WD 96/ 27627 PCT/ US96/ 02672

" PRODUCTI ON OF POLYSUCCI NI M DE +N-AN—ERGAN-E—VEBMIv— s

i nvention relates to the production of pol ysucci ni m de by thermal

spol ymeri zati on of L- aspartic acid in an organic nmedium Mre
particularly, this invention relates to the thermal 5 pol yneri zati on of
L-asparti c weogk7erw a hi gh boiling al kyl al cohol or apkfggsen2672
BACKGROUND OF THE | NVENTTON "~ Pol yaspartic acid has been
produced by t hermal pol ynerization of L-aspartic acid which 10

I nvol ves heating the acid to a tenperature in the range of from about .
200[err]C to about 400[err]C. Water is driven off as the acid

pol ymeri zes to form ponsuccininidéﬂ"The imde is easily converted to

pol yaspartic acid j ' ch
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thermal polymerization of L-aspartic acid which
10 involves heating the acid to a temperature in the
range of from about 200°C to about 400°C. Water is
driven off as the acid polymerizes to form

polysuccinimide. The imide is easily converted to
polyaspartic acid by basic hydrolysis. Early

15 interest in such processes related to theories for
formation of prebiotic polypeptides. For the purpose
of testing such theories laboratory experiments used
powdered L-aspartic acid, usually packed in the bottom
of a flask which was then heated below the melting

20 point of the acid. Such reactions were slow and took
place over many hours. One such example is reported
by Kokufuta et al. in Bulletin of the Chemical Society
of Japan Vol. 51 (5) 1555-1556 (1978) "Temperature
Effect on the Molecular Weight and the Optical Purity

25 of Anhydropolyaspartic Acid Prepared by Thermal
Polycondensation." The structure of
anhydropolyaspartic acid has been thoroughly
investigated such as by J. Kovacs et al. in J.0.C.S.
Vol. 26 1084-1091 (1961).

30 In recent years many utilities have
been suggested for anhydropolyamino acid. Such
polyamides have been suggested as potential drug
carriers by Neuse et al. in Die Angewandte
Makronmolekulare Chemie 192 35-50 (1991) "Water-

35 soluble polyamides as potential drug carriers." They
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sol ubl e pol yaswwgssnrés potential drug carriers.” They PCT/US96/02672
-2- have al so been tested as scale inhibitors with respect to

natural sea water and calciumsulfate in particular by Sarig et al. as
reported by the National Council on Research and Devel opnent ( NRCD
8-76, Seawater 5 Desal i nation 150-157 (197%). Polyaspartic acid has
been well known for its ability to disperse solid particles in
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conposi tions conpri §idubHAUR A Pevelopmehit Ionmsets b e AxpalaleraCi d, when
i oni zed at al kal i ne H,. effectivel nhi bit_corrosion of ferrous
metals in 15 5truaqﬁ§§%$d%§ﬁﬁp &§ é&ﬁg Xﬁé?ﬁh1 Ré;¥§ﬂﬁ?§ﬁ%q 9§P§vg§s
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utilities of anhydr aglwhddh@arecilds,. Patentst£y 363, 797 ;p4QEa35624f50r
preparing such £onpoUNGS; ibs and 4,428,749, Also, as described in U.S.
Patent 4,971,724 to Kalota et al., it has been
discovered that compositions comprising polyamino
acids such as aspartic acid, when ionized at alkaline
pH, effectively inhibit corrosion of ferrous metals in
15 the presence of aqueous medium. Variocus derivatives
of polyamino acids have also been made wherein
attributes have been supplied by groups attached to
reactive sites on the molecule. One such example is
disclosed in U.S. Patent 3,846,380 to Fujimoto et al.
20 Because of the various impending
potential utilities of anhydropolyamino acids,
interest in processes for preparing such compounds in
large volume, particularly polyaspartic acid, has
increased. This interest has resulted in several
25 recent patents being issued which are directed to
fluid bed systems; in particular, U.S. Patent
5,219,986 to Cassata. Other such patents are U.S.
5,057,597 and 5,221,733 to Koskan and Koskan et al.
respectively. More recently, patents have issued
30 covering a process for preparing the polysuccinimide
by means of tray driers such as a rotary tray drier in
U.8. 5,319,145 to Palk et al. and an indirectly heated
tray drier in U.S. 5,315,010 to Koskan et al. When
phosphoric acid is employed in these processes the
35 aspartic acid undergoes polymerization to form the
polysuccinimide, forming a course powder containing
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relationship in its production. For exanple, the color of the product

from processes enploying relgtively |on reactign, i e ynder
el evated tenperature produc % ggten f6ted"in the 1ifGraind
that the color of the polysuccinimide is related in

10 rough manner to the time/temperature relationship in
its production. For example, the color of the product
from processes employing relatively longer reaction
time under elevated temperature produces more darkly
colored polysuccinimide than is produced with shorter

15 reaction time and lower temperatures. A typical
teaching of this phenomenon is found in a publication
entitled "Temperature Effect on the Molecular Weight
and the Optical Purity of Anhydropolyaspartic acid
Prepared by Thermal Polycondensation® by Kokufuta et

20 al., Bulletin of the Chemical Society of Japan, Vol.
51, pp. 1555-1556, 1978.

Many efforts have been made to lower the
time/temperature relationship by employing the above
noted dryers. However, the polysuccinimide produéed

25 by such proceéses possesses an undesirable color. The
color of the polysuccinimide is transferred to the
water soluble salt upon hydrolysis of the initial
product.

It has been reported in the literature that

30 the use of acidic catalysts such as phosphoric acid
reduces the color of the resulting polysuccinimide.

It is believed that phosphoric acid increases the
reaction rate and therefore reduces the amount of time
required at high temperature for completion of the

35 reaction. While color of the polysuccinimide produced
in a solution of phosphoric acid is improved, the use
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Many efforts have been made to | ower the time/tenperature

rel ati onship by enpl oying the above noted dryers. However, the

pol ysucci ni m de produced 25 by such procesges possesses an undesirable
color. The color of the polysuccinimde is transferred to the
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catal ysts such as p Y ligpid medis kex disy LoRsPREEAESUl ti ng
pol ysucci ni m de. polymenrizatdione pedcebat iphbeyaidric th@E.d 5i,300¢a360s t he
reaction rate and t I d s  kh [ requl t
hi gh tenperature fopﬁ%ﬁiprﬁg#%h“% ?Eesggg?gf$¥£éﬂé(ﬁ?ycqhﬁ)léscgﬁgﬁggFafhe
pol ysucci ni m de pr oduced In a solution of phosphoric acid is

| nproved, the use o In one attempt to overcome the colo# problem Of
e urts oF St g MR SBER' enlPOLRE poryamp BT kol BeBTRLSY,
U S 5,371,179 themmadi polymerdgapiopofgltowsd dne ajikpddne) hydrodpbidsed.
S is treated with bleach in water solution. This
10 treatment is repdrted to decolorize the solution of
polyaspartate as noted in U.S. Patent 5,292,864 to
Wood, et al. However, in many instances the color of
the polysuccinimide becomes a disadvantage as this
initial product is employed without first converting
15 it to the water soluble_polyaspartate salt as was done
in the above noted patent to Wood et al. For example,
in U.S. Patent 5,266,237 to Freeman et al. and
Australian Patent AU-A-~14775/92, the polysuccinimide
is added directly to other ingredients to form a
20 detergent composition. The color of the
polysuccinimide, particularly in detergent
applications, is desirably white. Thus the method of
decolorizing the water solution of the salt is not
useful in preparing desirable compositions of the
25 above noted patent to Freeman et al. which incorporate
the succinimide. Accordingly, there is needed a
convenient process for the production of
polysuccinimide which has acceptable coler for
detergent applications without the need for
30 decolorization. More convenient liquid media are
needed for large scale production of the
polysuccinimide which has very little color.
BRIEF DESCRIPTION OF THE INVENTION
There has been discovered a process for the
35 polymerization of L-aspartic acid wherein the L-
aspartic acid is dispersed in a liquid medium
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throughout the monomer prior to being added to the
organic liquid. The slurry is heated within the range
of from about 140°C to about 260°C with agitation
sufficient to prevent the solids from congealing. As
15 the reaction proceeds, water, which is insoluble in
the organic medium of this invention, is removed from
the mixture by distillation. Reaction times range
from about 1 to about 5 hours. The reaction product
is a solid which is easily removed from the reaction
20 medium by conventional means such as filtration, etc.
The liquid medium can be recycled for preparation of
additional amounts of polysuccinimide.
In most instances the polysuccinimide
prepared in accordance with this invention is
25 hydrolyzed in basic medium to provide polyaspartic
acid which has many utilities as noted above. The
hydrolysis is typically carried out in situ, without
. removing the polysuccinimide from the organic medium
by adding an aqueous 5-20% solution of sodium
30 hydroxide at a temperature of <100°C for a period
sufficient to hydrolyze the polymer thereby producing
the sodium salt of the acid. The hydrolyzed product
will remain in the aqueous phase and is easily
separated from the immiscible organic medium by
35 decantation or any suitable means for liquid-liquid
separation.
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consi sting of high boiddrg—alkyl al caohols and-alkanes —Oor mxtures

t hereof. The term "high boiling" as used in this application and
claims nmeans a liquid having a 5 boiling point at atnospheric pressure
above the WO 962061 on tenperature for the thermal condensggd 2672
L-aspartic acid. In operation, the L-aspartic acid is slurrired I n
the organic nmedium The optional catal yst such as phosphoric acid can
be added after 10 the slurry is forned, preferred, or dispersed evenly

t hroughout the nononer prior to being added tg.the organic |liquid.
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Typlcal examples of high boiling alkanes are
15 decane, dodecane, tridecane, tetradecane, pentadecane,
hexadecane, octadecane and eicosane. A commercially

available mixture of high boiling alkanes is sold
under the trade name Therminocl D12® by Monsanto
Company, St. Louis MO. Therminol D12 is a mixture of
20 synthetic hydrdcarbons having a liquid range of -48°C
to 260°C. The straight chain alkanes, particularly
dodecane, are preferred.
The high boiling alkanes are preferred in
the process of this invention because of their
25 relative inactivity with respect to the acid catalyst,
phosphoric acid. In practice, it has been found that
the high boiling alcohols require purification to
remove color from the medium more frequently than is
the case with high boiling alkanes. Also, losses of
30 the alcohol in the range of about twenty percent due
to reactivity with the acid catalyst are expenses
which are not encountered in the use of high boiling
alkanes. High boiling alkanes are relatively non-
reactive with respect to phosphoric acid and the other
35 reactants in the process of this invention.
Furthermore, it has been fpund that the high boiling
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boiling alcohols 5 are those having from7 to 14 carbon atons and can
be st wogsrzesyr branched chain. Hi gh boiling al kanes apgrmsesnzer2

strai ght or branched chain al kanes having from 10 to 20 carbon atons.
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which impede the progress of the reaction. This
condition can be avoided by employing adequate
agitation, particularly during the early phase of the

15 reaction. In a preferred embodiment, the reaction
medium is subjected to agitation during the reaction
to maintain the solids in the reaction medium
dispersead in the ligquid medium as much as possible.

When a catalyst is employed, such as the

20 well known phosphoric acid, it is important that the
starting acid and catalyst be thoroughly and uniformly
mixed. This can be achieved by combining the acid
catalyst with the starting acid before being added to
the organic reaction medium of this invention.

25 Preferably, the acid catalyst is added to the organic
medium directly and then thoroughly mixed so as to
achieve uniform dispersal of the catalyst.

One result of inadequate mixing of the
reaction medium is an increase in the color of the

30 final product. As noted above, one of the desired
results of any process for producing polysuccinimide
is to provide a product having a color as close to
white as'possible. If the catalyst is not uniformly
mixed with the starting acid or if a uniform

35 suspension in the organic medium is not maintained,
some of the material will be polymerized and will



al kanes. Hi gh boiling al kanes are rel atively non- reactive with
respect to phosphori c—acid—and -t he .ather 35 react.ants in the process of
this i nvention. Furthernore, it has been found that the high boiling
-7- al kanes can be reused repeatedly w thout noticeable

degradation orwge@shes®f a special purification step. FCT"””ﬁdﬂﬁi of
the nost inportant aspects of the process of this inventroni e

use of a uniform 5 m xture of the starting acid in the reaction medi um
particularly if a catalyst is enployed. It has been found desirable
to provide agitation in the reaction nmedjum particularly during the
early phase of the reaction. The starting acid has a tendency to
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and catal yst be thor m xed. This can be achieved
by conbining the acid ca'i'h?y@?swvﬁﬁﬁllye"é*érFaﬁglxétdlﬁepmﬁpmm
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10 about 0.1 percent to about 40 percent, by weight of
starting acid. In one embodiment, 85% phosphoric acid
is first blended thoroughly with the starting acid.
While any means which achieves such mixing may be
employed, the typical means is a centrifugal mixer

15 such as that commercially available under the trade
name Turbulizer. The dry particulate acid, such as
aspartic acid, is fed to the mixer while being
contacted with an aqueous solution of the acid
catalyst. The starting acid, with catalyst, is then

20 introduced into a reactor containing the organic '
reaction medium of this invention directly from the
mixer. In a more preferred embodiment, the acid
catalyst, typically phosphoric acid is combined with
the organic medium after the addition of starting

25 acid. Thorough mixing of the acid in the medium
assures the uniform catalytic action on the starting
acid thereby allowing uniform conversion of the

starting acid to the polymeric product. This results
in holding the polymer at reaction temperature the

30 shortest possible time thereby preventing degradation
and consequent increase in the color of the polymer.

The condensation reaction of L-aspartic acid

to form polysuccinimide takes place in the range of
from about 140°C to about 200°C, and optimally in the

35 range of from 160°C to about 180°C. Such temperature
range provides for adequately rapid polymerization so
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the starting acid. | hCh,.ach ; %] y be
ol oyed, e ¢ ypi SPPSEAEE S“?“éé‘ﬂ?%??ﬁﬁ%? PeBEh HP S S hall-EilaT
commerci al |y avai | e angiRty afheodpxddn the predwct and daxkensris ory

particul ate acid, meidtish time in the range of from about 1 to 2 hours,
10 preferably 1.5 hours, is usually sufficient to provide
maximum conversion of the starting acid while not
allowing excessive color to develop in the product.
However, as also observed, the molecular weight of the
polymer is increased with increase in reaction time in
15 the temperature range noted above.

Because color is an important property of
polysuccinimide, reflectance measurements by standard
means provide an important guide to optimum reaction
conditions. It has been found that the color (as

20 measured by reflectance) of the polymer product of the
process of this invention is superior to the color of
the polymer product produced by the comparable thermal
processes conducted in various dryer means typical of
the prior art, i.e., tray dryers, ovens and rotary

25 dryers. Reflectance measurement of a typical starting
acid, L-aspartic acid, indicates a reflectance of
white light of about S6%. Polymer produced by
typical, comparable prior art processes indicates a
reflectance of white light in the range of from about

30 40% to about 55%. Surprisingly, polysuccinimide
product produced in accordance with the process of the
present invention indicates a reflectance of white
light in the range of from about 80% to above 90% as
will be shown by the experimental data provided below.

35 ‘As noted above, it is advantageous to employ
an acid catalyst in the process of this invention and



aspartic acid, is fed to the nixer while being contacted with an
aqueous sol ution of theacid—_ catalyst. The starting.acid, wth

catalyst, is then 20 i ntroduced into a reactor containing the organic
reaction nediumof this invention directly fromthe mxer. In a nore
preferred enboghbisey t he acid catal yst, typically phosg?gﬁ% EJd S
conbi ned with the organic nedium after the addition of star ﬁ%g 5
acid. Thorough m xing of the acid in the nmedium assures the uniform
catalytic action on the starting acid thereby allow ng uniform
conversion of the starting acid to the_RBLyneric product. This
results in holding the polyner at reaction tenperature the 30

shortest possible tipRetRsseonPicamess RhcHedeadat iR phosphofild £LONFEquent
i ncrease in the col or g%stkmzég) The condensati on

| yner . , .
reaction of L-aspartVeiigigpi r“YittYo Yo AdMEFEYEECHE R TR fEAEnY &9 n
t he range of f ppavides t tHel Momtr joptimuabeohd200ber in Ghin deerfzixdiality

inthe 35  range ogagrpgaexg%ﬁ{d Lf(f’ri‘t&o ﬁxb%helﬁ%eagé& wihdl § SYIREALY ©

range provides for adequately rapi ynmerization s i
-9- t hat 5t he PREe¥YSHh ke § PHxdadnsompleréer of the tygaction

opti mum bal ance bet weetetor@isinpthef dlieriecaat the fdskctor to |ddddtd®én

@ Bhort reaction ¢ nEeRperat (it Fhosc), chEFRCHA diden oiiitain ¢
of light col or admixtere HL \Wie earalystgthhrzeby| §hkowing reapid on
temperature for an exéRaseshdRsn Abaitidn™®f BaLPa&CSortion dferamount of
color in the p58dUCts€QQt §5L§¥¥hjt'1t has been found that, to avoid such
conditions, the catalyst is added in two portions.
The first portion of acid catalyst is added before
raising the reaction mass to the reaction temperature.
Then, a second addition of acid catalyst to the
15 reaction slurry after achieving reaction temperature
provides an increase in the reaction rate thereby
completing the reaction more quickly and without
unduly long exposure of the polysuccinimide in the
reactor to elevated temperature. For example, in the
20 use of phosphoric acid as a catalyst, an additional
amount of catalyst up to that equal to the initial
amount charged to the reactor will quickly increase
the reaction rate. Such increase in reaction rate
decreases the time required for completion of the
25 condensation reaction and shortens the time of
' exposure of the reaction product to the elevated
temperature regquired for the reaction. Improved colorx
and more uniform particle size of the resulting
product are observed in processes wherein the
30 phosphoric acid catalyst is added in at least two
steps.

To further illustrate the process of the
present invention there is described below non-
limiting preferred embodiments. In the following

3s examples percentage values are percent by weight



Reaction tinme in the range of fromabout 1 to 2 hours, 10 preferably 1.5
hours, i1s usually suff+etent to—ﬁ+ew+de———————ﬁa*+ﬂun1conve%s+eﬁ—e#-+he—-———————
starting acid while not al | owi ng excessive color to develop in the

pr oduct . However, as al so observed, the nol ecul ar wei ght of the

pol ymer i s wo®semsed with i ncrease in reaction tinme in 15 perid®en2672

t enperature range noted above. Because color is an

i mportant property of pol ysucci ni m de, reflectance nmeasurenents by
standard means provi de an inportant guide to optinmmreaction

conditions. It has been found that the calhqr (as 20 neasured by

refl ectance) of the polyner product of the : process of this invention

i s superior to thgntekerocherwise gﬂgaﬁaﬂeunerAnuoéua&tﬂéﬁQUﬁeﬂeby the

conparable t her mal ro es duc ed.in Vv us dryer neans typica
of - t he prloFog??Cteg §$P Qﬁ’ 35?5 t@ﬁspgﬁﬁgfotary 25 dryers.

Ref | ect ance neasurenent of a typlcal stEKBMHbE_l acid, L-aspartic acid,
indicates a reflectance of a seriedlidfe ringhwedk aaﬁaﬁcgéabe,ﬁpiaygggmoduced

by typipcal arable ses_in
refl ectance of mhptﬁgg?ﬁﬁfc %41:¥§%§%P %Pfﬁﬁlgﬁb t°§Bafygﬁ096to about
55% Surpri singl apppox;emmlynaﬁ @e of L-aspagtidct agiddwasdemplopadridance

with the process h ) 0 di ef | ance of
i te i Spoh fun in aptaiRiarel(Ch00G, bE L EBbE L P MO

rang from
be shown by the e%Eﬂﬁﬁﬁt“A‘Fs d%ﬂ‘%? ﬁﬂ/tg‘@dsb’éFSW Sﬁecuy to the A5 npoted
above, it is advapeagebos medﬁmpJowhe reacaioacwvdssel avystairoud process

of this invegtionydpfom flask containing isodecanol as the organic -10-
medium and was fitted with a heating mantle and a
condenser. The reaction time was measured from the
time the reaction medium reaches approximately 140°C
until termination by removal from the heat source.

15 Molecular weight is an average of two measurements as
determined by the GPC method. '
TABLE 1
Run % Temp. Reaction | Molecular
20 i No. Catalyst Range °C Time Weight
| 1 | e | 149.9 - 160 58 min. | 9296
| 2 21 159 -164.5 85 min. | 9817
|
ﬂ 3 . 140.5 -163.8 210 min.
“ 4 . 137.8 - 180 150 min. | 11,993
25 . .2 -1 230 min. | 11,850

The reaction medium employed in Runs 1-5 of
. - Example 1 above was distilled to recover purified
30 isodecanocl for reuse. A portion, 276.2 g was
distilled at a temperature in the range of from
209.6°C to 218.3°C over a 1 hour period. A residue of
10.9 g was left in the pot while 204.8 g of isodecanocl



the nost typi cal of such acids is phosphoric acid. VWhile uniformty

of adm xture with the—starting acid - provides the nonst optinmum
condition in this regard, it has been found that in sonme instances
wherein there is 5 ~observed only a partial conpletion of the reaction
after raisingwdesHkssry in the reactor to reaction np@,ft,g% 612
(about 140[err]C), there has been non-uniform adm xture

catal yst thereby allow ng rapid condensation reaction of only a
portion of the 10 starting acid. It has been found that, to avoid such
conditions, the catalyst is added in two portigns. The first portion
of acid catalyst is added before raising the reaction nass to the

reaction tenperatureand si.6 4k &uﬁcmea«i@bbbeﬂe@f afh fs CAltesdndey t he
15 - reaction sl urré after achie reactf ?:?1 erature rovi des
an increase in the raactiBH¥ TR rte}ﬁﬁcl’ €c gg?’éi'? edinm rféa‘fc)t‘?ed*‘?ermre

gui ckly and wi t hout unduly | ong expoEﬂBHEhLlhe pol ysuccinimde in

t he’ react or to el evat ed fr?rﬂiﬁ 160 hEXADRL t use of
phosphoric acid_as $$ an a dltlaﬁﬁ n%% {bofaglatg'f yst up
that equal to the i ni"i1 & ea’?ﬁiﬁﬁ"rcﬁéﬁegéalﬁﬁ F‘Pie“i‘%’é%ﬁ%ﬁ the Ia“mﬁn&kl y
I ncrease the reacthenrestteiorSuehliuncr eaneoci a8 reacto werd added
decreases the time r f G n hee?2

reaction and shorten‘gg?lh ?? o of ceatﬂog.)z %fgub o é?sﬁepre C |0%’t pr oc‘iiuct to

the el evat ed t\!h%’ér%%’df@-ﬂ%qw% W“‘Fﬁewﬁéa’éﬁ‘%ﬁ\d YR &RFLH atol or
and nore uniform par¥hftl Gime 80 ¢ RE N1eAspareic acid \H@chtrdearemtt&erved

|0 brocesses whgl el Nebiies ifea ndtHY ¥t 4B bnGELE| 4E 1400 00 Lddetd

| east two rat € process of
t he present mP‘éﬁH%"h' t3Rr® 9k Lyasparhis . bU?%v\FW Thirfy nmiting

preferred enmbodi nent@inhtes Eatded laNa@iitionalezany! 66 PaifRtge asdlaies

are percent by welght as added to the reaction medium while maintaining a
reaction temperature of 160°C. The reaction continued

15 for an additional 3 hrs. 15 minutes for a total
reaction time of about 4.5 hrs. The reaction provided
a yield of 96% of theoretical polysuccinimide having a
molecular weight of 10,694 and exhibiting a highly
acceptable light color.

20 EXAMPLE 4

Into a reactor was charged 403.5 g of

isodecancl and 20 g of 85% phosphoric acid. This
charge was heated to 95°C and a charge of 120 g of L-
aspartic acid was made to the reactor. The

25 temperature was raised to 140°C in 30 minutes and then
raised to 200°C gradually over a period of about 3 hrs
then held at that temperature for an additional hour.
Large crystalline product was removed from the
reaction medium by filtration to yield 94 g of

30 polysuccinimide having a molecular weight of 13,264.
The product represented a 100% conversion of the
starting acid to polymer.

EXAMPLE 5
Into a reactor equipped with heating mantle
35 and a standard agitator configuration was placed 370 g

of dodecane and 150 g of L-aspartic acid. The mixture



unl ess otherwi se specified. All reactions were conduct ed under a

n|trogen at nosphere.— EXAMPLE 1

A series of runs were conducted enploying a 5 L-aspartic acid with
phosphoric acid catal yst. Approximately 80 g of L-aspartic acid was
enpl oyed i nwosszzézach run in approxi mately 400 g of isodecappiyse 2

catal yst was added to the systemdirectly to the reacti on ne I'um The
reaction vessel was a round 10 bottom fl ask contai ni ng i sodecanol as the
organic medi um and was fitted with a heating nantle and a _
condenser. The reaction tine was neasured fpgmthe time the reaction
medi um reaches approxi mately 140[err]C until term nation by renoval
fromthe heat sourwss dditatdd!wspravigei ﬁhhnhioﬁﬂ AVREGEE &id ttifen

nmeasurenents as t e hod. .
TABLE 1 R 2 'S B3V prdbphdt: &Gt R@%ﬁt?%e%l oHhe Leagrion £\
Cat al yst Range [%ewperature whstheld Wsi §B0°C and was 100% complete 149.9

- 160 58 min. 9%BGr 90 - 100 & %unut:%% To tﬂégreégf'ms was %ﬁ%}dﬁ% 343?2%7

3 140.5 -163. 21
150 mn. 11,993 X 3 of 855" aq“&?“ﬁ solygion °§8®°d1“m Jynaxide .1 1 They
EXAMPLE 2 mixture wEm heddcatof0orFdPanfenpd0ymihutesRwithl-5 of

Exanpl e 1 above waggfHatlidd &b hyar@i9%e’ U bbiffler to polyaspartic
acid. The polymer remained in the agqueous phase and
was recovered by decanting the organic medium thereby

10 leaving an aqueous solution of polyasparatic acid.

EXAMPLE 6
The polysuccinimide produced in Examples 1-4

above was subjected to light reflectance measurements
by means of a Hunter Labscan spectrophotometer. A

1s white porcelain plate was measured to establish a
reference reading. The parameters for the
reflectance measured at different wave lengths for
these readings are as follows:

20 Black=0 ' White=100 R2
green=-8 red=+8 (a)
blue=-28 yellow=+28 (b)

The results of the reflectance measurements are
present in Table 2 below.



30 i sodecanol for reuse. A portion, 276.2 g was distilled at a

tenperature in the range-of from __—_..209.6[err]C tao_218.3[err]C over a 1
hour period. A residue of 10.9 g was left in the pot while 204.8 g of
i sodecanol -12- and 51.6

g of water mewﬁogﬁﬁgﬁered. Thi s represented 91.1 perce of
t he organic nmediumfor reuse. éﬁﬁﬁ@%ﬁéﬁﬁx

In this exanple the L-aspartic acid was 5 added to the reactor
step-wi se to increase the anount in the reaction nedium Into a
reactor were added 400.53 g of isodecaqgl, 40 g of 85% phosphoric
acid wWth stirring. The m xture was hea &d to 160[err] C at

which time 80 g of L-aspartic acid was addegapyfth 10 continued heating
for -40 mnutes at 160 [err]C, a second portion, 20 g of L-aspartic,
was added. Thirty SamPifnutes | at®t an additi ond®?20 g of (Bl aspartic acid
was added to the reastan@ar@di um wias.81mai nt ai ni ng.98 f@ad i on

t enper at ure of 160[e£[;gbaggféreaction continued for an additional 3 hrs.
15 m nutes for a total reaction time of about 4.5 hrs. The reaction

provi ded 8 yi ePBidf 96% of t Horl&tical pol ysu®Rini m d®-Fhving a
nol ecul ar wei ght of 10,694 and exhibiting a highly acceptabl e |ight
color. 20 EéﬁNPLE 4 nto a
react or was charged ﬁﬂg.% g of 91‘isodecanol aﬁﬁ'%% g of7§§£6phosphoric
acid. This charge was heated to 95 err]C and a charge of 120 g of L-
aspartic acid was naggnt® the reactgyg.p The -0.88 10.98
10
Run 3 94 .42 -1.96 6.49
Run 4 88.92 -0.91 9.51
15 Run S 88.47 -.016 6.83
Ex. 3 91.2 ~-1.89%9 10.5
Ex. 4 77.09 -1.891 9.68
20
Ex. 5 B6.25 -2.10 11.16
Prior .
art* 52.48 4.56 21.06
25  Prior
arc*«* 43.09 8.56 25.23

* Product of a process as described in U.S. Patent
5,319,145 but with about 20% phosphoric acid catalyst.

30
** Product of a process as described in U.S. Patent
5,319,145 with no catalyst.
EXAMPLE 7
35 Into a reactor equipped with a stirrer there

was charged 379.8 g of hexadecane and 150.3 g of L-



25 tenperature was raised to 140C in 30 m nutes and then raised to

200[ err] C gradual | y—ever—a—peri od -ef—about—a3—h-s— then held at _that

tenperature for an additional hour. Lar ge crystalllne product was
renoved fromthe reaction nmediumby filtration to yield 94 g of 30
pol ysucci ni iwales/drean ng a nol ecul ar wei ght of 13, 264. o émyﬁy
represented a 100% conversi on of the starting acid to polyner.
EXAMPLE 5 Into a reactor equipped with heating nmantle 35
and a standard agitator configuration was placed 370 g of dodecane
and 150 g of L-aspartic acid. The m xture -

- 13- was agitated to provide a uniform m xture and then 12.2 g

of 85% pho]sghorldc aepilrwa adﬂ@dt Tk amtarmw alkane heﬁaem{:aaewér@ft Eg' d
at 180[err an C ete m nu 0
reacto£ was addedwgig Qg ggp$ g 958 a"q@ga?é’@é'l"ﬁt FSﬁ o2& hydr oxi de.
The m xt ure GAoWh¥| in XWG s dte dd@angesubwerWws0hmin. Theit at i on to
hydrol yze the pol Y%écﬁﬂoﬂoéyﬂéﬂﬂrﬁdél heated %l ‘isoIEewEEhy {téz‘?{@ﬁ
t he agqueous pgase Eﬁ ggigig%fvere 4%é ecantlng £ rgani c 1 |um
t her eby 10 | eaviii§ 3%“55% 113D R L 3oL s paPAvF ¢ %El% tota
EXAVPLE 6 reaction Tivmep adfy Subax imdinti d@her podadt | wasxeompesed -oF

b bj ect
it or Labscan specirasii ot Q‘Hﬁ&%%@?& oaELFy, o prlidB AR E e

Hint er Labscan spect r onet er .

to establish a é? YRS nlide exhibisipgr ¥aEY o} 29BBrcelr. The

molecular weight of the product was 11,350. The

10 reaction medium remained nearly colorless and was
easily recovered and was found to have a neutral pH of
7. The hexadecane was easily recovered and reused
without need for purification.
EXAMPLE 8
15 The process of Example 5 was repeated except
that the phosphoric acid catélyst was added in two
stages. Initially, 4.2 g of phosphoric acid and 60 g
of L-aspartic were added to the dodecane. The slurry
was heated to 150°C until the solids agglomerated
20 slightly. Then, and additional 8.6 g of 85%
phosphoric acid was added and the temperature of the
‘slurry raised to 190°C for an additional 30 minutes
for a total reaction time of about 50 min. A pale
yellow polymer was recovered from the reaction mixture
25 by filtration having a molecular weight of 17,640.
The yield of polymer was 41 g.
EXAMPLE S
To an Ace reactor was added 374.2 g of
dodecane which was heated to 107.3 C. A pre-mix of
30 108.4 g of L-aspartic acid containing 7 g of 85%
phosphoric acid which was ground to a fine powder was
then added. 1In this reaction the reaction medium was
- subjected to agitation which maintained the solids in
the reactor in a substantially dispersed condition
35 throughout the organic reaction medium. The slurry
was heated gradually to 180°C over a period of 50



refl ectance measured at different wave | engt hs for t hese readings are

as follows: 20 Bl acksQ—— Wi te=100__ R2 —Qreen=-8
red=+8 (a) bl ue=- 28 yel | on=+28 (b) The
results of the reflectance neasurenents are present in Table 2 bel ow
-14- WO 96/27627 TABLE 2 Sanpl e 96/0%7

(a) (b) St andar d 85. 31 0. 98 PC?B?lQ 2
L-aspartic 5 acid 96. 15 -.50 2.39 Run
1 - 91. 57 -1.53 7.08 Run 2 86.0

-0.88 10.98 10 Run 3 94. 49¢. -1.96 6. 49
Run 4 88. 92 -0.91 9.51 15 Run 5

88. 47 . -.016minutes 5. &Fter a reaction time of 35 minutes a second

addition of 7 g of 85% phosphoric acid was made which
appeared to increase the reaction rate by a rapid
increase in the release of water from the reaction

5 mixture. The reaction was discontinued after a total
reaction time above 140°C of 1 hr. 25 minutes. The
reaction mixture was held at 180°C for a period of 4S
minutes. Analysis of the resulting polysuccinimide
indicated nearly 100 percent conversion and a

10 molecular weight of 12,993. The dried product color
was slightly off white.

There has been described above a convenient,
economical method for producing polysuccinimide having
an acceptable color for use directly into such

15 utilities as detergent and other uses where light
color is required. The high boiling organic medium of
this invention has been shown to be reusable, in many
instances without purification. When purification is
required it is conveniently accomplished by simple

20 distillation thereby providing an efficient means to
provide light colored polysuccinimide not heretofore
conveniently obtainable in large quantities in an
industrial process.

Although the invention has been

25 described in terms of specific embodiments which are
set forth in considerable detail, it should be
understood that this description is by way of
illustration only and that the invention is not
necessarily limited thereto since alternative

30 embodiments and operating techniques will become
apparent to those skilled in the art in view of the
disclosure. Accordingly, modifications are
contemplated which can be made without departing from
the spirit of the described invention.



Ex. 3 91.2 -1.89 10.5 Ex. 4 77.09

- 1891 9.6820——Fx. 5 S Soton - 210 1116
Pri or art* 52. 48 4.56 21. 06 25 Prior
art** 43. 09 8. 56 25. 23 * Product of a
process as d¥x2Be1 in U. S. Patent 5, 319, 145 but w t hpetyosdso26530
phosphoric acid catal yst. 30 **  Product of a process as described in
U. S. Patent 5,319,145 with no catal yst.

EXAMPLE 7 35 Into a reactor equipped with a stirrer there

was charged 379.8 g of hexadecane and 150. 3-gr-of L-

- 15- aspartic acid. The acid and al kane were m xed wel | and
then 26.5 g of 85% phosphoric acid was aBHAMPLE 10

Into a reactor eguipped with a stirrer,
heating mantle and means to provide a nitrogen purge
there was charged 453.3 g of hexadecane. After

5 raising the temperature of the hexadecane to about
185°C, 199.6 g of L-aspartic acid was added. The acid
and alkane were mixed well and heated over a periocd of
about 30 minutes to a temperature of 200°C at which
time water'began to be released rapidly from the

10 mixture. The reaction slurry was held at about 200°C
for about 1 hr. and 40 minutes at which time water
release had reduced markedly. A sample indicated that
conversion of the starting acid to polymer was about
42% at that time. The temperature was then raised to

15 220°C and held at that temperature for an additional 1
hr. and 20 minutes which provided 100% conversion of
the starting acid to polymer. The entire reaction was
run with constant agitation. The product, 143 g of
polysuccinimide, was composed of fine particles

20 exhibiting a pink color. The reaction medium remained
nearly colorless and about 419 g of the alkane was
easily recovered by filtration.

25



oy 10ty sepsrate enages over o YNNI S5

additional 1 hour for a total reacti oh ttme ofs 1%0 mi 'ﬂmﬂmmg@ggt
was conposed of | arge particles which filtered easily To provide
149.5 gwofesmé2y succi ni m de exhi biting very |ight col or.pchinsesn2672

nol ecul ar wei ght of the product was 11, 350. The 10 reacti on nmedi um
remai ned nearly col orl ess and was easily recovered and was found to
have a neutral pH of 7. The hexadecane was easily recovered and
reused wi thout need for purification. _qg.

EXAMPLE 8 15 The process of Exanple 5 was repeated except

t hat the phosphori cygardIgataAyNMED VEs: added in two stages. Initially,

4.2.9 of phosphoric acid and 09 | ded.to the
dodecane. The sl urry he%t%?‘f%soslﬁ'a P%% ar?apgl p??igg‘égﬁgf’&’gmge
aggl onerated 20 bVigthytheﬂmah cepdbnaat idno 0] 18aepgrbicsagid which
phosphoric acid was c%ﬁé?;d;.ségdpi-bﬁdﬁiﬁ)eﬁ q{wxﬁ' iliRg organié! vea¥cighsed to

190C for an ad |t|onal .30 m r a total rea of about
50 i Apares  CHegiimAPRSTERd fxom (R shop SrBTRERRST REBRAR it ur e
25 by fiItrationbha&ung atnaightlcr hwAnghedichalncadkyl alcohlbbsyardd of
_polxner “ﬁst41 g. m1xtgre§ thereof and stra1 NELﬁﬁanched chaz? d To
an Ace reactor was adde ecane [ ated to
107.3 C. A pre-nix 3‘& 3pes hi‘éég% %r?ﬂ’ 3o a{"spp:?n'ot i EEPdaEBW?a?ﬂgnﬁl’?t’br?ﬁ
85% phosphori tharedfwhheating the amirce axild ie paidemedism for at hen
added. In thiggeac e 5% d an@hbe to

agi tation whi ?t? mai %Pg?%ggénﬁeé‘g% %grﬁlﬁ{@ ﬁalr egctgr Q&E&l

I
substantial |y di spersed condi €f onT®% Pr°‘ﬁﬁ%tﬂfh(9}51f“hé UPﬁEﬁ%B 'F]%%lct i on
medi um  The sl urrymedium iesheavéddqgradeaderararé8@hetheé Grange of pfromd

of 50 about 140°C to about 260°C.
3. The process of Claim 2 wherein the
15 reaction time is in the range of from about 1 to about
2 hours.

4. The process of Claim 1 wherein the
reaction medium comprises an alcohol selected from the
group consisting of decanol, isodecancl and dodecanol .

20 5. The process of Claim 4 wherein the
alcohol is isodecanol. _

6. The process of Claim 1 wherein the
reaction medium comprises an alkane selected from the
group consisting of dodecane, tetradecane, hexadecane,

25 octadecane and eicosane.

This Sheet Has Been Replac

AN !III




-16- m nutes. After a reaction timnwlﬂ I H“Ia second

addition of 7 g of 85% phosphetrt+e—actd e et el _ ___
i ncrease the reaction rate by a rapid increase i n the | el @aSettf HASBEEN
fromthe reaction 5 m xture. The reaction was disconti d afieBLAGED

t ot al @872y ti ne above 140[err] C of 1 hr. 25 m nut epcTAidS602672 —
reaction mxture was held at 180[err]C for a period of 45 m nut es.

Anal ysis of the resulting pol ysuccini m de i ndi cated nearly 100 percent
conversion and a 10 nol ecul ar wei ght of 12,993.  The dried product col or
was slightly off white. Thegeg-has been descri bed above a
conveni ent, econom cal nethod for produci ng pol ysucci ni m de havi ng

an acceptabl e col or for use ir & phpceasofsncprdparing igolystccdniddider gent
and ot her uses wh | 4d ' | R %&%; i i

organi ¢ nedi um of By ﬂ@trﬁhgﬁmﬁ&e%tgbgﬁnhggi‘gg%fgﬁoa oé%cggrééﬁsgg’lqg}l in

many i nst an PR HASSUPIRYAALRE R BRgh iehl ing jarganireastion

required it is (xnmadﬁumﬂdelemmednﬁkbmheHebgréﬁpﬂ&dnélﬁtiﬁ?ﬁdﬂ:HibﬁéiOn

t her eby provigli ng i cj.ent: Jea PLOVI i.ght_.col ore

pol ysucci ni m'%e not lg_'frnfg[ c?ft?ryé'gﬂg B§c%%?/%?llll%%t#§a%g%a]iﬂﬂ%bla °|°ﬁ’q[“'5r 68‘1
quantities in an Straigh, o bxpnghedeghain alkanes having from A0t Bough t he

i nvention has beem&%arbdﬁstbhbednﬂnaﬁ%?ﬁ O&aW%ﬂ;if‘oze@&Qﬁi menés whi Cg
are set forth | | derabl e.detal it shoul d .he ., . ;under. st oo
that this descri pt%@r#ns%ggéc’\%ay?ggfglgn’ aﬁﬁ?’cﬁq r'%ﬁ (ﬁ?l%ﬁllf £/ pedivme
invention is not in thenpresencel ¢f| saidccatalyrat o mceudifticrieati vém80

enbodi ment s ;Nd ORRY PolYehekr@ecBNEEEQSaihd Lo apparent to those
skilled in the art in view qQf t

nodi fications are con érrp&gfearﬁﬁ?%\sé g%%mﬁé’%gg%%’ﬁeparti ng
from t he spingactdpn meddumcisbheated ctn i hemperature in the
range of from about 140°C to about 260°C.
9. The process of Claim 8 wherein the
15 reaction time is in the range of from about 1 to about

2 hours.

10. The process of Claim 7 wherein the
reaction medium ‘comprises an alcohol selected from the
group consisting of decanocl, isodecanol and dodecanol.

20 11. The process of Claim 7 wherein the
reaction medium comprises and alkane selected from the
group consisting of dodecane, tetradecane, hexadecane,
octadecane and eicosane.

12. The process of Claim 11 wherein the

25 alkane is dodecane.

13. The process of Claim 7 wherein the
catalyst is pre-mixed with the amino acid prior to
being placed in said reaction medium.

14. The process of Claim 7 wherein the

30 catalyst selected from the group consisting of

. phosphoric acid and methanesulfonic acid.
15. The process of Claim 7 wherein the
- catalyst is present in the amount of from about 0.1 to
about 40 percent by weight of said amino acid.
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nitfogen purge t here was charged 453.3 g-othékadecénej After 5
rai sing the tenperature of the hexadecane to about 185[err]C, 199.6 g
of L-aspartic wosdny@s added. The acid and al kane were mEopffdesiesz and
heat ed over a period of about 30 mnutes to a tenperature of
200[ err] C at whi ch time water began to be released rapidly fromthe
10 m xture. The reaction slurry was held at about 200[err]C for
about 1 hr. and 40 minutes at which tinme watekpg- rel ease had reduced
mar kedly. A sanpl e indicated that conversion of the starting acid to
pol ymer was about 42% at16 hatThe pProcEss bEnRashu? ewNeseihaihd ai sed
to 15 220[err]C a t %ﬁggr t for.an id] | 1
hr. and 20 m nutes mgggﬁf%g%S%%éﬁg%ﬁ%ooQoﬁ%&'sﬁgng%%a hf&g é%%ﬂgﬁﬁrting
acid to polyner. TheCEgaRie Feaetigm madium prioxryfonthe addition afjithe i on.
The ‘product, 143 g oktartingp&ky@ucci ni mi de, was conposed of fine particles
20 exhibiting a pink color.,.,The.,re | on, _medi tenpi ned . nearly
col orl ess and about 419 % of tjh'é' ale& fh Cé\?/gfss”%% E?SHH y ‘?‘é%w ett}’eoy
filtration. 25 catalyst is added in at least two portions to said
reaction medium, a first portion added to the organic
medium before the initiation of the condemsation
reaction and the second portion being added at least
10 30 minutes after the initiation of the condensation

reaction.

18. The process of Claim 7 further
including the steps of separating the polysuccinimide
from said reaction medium and reusing said medium in a

15 process of Claim 7 at least once.

1. The process of Claim 18 wherein the
reaction medium ié-reused directly in said process
without further treatment. :

20. A process for the production of

20 polysuccinimide by the thermal condensation of L-
aspartic acid in the presence of phosphoric acid
catalyst in an organic medium comprising dodecane at a
temperature in the range of from about 140°C to about
200°C for a periocd of from about 1 to about 2 hours.

25 21. The process of Claim 20 wherein at
least a portion of the phosphoric acid is added to the
reaction medium after initiation of the reaction.

) 22. The process of Claim 20 wherein the
polysuccinimide is hydrolyzed by means of contacting

30 the polymer with a basic aqueous solution in the
presence of the organic medium whereby the hydrolyzed
polymer remains in the aqueous phase.
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preparing ponSUCC|n|n1de by the thermal" condensathonwof » a7y
L-aspartic acid which’ k ses rOVIdI g a hvgh bolling » s aea
organi c reaction "5 AW% Fﬁarﬁ?ger}?i t"@ﬂ”g‘l‘ nrouo consistiang of ki®
-h : boi I'i ng stralght or branched chain aI al cohol s and

m xtures thereof and straight or branched-ghain L"u "ﬂnllnﬂﬁ Wﬂulng
from10 to 20 carbon atonms and m xtures " th

anmno acid in saWHATeOSUQLADMER IS: 10 “sufficient time to pol yreri‘ze

said amno acid. 2 The proce O at wherein medi um
Is heated to a tenperatureiln ?h%9%5ﬁ3§ g%rfpgﬁparlng SOIYsugﬁéﬁ%mfgﬁ[err]C
to about 260[errp¥Z. the thermal condensatign Ffelprepasticf aclidi whickherein
t he 15 r@@ﬁ&k?@e&'B?oﬁdiﬁ‘g'[t'gehigﬂgﬁoﬂ]ﬂug‘)%ﬁ?ﬁ'ﬂ: }ehetae t

2 hours. cess O wherein
reaction mstli umBeApHPsEelaRtad Eren SBRegreUPf FORSAREing of h‘q . oup
ols

consi sting of desefdlingi seﬁesgneloﬁnﬂrdﬁdﬁeaneham alkyZOalcoh
The process of C ai odecano

6. The process %}xg%ﬁFﬁ1§£ﬁﬁ8?£ Angpgtraight of %ngggfﬁoﬁ%ﬁéﬂlum
conpri ses an al kabkasebebawingr fromht0 to 20 carbogr atpmsoasds mixguafes

dodecane, et rader@pgore4adeiAG e aminddaciACUATR0ANC naRY R FORAC

10 sufficient time to polymerize said amino acid.
® © 2. The process of Claim 1 wherein the
' medium is heated to a temperature in the range of from -
about 140°C to about 260°C.: T
3. The process of Claim 2 wherein the
15 reaction time is in the range of from about 1 to about
2 hours.

4. The pro¢é§s of Claim 1'whérein'the
reaction medium comprises an alcohol selected from the
group consisting of decanol, isodecanol and dodecancl.

20 5. The process of Claim 4 wherein. the
alcohol is isodecanol. .
6. The process of Claim 1 wherein the
. reaction medium comprises an alkane selected from the
' group consisting of dodecane, tetradecane, hexadecane,
- 25. octadecane and eicosane.
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7. 3A20r 0ces@8¥Ar preparing pol ysuccini mi de N - by the.thangal ., ..,

~

condensation of L-aspartic acid which : conpri.ses pr@vidi'ng a 1
high boiling organic-reaction medi um sel ected Trpmsthesgloudp’s
consi sting of high 5 boi I i ng strai-ght' or branched chain alkyl **

S O Ot M
condensation reaction, heating the acid in2aid mediuth ¢ - % S n-the

presence of said catal yst for ufficiept ti . ; 0. pol rize
said am no acid. 8. The p?bcegssﬁ?cﬁgﬁiﬁ?? aggP%Fﬁn?hB%QYSUEClBlmXHE
reaction medi.umbyg htheettheomalt eopdensateonnofhb-aspartic acidr whgehof
from about 140C Lgna8bouks280L6541 iqh boili ic 2eadP@oprocess
of daim8 mhere%nmgﬁe s’ 15 gérgag%?On ?fn%n?séfﬂa?ﬁg rgﬁgg of from
about 1. to aboutMmedium selected frgmsthe group consisting of high Tge
process of £l ai nbdiMifgekBralght or branchedr €B&Lh0A1RPUI HILER éuagé an

al cohol sel ected gronlgpe b 4 hgrouglﬁon5|shln% of decangl

i sodecanol and dBHERAHBF. or branchgd chdin ang§ hayfpg fremsd0,koq aim 7

_mhérein t he 20 carbonraaomsoandedhuacidnpataéysanﬂoalbamd sel ected from
t he ' c8h8HR:5P 985S kLA 2bndOHES Ry EﬁérgggﬁaQﬁ’sgﬁéaﬂgﬁgﬁ%

oct adecane and el cosane. , _ . € proceSs of Clraim 11
wherein the in phe prgekafre PE gaddcaabalyst for a sufficient tim@ The

process of; &l ai M4 yhReLALRitBesaid amino aci@atalyst is pre-mxed with the
amgo acid prior to being glacgd in,said ggaction medi um
14% The process of O aim $-wheP8i RTPRESS of Clagm 7 wheredn; the ected from

t he group consi steagtdbn medium is hephedphor actanpédratdreetinandeul f oni c_

aci d. 1 he ,RePCESS Mo~ Wherein the
catalyst is presgﬁPanOthrgwogﬁ?ugf§%§o§1g%oﬁggagaaFg]E' . ' about
40 percent by weight of saPd afhsopzergss of Claim 8 wherein the

15 reaction time is in the range of from about 1 to about

2 hours. _ . . .

10. The process of Claim 7 wherein the
reaction medium comprises an alcohol selected from the -
group consisting of decanol, isodecanol and dodecanol.

20 11. The process of Claim 7 wherein the
reaction medium comprises and alkane selected from the
group consisting of dodecane, tetradecane, hexadecane,
octadecane and eicosane. , |

" 12. The process of Claim 11 wherein the

25 alkane is dodecane.

13. The process of Claim 7 wherein the
catalyst is pre-mixed with the amino acid prior to
being placed in said reaction medium.

. _ 14. The process of Claim 7 wherein the

30 catalyst selected from the group donsisting of
phosphoric acid and methanesulfonic acid.

' 15. The prpceés of Claim 7 wherein the
catalyst is present in the aﬁouﬁt of from about 0.1 to
about 40 percent by weight of said amino acid.
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m 7 wherein the cat al yst Py

-20- 4 16. The pro ai

i 5_added directly to _said high hnﬁm‘%'q nLna,m_c I eaction—eai-tHR—pH-a——-
tothe addition of the startlng Tacid. 5 17. The

process of Claim 7 wherein the catatyst is added in at -,;},.‘)

portions to sald reaction medium a first portion added M

N\Q&

organi c POT bef or e t NRRLP PITELLECTUALFROFERTY RROANEABRh S at | on
reaction a n Wr
the i ni ﬁwhﬁﬁﬁm SpHIER BN Pl Ok g At Booperin |
process mmmmmmms i nclludi hanimenssineyPublodtios ¥paerat | ng W 9627627
pol ysucci noose @10, 7306f r om sai d reactfiAnh} nedi um and reusi _sa' d di i
a 15 rocess of Claim7 at |east orce, |3 Internationsl Publication ﬁg@g&@?m %)
C1aim18 whereinthe reaction nedi I S_reus r
pr ocess| @1 Internatigng) umher tré'Et"r"l’%sﬁ’f’w%g]h Cz'égll;'; GE,AE,_Z‘% )fé\l”&? %‘gﬂ&
the pr trieftiatidadl FiliRg DateP 0| Y FtrGHaR 1996 ¢&2.0d09) |t he dmnnx.tnaanz.thGRv
aspartilc acid in the presence‘ﬁf phosphorijc acw“d SK-TJ TM-
or gani c Lum.conprising dodecane at a H,DE
from ab ] C t 03 Abaubrles.039s 200[wy| ] C fm( Bsma,em NLDENISE), DAPL
to about 2 hour 21. The progsm%@gjﬁmdlapﬁﬂ(?(m&r@l MLMR, NE,
| east é Sk Yonshrd C ., [adde 't reaction
medi um a‘?’?‘ LM%MS df;ﬁ@.@isé‘g# 22 The process of
Caim 20 wher ein the sucmtnl m de rreans of
cont act "?'r' o |56, oot e aque "ﬁm' -0 mit for amending the
presence of e organi ¢ d| um wher eby t he hydr be republi Yo Bient bIOKFGcEIf of
i n the pfyapws P Paul, Leonard; Monsanto Company, 800 amendments.

North Boulevard, St. Louis, MO 63167 (US).

(54) Title: PRODUCTION OF POLYSUCCINIMIDE IN AN ORGANIC MEDIUM
(57) Abstract

There is disclosed a process for preparing polysuccinimides by the thermal condensation of amino acids such as L-aspartic acid in
high boiling organic reaction medium whereby a polymer is provided having highly desirable color characteristics. The organic medium is
selected from high boiling alkyl alcohols having from 7 to 14 carbon atoms such as isodecanol and high boiling alkanes having from 10 to
20 carbon atoms such as dodecane. The organic medium can be employed in conjunction with acid catalysts for the condensation reaction
and can be easily recovered for reuse with little or no need for purification.




