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| act ones reactant of the present invention. For exanple y-butyrolactone IS
readi I'y avail able from comrercial sources such as Al drich Chem gb any
(M1 waukee, W). 15 Theuprocess of the present invdntion is c HF@ in
t he vaporweweass27at tenperatures greater than 200C, over hpeginluso®essss

catal ysis. Al though any tenperature above 200C is useful, tenperature in
the range of about 25gC to about 400C are preferred mhere ranges of about
300C to about 340C arg nost preferred. In one preferred enbogi ment the

| act ose and fornal de e of the 20 present inv ntlon are in glhe vapor

phase. The basic catal ySigs areg sel e@ fromt r_’@t al dr oxi des)
and carbonates. The oxi dgs, hydroxides dnd car hemat es enp oyed erein my
be used as powders, %I es, or other particulate forns, be
supported on an R3Sgnpti inert support as is conmon g it pf

catal ysis. Repr esenRatl Be 5 catal ysts include but are not rPi nRt’e%I to of
magnesi um oxi de, bari um oxi de, barium hydroxi de) | anthanum oxi de potassi um
hydr oxi de, cadni umisMBI v ubi di um oxi de, 1ithi um hydroxi &&ma# Honti um
hydr oxi de, sodi um hydroxi de, cal ci um hydroxi de, barium carbonate and

m xtures thereof. Preferred catal ysts are barium hydroxi de and | ant hanum
oxi de, where b)alnqr@nm hydroxide is nost preferred. 30 In some cases reaction
conditions may resyk{_ jijn decreased catalytic efficiency. In these
situations it may he ysejul Vi C for
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with the catalyst. Fo orﬁ?é&”p' e, yields and selectivities may be increase
where the reactor effluent containing a mxture of reactant and product may
be passed one or nore tinmes over the catal yst under the reaction conditions
to enhance the converg on of reactant to product. 20 One conponent of the
invention is fornmal defjyde. Formal dehyde nay be supplied in apvariety of
forms including as a lution or in the formoL a fornmal dehygle pol yner.
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under vacuum the a-nethylene-Y 30 butyrol actone/ (err)-butyrol actone

m xture can be distilled directly fromthe reaction mxture. Additionally,
the reactison wherkir € can be dissolved in water, adjusted to pH =4 with 6N
HC1, then distilled. ? mlarly, the separation of

a- et hyl ene- ybutyr’bT'a one fromy-butyrol actone can be acconplished using
vacuum di stillati.on with a spinning band colum. Another nethod to recover
the desired product is to 35 polynerize & met hyl ene-y-butyrol actone in the
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10% Ba(OH) 2/ Si 02/ Al 2A8 10 g of silica-alum na powder (~150 nzg-~) was
sluftried into a solution of 2 g Ba(OH) 2 octahydrate in 20nL di z%}l lfo%
water. The slurry was stirred for 10 mi nutes and then evaporat 4y
dryness. WO 0089%ered solid was dried in a 5 gold boat undecTtfusosadass ( 100
mL/ m n) nitrogen at

55QC for rs and then collected upder nitrogen as a
granul ar white soli & (é‘)‘-!)aé‘%élgg%k% “b(gB‘T'nrag'ﬁyi o @'ﬂé‘fﬁﬁ?’egy d(o~°§g’é}’ n‘g‘B&I) was
slurried into ansasdtinitédon of 0025 g Ca(s@bdiititddn 100 nhlkdi sti | | ednvib@ted The

slurry was stirred f.or 10 m nutes, and then 10 evaporated to dryness. The
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granul ar white solid. it EMEREEL ool a2@ Sr i n this sanple. 20

NaCH Si 02 10 g of sili b%‘?anu%s 63(330 lrriZEBfllg was slurried into a solution
of 0.25 g MaoH i n 20Dnrenspyng stersi(a)\dhrevgh (ehe” sl urry was stirred for 10

m nutes and then . evapRimdRdy iR Mv¥RETHSprovidss pesRYEf e re;)@}ihgamas dried in a
gol d boat under flfw]n%ﬂr( 10§ m_/rnr) ni gir{)%ﬁ,n a% %?? or 2 .hours and then
col | ect ed undeeHMngaeRtes of Eorgwladl 2t yelsetiify Gfat ¥ f3e PBP S8 eal ed 1. 45 wt
%lnNa [ ndt hi s sanpl Ie. L'(@-Vnahtoﬁig 12&ofesdf IBiriniulth @ﬂ&hﬂhzﬂ&etl(ydgmthﬂﬁ@pdr) hWaS
slurried into a solution @ .25 Li in i-stilled water. .The
slurry was stirred for lopﬁ?ﬁﬁﬁ%&g‘gﬂ%{$ﬁ%ﬂf%\%?&p§i§@ {hSP&?Sﬁﬂ%es 3 bagic
recovered bolid was dri edcatalyat fpoldinxosufficicoteior fHeanimethydhelactod®s ol / ni n)
nitrogen at 550C for 2 ho ﬁ?r}?@f iLtrogen as a

granul ar white solid. | CP%ES@gﬁIe 0. 2%9\%\(} ﬁg/é Egaluﬁ t u|ﬂ@’sarrpl e. 10%
Ba(OH)2/Si02 In a 100 mM round bottomflask, 25 m of a solution of 1.86 w
% Ba (as the hydroxidephin H20 were conbined with 5.0 grans of, silica gel
(Grace 35 Davison, grade 57, 10-20 nmesh). The slurry was stirfiged at room
tenperature for 10 m es. The H20 was then regoved by rotov The solid
was cal ci ned at 550¢7f or hour,s i_n. m@)ag_nit Bﬁg,p. 10

Ba( OH) 2/ 1%Au/ Si 02 n a ]’100 m round bottom fl dekt 25 nl of a s@l ution of
1.8CG% Ba (as the hyd { in H20 were conbined with 1.18 ra{]@) of 0.3
nmol ar gol d chlori in HZQ phd 5.0 grans of silica gel. R | urify,smas
stirred at roomterrp&atﬁﬁfe for 5 10 minutes. The H20 was tMén ®3tOvac

renoved. The solid vxgg C@I cined at 550C for 2 hours in floggn n@trogen. 11
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' (c) contécting the collected effluent with the base catalyst at a
30 temperature of above 200°C.
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wherein,
n=1-11;

R1, R2, R3 and R* taken independently are hydrogen, hydrocarbyl, C{-Csq
unsubstituted or substituted alkyl, unsubstituted or substituted alkenyl,
unsubstituted or substituted cycloalkyl, unsubstituted or substituted cycloalkyl
containing at least one heteroatom unsubstituted or substituted aromatic ring, and
unsubstituted or substituted aromatic ring containing at least one heteroatom, and
the basic catalyst is selected from a group consisting of lanthanide elements and
lanthanide compounds.
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Formula [ Formula 11
wherein,
n=1-11;
10 R, R2 R3, and R4 taken independently are hydrogen, hydrocarbyl or

substituted hydrocarbyl, C;-C;g unsubstituted or substituted alkyl, unsubstituted
or substituted alkenyl, unsubstituted or substituted cycloalkyl, unsubstituted or
substituted cycloalkyl containing at least one heteroatom, unsubstituted or
substituted aromatic ring, and unsubstituted or substituted aromatic ring

15  containing at least one heteroatom. In a specific embodiment the lactone of
Formula I is y-butyrolactone and the a-methylenelactone of Formula Il is
a-methylene-y-butyrolactone. R!, R2,R3, and R4 may join to form members of a
ring structure selected from the group consisting of, unsubstituted or substituted
cycloalkyl, unsubstituted or substituted cycloalkyl containing at least one

20  heteroatom in the ring, unsubstituted or substituted aromatic ring, and
unsubstituted or substituted aromatic ring containing at least one heteroatom in the
ring. Most preferred compounds are where the lactone of Formula I is
y-butyrolactone and the a-methylenelactone of Formula Il is a-methylene-y-
butyrolactone.

25 In the context of this disclosure, a number of terms and abbreviations shall
be utilized. The following definitions are provided.

When a group contains a substituent which can be hydrogen, for example

R, R2, R3, and R4, then, when this substituent is taken as hydrogen, it is
recognized that this is equivalent to said group being unsubstituted.

30 The term “alky!” includes straight-chain or branched alkyl, such as,
methyl, ethyl, n-propyl, i-propyl, or the different butyl, pentyl and hexyl isomers.

Also included are all isomers up to and including octadecane.

4



nnv-M.bN~~N~O4r ~'" O4-i I=. U~V1U~~1UN-~c~NN--~0O

N'--~'©OUo O(.,.io0 NNMW O ,., a~ arar0 G y '~~~ w ~ ~ C-579,90$°
00~ O Nr _ s-zg:éNOU~~OaONxO.rxOOOaONxO % vz
O~t~' w > Vo U155 July 2003 PCTIUS00106958 . . 23 July 2H04US%B%Ps8207

~~~~ a PCTI US00/ 06958, G- An o) |t a
ea . a 7~ a7 C v A h%x%‘ b?%guyp aijaé‘?\?va\'gnltjgtu%cgmdmlﬁbg lg%a&/)g) %d
“o L wO CC Ad Uwr%eas 1§nqf othpryisg stapedyjit)is mr:f@r@ tUatd'xdr@:adDmsWUﬁs Rerginy ° N M
vlv\?;a~2~. ~Z~~, ZcT)YlZam ﬂoabo&mcaxldUhJULénN ooUu ..CO00U.-... OGUN ° d'Ccf -.

. 00. Q0 00 N N N
0zNMFh~1W . o ~N 1 pBY fSWBS'@‘u*Zé ‘hy WWP5‘§’29'? '%Q‘Cﬁ'eflifh%‘é@m‘ 958 a
~0>a00 U n~B~Oc¢uataisOhcuidybsicts _ml'd@t gioles*wﬂildH are Nlen undl& rheﬁsirocess
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U ~1U UU U ~U U-subbtitkerlt groups aldoMe ridt substddtiaty ihterfere With the p@itess. 4f net- ~~ . - .
S R /% O sthWreLfle%ga‘ {haP@ibstituted hydrocarbyl groups herein contain
1 to about 30 carbon atoms. Included in the meaning of “‘substituted” are

10 heteroaromatic rings.

One of skill in the art will know where and how to obtain the a-methylene
lactones reactant of the present invention. For example y-butyrolactone is readily
available from commercial sources such as Aldrich Chemical Company
(Millwaukee, WI).

15 The process of the present invention is carried out in the vapor state, at
temperatures greater than 200°C, over highly basic catalysts. Although any
temperature above 200°C is useful, temperature in the range of about 250°C to
about 400°C are preferred where ranges of about 300°C to about 340°C are most
preferred. In one preferred embodiment the lactone and formaldehyde of the

20  present invention are in the vapor phase.

The basic catalysts are selected from the metal oxides, hydroxides, and
carbonates. The oxides, hydroxides and carbonates employed herein may be used
as powders, granules, or other particulate forms, or may be supported on an
essentially inert support as is common in the art of catalysis. Representative

25  catalysts include but are not limited to of magnesium oxide, barium oxide, barium
hydroxide, lanthanum oxide potassium hydroxide, cadmium oxide, rubidium
oxide, lithium hydroxide, strontium hydroxide, sodium hydroxide, calcium
hydroxide, barium carbonate and mixtures thereof. Preferred catalysts are barium
hydroxide and lanthanum oxide, where barium hydroxide is most preferred.

30 In some cases reaction conditions may result in decreased catalytic
efficiency. In these situations it may be useful to modify the reaction process to
allow for catalyst regeneration. For example, contacting the present catalysts with
O, at elevated temperatures has the effect of reactivating the catalyst. Contact
temperatures with O, may range from about 300°C to about 500°C where

35  temperatures of about 400°C to about 425°C are preferred.

The metal oxide, hydroxide and carbonate catalysts of the present
invention may further comprise catalyst additives and promoters which will
enhance the efficiency of the catalyst. Use of theses materials are common and
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340C. 25 Enpfangszeiy, §l|f!5£- - 003 7. A
process according tg %d%slnrﬁqh/%'r%uc?slmc dblﬂ(\egbas at Fu?r&?cstg'gé eegt ed from
t he group constesevaied usingrtechniques epsamona die aﬁyd‘bﬁ%@@ﬁe wiban atlomeed to
carbonates, 8. o%lm@&%ﬁhﬁwfﬂh%lwoﬁﬁéﬂ&M)&ﬁr%'féhﬁ&‘@v@&% qgdral yst is

selected 5 from t he roup consisting of magnesi um oxi de, barium hydroxide,
bari um oxi de, MatsadAHemRaAtKed yicadicated yrdervasupnethe ppedylensdxi de, "1t hi um

hydr oxi de,3¢ stmpfdmmmpmym&to@qmm le3tAl be MistiBed Giéctly Uronh Wérexdtidf.,

barium car bonat e and

mlxture Additionally, the reaction mixture can be dissolved in water, adjusted to
pH = 4 with 6N HCI, then distilled. Similarly, the separation of a-methylene-y-
butyrolactone from y-butyrolactone can be accomplished using vacuum distillation
with a spinning band column. Another method to recover the desired prbduct is to

35  polymerize a-methylene-y-butyrolactone in the y-butyrolactone solution using
standard free-radical polymerization, isolate the polymer by precipitation from

methanol, then thermally depolymerize back to a-methylene-y-butyrolactone by
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2 hours and then collected under nitrogen as a granular white solid.

CdO/Si0, i

5 g of granular, sol-gel derived silica (+8 mesh; 300 m2g-!) was slurried

35 into a solution of 1 g Cd(NOs), tetrahydrate in 10 mL distilled water. The slurry
was stirred for 10 minutes and then evaporated to dryness. The recovered solid
was dried in a gold boat under flowing (100 mL/min) nitrogen at 550 °C for
2 hours and then collected under nitrogen as a granular brown solid.
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gold boat under flowing (100 mL/min) nitrogen at 550 °C for 2 hours and then

collected under nitrogen as a granular white solid.
25  10% Ba(OH),/MgO

10 g of magnesia powder (~10 m2g-!) was slurried into a solution of 2 g

Ba(OH), octahydrate in 20 mL distilled water. The slurry was stirred for

10 minutes and then evaporated to dryness. The recovered solid was dried in a

gold boat under flowing (100 mL/min) nitrogen at 550 °C for 2 hours and then
30  collected under nitrogen as a granular white solid.

10% Ba(OH),/ZrOy

10 g of zirconia powder (~25 m2g-1) was slurried into a solution of 2 g

Ba(OH), octahydrate in 20 mL distilled water. The slurry was stirred for
10 minutes and then evaporated to dryness. The recovered solid was dried in a
35  gold boat under flowing (100 mL/min) nitrogen at S50°C for 2 hours and then

collected under nitrogen as a granular white solid.
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(100 mL/min) nitrogen at 550°C for 2 hours and then collected under nitrogen as a

granular white solid. ICP revealed 1.15 wt % Ca in this sample.
St(OH),/Si0,
10 g of silica granules (~300 m2g-!) was slurried into a solution of 0.25 g

15  Sr(OH), octahydrate in 100 mL distilled water. The slurry was stirred for
10 minutes and then evaporated to dryness. The recovered solid was dried in a
gold boat under flowing (100 mL/min) nitrogen at 550°C for 2 hours and then
collected under nitrogen as a granular white solid. ICP revealed 0.60 wt % Srin
this sample.
20  NaOH/SiO,
10 g of silica granules (~300 m2g-1) was slurried into a solution of 0.25 g
NaOH in 20 mL distilled water. The slurry was stirred for 10 minutes and then
evaporated to dryness. The recovered solid was dried in a gold boat under flowing
(100 mL/min) nitrogen at 550°C for 2 hours and then collected under nitrogen as a
25  granular white solid. ICP revealed 1.45 wt % Na in this sample.
LiOH/SiO,
10 g of silica granules (~300 m2g-1) was slurried into a solution 0f 0.25 g
LiOH in 20 mL distilled water. The slurry was stirred for 10 minutes and then
evaporated to dryness. The recovered solid was dried in a gold boat under flowing
30 (100 mL/min) nitrogen at 550°C for 2 hours and then collected under nitrogen as a
granular white solid. ICP revealed 0.42 wt % Li in this sample.
10% Ba(OH),/Si0O,
In a 100 ml round bottom flask, 25 ml of a solution of 1.86 wt % Ba (as
the hydroxide) in H,O were combined with 5.0 grams of silica gel (Grace

35  Davison, grade 57, 10-20 mesh). The slurry was stirred at room temperature for
10 minutes. The H,O was then removed by rotovac. The solid was calcined at
550°C for 2 hours in flowing nitrogen.
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K R R R3 R
Formula I Foromla II
20
wherein,
n=1-11;

R1, R, R3 and R4 taken independently are hydrogen, hydrocarbyl, C{-C3q
unsubstituted or substituted alkyl, unsubstituted or substituted alkenyl,
25  unsubstituted or substituted cycloalkyl, unsubstituted or substituted cycloalkyl
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