-1 - 0292362 The present invention relates to the

synt hesi s of pol yhal oi m des and, nore:particularly, that of imdes derived
from hal ogenat ed di carboxylic aci ds such as tetrabromophthalic acid. 5

Pol yhal oi ni des, especi al | yt et rabronopht hal [ i des and bi s) _

t et r abr onopht hal i m des), are well-known coh‘pounds which find an 0&3&%5&t I on
as flanme-retardants in many flammable materials, in particular in plastics
(see, for exanple, the Thporaegemn: ansp@tmpnereaa;eanm tthel sysihesds of
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Appl i cations JRetrdbiofb@ghthal V6-&68d337). 15 However, the

met hods of preparation f
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col our or whi clandl dis)datrahmenenhthaddnides) ,t ane wedkkrknown mnﬂm cs

(conpounds or Rpiddedegpll @Shpﬁlﬁébeﬂéhn&szofléﬂé%ﬁéﬁd’a%\&'t ihhQddnyise
and is unaccept able in algg 4#1 nber of %l catlon Furt hernore,_ these
products very AR St iRARE stdas, (#eq.nfor
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condensati on pr uced by t e imdificatio action ar to d| ssol ve the
hal ogenat ed di 3088 Wellias gmsdgs 13e§3?‘r§§7c%%4ll?‘c?g
separation and Agphications t TRSP4SOLS 062, and THL064 B3 TEANS of dryl ng

15 : However, the methods of preparation described in
the abovementioned references give mediocre yields and
provide products which are in most cases yellow in colour
or which discolour when used and which thus impart to the
plastics (compounds or moulded articles) a colouring

20 which rules out their use and is unacceptable in a goodly
number of applications. Furthermore; these products very
frequently contain materials which are volatile at the
temperatures of use in certain polymeric materials and.
which lead to corrosion of the moulds. In addition, the
use of organic solvents in their preparation (particu-
larly xylene, toluene, alcohol and acetic acid), which
are in most cases .chosen. for their ability to form azeo-
tropic mixtures with water, making it possible to entrain
the water of condensation produced by the imidification

30 ' reaction or to dissolve the halogenated dicarboxylic acid

' anhydride, .requirés costly operations of separation and
recovery of 'th_ese solvents, as well as means of drying
which are suitable for the removal of organic solvent
vapours. .

35 The abovementioned disadvantages are encountered

| especially in the case of polyhaloimides derived from
hydrazine and from halogenated carboxylic acid
anhydrides. '



whi ch are suitable for the renoval of organic solvent vapours. 35

The abovenentioned di sadvant ages are encountered especially in the case of
pol yhal oi mi des derived from hydrazine and from hal ogenat ed

car boxylic aci d anhydri des. ;+ 2 -. What is nore, the availability of
this latter raw material requires a prehatogenati on of the dicarboxylic
acid anhydrides. This factor represents an additional handi cap both from

the technol ogi cal and ecwiteoviis sicve]- thepavalilabgtavgecof heh by Iidsdrs raw

t hese pol yhal oi j i Dy O . o| ' e qf .sta o .
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of the“al ogenataeidnapdydaidest.aithis fector repregentmsanowdsiidiicnalnd
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sol vent to dPssoPQEnt he%ﬁﬂﬂ&ﬁq dEhgnfrthesis Fh%aﬁatﬂé')fllﬁ?al°‘9"%‘ies

condensation, aniintbbvredbytheefallowidy seqhéhedtofingsbagast c sol vent under

certain conditions it is | bt ai [ ' el

colourl ess.or very sli ghfﬁgglzéﬁ%ﬁ?ée _Igré)ﬁuc ? %ﬁ%&%‘?h&b&éﬁ@sgmdrﬁiﬁedary

purification are perfecttyiselatbon apd. purificediopr eff ithe dialogenated

macr onol ecul ar nphREaRide bPEAYALAY those 20. which are used at high
t enperature

mvent fon, BT eh consi st §ti BABI dean AGUIcHato b, LF AR RECHRRARY de
. ) - isolate and to purify the intermediate halogenated
S anhydride and that it is not essential to employ an
organic solvent to dissolve the anhydi':ide and/or to
remove the water of condensation, and that by operating
15 without an organic solvent under certain conditions it is
possible to obtain, in very high yields, colourless or
very slightly coloured products which, without prelimi-
nary purification are perfectly suitable for the fire-
proofing of macromolecular materials, including those
20. which are used at high temperature, particularly above
250°C. .
The process according to the invention, which
consists in halogenating a dicarboxylic acid anhydride
o and then reacting hydrazine with the crude halogenation
s 25 product, is characterised in that:
a) the halogenation of the dicarboxylic acid
anhydride is cai::ied--out-, .
b) the preceding phase obtained in a is then
. reacted with hydrazine. '
30 Among the anhydrides which can be employed, those
which may be mentioned more partiéularly are:
- anhydrides of aromatic (benzene, naphthalene,
anthracene) dicarboxylic acids, especially those of
general formula:



"

and then reacting hydrazine with the crude hal ogenation 25 product, is
characterised in that: a) the hal ogenation of the dicarboxylic acid
anhydride is carried out, b) the preceding phase obtained in a is then
reacted with hydrazine. 30 Anong_t he anhydri des whi ch can be

enpl oyed, those which nmay be nenti oned Mor Particularly are: - anhydrides
of aromatic (benzene, naphthal ene, anthracene) dicarboxylic acids,
especially those of general formul a: - 3- O‘aerr] in which pis an
integer ranging fromO to 2, - anhydri des of, d rtially hal ogenated aromatic

(benzgne, napht hal ene, ant hracene)~d{ cgeRQXxy %xacids, especially those of
genera‘IJforrmI a. [err] 5 I n V\/ni chl ohiine or a brom ne, mvaries

fromO to 4, n varies fromO to 5 || es % han 4 + 2p, and p varies
fromO to 2. X may also be a chlor Qrofi ne (m+ n greater than 1),
that is to say that it is possible to lmave allyjthe conbi nati ons of chlorine
and 10 brom ne in the sane nolecule.'lIn ao dance with the present

i nvention, a single anhydride or a nixture.é? several anhydrides may be
enpl oyed. ‘When a m xture of anhydrides is enployed, one or nore of them

but not all, may be saturated with 15 hal ogen. Phthalic anhydride is

preferably enpligyGthich p is an integer ranging from 0 to 2,
- anhydrides of partially halogenated aromatic
, (benzene, naphthalene, anthracene) dicarboxylic acids,
s .=especially those of general formula:

L 4 .
bromine, m varies from 0 to

5 in which X is a chlorine or a
4, n %aries from 0 to 2, m + n is less than 4 + 2p, and
p varies from 0 to 2. X may also be a chlorine and a
bromine (m + n greater than 1), that is to say that it is
possible to have all the combinations of chlorine and
bromine in the same molecule.

In accordance with the presenﬁ invention, a
single anhydride or a mixture of several anhydrides may
be employed. When a mixture of anhydrides is employed,
one or more of them, but not all, may be saturated with
15 halogen. Phthalic anhydride is preferably employed.

The halogenation of the dicarboxylic acid an-
hydride, staQe a, is carried out follohing methods which
are known to the person skilled in the art. The halogena-
tion consists of a chlorination or a bromination, or a

20 chlorination followed by a bromination, or vice versa.
Although the halogenation may be partial or total, it is
preferably that the halogenation should be continued
until products in which m is greater than or equal to 2



The hal ogenation of the dicarboxylic acid-an- hydride, stage a, is carr
out follow ng nethods which are known'to the person skilled in the art.
hal ogena- tion consists of a chlorination or a brom nation, or a 20
chlorination followed by a brom nation, or vice versa. Although t he

hal ogenation nay be partial or total, it=i% preferably that the

hal ogenati on shoul d be conti nued untiI products in which mis greater t
or equal to 2 are bbtainadi adentédeaﬁkhgeoaslssLngieSiMd&;dml;Dgeam'ps
| oyed, and pr efy %é,%@ I dr| de nmay be chlorinated in
chl orp- hydrin, for %)(ag{r?eprpe accor gfaﬂl[rbn%t

Pat ent~DE 1, 934, 174. ARIghalig mlmﬂxsm%mu bey chdopineted: iphchapiro-

anhydride in chyrahy,drior leXamplies aRcRRAINY tbocéh@exnb%headaeséﬁibbhem
mxture is heatedto[eft; and |Jrsté§1€ _}éeat wW.{h a stream of l.orin
cont ai ni ngs[ o RRir ah 1s%<=°6%r€m%r1=° this ﬂﬁFEﬂdvna
solution in ol Mtunmhmbrphﬂmhl@f anhidrtide ieadicllodohydyiect(H8P,CAl)O
into the sol utiy a r |yt 5 Ie n
ol eum nmedi um (ry(;rtﬁxj §>t |r%r?oo$'t)8%§%a P Qd& d%?‘ggé?%r@aﬁqr% l%ﬁ?’e%dﬂltg
exanpl'e, accor didfy Q@ oande Jtﬁachhﬁl}uetmgbvdthn Pastreags af 0ghlorine;
whi ch the bromdgitihing CAEL/.ePHiHalilt arkiydeie Wanedlss 8adchiori-

catorveed W, oA Y BlruLeg 5%8%%%&%2&1?%&?23 aRed e

410,-898, in whiicdlitres, tbpningecbﬂngschablrﬁ.aé into the solution. It is

: Mot preferably to carry out ‘the chlorination in an oleum
medium. . : _

_ Bromination of phthalic anhydride is carried out,

15 = for example, aceording to the technique described in

Patent GB 1,084,375, in which the bfomination is carried

out in a 65 % oleum medium and is catalysed by iodine and

by iron. :

' Bromination of phthalic anhydride may also be
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20 carried out according to the technique described in

Patent CH 410 +,898, in which the bromination is carried
out in a suiphuric’ acid medium (SO; content between 20 -
65 %) and in the presence of chlorine. '

' It is not necessary to isolate the halogenated

25 dicarboxylic acid anhydride from the phase obtained at
the end of halogenation.

According - to -the invention, the stage b is
carried out by reacting the preceding phase obtained in
& with hydrazine.

30 | One of the advantages of the invention becomes
clearly apparent in this case; it is not necessary to
.1solate the halogenated intermediate product obtained in
. stage a before performing the reaction with hydrazine.

.~ The hydrazine is used in the form of hydrate or of a
35  hydrazine salt (for example sulphate; a hydrohalide or
' acetate). Hydrazine or its derivatives may be employed as
such or in the form of a sulphuric solution. The guantity

‘of sulphuric acid may vary within wide limits, the only



out in a sul phuric acid nedium (SC3 content between 20 - 65 % and in the
presence of chlorine. It is not necessary to isolate the hal ogenated 25

di carboxylic acid anhydride fromthe phase obtained at the end of

hal ogenati on. According -to the invention, the stage b is carried out by
reacting the precedi ng phase obtained iIT @ Wth hydr azi ne. 30 One
of the advantages of the invention becones clearly apparent in this case;
it is not necessndjtioni belimge that hit oghowlddbensaffidiant prodensure

obt ai ned in st r L 0s fi ' h '

ydragine 15 uohd SpPEBEfale apbfolion of ¢ rafctbhre KAATEL Eerle |,
exanmphe sul phagatiafaglrsyal sHcwingceTheemolarireatie of halegenatedves
gay P_et erm:c 0ye§nl§§d_§§!&€ eg hydﬁl@iﬁ@riat %:felwgh plaaa! ?réﬁ%ﬁabw-b%@een
uantity of sulphurig a may. _var,y W.thin w imts e only -5-
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di spersi on of atmospherdct prassuxe pet ntémperatixes oof detweeny.80handol ar
rati o of hal Ogsagbgdaﬁﬁhi’%ﬂgﬂﬁ ¥962z2hRe2p0f°L€E! ow 2, and preferably

an : |

bet ween 5 1 reaction in stage [err] may be carried out at

at nospheric pressure afheefeachignestine MBa¥eRATE0 WAk ifne WidendiBitherably |
110 and [err] Be f82§éhePallytbdbyeddy add R0Nhvuee .| AFteg, cboling of
general |y ﬁet V\eﬁnll'ﬁﬁc}erw?g} hoyrs. Af-tg{\ cgoilli.ag_.ofs 105-' t he rteact i‘in.
m xture, tHe sEPRd RN JALEHIEE nelne s SRt SFSRRRSION (RIS 48 of f
and washed witdidated wmd |isethen| fahteree pEfdand washesh wiitkowsher
convgl, ' until neutral and the product is then dried by conven-
tional drying means. ' _

According to a preferred embodiment of the

15 invention, hydrazine in the form of hydraté or of a

hydrazinium salt is used in the form of a solution in
sulphuric acid, this solution being progressively intro-
"duced into the halogeriated an_hydride phase a obtained
previously; the quantity of sulphuric acid and its

20 concentration are calculated so that, at the end of the
addition of hydraz'ine, the reaction mixture advanta-

'~ geously contains 500 to 1,500 ml, and preferably 600 to
1,200 ml, of sulphuric solution per mole of anhydride
employed in a, the concentration of this solution being
between 80 % H,S0, and 65 % oleum, and preferably between
90 % H,SO, and 40 % oleum.

Wwhen stage b of the process according to the
invention is carried out at a temperature of at least
130°C, the product obtained generally consists of the

30 bisimide corresponding to the following general struc-

ture: ' '



tional drying neans. According to a preferred enbodi nent of the 15

i nvention, hydrazine in the formof hydrate or of a hydraziniumsalt is
used in the formof a solution in sulphuric acid, this solution being
progressively intro- duced into the hal ogenated anhydri de phase a obtai ned
previously; the quantity of sulphuric acit and its 20 concentration
are calculated so that, at the end of the addition of hydrazine, the
reaction nixtur dnadvhich Becdengtesntthes \yoidue 1 0500the, hallogenatedbl y
600 to 1,200 nl anhfydvildenemployeldit i on per nole of anhydride enployed in a,
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I simde corresponding to the Toll'owmng genera ruc- ture: [err -6 -
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are particularly 5 “syitable as flanme-retardants in_plasticsS of all Kkinds.
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_ invention without limiting it.
The following are introduced successively into a
~ glass reactor equipped with a stirrer and a reflux
15 device: :
' ~ 148 g of phthalic anhydride
- 1.5 g of iodine, and
- 700 g of 65 % oleunm
After the mixture has been homogenized, it is
20 heated to 60-70°C and 345 g of bromine are run in over
4 houts: at the end of the addition, the mixture is kept
for 4 hours while the temperature is progressively raised
to 110°C.
: A solution of 107 g of hydrazine sulphate dis-
S 25 solved in 1,000 g of 96 % H,S0, is then introduced over
2 hours, while the temperature is progressively raised
from 110 to 180°C, .and.the reaction mixture is kept at
this temperature for approximately 11 hours.
After cooling, dilution with water, filtering and
30 washing the solid obtained until neutral, followed by
drying, 430 g of a white solid are obtained (yield =
93 %), its infrared spectrum corresponding to the
formula: . - '
Br Br

Br Br
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~ L .
10 percentages are expressed by weight,- illustrate the invention
W thout limting it. EXAMPLE 1 The follow ng are introduced successively
into a glass reactor equipped with a stirrer and a reflux 15 devi ce: -
148 g of phthalic anhydride - 1.5 g of |od|.pe and- - 700 g of 65 % ol eum
After the m xture has been honogeni zed, it 1s 20 heated to [err] and 345
g of bromne are run in over 4 hours; at the end of the addition, the
mxture is kept ERAMPLEL2 s while the tenperature is progressively raised

to [err] A solution of The ofelldwiiqzane awc&baheed Ssuddess 5@ Yedinko
1, 000:9-0f 96 %E\e I s then_introduced whil e the tenperature

O .S!
i s prdogressivel ¥ S0F ARRRTAL 5[5315}61% aﬁ’&' gﬁn@a EFEBR YRt ure i s kept
at this tenperature for ﬁpﬂrm(immfelp}\thhlhwmhymde cooling, dilution

with water, gfiltering arj_d?lfo W 4 d obtained until neutral,
foll owed by drying, 430 g o 66,53% {qc;. are obtained (yield = 93 %,

its infrared spectrum- ct e SH @i euhe fornula: [err] -7-
EXAMPLE 2 The fol | owi ng Aemﬁezf fﬁlié)gmﬁfh Canydeide | RAS ameséwadapmaat us
as in the precedl ng . .exa

eaction J.xture .Ls Leﬁhéé‘ ald q:q-}/a 3 Iis to say to its
boiling temperature, and chlorine is injected at a rate
10 of 90 g/h; this introduction of chlorine is kept up for
5 heurs, while the temperature is progressively raised to
A . 130°C.
After cooling, a solution of 90 g of hydrazine
sulphate in 900 g of 96 % sulphuric acid is run in over
15 two hours, while being heated progressively to 100-110°C;
- after the introduction of hydrazine the temperature is
raised to 170°C and kept thereat for 11 hours.
"I"he reaction mixture is then cooled, diluted with
water, and the solid obtained is filtered off and washed
20 until neutral; after drying, a white solid is obtained in
' a weight yield of 92 %, its infrared spectrum correspond-
ing to the formula:

Cl
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5 - 1.5 g of iodine, and - 700-g of 65 %ol eum After the

pht hal i ¢ anhydri de has di ssol ved, the'reaction mxture is heated to [err]
that is to say to its boiling tenperature, and chloriné is injected at a
rate 10 of 90 g/h; this introduction of chforine ks kept up for ; 2 lérs,
while the tenperature is progressively raiSed.to [err] After co8e? 3 2a
solution of 90 g of hydrazine sulphate in 900 g of 96 % sul phuric acid is
run in.over 15 two hours, while bei ng h&AMSrogressively to [err] after

Eﬂe Igtr?ducaaq% of hy$ﬁﬁhé§htrﬁbieUEFéatbgep?ﬁafgbﬁe?oko QﬁFBPG%BQeFﬁpt
ereat for our S, e.reactiqon mxture i n cool ed, ed W

wat er>"and t he RHIMEARR Frem F‘?iPHPE‘eré{Hﬁ‘?i’ ’xﬁas?‘@oéj Zﬂnhﬁa'ﬁgﬁeﬁr al ;
after drying, aommula solid is obtained in a weight yield of 92 % its
infrared spectrum correspond- ing to the formya: [erbp] - 8 -

0292362 CLAI M5 1. Process for the preparati‘on}| of hal ogenated

bi si mi des from hal ogen, dicarboxylic acid _anhydiide gt formula [err] in
which: - X denotes a chlorine or brom ne Oy <

mvaries fromO to 4, - n and p v§]

ot in which: |

- X denotes a chlorine or bromine atom,

- n, m and p are integers,

~ m varies from 0 to 4,

- n and p vary from 0 to 2,

-m+ n is smaller than 4 + 2p, and _

- X may be a chlorine and a bromine if m + n > 1
or a mixture of such anhydrides, .
and hydrazine, characterised in that without using an
organic solvent: -

a) halogenation of the dicarboxylic acid an-
hydride is carried out,

b) the preceding phase obtained in a is then
reacted with hydrazine used in a molar ratio of halogena-
ted anhydride to hydrazine of less than 2, at a tempera-
ture between 80°C.and. 220°C. |
2. Process according to Claim 1, characterised in
that the anhydride is preferably phthalic anhydride.

3. Process according to Claim 1, characterised in

that the halogen is preferably bromine.

4, Process according to one of Claims 1 to 3, '
characterised  in that in stage a a halogenation is

carried out such that m is greater than or equal to 2.

5. Process according to one of Claims 1 to ¢4,

characterised in that hydrazine is preferably employed in

the form of 'hydrazine sulphate dissolved in sulphuric
acid.

C
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- m* nis smaller than 4 + 2p, and - X may be a chlorine and a bromne if
m+ n > 1 or a mxture of such anhydri des, and hydrazi ne, characterised in
that w thout using an organic solvent: a) hal ogenation of the dicarboxylic
acid ah- hydride is carried out, b) the preceding phase obtained in ais
then reacted with hydrazine used in a ol & Tatio of hal ogena- ted
anhydride to hydrazine of less than 2, at a tenpera- ture between [err] and
220C. 2. Br.ocess @medisngabooﬂimm o Cboneacoer iCkaliims tihatot hs,
anhydrlde isp C y S C to

Cl aim:1, char a(E::?l %?:égg %ihanﬁt ﬁggga?%éage g lrsef%?‘a%?%&b%g?n:c ngé &n
Procegs accor did§ Foa@ﬂezéﬂ °Geains 1 to 3, characterlsed in that in st age
a a halogenation is carried out such that mis greater than or equal to 2.

5. Process according to one of Clains 1 to 4, characterised in that
hydrazine is preferably enployed in the formof hydrazine sul phate
di ssol ved in sul phuric acid. -9 - 6. Process according to one of

Claims 1 to 5, characterized in that stage b is carried out between [err]
and [err] 1111111 11111111111 11111 111111
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