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ABSTRACE
A TFA protess, using the FN-methylanilipe salt &s con-

densation cetalyst, has been developed for meking 4,11-ClzDQRA.

The unfavorgble sgullibriuvm controlilng the condensation wes
overcome Lo give good yields. Par formation hasg been minimized.
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INTRODUCTION AND OBJECTI VES

Production 1s uurrcntly using & PTSA process for
making 4,11-C1l2DQA. This process appears limited to
a 108% concentratlon At higher concentrations, both
yield and fluorescence drops off. Even at the 108%
concentration, yields are less than optimum., These

‘yield losses contribute to the tar problem., It was

the object of this study to develop a workable TFA
process which would operate at increased batch con-
centrations, would inrrease yleld, and would produce
less tars,

SUMMARY AND CONCLUSIONS

1, A TFA prOCOoS was developed for making 4,11-CLDQRA
at a 216% batch corcentration. Further increases
in batch concentration should be possible.

2. The condensation step is controlled by an unfavorable
equilibrivm, Water removal is the key to maximizing
vield,

3. Increased condensation temperature is the least effective
means of increasing yield, since 1t is limited by the
volatility and/or dissociation of the catalyst.

Lk, The vapor pressure of water can be reduced to increase
the condensation yield by lowering pressure either
alone or in combination with a nitrogen sweep.

W

Conditlons which are effective for reducing the vapor
pressure of water also remove the self catalyst, the
o~chloranilinium ﬂaLt of TFA., This can be minimized
by using a less volatile catalyst such as the
N-methylanilinlum salt of TFA.

€. Tne use of the N- -methylanilinium salt of TFA as catalyst
should eliminate piugging during its removal by distilila-
tion, since it is & liquid (MP 26-7°C,) under these con-
ditions,

T. The anilinium salt is the catalyst in the condensation
reaction, It polarizes the carbonyl groups on SSE to form
carbonium lons wiich can then react with OCA.

&, 2,27-CigDAT in D7 shows evidence of thermal degradation
at 150-5°C, This can be largely prevented by holding
and tran51prr1pg to pyrolysis at 120-5°C.
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TIT. PATERT STATUS

The use of TFA ig covered by 1572-K {allowed 10/18/67},
A patent proposal is being prepared on the use of N-methyl~
anilive as a catalyst.

1V. SUGGESTIONS FOR FUTURE WORK

1. MNodify plant Jjets to increase capacity so that a
nictrogen sweep can be used,

2, Tneresse babtch size beyond 216% concentration,

V.  DISCUSSION OF RESULTS

Regults wlll be discussged in the order in which they
occur in the synthesis.

No work wag done on S8E., Thig is a well established
precess dewveloped in the unsubstituted quinacridone
studies,

B. Condensation

1. o-Chioranlline

The use of stolichiometric amounts of OCA and SSE
resulted in ¢ low yield of 2,2'-CleDAT. Increasing
the mole ratio of OCA:SSE to 4.5:1 gave yields in
excess of 90% of theory &8 CleDQ@S., No further
increases in yleld were obtained by increasing

the mole vatio beyond 5.5:1 {see Table I). This
data was obteined at 80-90°C./5C mm Hg and using the
o-chlsnrenilinivm salt of TFA as catalyst.

Bffect of OCL:88E Batio in the Condensation on ¥ield
Condensation temperature = 80-.90°C, ’

Condensation pregsure - = 50 om Hg
DCh ;S8R Yield {as Cl-DO8;
3.0:1 78 .6%
R.55% 86 .6%
L.Gs3 89.0%
2;'05:.\» 9193%
5.0:% 91.2%
5.53% 92.9%
6005:}. 9298%
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DISCUSSION {Continued}

B.

Condensation {Continued}

20

Catalyst

Varying the concentration of TFA between the
equivalence of 10 poundsg/batch up to 40 pounds/
batch had only & siight effect on yield., This
experiment was wrun at 80-90°C,/50 mm Hg, OCA:SSE
of 5.5:1 and = 2-hour hold,

Pt st Sventvit

TH#A Concentyation Yield as Cla0QA

LO# 90%
20# 90%
30# . | 92%
Log 93%

The resulbs in Table IX are estimated to be
accurate to ¥i%. Hence, the OCA-SSE condensation
yeaction does not appear to be rate controlled.

The smine assoclated with TFA determines the
effectiveness of the catalyst. TFA is a proton
doner, while the regulting enilinium ion polarizes
the carbonyli groups on SSE. The resulting car-
bonium ion cen then react with OCA to form ClgDAT.
The use of & more basic amine such as Nemethylsniline,
as the catalyst, increased the rate of the reaction
but dld not increege the optimum yield., Again,
evidence that the reaction is eguilibrium controlled.

Yield at ClzDQA

OCA:SSE " QOATEE — MUA-TFE
2,05:1 39% 65%
2.50:1 43% 72%
5.50:1 95% 9e%
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DISCUSSION (Continued)

B,

Condensation {Continued)

Ja

i

Durin% the fizst hour of the condensation a%
80-00°C. /25 mm Hg, yield increagsed repidly with
time. {See Figure 1,) Water removal now became
limiting, since the concentration of wabter was
withln the solubility limits of the OCA-DT system.
ATter 2 purs, there was no further inersase in
vield,

Pressur

&
bbbt

Water removal 1s limiiting in the condensation

reaction. JIts removal from solution depends

on vapoy pressure and rate of diffusion., The
vapor pyessuré can be reduced by reducing the
totsl pressure on the system, This was demon-
strated by condensaticns run at 80-90°C. At

50 mm of Hg, the yield as ClzDRA was 92% of
theory whiie at 25 mm of Hg, it was increased

to 95% of theory. Since the yields could not

be increased by running the reaction for a loenger
weriod of time. this is a static effect.

The initial attempt to obtain a further increase

in yleld by decreasing the pressure to 10 mm Hg

was unsuccessiuvl. This was found toc result

£rom & Jloss of the OCA-TFA catalyst. By using

the N-nethylaniliine salt of THFA, a lesgs volatile
catalyst, it was possible to run the rescltion at

10 mm ¥Yg. The following data further substantiates
the effect of reduced condensation pressurs on yleld:

___3ield
Pressure Temperature {S8E To ClaDQf);
B0 mm Hg - 95°%¢, 93.6%
310 mn Hg 85°C. 9G.6%

Baged on these resulis, the reaction is equilibrium

N
CONLENLIAG,
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DISCUSSION (Continued)

B.

Condensation (Continued)

5,

Nitrogen Sweep {Continued}

two hours gave no further inecrease in yield. A
dynamic method of reducing the vapor pressure of
water a8 well as increasing the diffusion rate is
the use of a nitrogen sweep. Initial studies
were run 2t & pressure of 25 mm Hg and 50 mm Hg
respectively and a tvemperature of 80-.90°C. In
both cases, ylelds were less than when no sweep
was used. This again polnts out the volatllity
of the OCA salt of TFA, ;

The catalyst volatility problem was again wini-
mized by using the WA salt in place of the OCA
salt of TFL, Temperature and pressure were 80-90°C,
at 5C mm Hg., Nitrogen flows for two runs were

0.5 SCFH and 0.8 SCFH, respectively. These gave
12DQA yields from SSE of 96.4% and 97.3%. Under
these same conditions, at 0,0 SCFH, the yield wes
only 90.4%. Figure 2 lis a plot of the incresse

in yleld as ClezDQA vs. the reclproeal of the SCF

of nitrogen put through the systen duving the conhe
densation., Extrepolatlion to zero water vapor pressure
indicates thet the waximum yield for the combined

econdensation and pyrolysis is 99% of theory. To

use eitheyr the static or the dynamic methods of
veduclng water vapoyr pressure to lncrease yielid
in the plant will reguire increasing the capacity
of the vecuvum jets,

Temperature

dengetion tomperabure up to & polnt. Above this
temperature, ylelds decrease, The point of maximum
vleld ig determined by the catalyst used. For

OCA -T#A, this occurs between 80°C, and 90°C., while
for MMA-TRA, it ds wvery close to 95°C. The gveater
velatility of SCA-TFA was shown by the following TGA
resulis:

Vield, as ClziQA, increases with incressing con-
o)
&

Catelyst Selt  Stert to Lose Wt. Wb, Loss at 100°C,
OCA ~TRA 60°¢. 30%
WA oTEA 80°c, 3¢
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v, DISCUSSTON {Continued}

B, Condernsation {Continued}

6. Tempevature {Continued)

Hence, the meximum yleld to be obtained by in-
creasing the condensation temperature is limlted
by cabolyst volatililty. Additional evidence for
this is thet yilelds decrease with decreasing total
pressure above the critical temperature,

7. Eguilibrium Constant

The prior vesulis lndlcate that the eguilibriun
is controlling yield. Since the equilibrium
appea"'% to be unfavorable, a study was made %o
determine the equilibrium congtant, The con-
denpaticn is & two-step reaction:

S9E P OCA ;:? CIMAT 4+ HaO

CIMAT + OCA 2 ClaDAT + Hz0

The overell egquilibriuvm constant ig then

Ke = Ko kep * Ceiaba? ©%Hao
- CUgsy CRoCh

The pwelimxnarr caleculations were made from data
chtained from Wunnlng the reaction in refluxing
28 alechel, Simlilar runs were made for DAY and
MeahT for LO:@&Wlson, Since the results were
baged cu product yield, the equilibrium constants
were considered ©o be approximate valuss for the
overall condensation reactlion

Froduct ke

2,2 =01 anan 0.06
DAY 11
HeaDAT 78

An sssuwption wes made In calculating these values
%&» unli 10% of the product was in solution., These
results indleate that all three condensations are

- probebly Qghl?MJWﬁum ceutrolled and the 2,2°'-L0108T
eguillinrive ig particularly unfavorable,
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¥, DISCUSSION {Continued}

B. Condensation {Continued}

7. EBguilibrium Constent (Continued)

To dmprove the accuracy of the ClgzDAT equilibrium
constant, the reaction was run in Dowtherm where
the golublility of Cl:DAT and yields of ClzDAT and
HaO could ve determined, DBasged on thsse results,
the eguilibriuvm constant was equal to or less than
O n025o

¢. Pyrolysis

Wormal laboratory pyrolysis conditions {(K¥-07-11) using
8 Cl=DAT/LT tyransfer temgerature of 150-5°C, gave good
yield {95.9%) end quality. Quality is based on the
appearence of the ClasDQA and the clarity of the MeOH-IT
flltrate, Under laboratory conditions, the ClgDAT is
held at elevated temperatures for short periocds of time
in comparison to the plant. To check cut the stability
of CLzDAT in I, it was nheld at 150-5°C. for 24 hours
prior to pyrolysis. In comparison to the normal minimum
hold, the yileld decreased 4.6% to 91.3% and the amount
of DPU found in the pyrolysis equipment increased.
Hence, &t 150-5°C,, ClaDAT degradation takes place.
This can be winlmized by lowering the C1lzDAT transfer
temperature,

In & similar expeviment in which the ClzDAT/DT was
both held for 24 hours and transferred at 120-5°C.,
the yield of ClzDR4 from SSE was 96,.4%. Hence, at
the lower temperature, 1lttle or no degradation takes
place,
VI,  REFERENCES
Additionel dats may be found in the following references:

1. Condenssation

2, GCCA:SSE Ratio

5326537 £.0:1 to 6,031

w2 2.0:1 Lo 4.5:1
b. Cataiyst

5125»?9 TEA co&cen%ration
<40
~E3 Synthesls TFA-QOCA salt
=53 . TPAMMA saltl
~53 WA THA
57 Effect of amine basiclly
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VI, REFERENCES {Continued)

1. Condensatiocn {Continued)

C.,

20

51.25--48
~56

e PRt

512555
~66
-T2
«81
38

Nitrogen Sweep

512560
61
268

73

Temparature

51a5-43
,?g
i
46
79
~-81
-85

~-88

30 minutes to 4 hrs., {80-~90°C./25 mm Hg)
30 minutes to L hrs. {80-99°C./50 mm Hg}

10 mm Hg {TFA-OCA catalyst)

25 mm Hg ve. 50 mm Bg {new lot of SSE)
10 mn Hg {TFA.IMA catalyst)

50 mm Hg "

10 mm Hg i

SEH

P = 50 mm Hg éTFA»OCA catalyst}
P = 25 mm Hg (TFA.OCA catalyst
C.5 SCFM/50 mm Hg/TFA -NMA
0.8 SCPM/50 mm Hg/THFA-NMA

L3

85.140°C, ,
70-95°C . /50 mm Hg
100--10°C /50 mm Heg
70-80%¢ . /25 mm Hg
160-20°C, /50 mm Hg/iFA -NMA
95..115°C¢, /50 mm Hg/TFA.NMA
92-120°C . /50 mm Hg/TFA-NMA
02.115°C . /10 mm Hg/TF4 . MA

Eaguilibrium CUongtant

5125~58
=59
52
65
~67

69

2, DBistillstion

5125.53

§1

+

w TG

U, b3 ez DAT

DAT

2,21 (1 aDAT ,

CleDAT solubllity in OCA/LT

CLeDAYT solubility in QCA/2B alcohol
Effect of temperature on eguillbrium

Effect of 0,054 OCA endpoint
Increage Sistillate Por bebiter OCA
renoval

Composition of QGASDY distllliation
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5, Miscellaneous

5125~47 Cl=2DQA fluovescence
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