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PGTL USQ6/ 12341 PROCESS FOR THE PREPARATI ON OF HALOGENATED
ALKANES - 5 Field of the Invention
The present invention relates to a process for the preparation of

hal ogenat ed al kanes. In particular, the present invention provides a
process for the wWo97m7083i ghly sel ective preparation of hal oal kgggfsbdha84q0d
yield. 10 Background of the Invention
The production of hal oal kanes by the addition of olefins to starting

mat eri al hal oal kanes is well known inh"the art. Further, it is known
that the product's carbon chain length increases by at |east one
carbon atom conpared to the starting 15 material, which drastically

i ncreases the product's boiling point making recovery of t he product
difficult and di m ni shing product vyield. : Several addition

reactions for prodUCImstﬁmmﬁbkﬁpmwN@ﬁhﬁﬁbﬁW gich as
1,1, 13, 3-pentachl oropropane ("HCC 240"), are descri Int pr| or art.

For exanple Kotora et al. "Addition of Tetrachloronethane t o Hal ogenat ed
20 Et henes Cafal yzed by Transition Metal Conpl exes", 77 J. Mdlec. Catal.
51 - 60 (1992) disclose the pr eeld efthomvenfioHCC- 240 from car bon

i d d vinyl hl d d
o (ot T e v T T gresem Sldoh A dd S Dol fbr S BhRERGGHHOT | C° 2"

cocat al yst. Cat al ybalogenatedcalia¢sa Illywtlm:hnnharesem inverinioa ‘pﬂnhdlaya pratess for the wash

whi ch destroys the ta Addi.t i ona t.he u perchlorates in the
25  process posesh fiy (f:le\éﬁ‘éepﬁ?pgﬁfl Jé’ﬁlg‘ﬂ' n ?dséﬁ‘fl‘grat es are extrenely
expl osi ve. 10 Kotora et al., "Selective Addition of

Pol yhal ogenat ed Conpounds to .
Background of the Invention

The production of haloalkanes by the addition of olefins to starting material
haloalkanes is well known in the art. Further, it is known that the product’s carbon
chain length increases by at least one carbon atom compared to the starting

15 material, which drastically increases the product’s boiling point making recovery of

the product difficult and diminishing product yield.

Several addition reactions for producing synthetically useful haloalkanes,

such as 1,1,1,3,3-pentachloropropane (“HCC-240™), are described in the prior art.
For example, Kotora et al. “Addition of Tetrachloromethane to Halogenated

20  Ethenes Catalyzed by Transition Metal Complexes”, 77 J. Molec. Catal. 51 - 60
(1992) disclose the preparation of HCC-240 from carbon tetrachioride and vinyl
chioride using both cuprous chloride and Cu[(CH;-CN).JClO.: complexes with an

| n-butylamine cocatalyst. Catalyst and cocatalyst removal is achieved by water

wash which destroys the catalyst. Additionally, the use of perchiorates in the

25  process poses handling probiems because perchlorates are extremely explosive.

. Kotora et al , “Selective Addition of Polyhalogenated Compounds to
Chlorosubstituted Ethenes Catalyzed by a Copper Compiex*, 44 React. Kinet,
Catal. Lett 415 - 19 (1991) disclose the preparation of HCC-240 from carbon

tetrachloride and vinyl chloride using a cuprous chloride complex catalyst with 2-



Chl,oresubstituted Ethenes Catal yzed by a Copper Conplex", 44 React. Kinet.
Catal .. Lett. 415 - 19 (1991) disclose the preparation of HCC 240 from

car bon - tetrachl oride and vinyl chloride using a cuprous chloride

conpl ex catal yst with 2- WO 97/ 07083

PCT/ US96/ 12341 -2-

propyl ami ne as AQYHAR| yst. The reported HCC 240 yiel d. howeREwYSIEL234N| y
71% - Zhiryukina et al. "Synthesis of Polychl oroal kanes Wth Sever al

D fferent Chlorine- Contai ning Goupsf, 1 lzv. Akad. Nauk SSR. Ser.
Khim 152 - 57 (1983) disclose a process for preparing HCC 240 from
carbon tetrachloride and vinyl chloride 5 using an Fe(COJ[err] - ethanol’
catal yst, which process reportedly yields 25% HFC- 240. Both of these

di scl osed processegrepylamiie ssaisosateivsyeBegeriorred HEE-24f wipld Haweves is only 71%4. ow

i sadvant ayeous bedfatim Hif S utekibtsilobroBlaneb WAL S5 3al irerbi Hofine-

None of the prior @ohtajpingCRapes 1 havorkadeNak SISRhSdrakitiniarse - 7 (d88)idisciosei N hi gh
10 vyield and for the recycle.of ted materials. Thus need exists
for an efficient 2Pr °°es<ig‘ﬂypé‘i?ﬁmrﬁ@#ﬁ%"&%@“f%?dﬁ?@e 6'?‘;(;"631 ﬂ‘ﬁ’f’gﬁ of

hal oal kanes i n 18i glsiyg @1 E&(CO)s - ethanoi catalyst, which process repdesgly viekis 8% HFC! he

| nventi on and Pref resent invention

rre di ts . The .
provi des a highly 36%3?@&%%@3@@4 Professenre gisedyantigeoys i dat theyhave sy (genat ed
al kanes in good Yyi @uflseledtividy if6r HAT-210E The ZHiyGiam R 6l protess is Alrthermdy be

recycled. More specifically, the invention provides a process for producing
hal ogenat ed al kanedis3gdyrripgepus beeause-it uses advghlyedc Fatdlystide, without |imtation,
prior art hal oal kanes such as HCC- 240 as wel |l as hal oal kanes not seen

int he_ prior art None of the prior art processes provides for haloalkane production in high
10 yield and for the recycle of unreacted materials. Thus, 2 need exists for an efficient

and economical process for the preparation of haloalkanes in high yield.

Description of the Invention and Preferred Embodiments

The present invention provides a highly selective process for the production

15  of halogenated alkanes in good yield in which process unreacted materials may be
recycled. More specifically, the invention provides a process for producing
halogenated alkanes which halogenated alkanes include, without limitation, prior
art ﬁa!oalkanes such as HCC-240 as well as haloalkanes not seen in the prior art
such as pentachlorobutane (“HCC-360") and heptachlorohexane (“HCC-580").

20 HCC-240, 350, and 580 may be used as intermediates for the production of
1,1,1,3,3-pentafluoropropane (“HFC-245fa"), pentafluorobutane (“HFC-.‘»GS"),
and heptaflucrohexane (“HFC-587"), respectively, which end-products are

refrigerants, insulating gases, aeroso} carriers, and solvents.

‘In general, the process of this invention uses a catalyst with an organic
25  ligand cocatalyst, flash distillation of organic feeds, catalyst filtration and recycle,

and vacuum distillation, optionally in the presence of a metal chelating compound,



such as pentachl orobut ane ("HCC-360") and heptachl or ohexane ("HCC- 580"). 20
HCG- 240, 360, and 580 may be used as internediates for the production of

1; 1, 1, 3:3-pent af | uor opropane ("HFC-245fa"), pentafl uorobutane ("HFC 365"),
and hept af | uor ohexane ("HFC-587"), respectively, which end-products are
refrigerants, insulating gases, aerosol carriers, and solvents.

| n general, the“ﬁ?ﬂ@é‘!ﬁé of this invention uses a catal yst wi tRCEHHSISAMNI C

25 Iigand cocatal yst, flash distillation of organic feeds, catalyst
filtration and recycle, and vacuum digstillation, opti onal ly in the
presence of a netal chel ating conpound, WD 97/ 07083
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to produce and recover product in high yield. The process may be carried
out in ei t heto produge anduecouergrodactdmbigh vield uBhepyodessmay bin cargiedasitiot i on

system may be clos gﬁﬁr a batchwﬁcfg o4 t%‘ﬁiizﬂx?rx% %ﬁg@.ﬁgﬁe Jr&?éﬁ&nesyagm Eng\? ?%ucrl]c{sﬁ cted

feed material hal oal kane first
step (FA) of the proogreddecomplet renvels afthe umeactad feedimatetiat hilesdicine and materi al ,
a hal oal kane and ahﬁ&'l ceégll kene, are reacted in the presence of a catalyst
and cocatal yst. Sp ¢Ffic hal oal kane and hal oal kene used as feed
material, as wel|l as the catalyst, cocatalyst, and reaction

condi tions used3wil | ddpd‘lc(ﬁr.‘msentféofthe procese of thepregentidvestion, Sefdedbl e f eed

of the present. 1 e it sy QR §RRREed e it s Pl O 0
is an integer fronudid mcxta’lﬁﬂ Therspdcific hilbalkahe aahhiloslkend Useda®feed patedatapbl y from
1to 4, X

0 such as quoane hIor| i odi ne,
or nixtures ther eof"a" ﬁa{ﬁf ‘%faﬂ's‘ cocatalysy, 49d ggaghion o f%ﬂ%ﬁﬁaWd’eﬁP?"g‘%“{% 2n + 2
provided that m + gesifedditodtce -Suitable feedﬁafaemal |§Edfnr5€i‘éxﬂﬂ|a\$ﬁlﬁﬂ§ HAlGA4AG, W thout
limtation, carbon tetrachloride, 1,1, tri chl or oet hane,

di chl or of | uor ok@t huses! inthepracessiof rl@mrmtmmpmm ofithp fomaula €,HeX2 Wherein n
trichlorotrifluor ogbNRAGer foif I AI0b PrQGLEIFEEn 10850, A AL BOE 1 (S0%

is a halogen such as fluorine, chlorine, bromine, iodine, or mixtures thereof, and m
and p are each independently 0 to 2n+ 2 provided that m+p=2n+2.
Exemplary haloalkanes include, without limitation, carbon tetrachloride, 1,1,1-
15  rrichioroethane, dichlorofluoromethane, 1,1, 1-trichlorotrifluoroethane, 1,1,2-
trichlorotrifluoroethane, tetrachloroethane, pentachloroethane, and
hexachloroethane. Useful haloalkene feed material is of the formula C.H, X,
wherein n is an integer from 2 to 200, preferably from 2 to 20 and most preferably
from 2 to 4, X is a halogen such as fluorine, chiorine, bromine, iodine, or mixtures
20  thereof, and y and z are each independently 0 to 2n provided thaty + z=2n. '
Exemplary haloalkenes include, without limitation, vinyl chloride, 1,1-
dichloroethene, trichloroethene, tetrachloroethene, chlorofluoroethene, 1,2-
dichloroethene, 1,1-dichloro-difluoroethene, 1-chloro-1-propene, and 1-chloro-1-
butene. For the production of HCC-240, the preferred feed materials are carbon
25  tetrachloride, available from Vulcan Chemicals, Birmingham, Alabama and vinyl
chloride, available from PPG Industries, Pittsburgh, Pennsylvania. For HCC-360

production, 1,1,1-trichloroethane and 1,1-dichloroethene, both available from PPG



hexachl or oet hane. Useful hal oal kene feed material is of the formula
Clerr]Herr] X err] wherein n is an integer from2 to 200, preferably
from2 to 20 and nost preferably from2 to 4, X is a halogen such as
flugrine, chlorine, bromne, iodine, or mixtures 20 thereof, and y and z
are each independently O to 2n provided that y + z = 2n. EX ry
hal oal kenes i nciyad2m708d t hout |imtation, vinyl chloride, 1,]_PCﬂUé%H£di

di chl oroet hene, trichloroethene, tetrachl orget hene, chl orofl uoroethene,

1, 2- di chl or oet hene, 1, 1-dichl oro-di f1uor oet hene, 1-chl oro-1-propene,
and 1-chl oro-1- but ene. "For the production of HCC 240, the preferred
feed materials are carbon 25 tetrachl oride, available from Vul can

Chgm' cals, Birm ngh&rﬂ!hm@ésﬁéi@.ﬁﬁfeﬁﬁd Nor 't C-580 géodggzginppdnckemorauginbaﬁd g1.f rom PPG
| ndustries, Pittsbur nns ia. For HCC production, 1, 1
1-t+ichl or oet hane aﬂgmﬁ°“ﬁ aéﬁvggﬁgthene both avail abl e from PPG
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- 4- l.ndust ri exieaé:ell)pﬂﬁfn&ﬂdreﬁb offh@lbalitded o2 alRER W FFdm dut 0.02 : 1
pent achl or obut ane and 1, chl or, oet hene are preferred.
General ly, the nole ?@Pﬁ‘téoof‘ ﬁ%?f%@?ykg‘ﬁéa"f’b‘ from Bartdenel PO o030 0. 02: 1

to about 50: 1. kr eaﬂfeqabéf&abxmsmw&uwslmarb&mzasbqumolm&.mﬂaxéa&e&bout 4.0: 1
and 5 nore preferably fromabout 1.5: 1 to about 5 1 hal oall cane to

hal oal kene. s useful .in t@e sent | nvent i on

i ncl ude netal ions. Sui tg'ﬁf’ﬁgym“segi \éiteé’ﬁg‘fg“’?"ﬂﬁ‘l il

organonetal | i ¢ cupr eiflysawae BebirousisilR!or F&mﬂanmc cuprous corﬁd%gndsﬁ% psl&}hé?rl de.
Exenpl ary cuprous salts and_ organonetal I'i c cuprous conpounds’

i ncl ude, wit hout | i A3disepcHpridec Fwwewwmémwwawﬂbmmyé 10
cuprous cyani de, cue&.ﬁuaan&mciuaé%mamtmﬁat%%ﬁmm@mhe cl'I;f} Sus'tréilggOVder used

I n this invention is a fine powler of pure netallic 1ron, preferably
with a particl e 18i zeuprous cyanide euproes sulfdie anGeupronepfienyl PT ks ismapoivier uwm ous

chloride or iron pom%veﬁtﬁm ll‘ssaeﬂle powder of pure metallic iron, preferably with a particle size

smaller than 325 mesh. Preferably, cuprous chloride or iron powder is used.

The cc.atalyst of the present invention is an organic ligand capable of

forming a complex with the catalyst used and bringing the catalyst into solution..

15  Suitable ligands include organic amines, such as, without fimitation, ten-
butylamine,'n-butylamine, sec-butylamine, 2-propylamine, benzylamine, tri-n-
butylamine, and pyridine. The preferred organic amine is tert-butylamine.
Altématively, the cocatalyst may be a nitrile including, without limitation,
acetonitrile, propionitrile, n-butyronitrile, benzonitrile, and phenylacetonitrile. The

20  preferred nitrile is acetonitrile. As yet another alternative, the cocatalyst may be an
amide including, without limitation, hexamethylphosphoramide and

dimethylformamide. Hexamethylphosphoramide is the preferred amide.

The catalysts and cocatalysts useful in the present invention are"
commercially available. Preferably, the catalyst-cocatalyst system is cuprous
25 chioride - tert-butylamine or iron powder-hexamethylphosphoramide. Most

preferably, iron powder-hexamethylphosphoramide is used.

-



The cacatal yst of the present invention is an organic |igand capable of
formng a conplex with the catal yst used and bringing the catalyst into
solution.. 15 Sui tabl e Iigands include organic am nes, such as, w thout

lTimtation, tert- but yl am ne, n-butyl am ne, sec-butyl am ne,
2- propyl am ne, benzylamne, tri-n- butyl am ne, and pyridine. The
preferred orgarygojaegde i s tert-butyl am ne. Al t er nat i vEFJ/USES oz

cocatal yst may be a nitrile including, W|thout limtation,
acetonitrile, propionitrile, nbutyronltrlle benzonltrlle and
phenyl acetonitrile. The 20 preferred nitrile is acetonitrile. As yet
another alternative, the cocat alyst may be an am de i ncl udi ng,

without limtation, hexarehl | et h m de.
Hexanet hyl phosphoram de i1 s t e pr e?‘n’?y gfedgﬂq':oums suﬁic@@npﬁ %ine‘])xhém

catalsysts and cocateatipr ofghe foed mteriah Gﬂ&ﬂﬂm gheampurit ysediis § wele satie of catalyst

conmercial |y avai |f3%b&fal){1¢(§rﬁglﬁypl Yol IR aﬁ&fl%yﬂsr&m%rx%ou?é(?t By s

cuprous 25  chlorl _ am ne of
powdet - hexamet hy| pibowtphdr Jite dele rathmfcopper to t-ybme!hmmaisl ajboutlomGn 1 to about

g%\??arség/e)iggtl hy | p?gsp prefera@lg}j aGboutSO e elqo 1.0: 1, and more ;yr\g'erabé about g lglto

The catal yst and capeatoed ylstmmimwoﬂnm@amenfomesaﬁéuy%emormdsaﬁa lyze the
reaction of the feed, material. Generall t he t used is a nole ratio
of catal yst b"'t’Bm‘éb@at' il“if%‘l"“‘f 1o ‘a\éﬁfffabb S%“LII% g0 alyt-05h-and
preferably from abgere pfetably aboit.s : 1 to abouatnsun Phe p}efﬂmoﬁ&h@a:roabme of
copper to t-butylam ne is about 0.05: to about , preferably

about 0.02: 1 to 1c8lystin the seactign mixtyreds féwabwt %'otetab@xtio Wflsb@ercem about

0.7: 1. The noke r I QR
be about 0.05: 1 t%&g‘gtgﬁfmha%h:t@l &%”3?‘%‘@?3@3‘%%&Bg@%‘“ﬁ”"?’?ﬂﬁout 3.00 1,

and nor e pre?é&aﬁbbqlzaﬁbmnhtmf&m 1 to about 2.5: 1. The preferred
concentration of the catalyst in the reaction mxture is from about

0.01 to about 10 wei ghfrhp@aia@ﬁmmy Qe%?ed%%%@x@#%zxfﬁxﬁ}@:ﬁm}bfalk%tO about 5

wei ght percent, and nore preferab rom about about 2.5
wei ght percent.  haloalkene, and cocatalisie Admnw therhajoaiikaneahd dhaloalksene Imay beeact or

containing the hal ﬁaédkt@g?eacwr containing the catalyst and cocatalyst. As yet another
15  altemnative, and preferably, the catalyst, cocatalyst and haloalkane are mixed first,
the mixture degassed by quick partial evacuation of the vapors, with or without

cooling of the mixture, and the haloalkene is added to the mixture.

The reactor is heated to a temperature of from about 40° C to about 180°
C, preferably from about 85° C to about 110° C, with agitation and under the
20  vapor pressure of the reagents. The reaction is carried out until a conversion
higher than 95% is achieved, generally for a period of from about 6 hours to about
24 hours, preferably from about 6 hours to about 12 hours.

After an initial period of high reaction rates, the reactor pressure may fall.
At this point, optionally, the temperature may be increased an additional 10° to 60°

e 25  toimprove conversion.

- In the second-step (B) of the process, the product stream from step (A) is

flash-distilled to remove unreacted haloalkane and haloalkene feed materials and



hal oai-kene, and cocatal yst. Alternatively, the hal oal kane and hal oal kene

may be added to a reactor containing the catalyst and cocatal yst. As
yet another 15 alternative, -and preferably, the catal yst, cocatal yst and
hal oal kane are m xed first, the m xture degassed by quick parti al
evacuation of the vapors, with or w thout cooling of the mxture, and
t he hal oal kene MWOHAIEY to the mi xture. The r eRCIUSY6B41
heated to a tenperature of from about 40[err] C to about 180 C,

preferably from about 85 C to about 110[ergl C, with agitation and under
the 20 vapor pressure of the reagents. The reaction is carried out until
a conversion hi gher than 95% is achi eved, generally for a period of
from about 6 hours to about 24 hours, preferably from about 6 hours
to about 12 hour s. cocatalyst. The distillation may be pesfarmediin ongior peseidistillagon ¢sluginsr eact i on

rates, the reactor,Qtess WePkd@ i dildr. Prefecably eéat\ggmg@iommaaaeaﬂ@' 'y, the

tenperature may be |ncrease i ona rove
conver si on. ' two steps: ﬁrst.lﬂashttﬁsallamnBrcdncbtteqbur(dajatchsphdm pmsmmeas sbout he
product stream fro, ed t fove unr eact ed

hal oal kane and hal R%S‘F&XFWQ?SPQFE'@’B?\'H‘”"’““””’W“ hp 9.0 7083

PCT/ US96/ 12341 5 haloalkene and cocatalyst. The vacuurn flash distillation should be carried ouf-
cocatal yst. The di stl | Iation nay be perforned in one or nore distillation

col unms whi Wl the greggute fallg prodtrmm Histah80° L ¢ Thefistifiedy wnseagted hajealleapg s h
distillation is copgiifbmdardRocatalyst maybd? e@{)%ckéo'tﬁe%&actoﬁ'l ash distillation is

conduct ed under at m)spherl C pressuré at a 85 C foll owed by
vacuum fl ash distillation to renpve unr eact ed hal oal kane, 5 hal oal kene,
and cocatal yst. The vadtiinthid sem(Qi the hopams ‘FFTeaTN GONtRuBECrade Produet 256 ¢

until the pressur eca{aﬁ)sﬂ ﬁ'oﬁ: %emshmlhﬂoﬁ‘he@{%)gre filtBfed By &y chinfhnly H’EswﬁaCt ed

hal oal kane, hal oal kene cocatal yst may be recycled ck to the
react or . 10 filter, preferably using vacuum or an :nert gas pressure, such as mtrogen to push

the liquid through the filter. The catalyst may be recycled back to the reactor.

The fourth step (D) of the process of the present invention, provides for the
purification of the crude product by distillation. Fractional vacuum distilation is
carried out at about 5 to about 50 mm Hg and a temperature of about 89° C to

15 about 110° C to recover the product. It has been discovered that, when step (D) is

_ carried out in the presence of a trialkyl phosphate such as tributyl phosphate or

other metal chelating compound, the distillation yield of purified product is
significantly improved. Although not seeking to be bound by any particular theory,
it is believed that the tributyl phosphate acts to prevent the decomposition of the

20  product haloalkane. Thus, in 2 preferred embodiment, step (D) inéludes the
addition of an amount of a metal chelating compound sufficient to improve the
haloalkane product yield. Preferably, 5 weight percent of tributyl phosphate is .

used.

The process of the present invention and its use will be clarified further by a

25  consideration of the following examples.



In the-third step (C, the "bottons" stream containing crude product and
catalyst, fromthe flash distillation step (B) are filtered by any commonly
known 10 filter, preferably using vacuumor an inert gas pressure, such

as nitrogen, to push the liquid through the filter. The catal yst may
be recycl ed back to the reactor. The fourth step (D) of the
process of the NWRYEME3 | nvention, provides for the pur | PCHBINIALT

the crude product by distillation. Fractional vacuumdistillation is
carried out at about 5 to about 50 mm Hg angl. a tenperature of about
89[err]Cto 15 about 110 C to recover the product. It has been discovered
that, when step (D) is carried out in the presence of a trialkyl :
phosphat e such as tributyl phosphate or ot her nmetal chelating
compound, the distillation yield of purified product is significantly
i nproved. Al though not seeking to be bound by any particular theory,

it is believed that the tributyl phospha s to prevent the
deconposition of the 20 product hal oal . Thus, in a preferred

enbodi ment, step (D) includes the addi ti on of an anmount of a netal
chel ati ng conpound sufficient to i nproveExample! hal oal kane product

yield. Preferably, 5 weight percent of tributyl phosphate is used.

The process of the prespsg mnmm&m%@@dzs é écu&ere%ae'd 188 &Lé—&aeea mﬂmf urt her
by a 25 consi deration of t he foll ow ng exanpl es. 97/ 07083
PCT/ US96/ 12341 S  pressure bottle contammg 0.59 g iron powderand 1.0 g - 7_
Exanpl es hexamethlyphosphoramide. The bottle was immersed i 5@ 0ihiferthostatic bath
' and equipped with a magnetic stirring bar and pressure gauge. The agitation was
turned on and the bath warmed quickly to 100° C. The reaction was interrupted
after six hours by quickly cooling the bath. The crude product, 63.63 g, was
10 analyzed by GC and indicated formation of 1.12 g HCC-240. Selectivity was

100% based on vinyl chloride.
Example 2

0.52 g CuCl was added gradually to a mixture of 9.4 g vinylidene

chloride, 50.20 g 1,1, 1-trichloroethane, and 1.0 g t-butylamine in a 100 ml pressure

15  bottle. The pressure bottle was immersed in an ultrathermostatic bath and
equipped with a magnetic stirring bar and pressure gauge. The agitation was
turned on and the bath quickly warmed to 95° C. The reaction was interrupted
after 6 hours by quick cooling of the bath. The crude product, 56.16 g, was
analyzed using gas chromatography and an FID detector. Analysis of the crude

20  product indicated formation of 0.82 g HCC-360. Selectivities were 82% based on
vinylidene chioride and 90% based on 1,1, 1-trichloroethane. Selectivity toward
HCC-580 was 18.05% based on vinylidene chioride.



1.56 g vinyl chloride and 64.25 g CC[err] were added to an evacuated 100
.m 5 pressure bottle containing 0.59 g iron powder and 1.0 g
~hexanet hl yphosphorani de. The bottle was inmersed in an ultrathernostatic

bat h and equi pped with a magnetic stirring bar and pressure gauge.
The agitation was turned on and the bath warned qui ckI 9?1 ofker r
C. The reacti ogyg\sp7e88t €r r upt ed after six hours by quic r’@scool I ng
the bath. The crude product, 63.63 g, was 10  analyzed by GC and i ndi cated
formation of 1.12 g HCC 240 Sel ectivity was 100% based on vi nyl

chl ori de. Exampl e 2

0.52 g Cud was added gradually to a m xture of 9.94 g vinylidene
chloride, 50.20 g 1,1, 1-trichl oroethan&xampiel2d. 0 g t-butylamne in a 100
m pressure 15 bottle. The pressure bottle was imersed in an
ultrathernostatic bath : [ 4:09 bar and
pressure gauge. The agi?éz;ﬁ%fﬁh%@"éﬁ%cg&%%ﬁw&e@p ﬁ%ggﬁt gm@é? fu ckly
warnmed to 95[err] Gactibaglydizaiied andboite?® Crinicisllyapitedspheric presqird 4 6 hour S by

qui ck coeoling of th at The r oduct r1l,‘3_§qq was anal yzed
usi ng gas chromat od&iﬁf\‘\‘?'ﬁr‘l&g&ﬁﬁﬁ’%"ff 'C W“’iﬁﬁ‘ ?’?ff"'?"l’\*&s@i"ﬂ’ée 20
product indicat&d et Sukd efalih B r@npm&ﬁﬁme&eﬁlaﬁéﬂﬂasmxﬂ%mefeaoﬁ‘Z% based
on vi nyl i dene_chl ori de and 90% based on 1, -trichl oroet hane.

Sel ectivity toward The filtrate;§48 SB@%%“"!S‘“@G%’%W‘W%WPB8‘% chl ori de.
PCT/ US96/ 12341 WO %ZéuQrKleﬁmn 82 pemachlorobutane is separated at 10 mm Hgand 71° C

Exanpl e 2a 8 the crude reaction mx%ure i s prepared
as in Exanple 2 and‘wogsomers 122,péfplemmhhllr¢bymd¢ i1l I} led3-pentaghiorobutank a@
initially at at rmsg%grl C pressure and subsequent |y under reduced
pressure, down to mm Hg to recover the starting

10
Example 2b

Vacuum distillation as in Exaimple 2a is continued with a two-stage oil
vacuum pump. The material remaining in the distillation flask is distilled at 0.2 mm
Hg and 84° C. 1.28 g pure heptachlorohexane is distiiled. Four isomers,
15 1,2,2,4.4,55-heptachlorohexane, 1,1,1,3,3,5,5-heptachlorchexane, 1,2,2,3,3,5,5-
heptachlorohexane énd 1,1,1,4,4,5 5-heptachiorohexane are seen.

Example 3

0.20 g CuCl was added gradually to a mixture of 1.81 g vinyl chloride and
20  65.47 g CCl, containing 0.50 g t-butylamine in a 100 m! pressure bottle. The
bottle was immersed in an ultrathermostatic bath and equipped with a magnetic
stirring bar and pressure gauge. The agitation was turned on and the bath quickly
warmed 10 100° C. The reaction was interrupted after six hours by quickly cooling
the bath. The crude prbduct, 63.68 g, was analyzed by GC and indicated formation
25 of 0.86 g HCC-240. Selectivity was 97.7% based on irinyi chioridé.



5 ‘materials. Solid catalyst is precipitated fromthe distillation flask

and is filtered off The filtrate, 9.48 g is fractionally distilled
using a fractional distillation high vacuum colum. 8.2 ¢

pent achl orobut ane is separated at 10 nn1k@ and 71 C. Two i soners,
1, 2,2, 3, 3-pent achl orobutane and 1,1, 1, 3, 3-pentachl orobutane are

seen. 10 WO 97/07083 Exanpl e fET’US%ma“

Vacuum distillation as in Exanple 2a is contjinued with a two-stage oil
vacuum punp. The material remaining in the “distillation flask is distilled

at 0.2 mm Hg and 84 C. 1.28 g pure heptachl orohexane is distilled.
Four isoners, 15 1,2,2,4,4,5, 5-hept achl or ohexane,

1,1,1,3, 3,5, 5-hept achl orohexane, 1, 2,2, 3, 3,5, 5- hept achl or ohexane and
1,1,1,4,4,5, 5-heptachl orohexane are seen.

Exampt e 3 0.20 g CQud was added gradually to a m xture of
1.81 g vinyl chloride and 20  65. 47 SPmeesapveXpmplg dt ai ni ng 0.50 g
t-butylamne in a 100 nl pressure bottle. The bottle was i mrersed in

andU| trathernostati chatotnoeg{rchtmw ﬁﬁﬁdg{rmuhﬂyo[aamgmebfﬁsz %vxnyl cﬁlblhdeﬁhdlg bar
and pressure gauge.,The ati.on was tur on e ba y
warmed to 100 C. Th@: %e%@&" Eoaiping k9% &n-buys He'éfaf@g"‘i?"ﬁss'r‘fﬁh?‘g biMequi ckl y

cool i ng t he Didie wiab.ame:rséada;é@baﬂcggiaseda&rﬁ& Peacté@ IndétRlell aefr by CGC and
i ndicated formation_ 25 240 Select|V|t was 97. 7% based on
vinyl chloride. Example 3. The crude product 57.20 g, was analyzed using GC Analysis and

P9CT/ US96/ 12341 WO 9i44iCaf QB Brmation of 14. 79 g HCC-240. Selectivity was 91.6% based on vinyl
chioride.
The foregoing examples demonstrate that the use of t-buty! amine
10 cocatalyst resulted in a higher selectivity than n-butylamine cocatalyst. Further, t-

butyl amine boils at a lower temperature than n-butyl amine making it easier to

recover by flash distillation so that it may be recycled.
Example 4

Flash distillation to recover unreacted material and cocatalyst was

15  demonstrated using a synthetic mixture. Crude HCC-240 reaction product was
simulated by mixing 1524 g crude HCC-240, 1481 g CCl,, 28.05 g t-butylamine,
and 14.24 g CuCl. CCl, and t-butylamine were recovered using flash distillation
carried out in a 2 in. diameter, 2 f& long, column, initially under atmospheric
pressure. When output of the -distillation stopped, the pressure was gradually

20  reduced to 55 mm Hg to ensure a continuous and steady distillation output.
Almost all of the t-butylamine and CCl; was recovered from flash distillation.
Solid catalyst, CuClV/CuCl,, was precipitated out of the solution in the distillation
flask.

Example S



qurpa'ra,tive Exanmpl e 3 0.20 g Cud was added gradually to a

m xture of 4.52 g vinyl chloride and 61.55 g CCL containing 1.08 g
n-butylam ne in a 100 m pressure bottle. The 5 bottl e was i mrersed,
equi pped, agitated, warned, reacted, and cool ed as for Exanpl e 3.

The crude product, 57.20 g, was anal yzed using GC Anal ysis and
i ndi cat ed fornat iVWAU#7084. 79 g HCC-240. Sel ectivity was 91. 6% pesesksassst

Vi nyl chl ori de. The foregoi ng exanpl es denonstrate
that the use of t-butyl amne 10 cocatalygt resulted in a higher
selectivity than n-butyl am ne cacatal yst. Further, t- butyl am ne

boils at a | ower tenperature than n-butyl amne nmaking it easier to
recover by flash distillation so that it may be recycled.

Exanpl e 4 Thy solidh-cantaining solition remaiping inatbey distillationdlaskt of Exanmgleer i al
and tocatal yst was t i nthet i, Gm xture. Crude
HCC- 240 reaction pr o%‘gaétre"\?(v)ggpgsa é‘&ﬁn%gpﬁ'\?ﬁl gr?e@e%%wﬁ? QMSNWE ARG e

HCC- 240, 1481 g ‘CCl [T fikratiGhOva Somgluttedusing| 68 minnHg vacuum in an@p¢h sider? 4Tig CuCl .

ca d t-butyl ani . i ' Lash distiliati
carri et out i n a2 PGt ERsEERERY BEEE A8 iR musindgied wate:

at nospheri c 5 pEemsisedroaly 18 ppm eopppridatalylt. t he distill ation stopped, the
pressure was gradually 20 reduced to 55 mm Hg to ensure a continuous and
steady distillation output. Al nmost all of the t-butylam ne and
Cl[err] was recovered fromflash distillation. Solid catal yst,
Cud/CuC [err], was precipitated out of the solution in the distillation
fl ask. Exanpl e 5

Example 6

684.0 g of the filtered crude HCC-240 of Example 5 was charged to a 1000

10 mi round bottom flask in a vacuum distillation apparatus. 10.2 g tri(n-
butylphosphate) was added. The charged material was flash distilled under 50 mm
Hg vacuum at 89 - 90° C. The distillation was interrupted when the reboiler flask
was almost empty and no more droplets of distillate were observed. 'fhe residual
material contained 2.7 g HCC-240, a loss of 0.4% of the starting material and was

15 brown in color without the presence of tars. The distillate weighed 668.6 g,
97.74% of the starting weight. Weight accohmability of the distillation was
98.14%.

Comparative Example 6

721.1 g of the filtered crude HCC-240 of Example 5 was charged to a 1000
20 ml round bottom flask in a vacuum distillation apparatus. No tri(n-butylphosphate)
was added. The material was distilled under 50 mm Hg vacuum at 89 - 90° C.
The distillation was interrupted when beginning decomposition of the reboiler
material was observed. The residual material in the reboiler flask became tarry z'ind
the distilled material dropping from the condenser turned brown. The reboiler was
25 quickly cooled and the residual material weighed. The residue was tarry and

difficult to remove from the flask. The weight of HCC-240 lost as reboiler residue
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Fhe solid -containing solution remaining in the distillation flask of

Exanpl e 4 was renoved to a Buchner funnel and filtered with No. I
VWhatman filter paper. The filtration was conducted using 60 nm Hg
vacuum i n an op¥R°¥W¥EEm The not her |iquor consi st ed REATUSSY12341

HCC- 240. | CAP analysis indicated that it 5 contai ned only 168 ppm
copper catal yst. -Il- Exanpl e 6

684.0 g of the filtered crude HCC 240 of Exanple 5 was charged to a 1000
10 m round bottomflask in a vacuumdistillation apparatus. 10.2 ¢

tri(n- but yl phosphat e) was added. The ch.a(lged material was flash
disti4led under S0¥p-5 & 7.7%8the sagingwgightg I he digiflate weighed éf2dte 89.04% on was
interrupted when tfrehe sEltftelveiont. | RS BiYRY ofth&RstilafiRVaY 9&2449, NO nor e
droplets of distill ates V\Bl’ge ogbser vghé.acc‘?ﬁgares?@ug? y material contai ned
2.7 g’ HCC- 240, a loss of 0.4%of the starting material and was 15 br own
in color without the pRX&wMeE 2pd Compasative Ryamplest Hlnstrateshaivie ys¢ofia gewl 6 g,
97.74% of the St ardbiithoWainbdtind prdéiiel tprd6&Uisthiatidh yieldy ardfpréviis dlk Sti | 1 ati on
was 98. 14% . . Conparative
Exanpl e 6 5 decomposition of proguesiand paeformationr ed crude HCC- 240 of Exanple 5
was charged to a 1000 20 m round bottomflask in a vacuumdistillation
apparatus. No tri(n- bulothePBASRIRNE b is inventtbh SulPbl arent BomERbGbrlionas
distilled under 50 nm Hg vacuum at 89 - 90[err]C. The distillation
was i nterrupted wefthihspesifinationpr themmepicesf theanveniontdiselosed bespin.cht is intended nat er i al
was observed. The e ! i 3 i { arry and
the distilled mat ér?gﬁ&g%ﬁﬁgﬁggé ?ng lﬁ%qgg%%engégeﬁgiamy%% he

reboi ler was 25 sqepeakd ppinsebthe thvemidn bding indicatadumthe following skimaei ghed. The
resi due was ta{ y and difficult to remove fromthe flask. The wei ght
of HCC- 240 | ost as reboiler residue

15

20
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PCT/ US96/ 12341 9ﬁ 70 f the starting weight. The
distillate weighed 642.1 g, ”m“ (y starting wei ght. Weight

accountability of the distillatiort was Exanpl es 6
and Conparative Exanple 6 illustrate that the use of a netal

chel ati ng conpoW97#7688i des i nproved distillation yields and pegwedsiiasd he
5 deconposition of product and tar fornation. Q her

enbodi nents of this invention will be apparent froma consideration
of this specification or the practice of the invention disclosed herein. It

I s i ntended that the specification and exanpl es be consi dered as
exenplary only with the true scope anE?'spi rit of the invention being
indicated in the foWhmviédgme_diszi ms. 10 15 20

1. A process for producing a haloalkane, comprising the steps of:

| (A) reacting a feed material comprising a haloalkane and a haloalkene in the
5  presence of a catalyst and a cocatalyst under conditions suitable to produce a

haloalkane product stream;

(B) flash-distilling the haloatkane product stream of step (A) to produce a
first stream comprising unreacted feed material and the cocatalyst and a second
stream comprising a haloalkane product and the catalyst;

10 (C) filtering the second stream of step (B) to remove the catalyst from the
haloalkane product; and

(D) distilling the haloalkane product.

2. The process of claim 1 wherein step (D) is carried out in the presence of a

15 metal chelating compound present in an amount sufficient to improve the
haloatkane product yield.

3. The process of claims 1 or 2 wherein the haloalkane is carbon tetrachioride and
20  the haloalkene is vinyl chloride.

4. The process of claims 1 or 2 wherein the haloalkane is 1,1,1-trichloroethane and

the haloalkene is l,l-dichloroethene.

25 5. The process of claims 1 or 2 wherein the haloalkane is pentachlorobutane and

the haloalkene is 1,1,-dichloroethene.

6. A process for producing a haloalkane, comprising the steps of:
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(A) reacting a feed materi al
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feed material and the cocatal yst and a second
hal oal kane product and the catal yst; 10
stream of step (B) to renove the catal yst 1Bomt he

stream conprising a
(C filtering the second
hal oal kane

product; and (D) distilling the hal oal kane product.
2. .The process of cl ai nfAD reaqtings faedspasesial prising-ahajaalkanead a haloalkepe ipthesence

of a 15 metal chehekilge s s BSERGMH ndd cBRIAIPHALISH PRt 1 ©

ne product vyi

i mprove the
Y haloalkane product stream;

(B) flash-distilling the haloalkane product stream of step (A) to produce a

5  first stream comprising unreacted feed material and the cocatalyst and a second

stream comprising a haloalkane product and the catalyst;
(C) recycling the first stream of step (B) to step (A),

(D) filtering the second stream of step (B) to remove the catalyst from the

haloalkane product;

10 (E) recycling the catalyst removed in step (D) to step (A); and

(F) distilling the haloalkane product.

7. A process for producing a haloalkane, comprising the steps of:

15 (A) reacting a feed material comprising a haloalkane and a haloalkene in the

presence of a catalyst and a cocatalyst under conditions suitable to produce a

haloalkane product stream;

(B) flash-distilling the product stream of step

(A) to produce a first stream

comprising unreacted feed material and the cocatalyst and a second stream

20  comprising a haloalkane product and the catalyst;

(C) recycling the first stream of step (B) to step (A);

(D) filtering the second stream of step (B) to remove the catalyst from the

haloalkane product;

(E) recycling the catalyst removed in step (D) to step (A); and

25 (F) purifying the haloalkane product in the presence of a metal chelating

8. A compound which is pentachlorobutane.

compound present in an amount sufficient to improve the haloalkane product yield.



3. ‘The pr oces*s*of“cfa'r‘rrs"l—or‘? wherei n the hal oal kane i s carbon

tetrachl ori de oaI kene is vinyl chloride. 4. The
process of cl aﬁlﬂlﬁw“m |n the hal oal kane is 1, 1, 1 -trichloroethane
"and ha ene 1s -1 -di chl or oet hene. 25 5. The process of
clains 1 or 2 wherein the haI oaI kane i s pentachl orobut ane and t he

hal oal kene is lyq duaréks Chl Or 0et hene. 6. A process forrquusietasslg a
hal oal kane, conpri-sing the steps of: WO 97/ 07083 -

PCT/ US96/ 12341 -13-
(A) reacting a feed material conprising a hal oal kane and a hal oal kene in

t he presence of a catalyst and a co§at al yst under conditions
suitable to produce a hal oal kane pr Yauct stream

(B) flash-distillin he hal pa] kan roduct stream of step (A) to produce a
5  first stream cogrp{s‘fg'f‘l??g‘"%w}"éé’égﬁpg“g@@g% erial and the cocatal yst and
a second stream conpri sing a hal oal kane product and the catal yst;
(Cr recycling the first streamof step (B) to step (A); (D)
filtering the second streamof step (B) to renpove the catalyst fromthe

hal oal kane product; 10 (E) recycling the catalyst renoved in
step (D) to stepS(A); and

4



(F) distilling the hal oal kane product.
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PROCESS FOR THE PREPARATION OF HALOGENATED ALKANES

A process for the preparation of halogenated alkenes is provided . In particular, a process is provided for the highly selective
preparation of haloalkanes, including 1,1,1,3,3-pentachloropropane, pentachlorobutane, and hepatchlorohexare, in good yield,




