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requires halophthalic anhydrides of very high purity, since the presence of even what
normally would be considered as minor amounts of impurities would degrade the

polymer product and perhaps render the product unsuitable for certain uses.

It is known that 3-chlorophthalic anhydride can be obtained by oxidation of 3-chloro-
o-xylene with, for example, nitric acid at elevated temperature and elevated pressure
and subsequent conversion to the anhydride of the 3-chlorophthalic acid formed in the
oxidation. The isomerically pure 3-chloro-o-xylene is obtained by distillative
separation of the products of the nuclear chlorination of o-xylene, but this distillative
separation is extremely complicated because of the low boiling point differences
(relative volatilities) of 3- and 4-chloro-o-xylene. An industrial column for the
simultaneous preparation of 3-chloro-o-xylene and 4-chloro-o-xylene in purities of, in
each case, above 99% needs, in the case of continuous operation, approximately 250
theoretical separation stages. Other separation processes for separating the isomers,

such as fractional crystallization, are no less complicated.
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The chlorination of phthalic anhydride using Lewis acid catalysts leads to mixtures
that contain not only the two isomeric 3- and 4-chlorophthalic anhydrides, which are
separable by distillation, but also more highly chlorinated phthalic anhydrides.
Specialized distillation equipment is required to separate the desired isomer from the

close boiling points mixture.

Although the chemical literature discloses a variety of methods for the preparation of
substituted phthalic anhydrides, it will be appreciated that a need continues to exist for
a more economical and efficient process, suitable for the preparation of high purity

halophthalic anhydrides.
BRIEF SUMMARY OF THE INVENTION

The needs discussed above have been generally satisfied by the discovery of a process
for the formation of halophthalic anhydrides comprising heating a halogen substituted-
N-alkyl tetrahydrophthalimide in the presence of a metal catalyst and an oxygen

containing gas.
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As indicated above, this invention relates to a novel process for the formation of
halophthalic anhydrides and halogen substituted-N-alkyl-phthalimides from the
corresponding halogen substituted-N-alkyl-tetrahydrophthalimide by passing the
halogen substituted-N-alkyl-tetrahydrophthalimide over a metal catalyst, preferably
vanadium oxide, in the gaseous phase in the presence of an oxygen containing gas.
By selection of the reaction temperature, reaction time, and catalyst, high conversions

and purity of the substituted anhydride or imide can be selectively obtained.

In a first embodiment, a halogen substituted-N-alkyl-tetrahydrophthalimide of the

Y-
N—X

o)

formula

where Y is a halogen and X is a straight chain or branched alkyl moiety having 1 to
about 18 carbons is heated in the gaseous phase in the presence of a metal catalyst and
an oxygen containing gas to result in a halophthalic anhydride of the formula

O
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where Y is a halogen and X is straight chain or branched alkyl moiety having 1 to
about 18 carbons is heated in the gaseous phase in the presence of a metal catalyst and

oxygen to result in a halogen substituted-N-alkyl-phthalimide of the formula

Y
N—X

O

In a third embodiment, a halogen substituted-N-alkyl-tetrahydrophthalimide of the

Y
N—X

O

formula

where Y is a halogen and X is a straight chain or branched alkyl moiety having 1 to
about 18 carbons is passed, in the gaseous phase, over vanadium oxide in the presence
of oxygen at a temperature and rate sufficient to result in at least a 90% conversion of
the halogen substituted-N-alkyl-tetrahydrophthalimide to a halophthalic anhydride of

the formula

In a fourth embodiment, a halogen substituted-N-alkyl-tetrahydrophthalimide of the

formula
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alkyl-phthalimide of the formula

These and other embodiments will become apparent in the detailed description of the

invention that follows.

The starting material for the formation of halophthalic anhydrides and halogen
substituted N-alkyl-phthalimides is 4-halo-N-alkyl-tetrahydrophthalimide of the

Y-
N—X

0

formula

wherein Y is a halogen and X is a straight chain or branched alkyl moiety having 1 to
about 18 carbons in length. These compounds are conveniently prepared by the
known Diels-Alder reaction of the 2-halo-1,3-butadiene with maleic anhydride to
result in the 4-halo-tetrahydrophthalic anhydride of the formula

o
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wherein Y is chlorine and X is methyl.

Suitable catalysts for the conversion of 4-halo-N-alkyl-tetrahydrophthalimide include
the platinum, palladium, rhodium, ruthenium, rhenium, iridium, copper or nickel,
either in elemental form or as a metal oxide compound or complex thereof, either
unsupported or on a suitable support. Other suitable catalysts include copper
chromite, which is believed to have the formula CuO ¢ Cr,O;, chromium oxide,

molybdenum oxide, tungsten oxide, and vanadium oxide.

Useful catalyst supports include, for example, activated carbon, charcoal, silicon
carbide, silica gel, alumina, acidic silica-alumina, silica, titania, zirconia, kieselguhr,
mixed rare earth oxides, carbonates, barium carbonate, barium sulfate, calcium
carbonate, pumice, silica alumina mixtures, zeolites, and the like. Supported
catalysts, such as those described in U.S. Pat. No 5,792,719 to Erbele containing

vanadium oxide are useful.

Preferred catalysts include those comprising a reducible oxide of vanadium supported

on a material selected from clays, zeolitic materials of the metallo-silicate or metallo-

6
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oxygen, preferably greater than or equal to about 15%, more preferably greater than or
equal to about 20%. Clearly mixtures with greater than or equal to about 50% oxygen
may also be used. As will be appreciated by one of skill in the art, the concentration
of oxygen may affect the rate of the reaction. A preferred oxygen containing gas is

air.

The aromatization reaction is preferably conducted in the vapor phase. The reaction
may be carried out in any suitable reactor configuration. For example, the reaction
may be performed in a fixed-bed, moving bed, ebullating bed reactor, or other as is
within the ability of the person skilled in the art to determine. A preferred reactor

configuration is the fixed-bed reactor.

Typical fixed-bed reactors are, for example, metallic reaction tubes that are collected
into tube-bundle reactors and are surrounded by a heat exchange medium. Generally,
the reaction tubes are arranged vertically and the reaction mixture flows through them
from the top. The reaction tubes are generally surrounded by a heat exchange medium
that serves the dual purpose of both heating the tubes and removing heat from the

tube, if necessary.
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the startimwg gmbest Ak da 84 ddMfiking oxygen, into the reactor may be undertaken in
several ways. Methods include, for example, using a pressurized flow into the entry
end of the reactor tube, or by applying a vacuum to the outlet of the collection and/or
trap units. Either method is satisfactory for the movement of the gases through the

reactor.

The process may also be conducted by dissolving the starting material in an inert
volatile solvent and passing the solution into the heated reactor and allowing
vaporization to occur therein, before passage into the section of the reactor containing

the catalyst.

When a solution of the starting material is employed, a solvent such as acetic acid is
used, and the solution is fed into the reactor by a pump or by gravity where the
elevated temperature of the reactor and the air flow vaporizes the solvent solution for

passage into the reaction zone containing the catalyst.

The temperature used is that which selectively favors the formation of halo-N-alkyl-

phthalimide or halophthalic anhydride as reaction products. The process is preferably
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be sufficient to provide for essentially complete conversion of the halo-N-alkyl-
tetrahydrophthalimide to the halo-N-alkyl-phthalimide or halophthalic anhydride.
Thus, the required contact time can vary depending on parameters such as the
geometry and dimensions of the reactor system, the density of the catalyst, and the
remaining activity of the catalyst. The term “contact time” can be defined as the
length of time the starting material, i.e. halo-N-alkyl-tetrahydrophthalimide, and the
catalyst are in intimate contact in the reaction zone. As the reaction proceeds and the
activity of the catalyst declines, the residence time may be adjusted and made
increasingly longer to adapt to the momentary state of the catalyst in such a manner
that quantitative conversion is just reached at all times. A diluent gas for adjustment
of the space velocity may be used such as, for example, nitrogen, argon, or helium.
Reactor conditions can be adjusted without undue experimentation through
continuous monitoring of the product distribution through techniques standard in the

art. One standard technique is gas chromatography.

After the aromatization reaction, the substituted phthalic anhydride can be used

directly for further reactions or may be purified by standard techniques, including
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remai ning activity of the catalyst. The term "contact tinme" can be defined
as the length of tine the starting material, i.e.

hal o- N- alwglospstinahydr opht hal i m de, and the catal yst arePCR/USNY/33TRt e
contact in the reaction zone. As the reaction proceeds and the activity of
the catal yst declines, the residence tine may be adjusted and nade

| ner easi ngly d 00GSL bOaRARRIo e IRARILATNOR! AEGp8lidE LMY Shal 0 SuCh
a manner at quantrtatirve conversion s just reached at a i res. A

di | uent gafeshl®y inadlpmstizmidh to e JubstitaRaAe-2U81-PRIhbNmIRY tHeamiseahas URb bas, for
exanpl e, nitrogen, argon, or helium Reactor conditions can be adjusted

wi t hout undiilézedx@eactlirent ltavase b potghd. clwt intido mayn@lse berdongerésd tohdiepr oduct
di stribution t.hroygh chni.gues standard in the art e.standard

echni que. PRIt BN SR n SRPaRer e Bihae  Bhter SRSy S4BT B Bspne
substitutege @Q&]{aﬁgéd: f&NBIEF nklfetfeBN PEr bedthle déNISRphthafi@anhytrideehay @act i ons
or may be purified by standard techni ques, including 9 03/ 050103

PCT/ US02/ 3&avérted ty sthel flicredandogusr thadegh rdagtioorwith fpotaksiumefueergde. cdindi t i ons

are operatgd in a manner that results in aromatization to th i

Substy ¢ ut efoneRnByRS BRFRaRdtm STHeie S iur e bR VatiBht S dftect |y
or |ikew sg8,1pukiohbe tchlidBed NG iMBNe &k SO be converted to the anhydride
t hrough hydrolysis afRd subsequent ring closure. Hal o-substituents may al so

be exchanged for other noieties. For exanple, chlorophthalic anhydride may
be conver Aéd RATENES{AITEP0ABRRANGGIRP @RAJGESHHEBEEN iBoH REFEREDSER S si um
fluoride. The fluorophthalic anhydride may subsequently be converted to

[ t f | t.h h t. i in. th t. ALL
PATENTS 01 TRORR T8 e RRPERATERS PERETTRC B BRERCAT Lo tAs s Porainy fleci f1 c
exanpl es afiR RiMéE Gednich f Whdyhies ?drhled‘ St alt Qvill HeSurldeMesydl ABwang, thhhgemanner

in which it may be carried out. It will be understood, however, _that the

speci fi ¢ depeaiflegdetilsegivaninttheexsxaied leye hasrechveemnfa pogese pHnlupmtposadof

illustration an are not tq. be construed as. limtations on the invention.
é }na)lﬁag.l_ons on the invention.

EXPERI NENTHE DO 85 §OPReeAs; n

EXPERIMENTAL
Solution reactions.

A mixture of 5 parts by weight of 4-chloro-N-methyl tetrahydrophthalimide and 1 part
by weight of catalyst in 73 parts by weight of trichlorobenzene was brought to reflux
under a spurge of air. The reaction was maintained at reflux for about 4 hours, with
stirring. The reaction mixture was then cooled to about room temperature. Analysis of
the reaction product was made using gas chromatography-mass spectrometry. The

results are contained in Table 1.
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A mxture of 5 parts by weight of 4-chloro-N nethyl tetrahydrophthalimde
and 1 part by weight of catalyst in 73 parts by weight of trichlorobenzene
was brougWO ososres | ux under a spurge of air. The reacti oRCRASONBI1IM ai ned
at reflux for about 4 hours, with stirring. The reaction m xture was then
cooled to about roomtenperature. Analysis of the reaction product was
made usi ngrﬁ)?%lchronat ogr aphy-mass spectronetry. The results are contained
in Table 1. WO 03/ 050103 PCT/ US02/ 35114 Table 1. Catalyst tine (hr)
yield (%9 Calgon activated carbon type 4 1.6 s-sorb 12 12x30 V205 4 O
Pt/C4 1 Pd/Cﬁ 1 ﬁf noted by the s;gl ut'brn data of Taple 1.  .afomatization
to the desired| H&RDSN-al kyl pht hal i m #8°§Fhal opht hal i ¢ ‘éfﬁ@cﬁ‘)i He in
solution was ekjrenely .poor. . Gas ase reactions. Gas phase reactions were
carried out in Ie;a]ﬁ {1_%§g§%te$§gab[08rty§ﬁdtﬁ was packed with ag'gut 1B granms of a
catal yst cont a| #f%§ ¥2o%0The inlet of the hot-tube reaftor was| connected
to a flow cont rQ/I er and heated syri 12e punp. The fTow controlTer managed
the flow of pufi'fred air which was varied according to bles 2| and 3. The
heated syri ngepgémp cont al ned 4-chl ¢ro- N-net hyl tetrahlydrophthpli m de and
delivered it tp he hot tube reactof™at a constant ratp of 0.0p
mlliliters pefmhnute. The outlet of . the hot tube reaftor was|connected
to a receiver cB‘ril?ﬂ;d in an ice-bath Wlere the reaction | products were

coll ected. The hot-tube reactor was naintained at the desired tenperature.
The reaction product was anal yzed by gas chromat ographi c techniques after
the system had equilibrated for the desired amount of tine. Results after
10- 20 i ndys astedfbyeidgispiubipatdatinofat able dnemimstigation Wabe desiredrdarNealkddf t er 30
m nut es of

phthalimide or halophthalic anhydride in solution was extremely poor.
Gas phase reactions.

Gas phase reactions were carried out in a hot-tube reactor that was packed with about
13 grams of a catalyst containing V,0s. The inlet of the hot-tube reactor was
connected to a flow controller and heated syringe pump. The flow controller managed
the flow of purified air which was varied according to Tables 2 and 3. The heated
syringe pump contained 4-chloro-N-methyl tetrahydrophthalimide and delivered it to
the hot tube reactor at a constant rate of 0.05 milliliters per minute. The outlet of the
hot tube reactor was connected to a receiver cooled in an ice-bath where the reaction
products were collected. The hot-tube reactor was maintained at the desired
temperature. The reaction product was analyzed by gas chromatographic techniques
after the system had equilibrated for the desired amount of time. Results after 10-20
minutes of equilibration are contained in Table 2. Results after 30 minutes of

equilibration are contained in Table 3.
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equilibration are contained in Table 3. 11 WO 03/050103 PCT/ US02/ 35114

Table 2. Flow of Air Tenp.
0% SM 9% 803081 PI
0% Cl PA 0% Cl PA 305 0% SM 0% SM 0% SM 71% CL1PI
3% DeCl
- 5% DeCl
t et rahydr

DeCl

03/ 050103 PCT/ US02/ 35

100% C1PI

C1PI

(C) 40 m/min 90 m/mn 140 m/min
91% CLPI

0% DeCl
4% C1PI
24% C1PA 95% C1PA 97% C1PA 350 0% SM 0% SM -

oﬁﬁ% |C|m ;je,

dechl ori nati on by-product;

260 84% SM

0% DeCl PO¥USe1z85110% Cl PA

pht hal i m de;

0% C1PI
12% C1PI
80% C1PA 87% CLPA SM = 4-chl or o- N- net hyl

= 4-chl or o- N- et hyl
ClPA = 4-chl oropht hal i ¢ anhydri de

il Table 3. Flow of Air Tenp. Ol 40 M/ mn 90
:%]%Wq?q@g‘(r‘l P C1Pl _ Q% npg) nc(J/n)

4% DeCl 1%
0% ClI PI

Ded =
12 WO

m/mn 260 1% SM8% 929% Cl__0% Cl PA 0%
Ca PA Temp. (°C) | 40 ml/min 90 ml/min 140 ml/min
260 84% SM 0% SM 9% SM
14% CIPI 100% CIPI 91% CIPI
0% DeCl 0% DeCl 0% DeCl
0% CIPA 0% CIPA 0% CIPA
305 0% SM 0% SM 0% SM
71% CIPI 4% CIPI 0% CIPI
4% DeCl 1% DeCl 3% DeCl
24% CIPA 95% CIPA 97% CIPA
350 0% SM 0% SM -
12% CIPI 0% CIPI -
5% DeCl 10% DeCl -
80% CIPA 87% CIPA -
SM = 4-chloro-N-methyl tetrahydrophthalimide, CIPI = 4-chloro-N-methyl

phthalimide; DeCl = dechlorination by-product; CIPA = 4-chlorophthalic anhydride
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280 0% SM 2% SM 100% C1PI 93% C1PI 0% DeCl 2% DeCl 0% C1PA 2% CLPA SM =
4-chl oro-N-net hyl tetrahydrophthalimde, C1lPI = 4-chl oro-N nethyl

pht hal i mwe;0308@03= dechl ori nati on by-product; ClPA = 4-chlporajsot/sshd c
anhydride As noted by the gas phase reaction data contained in Tables 2
and 3, reaction condition selection can |lead to either the

4-chl or o- I%a thyl phthalimde or 4- chlorophthalic anhydride directly. It
was unexpected'that conditions could be established, e.g., 305C, wherein
very high conversions directly to the anhydride could be directly achieved
fromthe imdized starting materjal. Hlé?Wl se It was ynexpected that
conditions coul d be established |&°§° 260C, _ta achileve essentially
quantitative aromati zaltfgﬂp.t(ecfl- cid glianh- el by baighkhal ijm de. G ven the
above information onelof ordinary skill inlthe art cogld readily

mani pul ate the reacti omgecondi tipng g opti MRaesiihe yigld of the desired
product. The precedi ngl exanples pre set forth to illustirate specific

enbodi nents of the invention ando@reppt | nhepdegito llimt its scope.

Addi ti onal enbodi nents| and advaptages within the scopg of the clained
invention will be apparent to oneo®rDeClr di nany, B&Ci| in the art. 13 WO

03/ 050103 PCT/ US02/ 35104 WHAT IS CLAIMED |5 1. A prodess for the
preparation of a hal ogen substitud®dIpat hal | 6%a0idri dg of the fornula O
Y O 0 conprising heat -rg—a—hatoegen
substituted- N al kyl -tet28thydr opht ¢f4l3N de of 2vh&M

100% CI1PI 93% CIPI
0% DeCl 2% DeCl
0% CIPA 2% CIPA

SM = 4-chloro-N-methyl tetrahydrophthalimide, CIPI = 4-chloro-N-methyl
phthalimide; DeCl = dechlorination by-product; CIPA = 4-chlorophthalic anhydride

As noted by the gas phase reaction data contained in Tables 2 and 3, reaction
condition selection can lead to either the 4-chloro-N-methyl phthalimide or 4-
chlorophthalic anhydride directly. It was unexpected that conditions could be
established, e.g., 305°C, wherein very high conversions directly to the anhydride
could be directly achieved from the imidized starting material. Likewise it was
unexpected that conditions could be established, e.g., at 260°C, to achieve essentially
quantitative ;fomatization to 4-chloro-N-methyl phthalimide. Given the above

information one of ordinary skill in the art could readily manipulate the reaction

conditions to optimize the yield of the desired product.

The preceding examples are set forth to illustrate specific embodiments of the
invention and are not intended to limit its scope. Additional embodiments and
advantages within the scope of the claimed invention will be apparent to one or

ordinary skill in the art.

13



formula O N-X Owherein Y is a halogen and X is a straight chain or
branched al kyl noiety of from1l to about 18 carbons to a tenperature
greater twamsabaoos 290C in the presence of netal catal ystPcani$o2/35114
oxygen-contai ning gas. 2. The process of claim1, wherein netal catalyst
conprises an oxide of vanadium 3. The process of claim1, wherein the
oxygen co e I i.r. 4. The process of claiml, wherein the
temeratuﬁgﬁénfﬁceggr?%(@s@'and the fl ow of the hal ogen

substituted-N-al kyl -tetrahydropht hal i m de over the netal catalyst is at a
rate suf fli. chAeprocdse foesid preparaitorc 6Ny dakigom sabstiddted @ataliOAlbddpide E the
correspondi ng substituted phthalic anhydride. 5. The process of claiml,
wher ei n t HermWaper at ure of the process is 305C about 10C. 6. The process
of claim1, wherein Y is chlorine. 14 WO 03/050103 PCT/US02/35114 7. A
process for the preparation of a hal ogen sybstituted-N al kyl -phthalim de of
the fornmula O Y N-X O conprisi at i/ng a hal ogen

substitut ed- N-al kyl -t et rahydr opht hal e of the formula O N-X O

0]

comprising heating a halogen substituted-N-alkyl-tetrahydrophthalimide of the

Y-
N—X

o

formula

wherein Y is a halogen and X is a straight chain or branched alkyl moiety of from 1 to
about 18 carbons to a temperature greater than about 290°C in the presence of metal

catalyst and oxygen-containing gas.
2. The process of claim 1, wherein metal catalyst comprises an oxide of vanadium.
3. The process of claim 1, wherein the oxygen containing gas is air.

4. The process of claim 1, wherein the temperature of the process and the flow of the
halogen substituted-N-alkyl-tetrahydrophthalimide over the metal catalyst is at a rate
sufficient to result in a conversion of at least 90% to the corresponding substituted

phthalic anhydride.

5. The process of claim 1, wherein the temperature of the process is 305°C + about

10°C.

6. The process of claim 1, wherein Y is chlorine.
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wherein Y is a halogen and X is a straight chain or branched al kyl noiety
of froml to about 18 carbons in the gaseous phase to a tenperature |ess

t han abouwoO230®10 t he presence of netal catal yst and oxPgeruSonsfiad ni ng
gas. 8. The process of claim7, wherein the tenperature and flow rate of
the process is sufficient to result in a conversion of at |east 90% of the

hal ogen subst,i - I - r t i.m COLIEes di ng

hal ogen sﬂgs%‘l Iglll(}%%g fﬁt @F@%Eaﬁﬁﬁhaﬁ%g%gge %];%Lultﬁleeg%\g%@(gggﬁtgﬁ fr 1%@33?
wher ei n mefoahulaat al yst conpri ses an oxi de of vanadium 10. The process of
claim7, wherein the oxygen containing gas is air. 11. The process of claim
7, wherein the tenperature of the process is 260C about 10C. 12. The
process of claim7, wherein Y is ¢hloring, 13. A process for the
preparation of a hal ogen substitut eg p} _59 anhydride of the fornula 15
WO 03/ 050103 PCT/ US02/ 35114 O Y O O*conpri sing passing a hal ogen
substituted- N al kyl -tetrahydrophthal i m dey,of the fornula O N-X O
wherein y is a halogen and x is a straight chain or branched al ky noi ety of
1 to about 18 carbons over vanadi um oxide in the presence of oxygen at a

t enper at ur@ngningatheatingif 4 i lilegen tsobstivged-N-alkylatetrhlg@sdphthadigide ovfv éhsi on  of

t he haloggg Sﬁgstituted-n-alkyl- t et rahydrophthalim de to the hal ogen
substit ut é@"BWfhal i ¢ anhydride. 14. A process for the preparation of a

hal ogen substituted-n- al kyl -phthalimde of the

wherein Y is a halogen and X is a straight chain or branched alkyl moiety of from 1 to
about 18 carbons in the gaseous phase to a temperature less than about 290°C in the

presence of metal catalyst and oxygen-containing gas.

8. The process of claim 7, wherein the temperature and flow rate of the process is
sufficient to result in a conversion of at least 90% of the halogen substituted-N-alkyl-

tetrahydrophthalimide to the corresponding halogen substituted N-alkyl-phthalimide.
9. The process of claim 7, wherein metal catalyst comprises an oxide of vanadium.
10. The process of claim 7, wherein the oxygen containing gas is air.

11. The process of claim 7, wherein the temperature of the process is 260°C % about
10°C.

12. The process of claim 7, wherein Y is chlorine.

13. A process for the preparation of a halogen substituted phthalic anhydride of the

formula
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formula O Y NX O conprising passing a hal ogen
substituted- N-al kyl -tetrahydrophthalimd of the formula O

iJTx O wherein

Y is a hawogensansl X is a straight chain or branched al kylpcraisergsinavi ng 1
to about 18 carbons over vanadi um oxide in the presence of oxygen at a
tenperature and rate sufficient to result in at |east a 90% conversion of
the hal ogen substituted-N- al kyl -tetrahydrgphthalimde to the hal ogen

substitut ed- N-al kyl -pht hal i m de. 1&
o)

0]

comprising passing a halogen substituted-N-alkyl-tetrahydrophthalimide of the

formula

wherein y is a halogen and x is a straight chain or branched alky moiety of 1 to about

18 carbons over vanadium oxide in the presence of oxygen at a temperature and rate

sufficient to result in at least a 90% conversion of the halogen substituted-n-alkyl-

tetrahydrophthalimide to the halogen substituted phthalic anhydride.

14. A process for the preparation of a halogen substituted-n- alkyl-phthalimide of the

formula

comprising passing a halogen substituted-N-alkyl-tetrahydrophthalimid of the formula

0

N—X

O

wherein Y is a halogen and X is a straight chain or branched alkyl moiety having 1 to

about 18 carbons over vanadium oxide in the presence of oxygen at a temperature and

rate sufficient to result in at least a 90% conversion of the halogen substituted-N-

alkyl-tetrahydrophthalimide to the halogen substituted-N-alkyl-phthalimide.
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