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FOREWORD

This Final Report describes the work performed by the
Chemicals and Materials Research Department , Ultrasystems ,
Inc . during the period from 10 January 1975 to 10 January 1976
under Contract N00024—75—C—50 61 .  The investigations were
carried out by K. L. Paciorek , T . I. Ito , and R. H.  Kratzer ,
Program Manager. This contract was administered by Naval
Sea Systems Command , Code SEA-0352 , with M. Kinna as the
Project Manager.
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1. ABSTRACT AND SUMMARY •
1

The goal of this investigation was to apply the modified benzom

condensation , used successfully- in the synthesis of unsubstituted

para-bis (ph3nylglyoxyloyl)benzene , to the preparation of substituted

para-derivative s as well as to the production of selected meta and

ortho isomers .

Using this process the substituted compounds: p-bls(p-

me thoxyphenylglyoxyloyl)benze ne , p-bis (p-hydroxyphe nyiglyoxyloyl)

benzene , and p-bis (p-chlorophenylglyoxyloyl)benzeri e , were obtained

In yields of 41 , 16 , and 46% , respectively. The formation of the bis-

cyanohydrin intermediate was unequivocally proven by its transformation

to the para-bis-hydroxy acid .

The extension of the modified benzoin reaction to the synthesis

of meta and ortho isomers of p-bls(phenylglyoxyloyl)benzene was to

date unsuccessful . In the case of isophthalaldehyde the intermediate

bis-cyanohydrin was unexpectedly stable , which under the conditions

employed prevented its condensation with benzaldehyde . This

material was characterized by the hydrolysis to the meta-bis(hydroxy

acid) . Reaction of benzaldehyde cyanohydrin with lsophthala.ldehyde

resulted in hydrogen cyanide exchange and formation of the bis-

cyanohydrin of lsophthalaldehyde and benzaldehyde . The cyanohydrin

derived from phthalaldehyde appeare d to undergo self-condensation

above 0°C; at lower temperatures no reaction with benzaldehyd e

occurred. 
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2.  INTRODUCTION AND RATIO NALE

Previous inve stigations of polypheny-Iquinoxaline s , principally

the polymer deri ved from the condensation of diaminobenzldlne with p-

bls(pheny lglyoxy loyl) benzene , have show n these materials to exhibit

a number of pote ntial advantage s for application in many advanced

DOD systems. In addition to good flame resistance , excellent thermal

stability , and good film and fiber forming characteristics this polymer,

when reinforced with carbon fibers , provides excellent ablative s for

advanced missile thermal protection and potential hig h temperature

structural materials of reduced weight. The high impact resistance

and the pronounced capability for shock attenuation furthermore make

this polymer very attractive for those applications where these properties

become important to survival , e .g . ,  in nuclear encounters . These

latter propertie s result from a low thermo-mechanical coupling coefficient

(Gruneisen parameter) and an enormously high strain energ y to failure as

shown in Hopkinsori bar experiments .

Pclypheny lquirLoxallnes are curre ntly being investigated at the

Army Materials and Mechanics Research Center to develop flame resistant

protective clothing and by the Aerospace Corporation for the Navy and the

Defense Nuclear Agency to produce items and components for applications

where nuclear hardness Is a prim e objective . Other studies are directed

at utilizing polypheny iqulnoxaline s in high strength-low weight system

components , in energ y- absorbing (energ y managing) structu res ,  as stable

and well adhering protective coatings , and as stable , non-corrosive

adhesive s .

To most effectively exploit polyphenyiquinoxaline (PPQ) technology

It was first necessary to find a simp le , low cost synthesis route to the

preparation of p-bis(phenylglyoxyloyl)b enzene since this compound was

by far the most expensive of the two comonomers needed for the preparation

2  
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of the base polymer and for all practical purposes economically not

feasible even for high pay—off applications.

Thus , In the preceding program a process for the economical

synthesis of p -bis(phenylglyoxyloyl)benzene was developed . It was

show n that bis-aldehydes , as represented by terephthalaldehyde can

undergo a modified benzoln condensation with monoaldehydes , e . g .,

benzaldehyde , provided the two aldehyde functions present on the

phenylene group are suitably derivatized. The specific compound used

was the terephthalaldehyde bis-bisulfite adduct and via this inter-

mediate a bis-benzoin was obtained which was then readily oxidized
to p-bis(phenylglyoxyloyl)benzerie .

The second requirement was to provide a selection of

bis (glyoxyloyl) benzene monomers in order to allow tailoring of polymer
propertie s , to Improve handling and processing characteristic s of the
resin , and in general to produce the monomers needed for the prepa-

ration of materials of larger property ranges for current and envisioned

applications . Utilizing p-bls (phenyiglyoxyloyl) be nze ne isomers and

suitably substituted derivatives Is expected to lead to polymer systems

which offe r alternate routes for chain extension , which are capable of

forming readily processible prepolymers , or which contain cros slinking

site s so that echanical properties , char yields or e .g .  , degradation
products , cou ld be varied and controlled as desired .

Consequently the logical approach taken in this second phase
was to determine how applicable the modified benzoin condensation Is
to the preparation of other bis-glyoxyloyl comonomers , both isomers and
substituted derivative s of p-bis (phenylglyoxyloyl)benzene .

3
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3. RESULTS AND DISCUSSIO N

The objective of this program was to determine the applicability

of the modified benzoin condensation to th~ synthesis of substituted

p-b ls(phenylglyoxyloyl)benZefle s and its extension to the formation of

the meta and ortho Isomers . For clarity of presentation the technical

discussion will be divided accordingly-.

3. 1 p- Bis (phertylglyoxyloyl)benzene s

Based on the work performed to date It is believed that the

sequence given below illustrates the modified benzoln condensation:

C6H4 [CH(OH)SO 3NaI 2 
KCN 

~ c6H4EcH orncNJ 2 ÷ 2 N a K S O 3

C6
H 5CHO

O H  C N H
U I  H N  I

C6H 4
[C-C-C 6H 512 

-
~~
- C6

H
4

[C—C--- C6H 5
]

2
OH OH OH

Under the past contract 1 what appeared to be the bis-cy-anohydrin

was Isolated , however at that time it was characterized only by Infrared

spectral analysis. It has been now established by- hydrolyzing the

cyanohydrin to the t~-hydroxy acid , i. e . ,

C6H 4 [CH(OH)CN]
2 ~~~ C6

H
4CCH(OH)COOHI 2

that the cyanohydrin Is indeed formed . The acid did not have an observable

melting point , 2 however its DSC curve (Figure 1) exhibited an eridotherm

at about 220 °C. The latter was found to correspond to lactlde formation

4 
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0 a

p- C 6
H

4
[C H (OH ) CO

2
H]

2

as show n by- the thermogravimetric analysis we ight loss of 12. 7% (see

Figure 2) in reasonably good agreement with the theoretical value of

15.9% calculated for the above process.

By using the bis-cy-anohydriri in the condensation reaction it

is predetermined that the monoaldehyde must  act as a hydrogen acceptor.

Based on the data give n in the literature the 4-methoxybenzaldehy-de

in its condensation with benzaldehy-de is the hydrogen donor. Thus one

would expect 4-methoxyb enzaldehy-de to react less readily with the

in situ formed bis-cy-anohydrin than benzaldehyde . The experimental

findings confirmed this prediction since the preparation of the

p-methoxy--p-bisbenzoln required more vigorou s conditions , i. e . ,

longer reaction period s and a higher reaction temperature than the

synthesis of the unsubstituted analogue . Unlike the parent unsubsti tuted

p-bisbenzoin , the methoxy substituted material did not solidify from the

reaction mixture upon cooling . Therefore , isolation of the crude sub-

stituted p-blsbenzoin was effected by distillation of excess p—methoxy --

benzaldehyde . The pure p-methoxy-p-bisbenzoln was obtained by crystal-

lization from ethanol. Oxidation of the crude re sidue using the ammonlum

nitrate—cupric acetate-acetic acid system gave the substituted bisberizil

in an overall yie ld of 40 . 5%.  Tre a tment of the p-b l s(p-methoxyphenyl-

glyoxyloyl)be nzene with aqueou s hydrobromic acid-glacial acetic acid

gave the p-b l s(p-hy-droxypheny- lgly -oxy loyl)benzer ie in an overall yield

of 16% . The reaction scheme is given below .

6
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p-C 6H 4[CH (OH)SO 3NaI 2

J
KCN

p-C 6H 4
[CH(OH)CN] 2

J 

p-CH 3OC 5H 4CHO

p-C6H 4[C (O)CH(OH)C 6H 4OCH 3-pJ 2

j  

NH~ NO~~, Cu(O 2 CCH 3
)

2
, CH 3CO 2 H

p-C 6H 4 [C(O)C(O)C 6H 4OCH3
-p}

2

HBr/H 2 0 , C H 3CO 2 H

p-C 6H 4[C (O)C(O)C 6H 4OH-p]
2

Inasmuch as p,  p ’ -dimethoxybe nzoin and p ,p ’ -dimethoxyberizil

are pote ntial by--products in the synthesis  of the bis-analogues, both of

these compound s were prepared for comparison purposes using literature
- 

- procedures .
7

The addition of the in situ prepared terephtha laldehy-de bis-

cy-anohydrin to p— chloroben zaldehyde followed by- oxidation gave the

p—bis (p-chloropheny lgly -oxyloyl )benzene In 46% yield . The intermediate

bisbenzoln was purified by crystallization from ether-petroleum ether

mixture . For comparison purposes both the p ,p ’ -dlchloroberizoin 8 and

the p , p ’-dichlorobe rizil were prepared.

Both the methoxy - and chioro moieties are nucleophi l ic in nature .

Thus it was of interest to determine whether  the modified condensation

will also occur with an electropI~ilic substi tuent . The specific compound

8 
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chosen was nitrobenzaldehy-de . No desired product was Isolated , the

failure of this reaction could very well be due to the electron with-

drawing action of the nitro group resulting in the deactivation of the

carbony-1 function as hydrogen-acceptor . 10 It should be noted that

p-nitrobenzaldehyd e Itself doe s not undergo the benzoin condensation .3

In view of the successful preparation of the methoxy- and

chioro-substituted bisbenzoins it can be concluded that the modified
benzoin condensation , at least insofar as the para isomers are con-
cerned , offers a general type of a method and is not limited to the
pare nt compound .

3 . 2 m—Bis (phe nylglyoxyloy-l)be nzer ie

Attempts to prepare m-bisbenzoin via the conventional benzoin con-
densation using isophthalaldehy-de and ber izaldehy-de in the presence of
potassium cyanide failed to yield the desired product; rather what appeared
to be telomers of isophthalaldehyde derived benzoins and other unidenti-
fied condensation specie s were produced in analogy with the studies using
terephthalalaeh~ ..~~. Employing benzoin instead of be nzaldehyde in the
condensation process with isophthalaldehyde failed to give the desired
conproportionatlort :3

C6H
5

C(O)CH(OH)C 6H
5 

+ 1 , 3-C
6 H 4

(CHO)
2

.f
KCN

1 , 3—C 6H 4t C(O)CH(OH)C 6H 5]
2

Accordingly, the modified benzoin condensation approach was
tried next . Unlike the preparation of the bis-bisulfite  adduct of
terephtha laldehyd e , the sodium bisulfite adduct of lsophthalaldehy-de
did not precipitate from the aqueou s solution upon the addit ion of isophthal-

9
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aldehyde to the sodium bisulfite solution. However , modification of the

solvent medium , by - the addition of alcohol to the sodium bisulfite

solution , did result in the precipitation and Isolation of the adduct in

quantitative yield .

The reaction of the in situ generated lsophthalaldehyde b is—

cyanohydrin with benzaldehyde followed by distillation of the excess

benzaldehyde and residue oxidation did not afford any products re-

sembling the sought m—bisbenzi l . A series of reactions were conducted

varying the solvent and addition mode . These are summarized in Table

I and essentially follow the procedure s found optimal for the synthesis

of the p-blsbenzoln . Determination as to whether the desired m-bis-

benzoin had been formed was made by- oxidation of the “ condensation

product ” followed by attempts to isolate the desired m-bisbenzil .

Under none of the conditions tested was m-bisbe rizoin apparentl y formed,

based on the lack of detecting any m-bisbenzil on oxidation of the residue

obtained upon the removal of benzaldehyde and other volatiles.  In the

absence of ethanol , only traces of benzoln appeared to have been pro-

duced . However , conducting the process in the presence of ethanol

resulted in a 50-68% yield of benzoin . The formation of benzoin could be

explained by the following sequence :

m-C 6H 4(CH (OH )CN] 2 + 2 C6H 5 CHO m-C 6 H 4 (CHO ) 2 + 2 C6H 5CH (OH )CN

C6H 5CH (OH )CN + C6H 5CH O C6H 5CH (OH )C (O )C 6 H 5 + HCN

In accordance with the above scheme , for every mole of isophthalal dehy-de
bis-cyariohydrin employ-ed two moles of benzo ln should be formed . Yet it
was found that In the absence of ethanol (see page 16) the reaction occurs

L 

predominantly In the direction of the bis -cyanohydrin . tt would thus seem
that one is dealing here with a rather  complex mechan l sm ,not the over-
simplif ied sequence give n above .

10 
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Infrared spectral analysis of the material isolated from the inter-

action of potassium cyanide with the bisulfite adduct of lsophthalaldehyde ,

showed tha t the m-bis-cyano h ydr ln was fo’~med . Th is was conf irmed by

hydrol ysis of the cyanohydrln to the a-hydroxy acid

H O
m-C 6H4

[CH(OH)CN] 2 HCI ‘ 

m-C 6H 4[CH(OH)COOH]
2

The DSC curve of the acid (Figure 3) exhibited one endotherm

at 157°C, corresponding to the observed melting point , and a second

endotherm at about 220 °C. As In the case of the para Isomer the latter

endotherm is most likely due to lactide formation since the weight loss

calculated from the TGA (Figure 4) was 11 . 3% (theory 15 . 9%):

m-C6H4CCH(OH)C0 2 HJ 2

It should be noted that the lsophthalaldehyde bis-cyanohydrin

appeared to be surprisingly thermally stable . Interaction of the isophthal-

aldehyd e bis-cyanohydrin with benzaldehyde at 90 °C In the absence of

solvent resulted in the recovery of starting material . Performing a parallel

reaction In the presence of an acid acceptor , triethylamine , with or with-

out ethanol as co-solvent , gave a product which on oxidation formed what

appeared to be aromatic acid s and/or aldehydes (see Table II) .

In view of the failure to effect the desired condensation utilizing

the isophthalaldehyde b ls-cyanohydrlnAenzaldehyd e system , attention was
— directed toward the reversed functionali ty,  I . e . ,  isophthalaldehyde and

benzaldehyde cyanohydrin (mandelonitrile) . The interaction of equivalent

quantit ies of in situ prepare d mandelonitrile with lsophthalaldehyde re sulted

12
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in almost quantitative yields of benzaldehyde , some isophthalaldehyde

bis-cyanohydrin and the formation of what appears to be condensation

products of the lsophthalaldehyde bis-cyanohydrin:

2 C 6H 5CH(OH)CN + 1, 3-C6H (CR0) 2

II

2 C6
H

5CHO + 1, 3-C6H4
[CH(OH)CN]

2 
+ condensation products

Conducting an equivalent reaction but employing the isolated

mandelonitrile together with isophthalaldehyde (In the absence of

solvent and the inorg anic salts) resulted In a quantitative exchange , i. e . ,

2C 5H5CH(0H)CN + m-C6H4 (CHC) 2 
- 2 C6H5CHO + m-C 6H 4(C}i (OH)CN] 2

This serie s of reactions Is summarized in Table III.

The results obtained tend to indicate that in the processes In-

volving benzaldehyde or its cyanohydrin the preferential formation and

the stability of the lsophthalaldehyd e bis-cyanohy-drin prevents the con-

densation from occurring . It could not be Ignored that utilization of a

different aldehyde could provide a driving force for this reaction to take

place . Thus the in situ generated lsophthalaldehyd e bis-cyanohydrin

was reacted with p-rtltrobenzaldehy-de and p-chlorobenzaldehyde . With

the former aldehyde no substance which could be Identified as the bis-

benzoln was isolated. Oxidation of the Intermediate obtained from the

p—chlorobenzaldehyde reaction resulted In the isolation of trace amounts

of p , p ’-dichlorobenz il but none of the desire d m—b ls(p -chloropheny lg ly oxyloyl)

benzene was detected .

The failure to date of the modified benzoin ~eaction to lead to benzoin

condensation of the lsophthalaldehyde does not necessarily mean that this

process could not be induced to occur provided the right conditions are found .

4.
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The point well worth stressing is that the bis-cyanohydrin has been

produced and It is believed that this compound can be made suscept ible

to underg o the desired condensation in a solvent medium of appropriate 
S

polarity , ionization strength , and Ion concentration.

3 .3 o-Bis (phenylglyoxyl oy-l)benzene

The synthesis of o-bis (pheny -lg ly-oxyioyl)benzene was not extensively

Investigated . The phthalaldehyde bis-bisulfite adduct was prepared in

87% yield according to the procedure used in the preparation of the meta

Isomer. Reaction of the phth alaldehy-de bis-bisulf i te  adduct with

potassium cyanide failed to result in the isolation of the phthalaldehyde

bis-cy-anohydrin due to what appears to be its extreme instability at

temperatures above 0°C. Initial studies of the modified benzoin conden-

sation using the phthalaldehyde bis-bisulfite adduct tend to indicate that

the phthalaldehyde b is-cy-anohydrin Initially formed undergoes some type

of seiE-condensation . Based on this result , lower temperature s and

solvent mixtures were utilized in the subsequent studies. The experi-

ments conducted are summarized in Table 1V. These data tend to indicate

that the extent of self—condensation is reduced at lower temperatures but

that the use of ethanol as co-solvent did not seem to have any effect on

the condensation reaction . In none of the reactions was the desired

o-bis-benzoin produced. Here also the proof whether the desired bis-

benzoln intermediate was formed was based upon the isolation of the

respective bisbenzll from the oxidation of the residue remaining after

removal of excess benzaldehyde and other volatiles.

In view of the limited study performed with phthalaldehyde it is

difficult to arrive at any meaningful conclusions regard ing the ultimate

feasibility of this process. It is obvious , however , that the

phth alaldehy-de cyanohydrin , if formed at all , (its presence has not been

established) is exceedingly unstable . If one compares the three isomeric

18
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systems It is tempting to speculate that the successfu l condensation
carried out In the case of the para—compound is due to the “ r ight”
reactivity of the terephthalaldehy-de cy-anohydrin . In the case of
the meta isomer the cyanohydrin is apparently- too stable or

internally- stabilized to undergo the desired condensation. In the
ortho system reactivity leading to self-condensation predominates ,
most likely due to steric effects Inasmuch as the electronic factors
should be comparable to those prevalent in the p-analogue .

3.4 Summary and Conclusion

To summarize , the previously - developed modified benzoin

condensation was successfully- exte nded to the preparation of p-sub-

stltu ted 1 , 4—bls(pheny -lg lyoxy loyl )benzene s such as the p—ch lor o— ,

p-methoxy- , and p -hydroxy--materials. Although to date the process

was not successfu l In synthesizing 1, 3-bis(pheny-lglyoxy-loyl)benzenes

a potentially useful precursor for comonomers , 1 , 3-bis-cyanohydrin

be rizene , was obtained and its Identity established by conversion to the

corresponding bis-hydroxy acid . This compound In itself provides an

important monomer precursor of the meta-gly-oxyloyl-berizene sys tem.  

—
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4. EXPERIMENTAL

All chemicals and solvents were employed for reaction as re-

ceived . The reported melting points are uncorrected. Infrared spectra

were recorded as Kel-F/Nuj ol double mulls with a Perkin-Elmer 21

Infrared Spectrophotometer , molecular we ights were determined with

the aid of a Mechrolab Vapor Pressure Osmometer Model 302 , while

the differe ntial scanning calorimetry (DSC) spectra and the therm o-

gravimetric analysis (TGA) traces were obtained with a DuPont 990/95 1

Thermal Analyzer. The elemental analyses were performed by-

Schwarzkopf Microanalytical Laboratory , Woodside , New York .

4.1 Preparation of 4 , 4 ’ -Dlmethoxybenzoin (Anisoin)

2 p-CH3OC6H4CHO KCN 
- P-CI-I30C6H4C (0)CH (OH)C 6H40cH3 -p

A solution of p-methoxybenzaldehyde (5 .26  g ,  38.6 mmol) ,

potassium cyanide (0 .54  g ,  8.3 mmol) , water (7 .5  ml) and ethanol (7 .5 ml)

was heated with stirring at 83-105°C for 5 hr.  Subsequently, additional

potassium cyanide (0.52 g, 8.3 mmol) was added and the solution was

refluxed (117-125°C) for further 6 . 7  hr. The two layers that formed upon

cooling were separated . The organic layer solidified upon cooling in the

refrigerator . The solid was washed with ether (10 ml) to yield a light

yellow powder (1.65 g, 31 .4% yield , mp 103-107 °C). Recrystallization

from aqueous alcohol afforded light yellow needles of anIsoin , mp 108.5-

110°C (lit .7 113°C) .

4 .2 PreparatIon of 4 , 4 ‘ —D lmethoxyb er izi l  (Anis ill

p-CH3OC6H4C(O)CH(OH)C5H 4OCH 3 P ~~~L p-CH 3OC6H 4C(O)C(O)C 6H 4OCH 3 P

A solution of anisoin (1 . 04 g ,  3 . 8 mmol) , ammonium nitrate

(1.01 g,  12.7 mmol) and cupric acetate (0 .02 g ,  0 .1  mrnol) in 80% acetic

acId (20 ml) was heated at 104— 114 °C with stirring for 2 . 5  hr .  Upon

cooling , a precipitate was formed , it was f i l tered,  and washed with water ,

21
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S systems It is tempting to speculate that the successful condensation

carried out in the case of the para-compound is due to the “right”

reactivity of the terephthalaldehy-de cyanohydrin . In the case of

the rneta isomer the cy-anohydrin is apparently- too stable or

internally stabilized to undergo the desired condensation . In the

ortho system reactivity leading to self—condensation predominates ,

most likely due to steric effects inasmuch as the electronic factors

should be comparable to those prevalent in the p-analogue

3.4  Summary and Conclusion

To summarize , the previously developed modified benzoin

condensation was successfully exte nded to the preparation of p-sub—

stltu ted 1 , 4—b is(pher iylglyoxyloyl)benzerie s such as the p—ch loro— ,

p-methoxy- , and p-hydroxy-materials . Although to date the process

was not successfu l in synthesizing 1, 3-bis(phenylglyoxyloyl)be rizene s

a potentially useful precursor for comonomers , 1 , 3-bis-cy-anohydrin

benzene , was obtained and its identity- established by conversion to the

corresponding bis-hydroxy acid . This compound in itself provide s an

important monomer precursor of the meta-gly-oxyloy-l—benzene sys tem.
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4. EXPERIMENTAL

All chemicals and solvents were employed for reaction as re-
S celved . The reported melting points are uncorrected. Infrared spectra

were recorded as Kel-F/Nujol double mulls with a Perkin-Elmer 21

Infrared Spectrophotometer , molecular weights were determined with

the aid of a Mechrolab Vapor Pressure Osmometer Model 302 , while

the diffe rential scanning calorimetry (DSC) spectra and the therrno—

gravimetric analysis (TGA) traces were obtained with a DuPont 990/951

Thermal Analyzer. The elemental analyses were performed by

Schwa~zkopf Microarialytical Laboratory , Wood side , New York .

4.1 Preparation of 4 ,4 ’ -Dlmethoxybenzoln (Anisoir i)

2 P-CH 3OC6H4CHO KCN~ p C H OC~~~ C(Q)CH(QH)C H 0C

A solution of p-methoxybenzaldehyd e (5 .26  g ,  38.6 mmol) ,

potassium cyanide (0.54 g, 8.3 mmol) , water (7 .5 ml) and ethanol (7 .5 ml)
was heated with stirring at 83-105°C for 5 hr.  Subsequently,  additional
potassium cyanide (0.52 g ,  8 .3  mmol) was added and the solution was

re fluxed (1 17—1 25 °C) for further 6 . 7  hr. The two layers that formed upon

cooling were separated . The organic layer solidified upon cooling in the
re frigerator . The solid was washed with ether (10 ml) to yield a light —

yellow powder (1 .65 g ,  31.4% yield , mp 103— 107 °C) .  Recrystallization
from aqueous alcohol afforded light yellow needles of anisoiri , mp 108.5-
110°C (lit .7 113°C) .

4 . 2  Preparation of 4 , 4 ’ —DImethoxyb enzi l  (Anisil)

p-CH 3OC 6H 4C (0)CH(OH)C 5H 40CH 3 p ~~~L p-CH 3OC6H 4C(0)C(0)C 6 H 4OCH 3-p

A solution of anisoin (1 . 04 g ,  3 . 8 mmol) , ammonium nitrate
(1.01 g, 12.7  mmol) a rid cupric acetate (0.02 g ,  0 .1  mmol) In 80% acetic

acId (20 ml) was heated at 104—114 °C wIth stirring for 2 . 5  hr.  Upon

cooling , a precipitate was formed , it was filtered , and washed with water ,
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-- ‘-—-—5-’ - — ‘ “ 5 -  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

5- 5 - ”  --—‘—~
-—-‘-‘---- - • - - — - --———--- --— —-‘- • • - ‘ -“-- - “ - — 5 -  5 - S ’  ~~~~~~~~~~~~~~~~~~~~~~~~~

• a ffordiag 0 .47  g (45.1% yield) of fine yellow crystals (mp 13 2 — 1 3 2 . 5 °C,

- I lIt .4 133°C) .

-: 4 .3  Preparation of p-Bis (p-methoxyphenylg 1yoxyIoy 1)benzen~

An aqueous solution (150 ml) of potassium cyanide (19.5  g ,

0 .3  mol) was added over a period of 13 m m  to a stirred and cooled (0°C)

suspension of p-C
6 H 4

[CH(OH)SO
3

Na]
2 

(5 1.5 g ,  0 .15 mol) In water

(150 ml) . The aqueous solution of the thus prepared terephthalaldehyde

bis— cyanohydrin was the n added dropwise to heat3 i (34-85 °C) p-methoxy-

benzaldehyde (125.3 g, 0.92 mol) under an inert atmosphere over a period

of 10 m m .  The resulting mixture was stirred and heated at 76—89°C for a
total of 4. 5 hr and subsequently kept In the refrigerator for eight days .

The two layers that formed upon cooling were separated . The organic lay-er

was washed with water (2 x 75 ml) and then distilled in vacuo to remove

the excess p-methoxybenzaldehyde and residual water giving 70. 3 g

(115% yield) of crude p-methoxy-p-bisbenzoln . A portion of this material

(28 .4 g) was subsequentl y dissolved in 80% acetIc acid (200 ml) . To this

solution was then added ammonlum nitrate (28 .5  g ,  0 .36 mol) and cupric

acetate (0.5 g ,  2 .5 mmol) . The resulting mixture was stirred and heated

at reflux (110 — 111 °C) for 4 .5  hr.  During the reflux period a yellowish

solid precipitated. The cooled mixture was filtered and the solid washed
• with cold acetic acid and dried in air to give 10.33 g (42% yield based on the

bisulfite adduct originally used) .  This material was treated with hot

chloroform (200 ml) and filtered; evaporation of chloroform afforded (9 .02  g ,

40.5% yield based on the bisulfi te adduct originally u s e d ) , m p  210-212 °C.

Crystallizatlons from aqueous acetic acid followed by- drying ir. vacuo
o . 0(5 hr at 80 C) gave pure p—methoxy—p—b isbenz l l , mp 2 1 6 — 2 1 3  C;IR 5 .97 ,

6 .05  (CO) , 7 .82 and 9 .6 ?~ (OCH 3) : Anal . Calcd for C 24 H 1806 :

S C, 71.64; H,4.51; MW , 402. Found : C, 71.55; H, 4.55 , MW , 43 7.
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4 .4  p-Methoxy-p-bisbenzomn p-C6 H 4 [C(O)CH(OH)C
5H 4 OCH 3~~ j 2

A portion (700 mg) of the crude p-methoxy-p-bisbenzoin

described in Experiment 4.3 was washed with acetone giving 260 mg of

insoluble material. This material was then dissolved in hot ethanol,
treated with decolorizing carbon and filtered; on cooling crystals (91 mg,

mp 213—217°C) were obtained. These were recrystallized again from hot

ethanol affording crystals (65 mg): mp 2 1 7 . 5 — 2 1 9 °C,  IR: 2 .95 (OH) ,

6.00 (CO), 7.87, 9.70 (QCH3
) and 1O. 25~ (band charac teris tic of benzoins).

Anal. Calcd for C24H22O6: C, 70.93; H, 5.46. Found: C, 70.69;

H, 5.56.

4.5 Preparation of p—Bis (p-hydroxyphenylgly-oxyloyl)benzene
HBr/H 0

p-C6H 4(C (0)C(0)C6H400H3-P]
2 CH 3CO2H - p-C5H 4(C(O)C(O)C 6H 4OH-P] 2

Following the procedure of Hergenrother 6 a mixture of p-methoxy-

p-bisbenzil (2 .52  g ,  6 .26  mmol) , 48% aqueous hydrobromic acid (10.6 ml)

and glacial acetic acid (25 ml) was refluxed for 68 hr.  When the cooled

dark colored solution was poured into an Ice-water mixture (400 ml) a

gray green solid formed which was filtered off and redissolved in 5%

potassium hydroxide solution (10 ml) . Undis solved material was removed

by filtration. The filtrate was acidified with 6N hydrochloric acid to give

a dark green solid which was filtered and dried (1 .67 g ,  70 .6% yield) .

Purification was effected by dissolving the solid in hot ethanol , treating

the resulting solution with decolorizirig carbon then filtered into hot

water (400 ml) . The brown-orange solid that formed on cooling was filtered

and dried to give 0 .94 g (39. 7% yIeld) of p-hydroxy-p-blsbenzll , mp

22 1-224 °C. Crystallization fro m aqueous ethanol gave lemon yellow
needles , mp 233—234 °C; IR: 3.05 , 7 . 4 5 , 8 .25  (aromatic OH) 5 .98  and

8.00u (aromatic Ca) . Anal . Calcd for C22 H 14 06 : C ,  7 0 . 5 9 ;  H ,  3. 77 .

S 

Found : C , 70 .03;  H ,  3 .81.
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4.6 Preparation of 4 , 4’ -Dichlorobenzoin8

p-CIC6H 4CHO a~~~~ OH “ 
p-CIC6H 4CH(0}OC (0)C6H 4CI-p

An aqueous solution (2 ml) of potassiu m cyanide (0 .52 g ,

7 . 99 rnmol) was added dropwise to a refluxing methanolic solution (5 ml)

of p-chlorobenzaldehyd e (4.06 g,  28.88 mmol) under an inert atmosphere .

The resulting solution was refluxed for 30 mm then cooled . The solvents

were removed In vacuo , the residue taken up in benzene (40 ml) and

washed with water ( 3 x 10 ml) , 20% sodium bisulfite (8x10 ml) and

water (4 x 20 ml) ,the n dried over anhydrous magnesium sulfate . The

yellow oil (3. 79 g) obtained on removal of solvent exhibited in its IR:

2 .93  and 10.23 (OH) , 5 .94  (Ca) , and 9 .12u  (aromatic halide) .

4. 7 Preparation of 4 , 4’ -Dichlorobenzil

p-CIC6H 4CH (OH)C (0)C6H 4
CI-p ~~~ ‘- p-CIC

6H 4C (0)C (0)C 6H 4C1-p

The oil (3. 79 g) obtained in Exp eriment 4 . 6  was dissolved

in 80% acetIc acid . To this solution were added ammonlum nitrate

(3 .7~ g ,  47 .22  mmol) and cupric acetate (60 mg) . The mixture was

stirred and heated ( 72— 104 °C) for 1.25 hr , then cooled , giving yellow

needles of 4 , 4’ —dich lorobenzil , mp 190—1 93 °C (lit . 9 195—1 9 6 °C) ;

IR: 6 .00 and 8.21 (aromatic CO) and 9 . 1 O M  (aromatic hal ide) .

4 . 8 Preparation of p—Chloro-p-b lsbenzoin

A cold aqueous solutIon (25 ml) of terephthalaldehyde bis-

cyanohydrin prepare d from tere phthalalde hyde bis -bisulfite adduct

(4.16 g, 12 .2  mnmoi) and potassium cyanide (1 . 60  g,  2 4 . 6  m rriol) was
added dropwise to heated (75 °C) p—chlorobert zaldehy-de ( 3 q 5 9  g ,  2 5 . 5

mmol) under an inert atmosphere over a period of 10 m m .  The resulting

mixture was stirred and heated (65 _ 72 00) for 3 .5  hr , cooled , and placed

into the refrigerator for 1 . 5 hr.  The aqueous layer was decanted and the

organic material washed with water until  the aqueou s washings were
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fairly colorless. The material was then treated with ether (7 x 10 ml)

to give an orange solution and 0 .89 g of solid . Removal of the solvent

afforded 4 .06 g of an oil whose IR was identical with that of the

ether Insoluble material ; bringing the yield of crude benzoin to 97% .

Purification of 0 . 2 1  g of the oil from an ether—petroleum ether (60—

110°C) mixture afforded 60 mg of p— chloro-p-bisbenzo ln ; mp 107-

108.5 °C; IR: 2 .95 , 10.20 (OH) , 5 .95 (CO) and 9 . l O u  (aromatic

halide). An al. Calcd for C25 H 6
C1

2O4 : C,  63.63 ;  H ,  3.88; Cl ,

17.08.  Found : C,  6 3 . 3 2 ,  H ,  4 .03 ;  Cl , 17.00 .

4 9 PreparatIon of p- Bis (p—chloropheny lglyoxy loyl )benzene

Ether soluble material (2 .33 g) from the preparation of p-

chloro—p-blsbenzoin (see Experiment 4 .8)  was dissolved in 80% acetic

acId (10 ml) . Ammonium nitrate (2 . 34  g ,  2 9 . 2  mmol) and cuprlc acetate

(0.04 g) were added and the mixture was heated ( 102- 115 °C) for 1.5 hr

during which time the initially orange solution turned green. After

cooling the yellow precipitate which formed was filtered , washed with

cold acetic acid (20 ml) and wate r (80 ml) then dried to give 1.13 g ,

( 4 7 %  yield) of crude p-chloro-p—b isbenzil (nip 257-263 °C) .  To effect

purification the material was dissolved in chloroform and fi l tered.

Removal of solvent produced a yellow-brow n solid (0 .67  g) which on

recrystallization from acetic acid gave pure p-chloro-p-bisbenzil ,

mp 2 7 1 . 5 — 2 7 2 . 5 ;  IR: 5 .95 , 8.18 (aromatic CO) arid 9 .0 2w (aromatic

halide). Anal. Calcd for C22H12CI
2O4

: C, 64.26: H, 2.94; Cl , 17 .24.

Found: C, 64.56; H, 3.01: Cl , 17 .28.

4. 10 Attempted Prep aration of p -N itro-p-bisbenzoin

A cold aqueous solution (10 ml) cf t erephth alaldehyde

bis-cyanohydrln prepare d from terephth alaldehyde bisbisulf i te  adduct

(2 .00  g ,  5 . 8 4  mmol )  and potassium cyanide (0. 76 g ,  11.68 mm ol) was

added dropwise to a heated (6S _ 67 00) mixture of benzen e (2 ml) ari d

25
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and p—nltrobenzaldehyde (1.87 g ,  12.37 mmcl) over a period of 9 m m .

The resulting mixture was heated (67-70 °C) and stirred for an additional

2 .5  hr during which time a two-phase system was formed . Cooling in

the refrigerator failed to produce a precipitate , only a trace of solid was

formed on addition of ethanol (50 ml) . The solution was evaporated

under reduced pressure to yield a red-orange solid (1 . 56 g) whose

infrared spectru m did not Indicate the presence of bisbenzoin .

— 4. 11 Attempted Preparation of m- Bis (pheny lgly -oxyloyl)benzen e
Employ ing Classical Benzoin Condensation

(a) Using Benzaldehy~de

2C 6H 5CH O + m-C 6H 4
(CHO ) 2 

KCN m-C 6H 4
(CH (OH )C(O)C6H 5

)
2 

[01 
~ m-C 6H 5(C(0)C(0)C 6 H 5

]
2

To a stirred solution of lsophthalaldehy-de (4. 11 g,  30.65 mmcl)

and benzaldehyd e (6. 77 g ,. 63 .61  mmcl ) in ethanol (100 ml) was added a

solution of potassiu m cyanide (2 .0  g ,  30. 78 mmol) in water (25 ml) .

The alcoholic solution began to turn reddish orange as the potassium

cyanide solution was added . The solution was heated at ref lux (8 1-84 °C)

for 8 . 75 hr. A trace of delique scent solid was obtained upon cooling .

The now present two layers were separated. Addition of ether to the

organic layer resulted In a separation of a solid (2.  1 g) which did exhibit

Infrared absorptlons indicative of the presence of hydroxyl and carboriyl

groups. Oxidation of this material using the ammn on ium n itrat e—cupric

acetate-acetic acid system gave an oily solid which still contained in its

infrared spectrum a hydroxyl absorption and whose spectru m did not

bear any resemblance to that of authent ic  m-b is(ph eny lglyoxyl oyl )benzene .12

The original ether soluble material also did not appear to

contain the desired m-b lsberizo ln .
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. 3
(b) Using Benzoln

C
6

H
5
C(O)CH(OH)C

6
H

5 
+ m-C 6H 4

(CHO) 2

KCN

m-C 6H 4
[CH(OH)C (O)C 6H 512

An aqueous solution (0.5 ml) of potassium cyanide (0 .46 g ,

7.06 nimol) was added to a heated (90 °C) alcoholic solution (5 ml) of

benzoin (0.50 g,  2 .36  mmol) and isophthalaldehyd e (0 .33 g ,  2 .36  mmol) .

The resulting orange solution was heated at reflux (90-108°C) for 4 .5  hr.

The cooled solution was extracted with ether (2 x 10 ml) . Removal of 
S

the solvent yielded a red- orange oil (0 .92 g) which on oxidation with

ammonilum nitrate-cupric acetate-acetic acid based on infrared spectral

analysis gave mostly benzi! as well as a hydroxy l containing compound .

4.12 Preparation of Isophthalaldehyde bis-bisulfite Adduct

m-C 6H 4
(CR 0)

2
+ 2 NeHSO 3 

m~C6
H 4

(CH(0H )S0 3Nal 2

To a solution of sodium bisulfite (15.6 g ,  150.0 mmol) in

water (25 ml) was added alcohol dropwise until cloudiness developed .

Water was then added dropwise until the cloudiness jus t  disappeared .

To this solution was now added isophthaIaldehyd e (10.0 g ,  74 .6  mmol)

and the resulting mixture stirred. A solution resulted as the bisulfite

adduct is gradually formed . Upon continued stirring , a paste-like

mixture started to appear . This mixture was filtered and the white

solid washed with alcohol (2 x 5 ml) , then dried to give a white powder

( 2 6 . 2  g ,  103%); IR: 2 .90  (OH) , 8.35 , 9 .50  and 9. 70~j  (RSO 3N a) .

27

“ - -- - - -5 5- --_-

~

- - 5 - 5 -



_ _ _ _ _ _ _  ___  —5- —5-— _ _ _ _

4. 13 Preparation and Isolation of Isophtha 1aldeh~~~
bls-cyanhydrin

m-C 6
1j

4(CH (OH )SO 3Na]2 + 2K C N — m-C 6H 4(’~H (0H ) CN~ 2 + 2 NaKSO3

To a solution of lsophthalaldehyde bis-sodlum bisulfite
adduct (4.00 g,  11. 7 memol) In wate r (15 ml) , cooled in an Ice bath ,
was added a solution of potassium cyanide (1 .53 g ,  23 .4  mmol) in
water (15 ml) over a period of 5 mm . Subsequently, the solution was
extracted with ether (3 x 20 mel) and dried over sodium sulfate . After
removal of the ether in vacuo , a yellow liquid ( 1.64 g ,  74.9 % yield)
was obtained ; IR: 3.00 (OH) and 4 .45 g .j  (CN) .

4.14 Reaction of in situ Generated I sophthalaldehyd e bis-
cyanohydrin With Benza ldehyde

The ser ies of reactions performed is summarized in Table 1;
a typical reaction is described below .

To a stirred suspension of isophthalaldehyde bis-bisulfite
adduct (2 .0 g ,  5 . 9 mmol) in water (5 ml) cooled in an Ice bath was
added a solution of potassium cyanide (0 . 78 g, 12.0 mmol) In water
(5 ml) over a period of 2 mm . The resulting solution was then added
to stirred benzaldehyde (3.65 g ,  34.4 mmol) at 81-87 °C over a period
of 9 m m .  Subsequentl y the reaction mixture was stirred at 84— 87 °C
for 5 .3  hr . The two layers that formed upon cooling were separated .
The organic layer was distilled In vacuo (to remove excess benzaldehyde)
giving 1 . 39 g of an amorphous solid . Treatment of the solid with
ammonium nitrate-cupric acetate-acetic acid did not yield the desired
m-bls (phenylglyoxyloy l)benzene .
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4 . 15 Attempted Condensation of tsophthalaldehyde bls-
cyanohydrin and Benzaldehyde

This series of reactions is summarized in Table r~~.

(a) Without Acid Acceptor

Under a nitrogen atmosphere a mixture of isophthalaldehyde

bls-cyanohydrin (0.51 g ,  2 . 73 mmol) and benzaldehyde (1.88 g ,

17 .67 mmol) was heated (69 — 73 °C) with stirring for 7 hr . Subsequently .

the unreacted benzaldehyd e was distilled off in vacuo at final bath

temperature of 97°C. The Involatile residual oil (0 .50 g ,  98% yield)

exhibited an infrared spectrum identical with that of the isophthal-

aldehyd e bis-cyanohydrin .

(b) With Triethylammne as Acid Acceptor

To isophthalaldehyde bis-cyanohydrin (0 .25  g ,  1 .33 mmol)

dissolved in ethanol (1 ml) were added benzaldehyde (1.04 g, 9.81

mmol) and triethylamlne (0.29 g, 2.87 mmol) . The resulting solution

was then stirred and heated at 86—91°C in an inert atmos phere for
8 hr. After removal of the be nzaldehyde , ethanol , and tr iethylamn ine

in vacuo at 104- 115 °C, an oIl (0.45 g) remained which subsequently

solidified . The Infrared spectru m of this material exhibited hydroxyl

and carbonyl functions; however , oxidation employing the ammon lum

nitrate-~cupric acetate-acetic acid system failed to afford the desired

m-bisbenzll . Addition of wate r to the oxidation mixture gave an

orange oil whose infrared spectrum pointed to aromatic acid s and/or

aldehyde s .

I
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4.  16 PreparatIon of Benzaldehyd e 3lsulflte Adduct

To a solution of sodium bisulfite (11 .0 g ,  0.  11 mol) in

water (40 ml) was added alcohol dropwise until cloudiness was ob-

served . Water was then added dropwise until the cloudiness

cleared. To this solution was added benzaldehyde (10 .4 g ,  0. 1 mol)

and the resulting mixture stirred. Upon continued stirring , a paste—

lik e material formed which was subsequently filtered , washed with

a minimum amount of cold water and dried to give a white powder

(15.8 g ,  76. 7% yield); IR: 2 . 9 7  (OH) , 8 . 2 5  and 9 .65u  (RS O3Na) .

4 .17  Attempted Prep aration of m-C 6H [CH(OH)C(O)C 6H 51.
Reaction of Ber izaldehyde cyano~ ydrin (Mande lonitrile)
arid Isophthalaldehyde

The series of reactions performed is summarized in Table

III ; a typical reaction Is described below .

An aqueous solution (5 ml) of potassiu m cyanide (0 .62  g ,

9 .52  rnmol) was added to a cooled (0°C) suspension of benzaldehyde

bisulflte adduct (2 .00 g ,  9 .52  mmol) in water (10 ml) . The sus-

pension was slowly transformed into mandelonItrile which separated

as an oil . A be nzene solution of lsophthalaldehyde (0 .63 g ,  4. 72 rnmol)

was then added dropwise . The resulting mixture was stirred and heated

(6 1-93°C) for 2 hr under nitrogen atmosphere . During the heating

period , a dark red solid separated. The cooled mixture was filtered

and the solid washed with benzene . The Infrared spectrum of the

solid (0.68 g,  corresponding to 109.4% of isophthalaldehyd e employed)

possessed multiple carbonyl absorbances but no bands indicative of

a bis-berizoin structure . The benzene layer was separated , washed

with water (2 x 20 ml) then dried over anhydrous magnesium sulfate .

The drying agent was subsequently removed by filtration and the

solvent evaporated under reduced pressure . The re sidual oil (0.95 g)
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was shown by Its Infrared spectru m to consist essentially of benzalde -

hyde; the 0.95 g corresponds to 94% of the mandeloriltrile originally

used .

4. 18 Attempted Preparation of
ç6;[c(o)cH(oH)c 6 H 4 r~~ 2 -.pJ 2

The cold aqueous solution of isophthalaldehyde bis-

cyanohydrin prepared from isophthalaldehyde bis-bisulfite adduct

(2.00 g ,  5 .84 mmol) and potassium cyanide (0.76 g ,  11.68 mmn ol)

was added dropwise over a period of 10 mnln to heated p-nitroben-

aldehyde (1. 77 g ,  11.68 mmcl) . The orange mixture was heated

(67-78 °C) for an additional 4 .  7 hr then cooled to ambient temperature .

The solvent was removed under reduced pressure to yield an amorphous

solid which was treated , in succession , with benzene (12 x 10 ml) ,

ether (8x 15 ml) and hot ethanol (10 x 10 ml) . Neither the extracted

material (120 , 20 and 210 m g ,  respectively) nor the now powdery

residue possessed an infrared spectrum indicative of the desired

m-blsbenzoln .

4. 19 Attempted Preparation of
m-C 6H4

[C (O)C(O)C 6H4Cl~p) 2

A cold aqueous solution (30 ml) of isophthalaldehyde bis-

cyanohydrin prepared from isophthalaldehyde bis-bisulfite adduct (6 .01 g ,

17.56 mmol) and potassium cyanide (2 .29  g ,  35.12 mmcl) was added

dropwise over 15 mm to heated (72 °C) p-chlorobenzaldehyde (5.11 g ,

36.35 mmoi) . The resulting two-phase system was heated (66-72 °C)

with stirring for 3 .5  hr , then cooled, The aqueous layer was decanted

and the semi-solid organic phase washed with water (2 x 10 ml) which

upon treatment with ether (8 x 15 ml) was transformed into a powder

(2.83 g) .  The ethereal solution on evaporation yie lded an orange

oil residue (5 .24  g) .
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Oxidation of the powder (1 . 0 g) with arnmonium nitrate

(1 .0 g ,  12.61 mmol) and cupric acetate (22 .6  mg) in 80% acetIc

acid (5 ml) yielded a product (0 . 46 g) whose infrared spectrum

was essentially identical with the unoxidized material . Oxidation

of the oil (1 . 92 g ) ,  with ammonium nitrate (1 . 96 g ,  24 .48  mmol)

and cupric acetate (80 mg) In 80% acetic acid (7 ml) , gave a
yellow powder (0.3 g) ,  mp 181-185 °C. This material was puri-

fied by sublimation: rep 192-193.5 °C; IR: 5 .99  and 8 .21  (aromatic

CO) and 9. 08M (aromatic halide) . Material was identified to be

p , p’-dichlorobenzil by infrared spectral analysis .

4 . 2 0  Preparation of Phthalaldehyde bis-bisulfite Adduct

o-C6H 4
(C}!0)2 + NaHSO 3 o-C6H 4(CH (OH )SO 3 Na] 2

Sodium bisulfite (15.65 g, 0 .15  mol) was dissolved in 25 ml

water in a 200 ml round bottom flask . To this solution was then

gradually added phthalaldehyde (10.04 g ,  0.08 mnol) and the solution

warmed in an oil bath (53-73°C) for 3 hr. The tan cake that formed

within 40 mm was dissolved by the addition of water (25 ml) . The

solution was then partiall y cooled and filtered to remove a small

amount of insoluble material . This was followed by alcohol addition

until the hot solution jus t  became cloudy. The white solid that formed

on cooling was filtered and air dried (22.15 g,  86.5%) and exhibited

the following: IR: 2 . 95  (OH) 8.35 and 9 .8Si.t (RSO 3Na) .

4 . 21 Attempted Preparation and Isolation of Phthalaldehyde
bis-cyanohydrin

o-C6H4 (CH( OH)SO 3 NaJ 2 + 2KCN o-C6H 4(CH (OH )CN I 2 + 2 N8KS0 3

To a stirred suspension of phthalaldehyde bis-bisulfite

adduct (2 . 0 g ,  5 .86 mmol) in water (10 ml) , cooled In an ice bath ,

was added a solution of potassium cyanide (0. 7 5 g ,  11.51 mmol) in

water (10 ml) over a period of 3 m m .  The solution became yellow
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almost immediately.  Extraction with ether (2 x 5 ml) followed by

solvent removal gave a brown liquid residue (0.31 g ) .  This

material exhibited an infrared spectrum unrelated to that of the bis-

cyanohydrin s of the para or meta isomors; no nitrile band was ob-

served .

4 . 2 2  Attempted Preparation of o-C H [C (O)C(O)C 6H 512 .
Reaction of in situ Generated~Ph4thalaldehyde
bis-cyanohydrin and Benzaldehyde

S A series of reactions was performed and these are sum-
marized in Table IV; typical reactions are described below .

a) In the Absence of Solvent

Potass ium cyan ide (1 . 14 g, 17 .54 mmol), dissolved in 10 ml
water , was added to a cooled (1°C) aqueous solution of phthalaldehyd e

bis-bisulfite adduct (3.01 g,  8. 79 mmol) during a 5 rein period . The
yellow mixture was transferred to an addition funnel and then , under

a nitrogen atmosphere , added to benzaldehyde (5 .7 3 g,  54 mmol) heated
at 79-80 °C. Upon completion of addition , the resulting m ixture was
heated at 6 5-80 °C for 3.9 hr.  After cooling the organic layer was

separated and washed with water (3 x 20 ml) . The excess benzaldehyde
and re sidual water were removed by vacuum distillation. The re s idual
viscous red oil (1 . 50 g) showed In its infrared spectru m absorbar ices at
3.05 (OH) , 5.95 (center of broad absorbance , CO) and 10.25~~; th e
latter indicating the presence of a benzoin type of structure .

The oil was dissolved in 80% acetic acid (4 ml) followed by
addition of ammonlum nitrate (1.50 g, 19 mmol) and cu pr ic acetate
(10 meg) . The resulting solution was heated at 98- 109°C for 3.8 hr.
After cooling , filtration yielded onl y trace amounts of crystalline
material .  Addition of water to the filtrate caused the separation of a
dark red oil which solidified upon triturat lon with ~ tne r ;  IR: 3 .10  (OF)
5.95~ (center of broad absorbance; CO).
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b) Using Ethanol as Solvent

To a cold (-20 to -12 °C) 33% aqueous ethanol solution of

1, 2-C 6H 4 [CH(OH)SO 3
Na }2 (2.00 g ,  5.86 rnmol) was added a cold

aqueous ethanol solution of potassium cyanid e (0 . 77 g ,  11. 76 mmol) .

The solution was stirred for 10 m m ,  during which time it became

light yellow and opaque . The solution was subsequently added all

at once to c o ld ( - l0 °C) benzaldehyde ( 1 1 . 8 7g .  0.11 mcI) . The

m ixture was then stirred for 2 hr at -10~ to -4°C, then at 0-5°C
for an additional 2 hr and finally at ambient temperature (2 7°C) for

30 m m .  The color changed from yellow to orange and finally to red

as the mixture was stirred at the three different temperatures.  The

resulting two—phase system was extracted with ether (3 x 10 ml) .

The extracts were washed with water (3 x 30 ml) , dried over anhydrou s

magnesium sulfate then filtered. The ether was removed under reduced

pressure to give a red oil . Cooling overnight in the re frigerator did not

yield any crystalline material. Excess berizaldehyde was removed by

vacuum distillation and oxidation of the re sidual oil (1 .47 g) gave 58 .6

mg of a red-yellow solid , m p >  200 °C; based on its infrared spectru m

it appeared to be inorganic in nature . Addition of water to the filtrate

gave , after prolonged standing , a red oil whose infrare d spectrum in-

dicate d the presence of hydroxyl and carbonyl moieties.

4. 24 Preparation of p-C
6 H4 ECH (OH)CO 2

H] 2

p-c5H4(CH(O10S03Na12 ~CN p-C
6

H
4

(CH (OH )CNJ 2 ~~~~ P-C 5H
4

[Cfl (OH ) CO 2
H]

2

S A cold aqueous solution of potassium cyanide (2 .03  g ,

31.13 mmcl) was added dropwise to an aqueous suspension of

terephthalaldehyde bis— bisulf i te  adduct (5 .01  g ,  14 .63  mmo l) cooled

In a 0°C bath. The resulting mixture was stirred until a clear solution

was obtained.  The aqueous solution was then extracted with e ther

(2 x 20 ml) arid the combined extracts were was~ ed w i t h  ,va t ~~r
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(2 x 20 ml) . After removal of ether to the resulting yellow—orange

oil was added dilute hydrochloric acid (40 ml) and the solution was

heated at 83-115°C for 3 hr. On cooling a white powder (1.83 g)

was obtained which was crystallized from acetone giving

p— C 6H 4[CH(OH)CO 2HJ 2 
( 1.07 g,  32. 4%): m p > 2 9 0 °C; 2 IR: 2 . 9 4

(OH) , 3 . 2 5- 4 . 0 0  (CH , COOH) and S. 75~ (CO) : DSC , Figure 1;

TGA, Figure 2 .  Anal . Calcd for C 10H 1006 : C,  53.10; H ,  4 .46 .

Found: C, 53.37 ; H , 4 .60 .

4 .25  Preparation of m-C
6

H4[CH (OH)CO 2~ j 2

m_C5H 4(CH(OH)SO3N~12 
KCN - m-C 6H 4

[CH(O H)CN) 2 ~~~~~~ 
m-C6H 4(CH (OH )C0 2H]2

To a cooled aqueou s solution of isophthalaldehyd e bis-

bisulfite adduct (2 .02 g ,  5.89 rnmol) was added a cold solution of

potassium cyanide (0 .82 g,  12.5 mmol) . The resulting solution

was stirred at 0°C for 10 mm , then extracted with ether (2 x 10 ml ) .

Subsequently , ether solvent was removed in vacuo to yield a

red brown oil (it should be noted that treatme nt of the ethereal

solution with decolorizlng carbon resulted in light yellow product)

to which was added concentrated hydrochloric acid (5 ml). The

solution was then stirred at ambient temperature for 2 hr. Evaporation

of the solvent left a yellow amorphous residue which was triturated

with acetone . The mixture was filtered and the solve nt removed

under reduced pressure to give a red oIl (1 . 31 g) which was acidic

to pH paper . The crude acid was purified by dissolving in 5% sodium

hydroxide , decolorization , then acidification with dilute hydro-

chioric acid . Evaporation of the solvent yielded a light yellow oil

(0 .99 g,  7 4 . 4 % ) .  The solid acid m-C 6H 4 [CH(OH)CO 2 H) 2 was ob-

tained with great difficulty from a minimum volume of ethanol-acetone

(216 mg gave 85 mg), rep 157.5—159 .5
0C; IR: 2 . 9 7  (OH) , 3 . 2 5 — 4 . 2 5

(CH . COOH) and S.75u (CO) : DSC , Figure 3; TGA , Figure 4 . Anal.

Calcd for C 10H1306; C, 53.10; H, 
4.46 . Found: C, 53.25; H, 4 . 71.
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6 .  TE CHNOLOGICA l. FORE CAST

6 . 1 Problem

Two major problems exist in the application of presently available
polyquinoxalmnes. The first arises from the very low solubility of poly-

phenyiquinoxaline . Thus , In order to obtain prepreg solutions of
reasonable solids concentration relatively Involatile and therefore hard
to remove solvents such as cresols must be employed. The second
major problem Is associated with the high glass transition temperature
of polyphenyiquinoxalmne which necessitates high processing pressure s
and temperatures. A further shortcoming of the polyquinoxaline system
is the high cost of the required bis(phenylglyoxyloyl)benzene comonomers
and the unavailability of functional derivatives of these materials which
would permit flexibility in tailoring processing and physical and
mechanical characteristics of the polyquinoxalmne system. For example ,

It would be desirable to initially prepare prepolymers which are capable of
cha in extens ion and/or crosslinking , to allow modifications of chain
conformation thus to further increase composite strength , toughness,  char
yield , and ablation performance , or to Improve adhesive propertie s and
film and fiber forming characteristics.

6 . 2 State of Technology

Under Contract N000 17-73-C-4325 a process was developed by
which 1, 4-bls(phenylglyoxyloyl)benzene became available at less than
$100/lb In materials cost and possibly as low as $10/lb by larg e scale
production . During the present program this process was successfully S

employed to synthesize the p-chloro , p-methoxy, and p-hydroxy
derivative s of 1 , 4-bls(phenylglyoxyloyl)benzene , thus these materials
are potentially available in the same price range . Although all at tempts
made to extend this process to the production of the 1 , 3- and 1 , 2-
isome rs of b is(phenylgiyoxyloyi)benzene have failed thus far , the process
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did yield a stable m—bls-cyanohydrin which has a promise as an inter-

mediate for the preparation of comonomers which would be most useful

In the modification of PP Q-type polymers .

6.3 Suggestions, Forecast and Implications

To fully exploit the potential of polyphenyiquinoxaline s not only

as advanced reentry vehicle heat shield matrix resins but also as com-

ponents of flame resistant fabrics , protective coatings , high temperature

adhesives , thermally stable load carrying structure s , or energy

absorbing systems , it is necessary to make available at reasonable

costs p-bis-benzil isomers and derivatives which w ill provide a

selection of comonomers to Impart or enhance the particularly desired

properties such as , e . g . ,  improved processing characteristics , in-

creased char yield , better adhesion , or greater strength . In order to

prove the feasibility of tailoring the resin properties , it is furthermore

necessary to scale up the synthesis of the derivative s prepared during

the present program to make the materials available in quantitie s

sufficient for polymer production and evaluation . Finally, It Is be lieved

that the m-blscyanohydrir i prepared under this contract merits consideration

as a potential comonorner precursor.

Pursuing the synthesis studie s of p—bis-benz il Isomers and

suitably substituted derivative s can be expected ,based on the results ob-

tained so far , to lead to the development of a broad spectru m of thermally

stable polyquinoxalmne type resins with better handling and processing

characteristics and with properties tailored for a variety of applications .

In regard to improved processibility higher solids loadings of the prepreg

solution , use of more volatile solvents , lower curing temperature s and

pre ssures,  arid the possibi l i ty of employing prepolymers must  be

mentioned. The flexibility in tailoring resin properties , gained by having

available p—bis-benz l l  isomers and derivative s , in turn must  be expected
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to lead to the utilization of polyphenyiquinoxaline s in applications , for
S which the resin propertie s until now were Inferior or Insufficient. Among

these are , as already pointed out , flame resistant fibers and coatings ,

energ y absorbing and dissipating systems components , or e . g . ,  high

strength-low we ight structure s , which possibly could replace metal

assemblie s where for examp le corrosion is a problem; this all in

addition to the presently contemplated application in load carrying

heat shields. It should be possible to develop all the necessary

technological background within a 1-3 year period to allow utilization

of thus modified and improved polyqulnoxaline s in operational systems.

The return of such a program in terms of lower costs and /or

higher performance In novel utilization areas of polyquinoxa lmne s such as

for the purpose of flame or corrosion resistance can at present only be

speculated upon. However , in those applications , where combine d

ablation and high temperature structural performance are required , utiliza-

tion of polyphenylquinoxaline/carbon composite s for Integrated heat shield

structures is expected to reduce the we ight of this subsyst em 30 to S 0 % ,

as compared to a conventional carbon/phenolic over aluminum subsystem.

The broad systems implications are increased range and improved hardness

without weight penalty . Estimated weight saving s are conservatively 10%

of vehicle we ight for those in the 250 to 350* weight range which is achieved

by reducing insulation , allowing higher back face temperature s , and el iminating

the bond . In term s of fleet performance criteria the value of these improve-

ments is estimated to be between 0 .25  and 0 .5  billion dollars. The current

emphasis on accuracy and terminal maneuvering capability will put a further

premium on high temperature-high performance-reduced weight  capabil i t ies

of subsystems because of the Increased weight of the guidance packa~ e .

39  

— -55--_-- -—- -— - --- - - -- ~~~~~~~~~~~ -— - - 55 — -- --- - _



— 
- 5 - 5 5  - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —~~~~~~ 

-

~~

UN CLASSIFIE D
Si eitn ly (t~~.;., fi ,- ,: I S t f l

DOCUMENT CONTR OL DATA . R & D
tSr eu,ity eta, ~ifieaIion of title . hodv ni ,,hflrnct o,.d ,nde.,n,~ .,nn(,l.,pj,.n ~~ i,s f ‘to onlorod when I~,e overall rep ,rt i - ~ rIo. xiii.,! i

I - O R I G I N A T IN G  A C T I V I T Y  ((orporale a..Ihor) 12,.RLF’O A T  S E C U R I T Y  C L A S S I f ~I C A T I O N

TJltra systems , Inc . Unclassified
2400 Michelson Drive zb . G R OU P

Irvine , CA 92715
3- R E P O R T  T I T L E

Synthesis of 3isbenzil Isomers and Derivat ives

4. D E S C R I P T I V E  NO T E 5  (Type of report and ,nClua,ve datcI)
Ftct al Report (10 January 1975 - 10 January 137~ )

5 A IJ T t i O R I~~I (F.r~~t name . a,iddle inII,al, l es t  name)

Kay L. Paciorek , -Thomas I. Ito , Reinhold H.  Kratzèr

~~
. R E P O R T  D A T E 7C. T O T A L  NO OF PA G E S  7-’t. NO OF RE FS

February 1976 39 12
Ie. CON R A C  T OR G R A N T  i~O Sc. OR IG It ’ A TO R~$ R E P O R T  NU’ .4~~ ER iS i

~ 0 0 0 2 4 — 7 5 — C — 5 0 6 1
6. PRI)J EC T  ~~~

,. SN — 8 2 8 2 — F

C. Sb. O T H E R  M~~ POSI T H O ISt (Any othc, n~.m6er, th.t nay be • 1 S I~~ o tQ
this report)

d.

IC . O IS IPIHU TION S TA T E M E N T

Distribution of this document is unlimited

1 1 .  S U P P L EM E N T A R Y  N O t  ES 1 2 .  S P O N S O R I NG  I.IILI T A R Y  AC T I  V I T Y

Naval Sea Systems C o r r . a n d , SEA -0352
Department of the Na vy

— W~~ h i n g f t -in~~D (‘ 2O~~3Z
13. ~~B S T R A C T

The goal of this  investigation was to apply the modified benzo in  conden sat ion , ~s~ d
successfully in the synthesis  of unsubs t i tu ted  p a r a — b i s ( p h e n i l g l y c x y l c y l )~ eri~~ ne , t :
the preparation of substi tuted pa~a—der i ~’at ive s as well as to th e prcd u: t~cn :f s9ie~ te~
meta and ortho isomers .

Using this process the substituted compounds:  p — b i s ( p — m e t h o x y p h e n y l g -’::~ - - i - y i )
• benzene , p-bis(p-hydroxyph enylglyoxy loyl)benzene . and p-bis(p-:hl~ r c7 r~~I-

• -g lyoxyloyl )benzene , were obtained In y ields  of 41 , 15 , a n S.j 4~ % , r e sp e c t i v e l y .  The
formation of the bis-cyanohydrin ir t ermedia te  was unequ i v oca l l y  prc -ien oy it s
transformation to the para-bls-hydroxy acid.

The extension of the modified benzoin reaction t~~ the  syn thes i s  -
~~ rn~’ta 3nd :rt h ’~

Isomers of p—bis(p h enylg lyoxy ioy l)ben zene was to -dat e uns t cc~ ssfu ! . Jr. t h ~~ ca se
of isc ’phthalaldehyde the intermediate b i s-cyanoh -y d~in w as une: .:pe-:tec~l - ~ ~~~~~~~~
which under the cond itions employed prevented it s  ocnder.s -a t i o n  ~~~ t t~

This  material  was ch aracterize 1 by the hyd ro l y s i s  to the m e t a - b i s ( h ~ -~n:< v 3 c i ~~~ .

Reaction of be nzaldehyd e cyanohy drin wi t r .  i s c p h t h a l a i d e h - ’de ~e s u l t e - ~ ir. ~~~~~~~~~~~~~~~~~

:j an ide  exchar.qe and form atic n of the ~i s —c y a n c h 1- d r ~r. f L s - : p h t  ~~ Ic~~~!-d e ~~~. S

~e n z a ld ehy ’~e. rhe cy anD ~~ drin derived from phthala l deh ~ide app ~ a~~-~ t o  :r.~ e r o
se l f - co r ider . sat i -o rt above 0 C; ~~t lower t en p~ r a tu r -es r~o r3 3 t1-~~ wi t r  n r a l ’ e 1~H-~
~ :currec ~.

D D FO~~ 1, j 7 ’~I N O V A S I ’ i /~~~
I,

5 5 -- --  ---~~~~ -
-- -- 55-- - -  

. 

-- --5- - - - — —~~~~~~~~~ --



- 
~~~~~~~~

5- 
~~~~~ — —  ..T0 — - 

. 

— ~ —e~~ - - ----

UNCLASSIF IED 
-

~,-~~r ,Iv ~~~~~~~~~ I t S  - I ICI R

1 4  L I N K  A L I N K  Li ~. I N S t  C
K E Y W O R D S

I1O L E  aT  R O L E  R I  I I O L L  W I

p olyp her .y lqulncxa l in es
1 , 4- is(p— chI oroph ~ nyIg 1yox vl cyl)benzene
1 , 4—oi s (p—methoxyphen y l g ly oxy l oy l )benzene
1 , 4-ois(p-hy dr oxyphenyl glyoxy loyl )benzene
p—ois o enzi l s
p—b I s~ enzoins

p

UNCLASSIFIE D
Secu r& y Clj ’  SI ( t c . , I  IS ,II

- --5---- -—~~~~~~~~~ - - - 55 -~~~~~~~~ - - - -- - -  - - - --~~~~~- - - - 5 - - - -


