i.1-13 
o.33 

DE-=O 
J_ 

~ 1·55 01 ro 
0.Ci,3 . 

DE=- O.~Op 

0,/7 

ft(J , ~ 

"cu).. 

JI 

DE~ /.:J.Jp _ 

1IL 
-::.},tp//3 

JY 

The substantial delocalization energies of II - IV 

are explainable by the rather high
0

free val ence values on 

he carbons of vinyl groups in II and III and on the 

ethylene carbons of IV. mhis high free valence value 

indicates a pile up of electrons outside the ring, thus 

bringing the ring pi electron number closer to Hue ckel's 

magic number of 2. The bond orders in the ring of II in 

comparison to III also indicate a lessening of pi electron_s 

within the ring. 

The resonant stability of the cyclopropenyl cation a 

cyclopentadienyl ani on can also be calcu~ated in a similar 

manner . 3 
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Robert West et al determined that the diss ociation --
constants for the cycli c series (CLOi 2 ) declined as the 

2 The ring size i ncreased (ie . c
4
o

4
H2 ~ c5

o5: 2 7 c6o6 2 ). 

calculated disso ciation cons tants ~ : s quari c a cid -

~ J O • ., : J. ·, Cr O CO ni C a Cid - f ,. -2 . 11 
I I I~ / , / 

and rhodiz onic acid - The strong 

acidity of squaric a9id indicates a more stable anion than 

the anions of croconic or rhodizonic . Preliminary LCAO 

molecular orbital calculations of delocalization energy, 

considering only adjac ent atom interaction, determined tat 

although total delocalization energy i ncreases as ring size 

i ncreases from (c
3
o3 )= to (c6o6 )=, delocalization energy 

per atom de creases in the same sequence . LCAO calculations 

were then carried out on the series . 5 

·.· y=- c_ 1.1__ y-= 0 

I°') y := C- ii c H ==- 1/ . o. 7 Q.JO 

JI) y=- c_ H C.H=CHCH=-Y o. q 0. ~ 

JJl 0~ - /. 58 :, 

1V □y . l l }.J 11 y 
y 

/, "'/2 
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Oxygen has a greater withdrawing effect than the 

methylene group because of increase ~ electronegativity of 

the oxygen atom overt e carbon atom . T us the coulomb ic 

integral of oxygen is greater than that of carbon as ex­

pressed by the equation 

O'\ oxygen = carbon of benzene _+ hoxygen +, benzene. 

Since the effective nuclear c arge is quite important in 

determining the coulombic integral, the coulombic integral 

will vary in magnitude in t he same manner as electronegativity 

does across the periodic table. Thus hx is proportional to 

the difference between the electronegativity oft e heteroatom 

and the electronegativity of carbon. The matrix for the 

calculation of methylenecyclopropene delocalization' energy is 

X I ) 0 

I x 0 

I I )( I 
.::: 0 z. X + I 

0 I X 
and the matrix t hat would be used for cyclopropenone is 

I I 0 

I X I 0 

I I X 12.. 

. 3 /" 2. 
- 0- X'-1-+.:zx -:>X 

0 0 1i ·z 
vvhere I\: Since the bond integral is indirectly related 

to bond lengtn and since the ketone bond is shorter than the 

carbon to carbon bond of benzene, 

in the cyclopropenone matrix . 
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In the above series compounds I and II have greater 

resonance for the methylene groups rat er t~an for the ketonic 

groups, s ~nce there is more sprea · g of the electrons in 

the methyl ne derivatives. Te ketoni c ~unctions of the 

six-membered ring (III) te· ... d to reduce t e number of 

electrons operating over the centers to below six pi electrons. 

The excess:ve withd~awal 6f the c grou, as indicated 

, does not allow by its coulombic integral of ( -;:? Q -

complet e stabilization. The Ketonic groups on the four (IV) 

and three (VI) membered rings sta ilize the system by 

reducing the number of pi e~ec trons involved in the ring. 

For figure V the authors have included cross-ring interaction 

considerations in the~r calcu~ation of de~ocalizea energy. 

The cross-ring interaction does increase the stability of 

the system. 

The preliminary molecular orbital calculations of 

Robert West et al2 were completed in 1963 uy the same 
-

authors . 8 Localized structures such as /,--.. were the 

structures for which the delocalization energies were 

calculated. Thus both the coulombic integrals and the 
e 

bond integrals were different for the c~o and ~-a groups . 

Delocalization energy per number of pi electrons, i bond 

orders and 
. - 0. f> '7'1 

atomic charge 
- 0. &31 

0 .If 

0 0 

5·<; . 

0 0 

densities were calculated. 

Q 0 
-- a rf3fo 

.B ~ 

J SL/]. 
0 O 

'F::/1.f-=- Q, 21./0p 
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The three membered ring is signifi cantly ore stable tan 

t he other three members oft e s eries, but angle strain 

was negle c ted in thes e calc ati ons . The c-c bond lengths 

decrease i n siz e as ring siz e ~ncreases, and c-o bond order 

increases as ring size inc eases . 

Once having studied the proposed aromaticity of the 

cyclic series (CnOn),~; the . problem involved the preparation 

and further s tudy of the electronics of thi s r ing system. 

As an introduction, the rhodizonate (c6o6 )= and Croconate 

(c5o
5

)= anions .were synthesized . Having this background 

work, several procedures have now been proposed for the 

synthesis of the squarate anion C o
4

)=. It is pro posed 

that through the synthesis of s quari c acid a procedure 

applicable to the unknown trigonalate anion (c
3
o

3
)= can 

also be developed. 

Since the entire series of anions has not been synthe­

sized, a complete study of the energy considerat ions of 

th e series has no t been completed. Developing methods of 

synthesizing these compounds, however, has lead t o extensive 

and valuable knowledge about their electronic s truc tures 

whi ch will aid in the preparation of the desired trigonalate 

anion (c3o3 )=. 



HISTORICAL 

Hexahydroxybenzene 

In 1834, Justus Liebig reported the preparation of 

Kohlenoxydkalium (potassium hexacarbonyl) from the self­

condensation of carbon monoxide in the presence of potassium 

metal . 9 Alt ougn there w~s much difficulty in etermi ing 
.. 

the empirical formula of this sat due t o its apid 

oxidation, Liebig finally determined the composition to 

be (c7o7K or c7o7K2 ). 

B.C. Brodie disagreed with Liebig's analysis and stated 

10 that the comp osition was (c2o2K2 ). He used the a~ready 

known reaction of CO 

analysis. 

to support his 
, 

The ~irst t o agree with the present day analysis of 

hexahydroxybenzene were R. Nietzki and Th. Benckiser in 

1885.11 Their empirical formula was c6o6K6 , and they 
0 

proposed the structure 

From this point on, the primary interest in exa­

hydroxybenzene was its violent oxidation to members on the 

cyclic series (CnOn)=. 

- 0-
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Rhodizonic Acid , Croconic Acid, and Related Derivatives 

Croconic acid wast, e fist me be of the studied cyclic 

series (CnOn)= to be iso_ated. In deter ining the empirical 

for ula of the potassium salt of hexahydroxybenzene, Justus 

Liebig supported his formu a w·th his equation for the for­

mation of potassium ~roconate ram the condensation product 

of carbon monoxide and potassi 9 Thee uation was 

Once again B.C. Brodie disagreed wit Lie ig and pro­

posed the accurate form la for dipotassium croconate 

10 (c
5
o

5
K2 ). He also state that he did not isolate the 

potassium oxalate but rather a co pound of formula,2(KHO). 

At this time he warned of the ext eme drive for the · 

oxidation of the hexapotassium sat of hexa ydroxybenzene, 

and noted the formation of ipotassium rhodizonate upon 

ad ·tion of water or anhydrous alcohol o the hexapotassium 

salt. He stated that ·the ease with which the croconate 

anion is formed from the rhodizonate salt akes it extre ely 

difficult to determine the proper empirical formula of 

r odizonic acid. His formula for the rhodizonate anion was 

Triquinyl, which was prepa.ed by oxidation of hexa­

hydroxybenzene, is another onten used source of the 

h d . t . Ei·th 1 · 12 ·t · · l3 r o izona e anion. r c o~ine or ni ric acid can 

be use as t:,.e oxidizing agent fo 

triquinyl was given the struc ture 

is transformati~n, and 
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Sulfurous acid will then reduce t e tri uinyl t o rho di zonic 

acid13 , or the self-reduction of triquinyl in · ter with 

simul t aneous oxidation of _anovher molecule of triquinyl will 

form rhodizonic acid and carbon dioxide. 11 

Disodium tetrahydroxy-p-benzo uinone can also be 

synthesized fro the self-condensation of glyoxal in the 

presence of a sodium ·~sulfite solution. 14 ' 15 ' 6 Late ... , in 

1942, it was found that the saturated ring of inositol 

could be oxidized with nitric acid to both tetrahydroxy-p­

benzoquinone and rhodizonic acid. 17 

The tetrahydroxy-p- enzoquinone was fist prepared by 

air oxidation of hexahydroxybenzene in the presence of 

so~iu.m carbonate. 11 Since e t o ree alcohol groups of 

disodiu.m tetrahydroxy-p-benzoquinone were not easily 

oxidized by air, Nietzki and Benckiser felt that the alcohol 

groups must be ortho in relation to each ot er. ie. 

The dipotassium of tetrahydroxy-p-benzoquinone in 

the presence of potassium hydroxi e wast en oxidized by 

air to ~arm dipotassium rhodizonate, which was properly 

analyzed as c6K2o6 •11 The structure of this salt was 

determined to be K Hydrochloric aci 

0 
was then used to isolate ~ odizonic acid, which was very 

easily oxidized . 
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Wh en Th. Zincke and C. Frohlich published their paper 

on the reaction of 3, 4- dichloro-1 , 2-naphthoquinone, R . Nietzki 

took s pecial note of dipotassium r h odizonate in excess 

potassium carbonate . Zinck e and Frohlich indicated an 

alpha hydroxy carboxylic ac ~d formati on :hen 3 , 4-dichloro-

1,2-naphthoquin one was p ac ed in exc ess bas e. 19 This 

'cf) 

o( -hydroxy acid decarb oxylates ketone . 
()I/ 

~~" to~ 
Nietzki proposed that when t e intense re d-yellow color of 

dipotass i um r h odizonate in excess potassium carbonate be came 

y ellow, croconic a cid hydride c5H4o5) was formed .'_ This 

inter mediate was isolated by warming dipotassium rhodizonate 

in a dilute potassium carbonat e solution until t e sol ution 

turned light yellow. The barium salt of the croconate 

hydride precipitated out. This proposed echanism for the 

formation of croconic acid fr om r h odizonic acid was still 

b eing used in 1 938 to s upport - enediol structure for 

rhodizonic acid 

structure for croconic 
C) 

<Jli / . 
Georg s Carpeni s tate -

and the 
0 •itoN 

a 

-enediol 

20 

enediol of croconic a cid 

would not titrate with io i ne, thus indicating the 

~ -enedio l ins t ead of t e d . l 20b -ene io • 

0 
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The aci ities of the ~ ¥ 0 alcohol groups ~or both 

rhodizonic and croconic acids were almos t equally s t rong , 

as shown by t e small ifference in their disass ociatio 

constant s. The small dif erence in t h e pk 's indicated a 

weak interaction between the alcohol groups and thus the 

-enediol structure for r hodi zonic acid and P -enediol 

t t f . . ·d 20 s rue ure or croconic ac i • 

In 1948, Georges Carp/ ni suggested that it vas 

resonance that caused t e ~eak interaction between t e 

h d 1 f , d. . .d 21 .y roxy groups o r no izonic aci. Thus the greater 

the resonance the less the ydroxyl interaction and the 

smaller the difference in pk va~u s. This r esonance and 

not the - enediol structure was the reason for the similar 

acidities of the alcohol grou s of croconic aci. 

The same year a three way equil.brium was p~ opos ed 

f . . d 22 or croconic aci. Structure I would react with iodine, 

and structure II was present after the acid was delocalized 

with light. Structure III was seldom 

0 OU 

Oif 

Leuconic acid, the pentaketone, was found to react 

with sodium carbonat e to form s o ium e oxalate and glyoxa123 
which it was ·rel t may support tne structure 

0 
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In further support of t h equal edox p otentials o 

the two alcohol groups in rhodizonic acid, it was found 

that there are two bivalent steps in going fro rhodizonic 

acid to hexahyd oxybenzene. 24 mhere was lit le evidence 

of semiquinone formation. mne redox potentials are 

Rhodizonic acid 2 Tet ahydroxy- p-benzoquinone 0. 410volts . 

Tetrahydroxy-p-be~zoquinone-=.. exahydroxybenzene O.J50volts 
, · 

In 1939, the molecular weight determ·nation o the 

dimethyl ester of croconic aci~ . once again confirmed , e 

formula 25 The dimethyl ester was found to 

V 
be stable except it was easi y hydrol·zed in water or even 

tmospheric moisture. Croconic aci reacted with alcoholic 

hydrogen chloride, which yielded diethyl acetal. 

& oE 
oE 

With long boiling in benzene 7 a tautomeric rearrangement 

occurs and forms ethyl hemiacetal of croconic acid. 

oE 

The me chanism for this rearrangement is 

H 
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Since neither leuconic acid nor triquinyl absorbed in 

the region .from 1500 to 2000 cm-1 , unhydrated carbony groups 

were unlikely for eith er compound . 26 There is a strong band 

for both in the region of 3500 cm-land other bands characteris­

tic of secondary alcohols. In the region above 1000 c -l the 

spectra of chloral hydrate is similar to that of triquinyl 

and leuconic acid. Xhis indicates t.e structures 
or\ ~ 

).. 

At about this time the analy ical chemists beca .. e 

interested in the rhodizonate salt in the detection of the 

cations - barium, strontiu.i~ 1 an calciu.m. 27 T1 e instability 

oft e indicator 1 ie. sodium rho,izonate) to light made it 

difficult to ob tain accurate results. 28 The sulfate anion 

can also be determine volumetrically in the absence of 

the p osphate ion. 29 , 30 

In 1953, potassium croconate was used to determine 

barium ion to a sensitivity of 5xl0-4M, calcium ion to a 

sensitivity of 2xlo-3 , strontium ion to a sensitivi t y of 

4xl0- 3 ., and magnesium ion to a sensitivity of lxlo-3 .31 

Ethylene diaminetetracetate as used · o complex the heavy 

metal ions that would interfere. 

The Russian cnemists ten ecame quite interested in 

turbidimetric determinations fo lead ion an sulfuric 

acid vapors wit rho dizonate nion as a complexing agent .32 ,33 
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Spectrometric determinations o Indium ( -I) and 

Gallium III) were also successful with tetrahyd oxy-p­

benzoquinone as t:e indicator. 34 

Te absorption cu4ves o c oconic acid w ich were 

taken in the pH range of ·o.6...-v .2 do no ·n ~cate an 

isosbestic point. 35 This indica es an equilib~ium of 

three com onents in~ is pH re 0 ion, if Beer's Law has 

not been deviated from . 

symmetrical s truc tu e forte dianions of crocon·c 

aci c
5
o

5
)=, and r odizonic aci, (c6o6 )= is strongly 

indicated by their respective Raman and infrared spectra. 2 

Te five lines observed for t 1 croconate anion in the 

Raman spectrum agree with the s ectr ! for a n5h sy~etric 

structure, except for lackin one epola ize line. Any 

structure in which all the oxy ens are not equivalent 

would have at least nineteen. an~active fundamental no es . 

Te infrared spectra of both a.~ons lack the usual carbonyl 

peak, but they have a broad bad centere near 1500 cm-l 

which indicates a sinilarity to tne carboxylate anion. 

Unlike ferrocene, the croconate anion does not for 

sandwich complexes. 36 The croconate ion bonds to d·valent 

transition metals through oxygen. The anion acts both as 

a monodentate and a bidentate ligand. The complex's formula 

is Tu c5o5- • 3H2o in t e stru c u e 
( 0 

0 
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The i nfrared s pectrum of the co . lex ind·cates non-

- 1 . f coordinated c=o at 1725 c an a m_xture o c-o and 

c-c stretching from 1300 to 1700 cm-l mhe complexes of 

croconat e with trivalent meta- s o not have as constant 

a formula as the divalent e al com lexes. T ere is a 

cross linkage between t e chai· s throug the hydroxyl 

group . T ere is also.-both. coor ·nated ad non-coordinate 

c=o indicated by infrared spectrum . Bot the diva~ent 

and t rivalent metal compl exes should be high-spin co i l exes; 

yet the trivalent compl ex may be a li tle less para a ~etic 

than the divalent complex due to antiferromagneti c spin­

pairing between the metal atoms . 

Squaric Acid 

In 1959, Sidney Cohen, John R~ Lac er 1 and Joseph D. 

Park reported the synthes is of dioxocyclobutanediol -

squaric a cid (c4o4H2 ) . 1 The inf are s pectrum o the 

potassium salt indicates that all f our oxygen atoms are 

equivalent. The carbonyl peak o t e soli , free acid is 

not observed a t 1820 cm- 1 ; and a broad, intens e ban 

occurs fr om 1560-1480 cm-l ~ which indicate the breathing 

vibration of c-o of the anion. Tne c=c absorption also 

vanis es in the spectrum of the anion . The infrared red 

of the acid indicated st·o hydro en bo ~ing an bot 1 

C=O at 1700-1800 cm- 1 and C=C at 1540- 1780 c -l The 

strong hydrogen bonding also ex ~ains v eco ~position 
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point of 293 ° C. The ac·d al so tests posi ive for ketoenol 

by fe.r~c chloride test, and tes t s posi tiv for alco ol 

with c·eric nitrate test . Unsa u a ion is als o indicated 

y decoloration o. bromine wate an perman anate . The 

ca rbonyl groups of the acid do not give a phenylhydroz ine 

test . 

Squaric acid wai prepa ed _rom a ig~ pressu e self-

condensation of l,2-dichlo.o-3, 4- ifluro ethyl n e37 or of 

chlorotrifluro ethy ene .38 , 39, O 

F 

C. :2 == c_ CJ!').... 
G h1b ) 

F 
F 

0 0 

CF~= crce 6eyYJ b ) I 

n e hydrolysis of the hals or alkoxy e ·vatives of 

butene yield s quaric acid due t o the nig ... resonance 

of the system. 411 42 Squari c a cid is so s able that 

sulfuric acid at 100° C can be used to hydrolyze the 

diether . 

OJ 

cyclo-

energy 

50% 

The Ra an spec trum of the squarate anion indicate~ a 

planar syrMnetrical structure O- D4h sy etry. 43 Ei ght lines 

were observe d in the spectrum with o ... e eak line due to an· 

overtone , thus confirming D h syrnLetry wit 7 Raman active 

fundamentals. T ere a. also 4 i ra e active f damentals, 

as woul be expected for a molecul o D
4

~ symmetry . m e 

Urey- Bradley Tiorc e Cons~ant for c-c bon in squarate · anion 
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is less than tuat for benzene, but it ·s uc greater tan 

for a single bond . The squarate an·on ~orce constant 

approximates the value calcul ted for · er.oce e . Thus t e 

squarate's for ce constant i .. ica s aromatici y . 

i tri c a cid oxidizes sq ·a ic acid to oc tahydroxycylo­

butane. 42 The structure o t ·s com ound is related to 

the comple tely hydrat~ed carbony groups of triquinyl and 

l euconic acid. T .e infrare spectra als o agree wi th the 

s pectra of hydrated triquinyl and euconic acid . 

The absence of a s 4arp ba above 1600 cm-l in the 

infrared s pectra of Jivalent trans'tion metal· complexes 

with the squarate ani on indicates that all the oxygens are 

coordinated . 44 Since there still~ ere only f our infrared 

active fundamentals, the D
4 

symmetry as not ost in 

c4D4 • 2H20 with the 

structure 
/ 

The triva ent metals f orm 

i 
a co pl ex wi th a formula of [C4o4 OH) H2o)

3
. Unlike t e 

croconate complex with trivalent metal ions, the carbonyl 

peak is abs nt in the in~ra ed absorption. This may indi­

cate the sym..~etri cal cancellation of the carbonyl group. 

Like t e croconate complex, the squarate complex is 

paramagne t ic. 

Perchlorocyclobutenone is synt es i z ed from 1- e ' hoxy 

pentachloro l, J-butadiene. 45 , 46 Th~s c lorocyc~icketone 

can t hen be hydrolyzed t o s quaric acid. 
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X-ray crysta~ a a ys is of t ... e structure of dipotassiurn 

squarate-monohydrate indicates that the anions are packed 

in stacks with the plans o ~ t e an·ons parallel . 7 h 

anion sti has D h symmetry. The f our carbons are planar 

and equidistant (1.457 0) and the four oxygen's a e p ..... anar 

and equidistant (1.259 A0
) . m e anio s are 3.237 A0 apart 

which indicates some ·~ttractio ... between t ... e anions because 

a neutral aromatic molecule is usual y 3. 4 0 apart . 



DISCUSSION 

This investigation involves t e preparation and 

structures of comp ounds of the cyclic series (CnOn)=. 

The study was centered around four princi le compounds 

and their derivatives. They are the salts of 

rhodizonic acid, croconic acid, 
0 

0 

0 0 

squaric acid·, 

0 

and trigonalic aci 0 

0 0 

Not only were these com ounds studied separately, but 

their chemistries were studied and compared in the hope 

of finding~ synthesis for trigonalic aci. 

Rhodizonic Acid and Its Derivatives 

H A e. II 
i ti 

0 

0 
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0 
170 ....._ ___ ),, 0 /IC! 

0 

OH 
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Rhodizoni c aci was pre- are through t e disodium salt 

of tetrahydroxy-p-benzo uinone ro t e sel -con , ensation of 

glyoxai . 15 Both the rhodizonate and t e tetra ydroxy- p­

benz oquinone salts wer e also sy t 1 esiz~d by the oxi ation of 

mes oin osi toi •1 7 T e salt of tetra- .. y roxy- p- benzoquinone was 

heated at 170° C for 24 hours to be oxid·zed to disodium 

rhodizonate, and fr o~ this was ob t ained t~e aci ihydrate . 

A poor yield of the acid dihydra e was obtaine since a non­

h omogeneous solvent, dioxane and pen tane, iad to be used in 

its recrystallization. The te · ra ydroxy- p- benzoqui one was 

found to reac best wh n used i ~ diately afte prepa ation , 

for it was easi y oxidiz don standing. A pine oils ell 

was noticed after oxidation. T1 e rhodizonate salt'and 

acid were best stored unde nitrogen atmosp ere in brown 

b o ttles. 0 

0 
oH 

HC..I 

0 oH 
\ 

D 0 
This immediate use o the tetrahy roxy-p-benzoquinone 

salt was even more important in forming the tetrahydroxy 

compound from the salt. 
C'.) 

OR 

(..0 

Triquinyl was also prepared from tetrahy roxy-p-

benz oquinone. riquinyl was r acted w·t 

KCl, an NaC to foru the orr sponding salts of 

rhodizonic acid . 
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_ S_r\_c__ · .;i..,-_ .. _~_It.;;. .... _o __ -~ 
1-1 <:.. I 

0 

To be certain tha~ tetrahydroxy- p-benzoquinone and its 

salts were the a c tua~ com oun s rese in t ~e previous y 

me tioned reactions, the tetra y roxy- p-benzoquinone ob­

tained was reacted wi st"annous c loride ~ihy rate to 

form hexanydroxybenzene . The hexaacetate derivative was run 

on the exahydroxybenzene to v rify the compound . 

Infrared curves were ru.i.~ of he r h odizonate anion, 

tetrahydroxy- p- benzoquinone an its ani on, and tri uinyl. · 

Croconic Ac id 
0 

0 

0 

Another use of the diso dium tetrahy r oxy-p- benzoquinone 

was the preparation of bari ~ croconate . 15 ctivated 

nganese di oxide was used in this oxidation . The salt of 

the a cid was als o c onverted t o the acid trihydrate . 

Souaric Acid 

a.rd. ). n O 2.., 
--- ----) 
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The first ate. pt to synthesize squa- ic acid was un­

successful. Tis attempt as a parallel of e preparation 

of cro"conic acid from diso ium t e tra1 y oxy- p-benzo uinone. 15 

It was felt t.at t.e oxida ion o~ diso ium croconate 1as 

unsuccessful because the ac ivated anga. se dioxide was not 

a strong enough oxidizing agen to co.ve from a ~ive-

membered ring to a rfng-straine our-me - ered system . 

Thus, t e_ starting material, croconic acid 1 was re urned as 

proven by a mixed melting point of he anhydrous aci s. 

Anot er synthesis was undertaken to pre are squa ic 

acid under ordinary condit·ons o~ pr ssure and temperature. 48 

The devi sed plan entailed the for ation of hexaethyl 1,1,2,2,3,4-

cyclobutane hexacarboxylate fro he cond nsation of diethyl 

acetylene dicarboxylate and t etraethyl e hane tetracarboxylate 

in the pres ence of sodium ethoxide. Tis ester was the 

hydrolyzed by hydroc loric acid and heated to 1,2,3, -cyclo­

butane tetracarboxylic acid . Then it was proposed to titrate 

the a cid with silver bromide to form the 1,2,3,4- tetrabro o­

cyclobutane . Heat and dilithium car onate would react wit 

this brominated ring to for the tetrahydroxy ring, 1,2,3,4-

tetrahydroxycyclobutane. From tis co pound squaric acid 

could be prepared ·th the use of sul ur dioxide . 

During the preparation of diethyl acetylene dica boxylate , 

the extreme irritations oft es in w ich it causes beca e 

quite apparent. T us, in the formation and reaction of it 
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with tetraethyl ethane tetracarboxylate, strict care should 

be observe d ~nits handing . 

The white precipitate whic was ormed in t 1 e reac ion 

of diethyl acet l ene d·carboxy_ate an et aethyl ethane 

tetracarboxylate was hydrolyze i m edia ly. 

A precipitate 9 melting fro 187 to 88° C, was obtained 

from this hydrolysis~- Ti iterature stated that the 

melt ing point should .ave be n fro 210 to 213° C. Several 

isomers of 1,2,3, 4-cyclobuta~e te racarboxyl·c acid re 

possible, such as trans, tra s, rans, -cis , cis, cis 1 o 

cis, trans, cis. The · gher m t · .. g iso e- ay have been 

isolated an report din th literature, whereas t e lo ver 

· el ting iso .. er ay have been so te now. The t ree egree 

literature melting point ra· ge also i · cated i purities, 

per: aps the impurity of some lower melting isomer, mixed 

in the higher melting isome:. 

eutral equivalents were taken, and they prove de­

carboxylation to have been unli ely, us eliminating the 

possibilities of the tricarboxy~ic or icarboxylic cyclo­

butanes. 

To furt er identify t ~e isolated precipitate, pH 

titrations were run on this acid. The results in ica ed 

two titratable hydrogens, fort ere was one large peak and 

one mo erate-sized peak . 

Realizing tat the r·n ay 

mixed melting o~nt was taken wi 

ve bee ~ydrolyze , a 

uc c i... · c acid . Since 

there was no melting poin epression, ~ e conclusion 
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was that succin~c acid ad be n iso~ ted . T. di- (p­

nitrobenzyl) succ~nate derivative confi~med tis . 

Rec onsid rin the synthesis, it as ecide that 

either the redu ced pressu e concen ra · ~on used to induce 

crys tallization of e cyclobutane tet acarboxylic acid 

had hydrolyzed the ring twice or else hex ethyl cyclobutane 

hexacarboxylate had ~ot ee t . e ~ite precipitate obtained 

from the reaction of diethy ac y ene dicarboxylate an 

t e t rae thyl et ane tetracarboxy ate . 

The necessi ty to isol et e exaethy ester was 

a pparent and proved t1 t th~s este h not been forme . 

Having decided that the four carbon iember of this 

series cou~d n ot be approac e through a reaction at ordinary 

conditi ons due tot, e ig e ergy of ac ivation tat it was 

decided must be needed, the tetramethyl ester of ci ,trans, 

cis-1 , 2,3 ,4-cyclobutane te r carboxy ·c acid as pre are 

trough the ultra-violet light exci tation of dimethyl 

fu.marate. 49 

Both piperidine 50 and ro ine ere use t o conv ert 

dime t yl maleate to its thermodyn .·cally- stabler is omer 

ime ·hyl fumarate . flet ylene hloride worked better than 

acetone as the solvent tha was u ed to make a thin layer 

on the walls o~ the container of e furnarate ester in 

preparation for exc·ta ~on. Both hydro ys~s an 

saponificati on fere used to convert tne ester to the 

tetra-acid derivative of cyclo utane . n reduc ed pressure 
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distilling of hydrochloric acid after hy -- olysis is conplete, 

care shoul b e t aken not to stea. distil too m ch of the 

cis, trans, cis 1,2 , 3, -c c obutane r acar boxyl ic acid. 

The reduce pressure distillatio shoul ~ be s t opped when 

a whi e oil can be s een t o con ,ense nea t e bulb oft e 

thermometer . Af t er niltration it of en is best to reduce 

pressure distill further, a· ... d more tetra- acid can be iso­

lated . Since this t tra- aci der·vative of cyclobutane is 

insolub e in ether, acidification oft e salt solut ion · s 

best performed with sul uric acid. Su furi c acid is be -ter 

t han hydrochloric acid since sod·um sulfa e is soluble in 

sulfuric acid but so dium chloride is insolub~e in hydro­

chloric acid. Thus the inorganic sal t will not be 'iso­

lated with the organic acid if sulnuric acid is used. A 

mixed melting point of cis , tr ns 1 cis 1,2,3,4-cyclobutane 

tetracarboxylic acid an f aric acid was ..... ken . Since 

t e tetra- acid derivative ecomposes at 235-240° Can ~ 

fwnari c acid slowly decom oses at ap rox· at ely 300° C, 

the decomposition of the ·xture a 225-230° C in icated 

the ring ha not been broken in conversio ro es ter to 

a cid . Both the mixture and fumaric acid el ting point tubes 

had rings of s ublimed f umara e about half way up the tube. 

Th e titration curve of the te ra-ac·d is si ilar to ..... of v 

fumaric ie. NE for etra- a cid = 56 .7 a ... NE for f umaric = 56. 7), 

but its k values are ap ... roxim ly ... _. 3. 75 and pk2,.;.) 6.05 , . 
which are hi 0 er an fumaric's pkl 3.03 and p 2 = 4 . 44) . 

( 
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One must remembe. tha not only a.et e acid g oups 1,4 and 

2 , 3 trans to each ot er 1 

posi ti-on. Thus the grea er 

t 2 an 3 1 4 are in the cis 

i pk values of the 

tetra-acid t ... an t e iffere ce in p valu s for ~umar·c 

may be due to cis ydro en ondi. 0 aleic- type ac~d. 

The acidity of these aci gro psis ·. portant, for alt ough 

previous literature states ... at ... et yl-li thium r acts like 

Grignard reagen · s 51 , igna.d reagents ~o not fo methyl 

ketones from carboxylic aci, grou s as m thyl- lith·um 

does. 52 The magnesium 1as rater afrinity for the 

carboxylate anion tha ' does lit iw. Thus agnesi 

complexes with the d · ssociated aci an precipitates out, 

whi cn _increases he dissocia ion oft- e acid. Te ~it ium 

cannot forn as stable a comp x wit t~e anion nor is the 

lithium carbonate co plex be ieved to be insoluble. The 

lithium must substitute ~or t e y roxy g oup, rat er 

than react with the carboxy at anion. 

To study further the elect-onics o t e tetra-acid 

derivative of cyclobu ane, t 1 e potassi pe mang a e test 

for unsaturation was ·run on t e tetra-acid and f ari c ac~. 

The tetra-acid remaine purple o o drop, and fum ric ac· 

showed unsaturation by remaini c erry-brown on ~·f y dro s 

of potassium permanganate solution. The tetra- acid eriva-

tive tested s2 so ub·1· ty hereas umar·c acid t sts • 1 

solubility. L..i.frare c -rves we run on c · s 1 trans, cis~ 

1,2,3,4-cyclobutane tetracarboxylic acid, fumaric acid, 
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the salts of the two ac·ds an t e methyl esters oft e two 

acids . Althoug t e fumaric acid cu-ve did not indica ea 

conjugated trans system 9 t.e. e yl ester di have a p ak 

- 1 at 1665 cm for con·ugate c=c- c=o. The .ethyl es er of 

cyclobutane carboxylic acid derivative did not indicate 

unsaturation or conjugation to t~e c=o bond . mhe eye a-

butane derivatives , though, did haves ve~al peaks t 

were not found in the non-cycl~c compounds. The peaks are 

- 1 8 - 1 B - 1 · - 1 1225 cm , 45 cm 1 20 c n 595 cm . These aks may 

in i cate ring vibrationa fu da en als . Several peaks of 

t e tetramethyl derivat ive · 1 at a e not in the ethyl 

urnarate curve do mate p t op aks of polystyrene . The 

eaks are 1375 c - l, 1055 c.--, 955 cm- 1 , 940 c - i,,_840 cm- 1 , 

and 735 cm- 1 • These peaks nay in icate that some linear 

polymerization had also occur~ed . d r·ng the ultra- violet 

light exci tatio_n . Several peaks of t 1 e cyclic compounds 

ma e definite shifts in relation to the corresponding 

peak of the related non-cyclic compound . A furt. er study 

of these curves may indicate more about tne cyclic 

electronic arrangeme.t . 

To transform this acid to the tetra- bromo derivat·ve 

by a pro cedure successful fo the cyclobutan carboxy~ic 

acid 53 the te tra- silve sa t would av o be formed as an 

i · termediate . To obta~n 
4
uant~ ativ resul sin the r 

acti on of the tetra- si_ver sa t 9 ·t mus be perfectly dry . 

mhus , a s an alternative pro cedure, the Schmidt reaction 
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with sodium oxide and s fu- · c ac cou d be r · ... on the 

tetra basic aci to form t e te t ra- a ine eye obutane, by 

a pro cedure used for cis an tra· s 1, 2-cyc~o outane 

dicarboxy ic acid. 54 

Instead of using l'th· um c bonate a ... eat to co vert 

the tetrabromo to the t 

in perchloric acid w _ul 

yd oxy 

ave to 

tetra-amine to the tet a y roxy 

erivative, sodium itrite. 

use o conve t 

iv ive. 55 owev r, 

recently a p~oce ure or t e conv s·on o t ..., rboxy ic 

acid group throu ha met y 

erivative of cyclopropane 

procedure predicted a better yie 

erivativ to an co .i.olic 

pub · s , ed. 52 This 

tha ... i ther he ru ine 

or bromo conversion to hy roxy er·vatives. 

An a cid such as niLric aci, ¥ ic oxidized inositol 

t o rhodizonic acid, or per as amt od si ilar to the 

oppenaue oxidation56 could be use to form s ua ic ac· • 

The drive towar the formation of t e stab e anion shoul 

enhance the reaction. 

The tetrahydroxy derivative o cyclobu ane s also 

being ap roache throu~. t~e ul a-viole t lig t excitation 

of vinylene carbonate. 57 T .. e us of ac tone as a sensitizer 

has been suggested. n ult a-v.:.olet absorption curv~ 

must be run on the vinylen carbonate b cause the compound 

is bel.:.eved 0 be o .... y. eriz n i .. t o a C rat r t an 

dimerizing into a ring • ... h .:.nf curve of t e polymer 

does not indicate any C _ 00 y 0 ps t o be pres nt, -but 
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t ere appears to be uch OH st_ e c in. ft e ultra-violet 

spectrum is r un, a filter ca be used to res t r i c t the 

incident wave ength to the rope re i on ~o_ c=c absorpt · on 

and exclude the c=o absor ' ion . e l inea p olymer ay 

have a structure sim·1a to o~yvi y alco ol, or t h ·s 

would indi cate a ~oss of carbon dioxi -e w ic is 

if the c=o bond is e~ci e. shor r perio o exc atio 

may help; but bot A starting mater~al and p olymer (b no 

tetrahydroxycyc-obutane) ave b en isolated upon shor ter 

periods of excitation . 

Trigona~ic Acid 

Trigonali c acid, wh~ ch as never een synthes~ze, 

w s a pproached th.o ' the cy c l opropane icarboxylic 

a cid derivative by a etho - ela ed o t e cyclo utane 

tetracarboxylic acid erivative for squaric aci . 

Tetraethyl 1,2 , 3-cyc o ropa e tetraca.boxylate as 

been prepared by te conden s at ion of sodium ma~onate and 

diethyl dl- dibromosuccinate . 58 The brominati on of 

iethyl maleate was used o ob tain ~·s ethyl ester of 

dibromosuccinic acid . Alt ou abou half of the brominat · on 

p oduct was the diethyl meso- dib o osucci a e, this isomer 

of the desired dl- dibromos cci ate s a so l i ~hereas the 

dl-isomer was a iLui. 

the isomers. The condensa~io- ✓B~ ~ s moo ly, nd t e es t r 

was easily isolated by re uced ssu.e dist·11atio . 
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Hydrolysis was attem ted, an a yellow oi ;as iso ated 

aft e the re duced p essure s lat ·on of the hydrolyzing 

acid . The t e a - ac·d eye o o a e was reported as a 

solid, but neit e~ porce ai· pa n or su limation coul 

isolate a sol·d. T . e ydro lys·s ha aken s vera .ours 

for all of the organ ·c lay r to e co ~e solub B n t he a cid 

layer ( ie. f or ydrol1sis to be co pl e te ) . Ther e ere 

two possibilities: (1) the exc es sive per ·o of yd olys is 

required for the et~yl est r ay have cleav ed e ring · or 

2) t h e ac i had been ste . istil- ed duri g re u c ed 

essure distillation . m ossibili ty was deci e 

upon; and the pro ce du e was at · mpt ed with die~ yl 

aleate, for it was felt th t et yl este s ene al,ly are 

e a sier t o hydrolyze. The ate t to bro inate this ester 

erely formed dimethyl f arate as proven by a mixed 

el ting point . The li tera t , e states t at if erection 

·s carried out in the dar .:.so. e iza t ion ill not occur59 
' 

but the addition of bromine was carr · d out with a to el 

around the flask and tent e lask was star in he da k . 

B omination of maleic anhy ·de was a t tempted, but a 

very poor yield of~ , 
1 
dib o. osuccinic anhydride was 

isola ed . 

Sine~ the final product after the condensation of the 

proposed diethyl dl- d.:. omos cc~ ate .ad a r act.:.ve · n ex 

a n a densi ~y a. os 

boiling points were co a~ 

as o ~ie hy ~ arate , t e 

iet yl ~umarate oi s t 
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218 . 4° C 60 , bu t.e p opose 

cyclopropane tetracarboxylat 

0 • 7 mm Hg ( i e • ~ 3 ° C a o s 

et ae 1 yl 1,1,2,3- trans-

is il ed at 150-155° Cat 

e . T · s "inal 

· product do es not de colorize ~o assium ernanganate so ution . 

'hen one considers the ro ose ·e hy 1- ibromosucc i a e, 

- o n an its boi ing point it gives a beilstein test fo 

as 137-138° C at 11 ·~mm - g 270 0 C + . e . avmosp. er~c 

pressure . Inf ared curves were un on the proposed 

· ethyl 1- dibromosuccinate diet.yl 1-dibromosuccinate, 

ad 1,1,2,3- trans tetraet.yl cyclo-ropane tetracarboxylate . 

h e di ethyl dl- d.bromosucci ate curv was ide . tical to a 

.nown di ethyl f ara e curve. kn own i thyl a eate 

curve was also run and ha a eak at 1625 cm- , whic. i n­

dicated unsaturation in conj u ation o t e este car onyl . 

Neit er th diethyl 1- i :o osuccin te curve nor the 

curve of the tetra - t y erivativ ' of cyclopropane in i -

cated the unsaturation. Bro ine was a so indicate in t . e 

dibromosuccinate curve. Wit this a a in mind, and having 

recently discovered tat e te r - ci cyclobutane der· -

vative was being stea d~st · e u ng ·ts isolation, the 

diethyl dl- d.bromosuccina e thod ,as returne to. Te 

tetraethyl ester derivat·ve of cyclop opa e as been iso­

late again, bu t nit er yd olysis no: sapo~ification were 

atte pt unti f : h r stu yo~ th·s co .pound hrou h 

others ectro etric :: o s c n b car ie out . 



EXPERIMENTAL 

I . 

Dipotas s ium Rhodizona e 

Ten gram O.J.. · a yd- o s . so-i os · tal was reac wi -

25 1 of concent a - i tric aci . • e e c o , as 

stirred cont· nuous y ·~o t:ree ... ors ~ a water bat t 

64° C. brown gas evo V d a,...t 5 inutes. m e solution 

as then di ted wi ..1... 100 0 at 
' .i:o assiurn ac a e 

a ed until o· e - op p 0 r ane· ... ..L.. ye ow co or, nd 

a ate:, or one our .:.n t ~ . e sa t was fi~te ed, 

drie 'J and s tore . T e yiel a 2.5 grams . T e S al - e 

was Kept in the ark and un r n·tro en to pr vent oxidation. 

B. Dipotassium Salt of Tet roxy- p- benzoauin one 

Te r oce ure i the safe as o. i otassiwu r o zon e, 

bu otassium ca bo ate is sed i stead of potassium acetate . 

The y ield was 1 .0 grams • 

c. .:.s odium Sa oxy-p-benz o uinone 

A solution of 240 g of a y o s sodium su i..1...e a· 

90 g of s odium b·carbonate in 800 1 o wa er was ... eate 

c d .t sk it ... one nee 

- 35-
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con.J1e c ted .L o an aspirator , 0 f a- a.:..r hos 'J a· d one for 

t h rmo eter) s use d . .fter addin 360 0 
.... 30 ... er cent a 

a ueous solut ion of g yoxa ..... , a a s run ou ,.1.w·t OU 

heating. After one OU ., t on as eated t o 90° C 

and then t 1 e a r ati o was s 0 e t e s _u t.:.. o· as 

hea ' ed to oiling t n cool 0 roo ..L. peratu.J. e over-

nigh t. The precipi t t e was fil .J.. e d p ce in a va cui 

desicc t or in the dark. me y e was 9.0 grams. 

Note: If tis salt beg·.s to s e 1 i e pin oil, i os 

1·kely as oxidize . 

D. Diso dium Rhodizonate 

One gram of diso ium salt o'"' tetra y r oxy-p- benzo u .one 

was heated in an oven at 170° C for 24 : ours. The sol · 

was oxidized to disodium rhodizonate . T.e yield was approxi­

mately one gran1 . 

E. Rhodizonic Acid Dihydrate 

Te one gram o disodium h o ·zon te as suspen ed n 

20 ml of warm 2.5- hydroc .1. oric ac.:..d 0. 1 o de-

colorizing car on. The so ution was coole an concentr t 

in a vacuu.~ at 35° C. Te sou ~on 

precipitate was added t o 20 1 o 

s iltered and t e 

ioxane a 80° C. Te 

or f~ve i· t s an t n il ter 

The fi ltrate w s cool ed to 20° nd pe ... tane as a de·d u.n i 
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turbidity. Te solutio was cone - t te o a ick curd 

e acid dihydrate . and he preci itate was iso a e 

A v ery.poor yiel o 0.0 a s 

F. 

0 

as 

s obtain 

a o tetrahy roxy- -

of 2.5- hydroc oric 

Five rams o ~ cru e di o 

benzoquinone was dissolve n 

acid. G iste ing blue- blac c ys als ~ r f~lt red from 

the solu ion and bo tled as 

The yield was 3.0 gra s. 

tr ~ydroxy- p- enzo u·none. 

Note : Crude means r acte imme a ely a ter i tered. 

G. Hexahydroxyben zene 

Ten grams of stannous c. oride d~bydr te was adde to 

a solu ion of 1 g of tetra· drox - p- enzo uino e in 20 nl 

of 2. 4- N ydrochlori c acid. 1 en t ere co or disappeare 

and grayis. crystals fore , 25 1 o 2- y roe lo ic 

acid was added. T' e s olution, hic1 as sti re constantly, 

as heated t o boiling. The· e solutio was· emoved ro 

t e hot plate and 60 of 12- yd ochlor · c acid was added 

to it . T~e so ution vas coo~ed int e refr i ra or ov r ­

night . Te filtere d prec~ ita e was dissolved in 4 5 .1 of 

2. 4- hydroc lo:ic ac~d i 0.3 o- stannous loride 

dihydrate and 0.1 go~ c oo· ·z -b ca o . me solut·on 

was fi ~tere whi .ot, an 100 il o 12- ydroc o ic 
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acid was a ded to it. The so 

re .L rigerator overni ht . m e r 

filtration un ... ·t ogen, ,as 

l(ethanol) . 1 2 C ) ' an drie . 
Tne hexaacetate derivative was 

melt.:.ng point was 203~204° C. 

H. Triq u i nyl 

C 

cl 

0 s coo e n ... e 

pitate as collecte by 

ri t 0 of co :, 

.:.n a vac de cc tor . 

nan 

yi ..1.. 

he e iva ive 

as 0 . 6 gr ms . 

One gram of tet a yd-oxy- - be zo~uinone was adde o 

10 ml of concentra e- n·tric acid in 2.5 m- or wate~ t 

Te additions ould be slow.) te five m·nutes 

of s tirring, 3 1 of water wee ed an e solu,tion 

re ours. e w ·te ·recip· t te was cooled on ice fo 

s col ected, 'l s i · ice water an a cetone-ether 

mixture, and dried n air . Te el~ing point was 96- 97° C 

(de o position) . Te liter point is 99- 00° C 

ecomposition) after one rec ys al izat·on . Te yield 

was 0.9 gra.s . 

I . Inf ~are d Cu v es 

Infrared curves were . run o t er odizonat an.:.o 

t etrahydroxy-p-benzoquinone an its anion, and triquinyl . 
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II . 

Activat ed angane s e ioxide 

Two hun re and finty r ms o .an ane e c bonate 

was heated at 300-310° C fo- 13 h 

cooled and adde to 00 m · of rater i 

e sol·d s 

0 m of cone n-

trated nitri c ac·d un carbon d·oxi e n o longer s 

evolved . e so utio vas 1 o e~ to sit for 45 minutes. 

Then t.e solution was fi~tere as d v ·th water, and 

the precipi ate was rie a~ 50- 60° C for 2 4 ours. 

mhe . anganese dioxi e can b reactivate- by eating a 

150-160° C for 2 4 ours. 

B. Bar~um C oconat e 

Eight grams of cru e iso i um tet a y oxy- - enz oquinone 

and 22 g of active manganese d'oxi e we-e stirred into a 

solution of 16 g of sod· ydroxi in 80 m of water. 

After five minutes the so ution was eat d to eflux fo-

45 minutes. Ones ould watc for b pin. fter r flux, 

t e solution was fi ter and the n anganese dioxide was 

washed with 320 n ~ o hot water. he comb·ne- filtr es 

were added to 84 m_ of c o.ce t a t d .ydroch or · c acid. 

solution of 20 of ba c~~-o: i e 'hydra te in 60 ml of 

water was added to t he f' 

was then filtered a.d air dr· d . mne y~el as 7.5 ra s . 
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C. Sodium Crocona te 

Six gra so~ ar·um c~oco t s Je slo ~ly o 50 1 

of 10 pe c ent aqueo s so~ut ·on o a_ ~ydro s s o um carbonate . 

Te sou ~on w s bo·1e 0 · ve . · nutes filt red , an 

washed, it ot at r . o g a i a acet~c 

acid as adde tot co .b_· : e so i 

croconate precipita e as iso d uy filtration . 

yield as o tained by a d ·n 95 er cent ethanol to h 

filtrate. The t otal yield , a s .9 grams . 

D. Anhydrous Croconi c Ac · d 

One gram of barium croconate as ad d to 4 m o 

sulfuric acid a 60° C. · e so tion was stirre m 

barium sulfate pre c ipitate, ~ tere an ashed wi.J_ 

00 

2 1 of hot water . Te co 4, ined 

evaporated t o ryness. The re 

te and wash wee 

ue was ed·sso ved 

1 ml of e t anol and 3 m of ioxane . mh·s so ution was 

con centrated by evapor ti on un il a p- eci itate or ed u on 

cooling . Benzene wast n added · o t e ware solut · on 

until turbidity. The s tion as e left n t l e re-

frigerator overni t. T- e preci ate s ered and 

t~en heated at 120° C f or four hou s. Decomposition took 

place from 148-150 0 c. The yie 
, 

0. 2 as gra s . 
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Fi st Attempte Synthesis 

J.5 grams o isodi n coco at a d 4 .5 rams o re-

activated manganese dioxide s s t · ed ·nto a solut ·o· of 

4 .0 grams of sodium hy _ox· i · 90 

of t h e procedure was ' he ame as o 

FoQr grams of dioa- ium croco· at 

of v · e . r es 

ba-ium crocon te . 

by conversion to t.e annydrous a c· 

s isol ' ed as rove 

byte same rocedure 

as for the bariu_m croconate. Tie ac·ds showe no eltin g 

point depression . 

B. Diethyl Ac etylene Dicar oxylate 

Five grams of ono otassi . sat of ace t yle e 

dicarboxylic acid s a ed to 2 .1 of wa er and 6 1 

of concentrate su nuric aci . Te solu ion was ex r cte 

with f·ve 10 ml ortions of tn 

from t e solution 1 an 

3.9 g of prec·p·tate 

an oily p s 

Thee e 

was l eft . 

ass r~ p e d 

coole , 

or .. ed . 

15 ml of absolute et ano . 

Th o id was dissolv 

me sou ion s sa rate 

hydroc loric gas . Th e so t ·on w st n a cte wit 

in 

wit 

five 10 ml porti ons of ichlorom t1a .e. Te extract was 

washed wi 5 per c e t so di i a ~ ti car o 

dioxide was n o long revolve T e ic o- omet ane was 

emove by re ~ ced res · n - ro uc -1- as at 

25 mm Hg pressure at 120-130° C. The y · eld as 1.2 0 as . 
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.ore runs \Mere .ade with pro: orti o _a te y 1 er t ·t· 61 uan i ies . 

Tet aethyl Ethane Tetraca 

A solution of 4 .6 OI 0 um L 10 ml of absolute 

et anol was added to 32 0 d a on~c es er. 

pproximately 300 ml Ao e ner V s a ed an t. en 25. g 

of iodine dissolv - i was a ed .L o the sol t· 0 . 
T e solution was w she wit ... va ve- • T ether ay r s 

then was ed with ilute so um t.i. · osul ... a e u· ti ..... t ay r 

beca~ e co .... orless. m· ... e o · vvas so- i · f. e ove · ig .t. ·he 

solid was then recrysta liz 

Te el ting point was 74- 74° 

The literature state tJ. t 

76° C. Te yield was 20 gra 

f o~ a t anol- ter air . 

D. 

A 

10 g of 

fte: r c-ysta liza~ion . 

e 1t·ng point shoul - b 

62 s. 

Attem ted Synt~esis of Hexaethyl 1,1,2,2,3 ,4-
Cyclobutane Hexacarboxylate 

solution of 6 g of ietny acetyle -e dicarboxyla 

tetraethyl 1,1 , 2 ,2- t ane e racarboxyla e in 3 

or absolute ethanol was wa e:, to 50 Cun er anhyd- ous, 

stirred con itions. Thr e tent s of a g a .. 0 ~ sodium 

dissolved ·in 4.2 ml of abso .... Qte .anol a s a ed to t e 

m 

. solution dropv~se an ue soluti on 

turned brown and was ref_uxe 3 ho rs wiv s rri. Te 

solution w s poure into 20 ml o 3-

It was then extracted wit et er. 

ydroc lo i c acid . 

... e eth r was s ripe 

a 
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and t e residue wa s aade 0 0 0 80 - cent et1 ano ..... 

The solutio was 1 t ov t , r e ri erator . The 

melting oint of t e i t p t 1Va s 75-7 
0 C. m ...... e 

reported meltin - oi t 78° ('( 

v • 
63 Th el s 4 .8 

g .. an s. later mix d el tin 0 n · th t t thy_._ tha e 

te t racarboxylate gave no 1 oint de - ssion . 

E. At tempted Syn~hesis of 2 4- Cyc l obutane 

solutio· of . 8 g o'"' t ro _ osed exaet y 

1,1, 2 , 2 ,3,4-cy clobutane exacarbox a 

c entrat ed hy r och loric acid a ref u.x 

Care should be taken t o us a lon c ol 

8 1 o con -

f or t o days. 
, 

, for ro-

c l oric gas can escap . Te refl x d so uti on as on­

centrated, and a precipita e as isolate ~hat melte at 

187- 188° C. The neural 

ixed melting point s 

iv·1 t as oun o b e 55.7 . 

k n i . s cci ... · c aci , a 

tnere was no melt· ng oi t e r ss · o· . · t a io... cu- ve 

· was run with O . 1 - N so d i · y roxi ~e . mhe titration cu ve 

indicated two titratab e y rogens. 

tat succinic acid waste iso a 

he cone us ion a s 

- reci i ate . T.1. 

di- (p-ni trob enzyl) succi at erivative confir ed th·s . 60 



F . D·methyl /Ialeate 

Sixty grams of ale~c anhydri ms a d to 100 m 0 

.ethanol an 5 m of co· c . rate a c· d . h is . ix-

ure was refluxed fo 3½ 0 rs ... a te ba 0 .:..mate..i..y 

60 ml of xcess me hano wa d.:..st· _._ e 0 T en a li 1.,tle 

w ter and soli sodi C rpo· a as a d t o t .e pot 

.1. esi to neutralize t cid . T so t · on was 

ex rac t ed it et e- a ove.1. so "i u at . 
pproxi.at ly 60 gra s ' s s 1 :, at 204-210° c. 6 m' .. e 

ethyl ester was ade by a s .. i a - oce u e exce t ab 0 ut 

ethanol instead of methanol was s 

G. Die thyl Furnarate 

The 60 grams o 

16 ml of piperidine. 

thy a e e I s so iz 

reac on as v ry exother ic, 

so pre cau~i ons had to be ta 

fumarate t.at sub1· - s. e , T_ i 

o co _ec 

C ys 

..J.. " 

s \! ere , isso v 

in ether and ten washed i t 5 r cent ydroc or·c aci 

t o remove e piperi , · n The as n s 

of, and t h en t e soli s - crys tal ize wit e no . 

The melting point was 102--0 ° C 

point stated by the lite ture . 60 T' 

i/ s e elting 

yield was 12.0 gra s . 
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H. Tetramethy c:..s, tra ns cis 1 ~2 , 

Te t r a c a r boxylate 

T·e ... grams o d · e ny f a .... a v vas d:..sso ..1.. ve d i ... just 

enoug (approx· .ate~y 20 

pletely issolve t e ste 

evapor te s fast~ ha th 

e 

s wir~ing the sam- le ~~ssel on ~op 

c· _or e to co -

t, y ne ch ori :i e 

te , a c eto e . 49 ~ -l ... 

s ea.. bath, t n 

l ayer of dimethyl f umarat as de~os·t d. T is w s then 

excited by the mer cu y va or a:c u ~tra- v·o ~et lig. 

(Hanovia) for 24 ou:s. r a ction vs el was kept 

satisfa ctorily cool e fro 20-23° C rou .. o t t r ct· o ... 

+ 
V • by running water throug t e jac 

will vary and nust be c e ek T~ reaction v e sel.w s 

also placed in a large aker of wate_ .... fter t e exci at ·on, 

30 ml of benzene was added t o t h reac tio v essel t o w s 1 

the crystals out of the v ssel L. ... · o a whne_ f u ·.el t o be 

fi tered. The solid was a she 

benzene until the solid ta r 

30 

in n C
1 in fLLimel 

melt d rom 144-145° C. 5.15 g:. .s o unreacted met y 

f umarate was eisolat ~ fro t ... e enze e was h solution. 

The yield of the tetramet y est er derivative of cyclo­

butane was 4 .2 grams . 
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I. obutanetetracarooxylic Acid 

1. Hyd o ysis 

The 1.05 gra ~s oft a ste_ "" s a d o Om 

of concentra ed y ro e ... oric C so ution a uxed 

f or½ our and en the sol t· o a s r e u c e ~ressu e is-

tilled. fter 58 1 ·.of y roe 

pressure dist · led, a ·te 0·1 as otic e nea th 

t ermome ter . T,_e s o u tio s f · te: ; a ... 0. gr s of 

acid, 1 ... ich decom osed t 22 5- 230° C s isolated . e 

... educed ressur d"sti_la io was co .ti d on t ... e i rate 

until steam distil a ..L. · 0 - of - e ac~d was - d. C t ag in 

( ::f 11 ml n ore sti at n ot e:. 0.25 g of ' h 'tet a -

a cid was isolated. m_ e met · g po as 230-232° C 

decomposi t ion). This con 

0.53 grams . 

2. Sa onification 

unt i t ota yi ld as 

The 2 .81 grams ofter e~ yl es e was !ixed i t 

80 ml o 25 per cent s o i um iydrox · e sou ion was 

refluxed for t ree hou s .. m so u ion as foamy and sti 

had s olid on top of ie fo a .. ~..L. t ux . T1 
• .:.s soli d l.J 

was filtered , and 0. 80 grams was is o ated . Concentra t ed 

sulfuric acid (3 . 0 m 1as ad. e 0 0 . 2 r . s 0 t· ... pre-

cipitate . A it e so_ r d 0 VO t ion 0 a 
' 

and the so ut · on as fi er Q., _6 - ams 0 pr c.:.-

pitate melted fr o 229-232° C ( co OS . t' on . 
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J. ff ixed Me ting Po ints 

ixed melting poi· ts a ~e wit fumaric aci fo 

b o th i s olated a ci sand bo~, gave tin poi t epr e sions . 

mixed melting po~nt o~ e 0 ate ci not 

give a melting p oint depressione ~- e te ra-ac·d eye obu ne 

derivative was ti trat e T° th 0. 0895- r sodium hy rox · e . 

Th e neutra equivalent was 56 . 7. 

J . Attemp ted Synt h es~s o Cis,trans, cis 1 2 2 ,3 2 4-
Tetrahydroxy Cyclobutane 

Vinylene carbonate (1.0 1 as issolved in 12 1 O~ 

a ceton e. Th e solut~on was xcited for 24 hou s wi t· coo~ing. 

A brow precipitate (0 . 05 gr s) v ich wou not dissolve 

in acetonitrile as he litera u:. e ta te - j was fil te ... e fro 

the solut·on. 57 (Tl e C ysta as re orted to subli.e av .l.. 

150° C and de compose at 320° c. This iso ated p ecipita e 

did neither . Te distillat·on o a ce tone fro th f·1 ·rate 

only eisolated viny _e ca rbo a m at pt to hy ro yze 

the adduct with 0.7 ml of 1- so,iwn hydroxide by heati_g 

for 20 minutes caused :o c a . ge. Exc · tations nor eriods 

of 1 2 and 5 h ours had n o better res ts . 

* The author wises t o xp ss t ~a:lks o B . B . Ber· ar 

who made seve a l oft es r s . 
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K. 

n rared c v es :re no dime ... y ma at e , di et yl 

tet acarboxylate, ar~ a c ·d cis t - a ns , cis 2 , 3 ,4-

cyclobutane t racarboxyl·c aci i so i f a rate , 

tetrasodium cis ,tra· ~ , cis 1,2 3 4-cyc ob t ne et ac 
,· 

boxylate, an the po y er f o vi· y n ca bon e 

excitation. 

L. Attempt ed Syn 

1.72 grams of lit !i a w s cut into 23 

d s a ed to 30 .p a ... y 0 s 65 6 .l.. 

Ii ethy ox e in 30 m of a 
. 

yd . er as a de 

piec 

ra 

s 

to the lithium et er m·xtur . so ution 1as refl 

s 

s 

0\ ...... y 

xe 

on steam bath fo 2 OU s n y 0 s co itions. 

T solution tur e ye ow L,,. L · an he 

yellow disappear d as a gr ay p_ec · p·ta e or ' ... e 

ether layer did n ot appear o a ve o ,, e v ry uc 

during reflux. t teen o t e ref x ~o to~ t h 

lithium metal was r ·so 

was 1.69 grams. , • e 

reactio ... ? the ether in t. e 

· :The methy 1 · t .J. · um is + _ t 

ei 1 t 

1 · t h · etal afte the· 

ng ~ ask t ur ed yellow . 

cessary o convert t e 

tetra-aci to h e t t r a.. t y l · .. t n • 
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·1v . 

A. D_y Bromi· e 

An equal portio o co ... c a sul ric aci was 

used to wash the b_o e s a t ory 

B. D.:..ethyl 

omine 46.5 gr s) s a e ro e o a 

so ution of 50 grams o y t an :1 250 .... of 

a .. ydrous et.er. m er a c t· o vessel 

direct sunlig ... t i th a o ml .. 

i ediat reaction, sot.e s 1 

ours. T.e solut·on a 

solution was was 

neutralized {·th dil 

was drie over a nesi 

et e was distilled o~ 

r 

d.:.lute 

s · a 

m .. e 

i entified as t e meso-iso. 

0 

C 

• C 

i 

t 

e 

s ot cte ro 

s no rent 

s r f ux fo' 3 

· h e 

and t en 

t .Ler l ayer 

e 

s ·1tere an 

- a . 57-5 o C. 

Te liqu.:.. distilled at 137-13 o C t 1 g, i c w s 

.,. e reported boL .. ing oi· 

yield was 20 grams . 

0 tis o. 0 s 58 m e 



-50-

c. Attempted 1- Dibromosuccinate 

Tis was r exac y syn.L. s 0 .... 

dib o .osucc~nate, but as se 

of diethyl ma eate. so t ion 

che ry r so it was a c or 2 · 

wh~ te solid preci it ted o t t 
,... 
ro. 

Te ixed melti g oint ith di et~y f ara e 

melting point epressio- • 

D. o\, o< 1 
Dib omosucc · nic 

i thyl dl-

s ea 

as s..t..i 

.i..O r . 
00-_ 20 C. 

v no 

Te 13 . 1 ml of d-y b: op~ ise t o t e 

25 grams o ... o_ten a C a a 9 ° C. t 

ad it · on, t e so u v o- ms as e 11/ • · h s p o s 

a d t en neutral~ze ·pit so i 

1as extracte wi t et-er. 

car o ate . 

as d's e o .1. 

and very 1·ttle oil as let. crysta liz e ... 

stirred vigorously an s found o el a 30- 32° C. 

Te literature me t·ng oint 

an insignificant amou t. 

E. Tetraethyl 

66 

40 ml so utio of a so t e .L. ano 

t o - 7 . 5 0 r 1. S 0 

Te yiel was 

Tet acarboxy ate· 

2.5 - a s 

_onat . T of sodium was ad 

solution was coo e y n ic e- s t bat to e o~ 5° C a ... 
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was stirred me chanically e T 18 rams o d·et yl dl-

d~bromosuccinate was ad ed dropwis ep ng the t mpe a-

re ye~ o as : e ture below 5° C. T~ e sol tion 

dib~omosuccinate \as added. ft~ ~ne ad · t ion was com-

plete, the red- brown solu.,J...:..on a s re l ux on as ea 

bath for one hour. T e s · rr · ... g ~, s continue t ro.... ...ou 

the reflux . mhe solution w s coo and t ... 

with 150 ml of ether. T echer ayer a s -r·ed over 

agnesium sulfa.,J..e and t~en h so u tion as filtere d . 

1h e ether wa s distille a n a r ec· itate for ed. 

pre c i itate was filter d and the so id isolated ne te at 

75- 76 ° C. A mixed melti g poin wi ' t trae hyl ethan 

tetracarboxylate showed o me ..... t· ng point epress · on~ _he 

filtrate was then se t up fo. u ced press e dist.:..llation . 

Once having re u c ed t h e pressure to 0.7 L Hg, nore 

precipitate was for ed. ltho gh tis pr cip ·tate will 

distill over at 138- 145° Cat 0.7 g pressu e, t e 

precipitate in the pot cause .. uch bum· ing. : us .:. t ;yas 

better t o filter again and v e· ore uce ·ressure distill . 

There were two fractions. ne '"'irs t f ac t io ist· le at 

37- 40° C at 65 mm g press· - e an ·, s conc ..... u d to be 

et anol by its physical cos a· ts and inf are 

mhe second fract.:..on d · st· ..... ..1..e d a .,J.. 0 
C at 0 . 7 Hg 50- ..l.55 mm 

:pressure, w ... i c was o.:. os e to be he t t_aet yl est 

derivat ive of cyclo r o a · ... e. T r or t oi-in oi... t 

was 187° t 1 lJU 
TT pressur 58 m' ... e 0 a t iv i X s ;. .,_ 0 .,j,.. 
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1 . 443 and density i 1.0. 

F. 

... ed c 

t e precipit te tat was 

p rat·on of imet·y1 . 1-.-

e yi 

1 1,2, 3-cyclop o·ane ~ raca bx a e . 

1 s 5. 2 ra s . 

ibro· osucc na 

t ate. d -

a te -ae y l 



SUII/Irlt\.RY 

The B eye -v·1 r ox a io o t cycl · c carb oxy ic 

acid d iv tives se .s ~ob _ e o a t 1 ... e 

for at.:.on of h ydroxy cycl·c e t ... oroug 

st y of tne res onanc 0 s c. 0 = s 

indicat s that ~e hy oxy v t·ves soul eas y 

oxi ized to t_ e 

e r searc ... ers , 0 ~ i 0 lo 'I r are s ver 

steps t. at sho d e n . f o s y 

of 1,2 , 3,4-cyc ob t n e etr car xylic a c as 

irecte .:.n t is pa er. i ... ca os s . ~ y 

e prepare by cu.ttin int o a 1 p i C s, 

per aps ribbons could t · pr a '.:.on 

shou d be un r a ... i trogen at os- h 

vinylene carbonate shou d b co ed by g a ... 

ultra-violet light s ectr s a i e:. C us e 

during the excitation . 1 ss conce ... t so on o 

vi-~lene carbonate i t e ac to· em ya lo d. er·zatio 

to occur rather than 1·near : o y 

diethy dl- dibro osuccina ust 

Perhaps a nuclear~ agnet·c _ es o 

determine : e str cture o 

synthesi s -(ie. ethyl c oroace 

· zat · n. T - opos 

e t 

sp ctrum co 1 be t er 

carb e 

y .t:'umara 

in tne pr sence of sodiurn ! · de ~ ... ay b a tte- ap roac 

t th th b d . 67 o e ree- mem e e ring . ou .1. ... i.., .. a s oe n 

- 53-
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s ug es d at the t hree- . . ber e rin ca b for t rou h 

met yl diazoace ate ..., meth _a a ... e, 68 the 1 · t ratur e -
has wa:ned of the exp osive ss of d.:.az o co oun s . 6 
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