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Description of the related art 5 Corey et al., J. Og.
Chem, 38, 3224 (1973), discloses the isonerization of
the allyl ethers of nenthol, decanol, and chol esterol
to the correspondi ng 1-propenyl ethers under neutra
aprotic conditions catalyzed wth

tris(triphenyl phosphine)rhodi ynchloride, and the
ready hydrolysis of these 1-propenyl ethers to the
ori gi nal al cohol Mathogdf grepafinpai(&atendlacetdls304, 767

di scl oses the preparation of a nunber of di(ketene 10
aFieldal s), such as

3, 9-di net hyl ene- 2, 4, 8, 10-t et raoxaspi r o[ 5. 5] undecane

(t he difikieweiin rélaet & 9 method efpragarinildifkeidhg acetals).

2, 6-di et hyl enehexahydr obenzo[ 1, 2-d, 4,5-d" ] bis[1, 3]dio
pr@npﬁbﬁl of tlie(eRt@nartacet al ) of

1,2,4,5-cycl ohexanetetraol),

1 2- ettwrbenahi 5(@g”€’hi%l| wam (1933 HltisKlelaa ] is¢hbiézation of the

ketene acetal) hexanet etraol ), and
aql pthers @f meg’;b@% éﬁ@no]a@@i @ogeftegq} éq]thggorrespon&mg 1-propenyl ethers

] efjh&%uﬁgp%)g&}lé doﬂﬁﬁ%ﬂ?&@ﬁyﬁﬁ %&%%ﬁnﬁpﬂos@hﬂ]&ﬁh&ﬁ&n Bhloride,

Barﬁl thi¢ regdyehyrlnolybis d&these?] -groerl ethess tathc asiginabilsol®]Lat gEC2.
ane, and 3,9-diisopropylidene- 2,4,8, 1
0- t et rid® Raispi Na 453 08] 761 diéscmnes, thopreparbtivocs asvindier dhdi(ketbae

R PR DSORGB e - Ratdsad e Hctene
" Rlealst p@ﬂltaer?ﬂhﬂitol} Ri6- Mﬁﬂﬁ’[’-’ﬁem@ﬁﬁ‘i&@&enﬂi{l Q&ﬂ@,ﬁldl]lalsplf 3]dioxole

the conpounds with diols

A6 (EiFae areel) BbbAHRIFIShERPEFRn |G R B PR G5
aﬁ%]glogi&ﬁltiﬁq r(‘tglg d?(Q%tQﬁ:eeJc@!a?)of 19UCAh&8metetraol), and alkylated di(ketene

tefraoxaspi rofs. 5] undecane
( ﬂﬁﬁquh as\2, G- maopr@gh@nﬁmmowhm[h,@ &b bradosbhtlidivgole,

PP Dl e o R St R ol Snc
42 3:32,033Radkasiiops Shintidtand) lb? ﬁmmis omhicbfinkedethe isaaetizdtion of the

d di (ket
i ase gy aowassisn oL salvchs GHoaLBom e sy ried i and
fh( ke?eﬁf Qé’et&l@%y'r@&%ﬁ b?ﬁ% 'c@ﬂp&fndﬁ hem 18 espsiE.ng

vinyl "acetal’s) in alkal

al koxi gepafi 8.%511@, 8 d‘fs@lo‘ééé tﬁ@ﬁreparatlon of ketene acetals and di(ketene
acetals), such as 3,9-diethylidene-2,4,8,10-tetraoxaspiro[5.5Jundecane (DETOSU), by the
isomerization of the corresponding di(vinyl acetals) in alkali metal lower n-alkyl/water

soluble primary amine solutions.

US Patent No. 4,532,335 discloses the preparation of ketene acetals and di(ketene
acetals), such as DETOSU and 3,9-diisopropylidene-2,4,8,10-tetraoxaspiro[5.5]undecane,
by the isomerization of the corresponding di(vinyl acetals) in alkali metal

alkoxide/ethyleneamine solutions.
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nunber of ketene acetals and di (ketene acetals),
including 2,2'-diethylidene-4,4"-bis-[1,3]di oxol ane)
and DETOSU, in each case by the preparation of the
correspondi ng di (vinyl acetal) fromthe rel evant
tetraol and acrolein and 5 isonerization with
tris(tri phenyl phosphine)rutheni um di chl oride. German
Patent No. 2 331 675 (Chem Abs., 81:63153v (1974))

di scl @bellb bieal. er&ﬂﬁﬂ@{SchP@anPblpﬁiéft Ckenkmggna 3921303 (1996),
Hﬁ ﬁ sonerlzatl of ung turated alg Q acef al s

sFiones S QRRECBFRRPe RE Kejene asctalsgpd gilkgiea aoalshfincluding
the- d?&l%tlﬂlanegl QURs M, B jlidxoRie) aﬁfﬁrﬂpﬁ)@@ iABEHHas @6 thanfe aratlon

ll%@ In six exanples 2-vinyl-[1, 3]-di oxol ane€ was
A

osisenonling diveyheaets) )| fram élwerelev«m fesael qndtagtoldin andh e

i EREDES R ERARAO AR ALAR Rl dichipride.
N, N- d |
ot her '%%#%21#&022%“7% AT g s 1%93%%‘453%@%%65 the
Qﬁe‘jﬁmﬁ ob aliphatic Mﬁeﬁeeacealtsrbwbe i@o%éﬂi@tlﬁly bf k’ﬂ%@ﬁlﬁ}ted/\ﬂﬁehﬁfde
ot ol soneri.z et t ene 1. met acet a In _the

%P%tglé hewngp dpy ﬁ%@ﬂ?&@% HBnYT V- pa%orwfy L%%Petal group with iron
r&ﬂ%ﬁﬁfs BRI acn&é @mw eﬁ’ﬁrﬁmbg chulrsﬁr[% dokoRndRhd0d

pr eparl ng ( et ene acetal s ng;i OI someri zi ng

tHlilét%S@rn@@é?sUﬁ anatieyTiektgng qﬂwlemd@ta inghe pl@@ftﬂ@ pEigon pentacarbonyl and

t
AR o) B4 bR Rl il Kb ¥ groquinone
madrivacktipl etherg @dn pedtedatbonybandhroarmaidctibh odecaddrisdalyl while
or be ared by met hods kno 0. a pers
laﬂ[lméfivn@%ﬂ apetglpas OTQFSPmeWWP %}/@I&B&n&ﬂé@ﬁﬁsﬁw%@me
gfres%detdf@ﬂéh%énth&{ﬂ%r@lstan@ﬂﬁroh%@ﬁ&éafb‘éﬁﬁ to form
(ketene acetal s) usable in the preparation of

pol y(ortho esters) and copol yners contai ning those 25
gkt ho esters). Such di (vinyl acetals) include

conmpounds of the fornulae: WO 2004/ 046074
PCT/ USrendgddmisen t5 2 method for preparing di(ketene acetals) by photoisomerizing

the corresponding di(vinyl acetals).

Detailed description
Starting maferials

The di(vinyl acetals) that are the starting materials for the method provided herein
may be commercially available or may be prepared by methods known to a person of

ordinary skill in the art.

Di(vinyl acetals) that are of particular interest are those used to form di(ketene
acetals) usable in the preparation of poly(ortho esters) and copolymers containing those

poly(ortho esters). Such di(vinyl acetals) include compounds of the formulae:



-300 R~~0DCO-1 (1) // OR2 R2 OP-RI
RI__I\ODR)CO (Il) 1/ ~0OR(IIl) 0-1RORO
wob@rei60R i s a bond, -(CH2)a , or -(CH2)b-O - (BERVUS2003/036610
where a is an integer of 1 to 10, and b and ¢ are
i ndependently integers of 1 to 5; 5 Rl is hydrogen or
a Cl-C2 alkyl, and R2 is hydrogen or a Cl1-C2 alkyl. A
typi cal nethod for the synthesis of these di(vinyl
acetals) is the condensation of a bis(diol) of the
formulae 1V, V, or VI: HOXCH (lV) HO OH HO Rz R2 OH
HO'" ROH (V) HO CJ—|(VI) HOR OH 10 with two
equi val ents of a V|nyI|Q) hyd//_RUch as acrolein or
a

crot onal dehyde, beZ€L< cetal s,(qysuch as
acrol ei n di net hylr t al thyI acetal, and such

condensati on reaction kno jand are
di scussed in the refer :Eé% st he "Descrlptlon
of the related Sect/ hIS appllﬂatlon For
exanpl e, CIlveIIo et a dlscloses the synt hesi s of

t he conpound of fornu wher 9§§%h— IS nydrogen
and the synthesis 94/ /lf (il

where:

R is a bond, -(CH,),-, or -(CHy),-O -(CHy),-; where a is an integer of 1 to 10, and b and ¢
are independently integers of 1 to 5;

5 R'ishydrogen or a C;-C; alkyl, and
R? is hydrogen or a C;-C; alkyl.

A typical method for the synthesis of these di(vinyl acetals) is the condensation of
a bis(diol) of the formulae IV, V, or VL.

HO OH
X (Iv)

HO OH
HO R OH

HO OH

j\ J: (Vi)

HO R OH
10  with two equivalents of a vinylic aldehyde, such as acrolein or crotonaldehyde, or their
dialkyl acetals, such as acrolein dimethyl acetal or diethyl acetal, and such condensation
reactions are well known and are discussed in the references listed in the "Description of
the related art" section of this application. For example, Crivello et al. discloses the

synthesis of the compound of formula I where each R' is hydrogen and the synthesis of
15 the compound of formula ITI where R is 2 bond and each R! is hydrogen.

The bis(diol) of formula IV is pentaerythritol. Its reaction product with acrolein,
3,9-divinyl-2,4,8,10-tetraoxaspiro[5.5Jundecane, is available from suppliers such as

Aldrich Chemical Co. and TCI America.



15 the conpound of fornula Il where Ris a bond and
each Rl is hydrogen. The bis(diol) of formula IV is
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3,9-divinyl-2,4,8, 10-tetraoxaspi ro[ 5. 5] undecane, is
avai | abl e from suppliers such as Al drich Chem cal Co.
and TCl Anerica. WO 2004/046074 PCT/ US2003/ 036610 -4
The bis(diol) of formula V where Ris a bond and each

R2 is hydrogen nay be prepared by the reduction of

the tetranmethyl 1,1,2,2-etaneetracarboxylate,

avai |l abl e fron1AIdr|ch Wi th a reduci ng agent such as

Li Al HAThetbistdisD)lof ﬁfﬁnu&lm hvhas Rﬁsetﬁmﬂ agd beoh R*tiohydgdgeR may be

t he bis(dijol In certain e nts, the reduction
SRR e bctin Gl ey elnipggﬁﬂiﬁng (euRReFp Xy areavarable

rf?(qﬁ' Nldrﬂﬂl %ﬁmQQécﬁlci%pageﬁt%ug%QlAﬁf4%'a@oﬁ@ﬂt@ﬂ@ljfase&etﬁﬂ/l ether, to
Chem 448 (1972) for the reduction” of

tgaver Tée bisgdiol), In @Mmmnb@deme@m ﬂa@mdwugn tcetried Phykat reduced

er t%rg su%fl ag Cgu }X%educmecgﬁ%lgt}%@ is &e ‘%edem ?{agé‘&& e%l J. Med.

Fogen may be prepare e reaction
HCW dish@mﬂsl(am) dbr thhexdiiaiomelf setpdeth{yICHP Y A-Bhtanstedmearboxylate.
is O or Br, such as 1, 3-di bronopropane or

1,5-di "Ibfe@i@whel)toa szt V kvharedi ! KO, rah o BadheR A6 hydkBgdnhBay be

@%@uééﬁi%v the 1@0@@} %fg@ %5@3@8%3%& %%F%‘HW%V X @%&I‘Q oyhere X is

aéﬁﬁtlsrnﬁwﬁag ih- cﬁlkﬂsﬁfsb ?§ne(cﬁ" 1%- dlgﬁﬁﬁdib%@ﬁe waalr@cﬁam malonate of
hoxide) in a sol vent _such as a | ower al kan%y

ethh fmoiula CIa(GOER YehereRy Q;ﬂl{@u alkyl, in the presence of a strong %ase such -
a, a, c . '

oy B SPABH SRR 1 S Al
SIZMINent @Zh ad d Bvefr l&aﬁoyl {©g. etiaaolp toegaas ﬁkitﬁraaﬂdyl

Eﬂft%mr ae-ltaﬂquxla?t%qr]aé:@g)S L ]6 fﬁtlaéig%g@ﬁ et y: a%: %rg% gsx e8cI] Lhﬁg mn lQ/mecke et al.,
PJ SHRACEHM. SPRISES 3168 i @l@ plepatib@bPleiract]
t hus-f or ned tetracarboxylate is then reduce

t hé,4ﬂrlg{tmetﬂt1)ztcarbpwéq{e ﬁ"p@(@@ﬂ@fl gl}alw@(@dela?cﬁl F@nq»eghanle \1/n the
B 0 AP AL iSSP
Theéucebits gide die)big(fliol )oOthet hlSQdkblstdreee fch R iGM-hysinepen acty be

R2 d ti

o AR b SR SREH S0 e 395 Ml e

i) of TBInANATE whefe R et eﬁﬁdﬁa&VRH@\l@ﬂﬁo@en thay @€ Be prepared
Soc., 73:330-345 é1898 foll reduction of the

t balie reseteriok formaldelyde and qdlslkzl laalea%étl@t ?%f%}%@hbld%ﬁlf’%ﬁt% as
t Qos it o favtir3 H @loh. Soc., 73:330-345 (1898), followed by reduction of the

thus-formed tetraethyl 1,1,3,3-propanetetracarboxylate to give the bis(diol).

The bis(diols) of formula V where R is -(CHz),-O-(CHz).- may be prepared by a
similar process, replacing the o,w-dihaloalkane with a di(co-haloalkyl) ether of the

formula X-(CHy),-O-(CHz)~X, where X is Cl or Br.

The bis(diol) of formula V where R is -CH,-O-CH,- and each R? is ethyl is
di(trimethylolpropane) and is available from Aldrich and from Perstorp. Di(vinyl acetals)
of formula IT where R is -CH,-O-CH,- and each R? is hydrogen, methyl, or ethyl may



The bis(diols) of fornula V where Ris -(CH2)b-O (CH2)
may be prepared by a simlar process, replacing the
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The bis(diol) of fornula V where Ris -CH2-O CH2- and
each R2 is ethyl is di(trinmethylol propane) and is
avai l able from Al drich and from Perstorp. D (vinyl
acetals) of fornula Il where Ris -CH2-O CH2- . and
each R2 is hydrogen, nmethyl, @r ethyl may WO

2004/ 046074 PCT/U82003/036610 -5 al so be prepared

fall B etpiepabmdih Sledohimeiral} afalighlé tri@bylyingdilivat hefRthylolethane,
trimethyl ol et hane, . and tri met hyl ol propane in the

fasf e tylomppae In the TEWIRGIAREET:O-  HO-OH Et 0 HO o
TsCl OR2 R2 R2/20R2 O ~O-O- base OH/ - _r--

TSO ~(~ O 5 whe trineEitWalkanelsﬁzl
converted to t i nyl #&cet é by reactton mf%{f&*_/
vinylic al dehfjde or s dlé% yl acetal (HErol &

di ethyl acetal is shown), then sone of the resulting
al cohol converted to a leaving group sugh as {h@sCl
tosyl ate (shown) or other alkane Cbr enesu fonat e,

and that compound tregted wth Icohol to
form the dP{w Ryl acwyt 9 QN s(deI

formul a where S i's ery£ Te

bi s(diol”) o~ fornula VI ‘%here Ris - - my° be

prepared by the oxidation of an a, co- dlene such as

1, 3- but adi ene_ or_ 1, 5- hexadi ene, with i.diz

e e e TR B e 6aA BriPRYit &

o\fmﬁi/c eﬁ’cﬁéﬂ?&e m&mggylgpgmaérﬂleiﬂggﬁuﬁ Faceﬁaplsghé(\ﬁn)kﬂﬁn some of the
wher e is

l(e@ﬂlif)g)alcﬂal(otpmvcﬁedfw lb%flrm gpur sigh By theriesylate (shawp) a3 @ther
gagikag% ﬁr;aﬁ %1%/1 ﬁéteaand tﬁgt cgmgﬁlﬂ%&reaé?eda\lnlﬂylgasg 51?(9&119 lalco}%lttg form

oxrrane
the di(vinyl acetal).

The bis(diol) of formula VI where R is a bond is erythritol. The bis(diol) of
formula VI where R is -(CH,),- may be prepared by the oxidation of an a,@-diene, such
as 1,3-butadiene or 1,5-hexadiene, with an oxidizing reagent such as osmium
tetroxide/hydrogen peroxide, or by other methods known in the art, to give the bis(diol).
The bis(diol) of formula VI where R is ~(CHz)y-O-(CHy)- may be prepared by the
reaction of an -hydroxy-a-olefin, such as allyl alcohol, with an @-haloalkyloxirane, such
as epichlorohydrin, to form an w-epoxy-o-olefin with the backbone interrupted by an
oxygen atom, such as 2-allyloxymethyloxirane, which is then oxidized with an oxidizing
reagent such as osmium tetroxide/hydrogen peroxide, or by other methods known in the

art, to give the bis(diol).

Variations on these methods, and other suitable methods for the preparation of the
bis(diols) and the di(vinyl acetals), will be available to a person of ordinary skill in the art

having regard to that skill and this disclosure.
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an oxidi zing reagent such as osm um

t et r oxi de/ hydr ogen peroxi de, or by other nethods known
inthe art, to give the bis(diol). 20 Variations on

t hese met hods, and ot her suitable nmethods for the
preparation of the bis(diols) and the di(vinyl
acetals), wll be available to a person of ordinary
skill in the art having regard to that skill and this
di scl caweats WO 2004/ 046074 PCT/ US2003/ 036610 - 6-
Solvents In certain enbodi nents, the

p hot oils e&mih ZRbéRfehtS, tH@;BHdtcﬁ%rﬂéﬂzaﬁJh @ @aﬂn@@ bht ﬁ%h\ﬁ%ew solvent,
y which is neant a solvent that is inert to th

é’(}’a’ifltlﬂhé TeRapY3 snjvenathet igfinert to e stasting di(viayl acetal, the sensitizer, the
gﬁ&gﬂ? {hglge't{gllg%géetgl ﬁg{h%} ﬁft n%&ﬂai%% Elgcf go@ﬁc?s tﬂgtdarg {"o%%eg H%ing the

orned
gﬂnotomommeatlonamdmhmmdmontcbﬁdmem tHaois phomd]hemhiwlsr in¢rhahd that

t oc and t hat
SPeit Ry Tt s Ao rPauoDl S gl sahent s one
sht} iabligitise kd/Bdig indrt,a08n effdd@ile sdlerdéithd RActiod MIRIURE is readily
i ne rt is an effective solvent for the reaction

idegassyd(beqaisg thy dfion penteraghonylksensitiens aydsstroyed byrogpgen), and is easily
9@195 f}’f&ﬂ %@ré&ﬂ?k&é&%%ethls IH @eciji: P ¥ ocﬁ%e%%ﬂgghifen@ﬁga

i S eas ved from uct ketene 'ace
dnﬂnamhomnhUHMH@nmsmnwheﬂﬁubhentmmsah@ﬁﬂchyﬂoanhnbmmhasm1

ot her .enbodi th ol | i phat.i

b SRS ERhe Wil AnfE0td Al B o Hiteimegyy e
BoBBetiethe @NT; ANak] th @lokRPEMbéAMERERRBNEhtTEsctdd Fom
solvent is the C5-C8 al kane. In anot her enbodi nent ,

{AFBa8es hesgnes, Bentweeapd qotrnsnandgeiiuprabereple {a festain embodiments,
hERPIANSS is AR sQELATESn dRRA1 BinXt Hgtﬁﬁy&r £0fnd 1gxane

certain enbodi nents, the solvént Is Eer sel ect ed
from digliivdes €t her, tetrahydrofuran, and di oxane. 15
SenS|t|zers ensitizers for the phot oi soneri zation are

t hose S‘éﬁﬁﬁ'ﬁk fo?§hetepﬂ81{ gsoﬁqeﬁgatltoﬁ %re 8&@%&?{% e%@rg?gmé ﬁllg

di (vi nyl ace e correspon
ammmiz)mcm dffthadi(winglacetaqtoathy swmespénchmgm(keme taccmzﬂys with efinimal
roduct s

et S S e RS G Pgre al PBRGF Prespits o
HRly@her ’Sﬁlﬁﬂﬂgﬁio@sbﬂsﬁlz‘éﬁrﬁp@ﬁﬂﬁﬂﬁmn%zﬂ organometallic compounds, such
as iron organometallic compounds. The sensitizers for use herein include, but are not
limited to, transition metal carbonyls (such as the iron carbonyls, e.g. iron pentacarbonyl,
diiron nonacarbonyl, and triiron dodecacarbonyl) and mixed carbonyls (e.g. mixed
n-cyclopentadienyl carbonyls, such as cyclopentadienylmanganese tricarbonyl). In one
embodiment, the sensitizer is iron pentacarbonyl, for its low cost, efficiency in catalysis,
and its easy destruction by oxidation with air after completion of the photoisomerization.
The sensitizer may be employed in any quantity necessary or desirable for the speed and

selectivity of the photoisomerization. In one embodiment, the amount of the sensitizer

used is about 0.001 mol% up to 10.0 mol%. In another embodiment, the amount of the
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carbonyls, e.g. iron pentacarbonyl, diiron

nonacar bonyl, and triiron dodecacarbonyl) and m xed
carbonyls (e.g. mxed t-cyclopentadienyl carbonyls,
such as cycl opent adi enyl manganese tricarbonyl). In one
enbodi nent, the sensitizer is iron pentacarbonyl, for
its low cost, efficiency in cgtaly3|s 25 and its easy
destruction by oxidation with air after conpletion of

t REsi AP 1eddSIO BEIZR0 1 1861% up Rel.6 B! Mﬁ{otﬁwmbsmmem the amount
ny quantity necessary or desirable f

%gployed in a(y or
dheragitizevged is ab@ O vinplyo vy to(he mekes kssechersthe di{vinghacetal).
I'n one enbodi nent, the anount of the sensitizer used
i s abolhe phateisomeniziop to 10.0 nol % | n anot her
enbodi ment, the anount of the WO 2004/ 046074
PCT/ USHoeistags e6the photpisempriation step ardeappastusivsed Wil gepend
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sﬁﬁ%0|soner|zat| n The details of
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SreBTR WhiRtur ORlL Sica B Lstitled bNOhERAL doRfted @ b ada@fon. A
but in general e reaction wll proceed at between
r%ﬁblﬁ epjeeuicn e thaphoftieomeasizpiionsterol Amedfung pResst weierry lamp

B’E E(lﬂﬁmo ?%Eé%i 1%9 tb AR Al rea IS or @i SuTe mercury or
atnns ere, as u er nitrogen or argo e
rmon lamp mmcttmlg hghmf 20G-y@ walih 9ertam anbddrmchtsa rIn other
A su

s B 1 S AU noT s OtmelERsh, Sl ettt Soparatus or

ntﬁ@I beHira8 SR ITERHMEM réa@fr&lslleréaﬁﬂy lstﬁmhyﬂaﬁuy QOARBleyfrom
used for photochem cal reactions, hi gh pressure

rRPRYATy Sush as Ren Gash HiPAIPoETed: Viingdand @Fth%‘-‘rx 7 fyorgipsughreagent
h mbodi h
Hﬁgﬁﬁ&g dﬁg%gg%rgggltéo I\g/va ot her enbodi nents, the

run velength Sui t abl e

conme r’ﬁé&!aﬂ ch@Eh afc&ﬁ aﬁ&1 g segg{tlfzglr me%%légg]]vfil/ in a suitable

phot oc ons s readi 'y comercila
asohieng lohich dsran raikaseu ya;odl the mxmmnﬂasedAnﬁeﬂi’asgen during which time it

Incor Vi.nel an such

R P PRy P AR AT e o @ o
Tlmm 8lol fromt30enigtintey to o haae!t The prag@ssaofsmaéﬂoﬁeﬁaymd thonitored
be dissolved in a suitable solvent, such as

Ankanbticaierhpigeeningdpding, huépetiaited fa @ay Chﬁvmateg@ahy, HPLC, NMR,
Ay Iﬁglo%g tFOIIthé‘@séptpearance of signals indicative of the starting di(vinyl acetal)

or its vinyl group(s) and the appearance of signals indicative of the product di(ketene
acetal) or its ketene group(s), and the irradiation time prolonged or shortened

accordingly.

The reaction mixture also optionally contains a tertiary amine. In certain
embodiments, the amine nitrogen is substituted with C;-Csalkyl, Cs-Cgcycloalkyl, or
phenyl. In certain embodiments, the tertiary amine is tributylamine, trimethylamine,

N,N-dimethylcyclohexylamine or N, N-dimethylaniline. In other embodiments, the



is irradiated with a nedi um pressure nercury lanp for
froma fewmnutes to a. few hours, e.g. from30

worwahe®74 0 two hours. The progress of the reaPCT/U8R00E§36610
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be nmonitored 20 by anal ytical techniques including,
but not limted to gas chromatography, HPLC, NMR  and
IR, looking for the di sappearance of signals
indicative of the starting di(vinyl acetal) or its
vi nyl group(s) and the appearance of signals
i ndi cative of the product di (ketene acetal) or its
ketene group(s), and the irradiation tine prol onged or
Sibiatyedieite isdReasodtiigintine SGchH &-femglpyatlifihydge al so
o] tlg?all contains a tertiary amne. In certain,
ehrateHEn < Zlptianea dp qertan embedinents. Be patiecoReEstrgiqns up to 5

. ! - . r‘ e .
o et SRR W Pl cco BT b PR the amine
toonerataldRiNOdeyp tol§, weighititet wigh yrHcbloghe/staning di(winyl acetal). It also

di net hyl ani line. ln.ot.her.enbodi nents. the A
STy Rer oo S9aRhu S 8 blRRiop IR ygienes. e
Hed et eeipbt ¥ withirepes Ue theatarto @ (v 4 fah OB hichblepol Riétization
di Eabic clo[2.2.2]octane. |n certain gnbodinents,_the
ARIREOTEGhRER 4FG BRsG compeuRes cgmmypsy yiyred dgr thy siabiieation of
10adiRE nidhbrs NGickl by i duifB8 hAd dts mbRorRétBflether.
enbodi ments, the am'ne concentration is 0.5 up to 5
wei ghto %80 I : VRN To B e INEVY
acet altO)r% Soln;ﬁﬂlcgc{bg g??&%%}%%gfepgatg%lh{hg is%}glt%%l( Xighidally removed or,
pothernasd ofthé iwen ¢anbartyls; destrayedbyodmegmkidatiomn of up to
lweight% e.g. 0.01-1 weight % wth respect to the
st ar t ibugifitation nf/thackidkatene aGtalsabl e pol ynmeri zati on
inhibitors, if present, are those conpounds conmonly
used fRarifitdtensif deidijkeehe acetadf) that eseche predmaodther s, such

a dr ogui_none and it. nanet hyl et her,. .

SRR O PO O BTG ae o orai Sl spgpble method
| 88ndn}t Mhdz8 bl fidaB6R WREhods for odfinictokipBukRXBoRh td e pefse of
carbonyl s, destroyed by dry air oxidation.

rudingy skl ip thegxt. Hipicelinukiedion reterdsiiagude popeanirationef the
Bﬁ&%&ét {kRL RIS AGELALS ﬁ)ﬁ Bo%ﬁlltlaﬁ%h &t %ﬂ%ﬂﬁtex %l'g,hlﬁ'lder

ot ol soneri zation net prOV|dg%%ﬂere|n may
atrnospptiiciraddizgd pregsuse)iand plueficativbh bg chrametographg.sshort path
purifj.cation hods for organic _.coppounds known to
tHRUigS R 2Rt AP fiF GREIeg poctal Bihgprepared. The
Rukityf daBd digeetdie bbeasls) tme bd@terammudeitcoatdnBibn imdiitRis of analysis
such as gas chromatography, HPLC, NMR, and by comparison of melting or boiling

points or spectral data with authentic samples of the di(ketene acetals) prepared by other

methods.

The following examples are included for illustrative purposes only and are not

intended to limit the scope of the subject matter claimed herein.



product in the reaction mxture by distillation of the
sol vent (for exanple, under atnospheric or reduced

w@e@gsuoed and purificati on by chromat ography, PGIU£1003/036610
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path distillation, and crystallization, as
appropriate to the di(ketene acetal) being prepared.
The purity of the di(ketene acetals) may be determ ned
by conventional nethods of analysis 20 such as gas
chr omat ogr aphy, HPLC, NWMR, and by conparison of
melting or boiling points or_gspectral data with

aut hentic sanples of the di (ketene acetals) prepared
by other methods. The fol IEx4nijgesexanpl es are i ncl uded
for illustrative purposes only and are not

| tamiygie d: Peephi-atidn f369- ﬂféﬂ%@ld@ﬁe-k A3, Mhﬁ@&a ?S]undecane,
abBTOSY, herei n. WO 2004/ 046074 PCT/ US2003/ 0

Exanpl es Exanple 1: Preparatjon of

3, 9- dlethylldenﬁ 2,4,8 :ft oxaspi ro[ 5. 5] undecane,
DETOSU,1 OO0 O 22) / < 5/ irradiation /

pentane :KO~ OO0 5 To a clhean, dry 22 L photochem ca
react or fitted wth a therim@@kmﬂ”egﬁaﬁmgaﬁwm and

mechani cal stirrer, under fitrogen atnosphere was

added 10 L pentane and 80729 o (9. 76 nol)
3, 9-di vi nyl - , 105t &t r xiZebfo[S 5] undecane, 2.
flu

The m xture mas stlrre x for 40 mnutes to
degas the sol vent, then 5.9 nL (8.79 g, 44.9 mol,

0. 45 niol £@leani m@mmphaﬁﬁéﬂmyteamﬁmm a&ﬁﬁn&}\hﬁl condense1
sol uti fluxed for., an additional 15 m nutes.

raad gee %cai SERL Hlenpitrogy atQenetg RS ad fltdﬂa(hta?mew a»id@ﬁng
9448 Qno\ry @Qﬁﬁﬁ%l@@ﬁ%&raoﬂé&@fr& 3. ST detdn¥, 2/31@1‘8 hibtird RRPstirred at

(Ace- nOV|a) Ina reflector housing for 30 m nutes,
rreﬂmmfce 40 wiindiesito degasabié solvenh thenrS. DML B A0tze 44.9 meholuR.45 mol%)

q{b%eﬂentaglrga{y?wag Qdéegr anﬁQhéQOh%}on reﬂuxeg for an additional 15 minutes.

The resulting solution was refluxed under irradiation with a 450 W medium pressure
quartz mercury vapor UV lamp (Ace-Hanovia) in a reflector housing for 30 minutes,
refluxed without irradiation for 90 minutes, refluxed under irradiation for 40 minutes, and
refluxed without irradiation for 6 hours, by when GC showed that the starting material
had been consumed and the amount of partially isomerized material was less than 5%.
The reaction mixture was allowed to cool overnight while stirring, still under nitrogen
atmosphere. About 10% (1 L) of the cooled reaction mixture was removed and used for
in-process analysis. To the reactor containing the remaining 90% of the reaction mixture
was added 50 mL triethylamine, and most of the pentane was removed by distillation
under nitrogen atmosphere at atmospheric pressure with a pot temperature of 30 - 40°C.
The crude DETOSU, 1, wet with solvent, about 3.5 L, was dried (pressure 1 - 3 mbar, pot
temperature 45 - 50 C) to give 1.9 Kg dried crude DETOSU (100% crude yield, 5%
partially isomerized material by GC); and this was distilled in a short-path distillation
apparatus with boiling chips (pressure ~3 mbar, pot temperature 124 - 165°C, head
temperature 121 - 129°C) to give 1762 g distilled crude DETOSU.



refluxed without irradiation for 6 hours, by when GC
showed that the starting material had been consuned

waea4hh®7amount of partially isonmerized nateriBCT/WE203/036610
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| ess than 5% 15 The reaction m xture was allowed to

cool overnight while stirring, still under nitrogen

at nosphere. About 10% (1 L) of the cooled reaction

m xture was renoved and used for in-process analysis.

To the reactor containing the remaining 90% of the
reaction mxture was added 5¢y i triethyl am ne, and

nost of the pentane was renoved by distillation under

ni t r oga deam dpieY ke fladk fixtedosiphethbindivet]s sotdendst, tahd &he@h?dmcal

te erature . of 30 - C. 20 de. DETGSU
TR BN erTosB OB 12 ke dhe difd tseagiEiast fgm e

8¢ 4HATDEE AL HHAnASnd 16N iclIHiNE Th
?r}u lgu%a&& 100%%?u3e yi el d, S&Hﬁpartl al e%n%ﬁréj\l{/ésquatedto

i Gepabition écBOnﬁi with alirring, aad)pllogeditordepktowaem déreparatisdvemight, still

Sy Py AL a00 By OORR A A L B o

hvealts oft}mﬂnsk atditheri@iell; sd 2OGlution yoydechi6@ antl thie aplbdrht&sicleaned

r TOS 2004/ 046074 _PCT/ US2003/ 0366 -
SRR ATy TSGR 1 s B SR &% FOFHORE §0°C. Tescling in
C@ﬂ%ﬁﬂ'ﬁ @lbud}aﬁﬂiut{&lc MRA c6ckd toSTI0PC 8Rd cryREBFatfn drfe@ B Beratching
at nosphere was added the distilled cfude DETOSU from

tthe m%‘ﬁ@@ s fles by wihp glagprog- Ihqw@bﬂ@ﬁévar@ﬁ@l ahqyt A{C during
t(ﬁ%&%&l@@!ﬂ%@bﬁﬁﬁ r-gﬂﬁm X uf@C g{ Gt ol T8E ‘T‘rﬁ%&‘g W& held at
(- wth stirring,

and a to cool to roo
t -4 it foa b pdditeed hoghthen sedléd to5—20?(d end eld faydéminutes. The

e gD E O SRV Re 00 T e e nER Wi Statgg Model

tm@osmlw bér@itated badkeciabdiedradiaiiriiige tamamai wso anefﬂ’fb@ Bag, under
before returning the solution to the

syfregen sEmosREete e Reexcatiftigs wa:-reqoekeg mlrhbe |0ﬁ 30aC sPFm@Wt while
Crlo&'tjigélt Qi b bxgﬁtallh@% gdder]ﬁl%dénﬂ)o 160 x'g densgl%mg that

cryst I zat | starte atcni ng the ins
tdxeesfsivafkﬂqui\dahdi sotvctimaatg Imaﬂls baﬂﬂt Thh eerﬁnfulgb sjmeed was ivetkased to

about 4C durjng 10 crystalllz tion_befo retyrn
1960 59 &% Ttk Sioh v %W%S&Pi W2 Hap 3£t8%entane and

&P@f@%ﬁoﬁ‘ Bortidkd k2R %(lﬂﬁ&ﬁal 30 H@lﬁt&o@ &e & JO%D o% 2dv; yield,

m nut es. crystalline
chBYeaettiadly spreoizel wetstial iy (g@k qrmallmDE@O@%@t Céztanned A second

Sger%}% $ é'yb géjv%l 3 cE aolgeod 1%{)11';7%%160 Igét]hgr lﬁ&lﬁ? l@?g g11tar h%g%%,%%& a total of
ni 18 @q 82 oatigidsqileyseallind IBE T@RUr THeuggstaltise DEEFOSY wak rebriyitallized
Afusg_ngofgc 5 i,?f)%%aﬁee Q&dagg IM tirile’glylamine to give 982 g recrystallized DETOSU in
the first crop; and this was distilled (pressure ~3 mbar, pot temperature 129 - 145°C, head
temperature 121 - 129°C) to give 879 g purified DETOSU, 1 (51% overall yield, 'H
NMR consistent with structure of clean desired product, 1.7% partially isomerized

material by GC).




15 rotating, then the crystalline DETOSU slurry added
under 100 - 160 xg, ensuring that excessive |liquid

walr@4neto7accunmul ate in the basket. The centri f ROBEUSPEFW6610

~was increased to -1000 xg to dry the filter cake,
whi ch was then washed with 2.5 L of -30C pentane and

centrifugation continued for an additional 30 m nutes.

A first crop of 927 g (54%yvyield, 2.8%partially

i sonerized material by GC) crystalline DETOSU was

obtai ned. A second 20 crop of 327 g was obtained from

the nother |iquor by a simlar process, glVlng a total

offtxample? :Priefafhtivnif di[(SPEthgry-sth3tibéme 1 rd g@@vﬁ.ﬁethyu ether, 3

crystalline DETOSU was recrystalllzed usi ng

pentane and 8.5 md~{ rEtetiyl-aotne to;gove/ 82 g

recrystallif#8d DET in Xthe fi¥st crppy and this was

distilled (pressime’- ar5-opot terperature 129 -

145C, head tenperature 121 - [129C) to give 879 ¢

purified DETOSU, 1 (51% over aICJ:PyinﬂisdtqlL;bhb 25 NWVR

consistent with structure of ean desired product,

1. 7% partially isonerized natergal by GO). WO

2004/ 046074 PCT/ 152003/ Q bt anpl e 2:

Preparation of

di [ (5-ethyl -2- ethylldene- 1, 3(ﬁ|oxaﬁ)5 yl) met hyl ]

ether, 3 HOEt Et OHEtO ~~ O OH Et0 Py.HOTs /

toluene O Et Et O (5) //:KO Fef€OPk/ rrdditiedipattaan /

pentane 0 Et O (3) O:K :K O To 300 nL toluene in an

500 inL flask with condegﬁer gngpr nitrogen

at nosphere were agded 30 gjzgio %é__/

di (trinmethyl ol pr ane 9 g, 5 300

nmol ) acrol ei n di et hyl acetal and 1.5 g (6 nnnl)luxed
ri did s6mmt f ure s re

P )c;r 4 P{Pours 2 13%&?%%{1 SQQ@%egag%%tth (%qngﬁrd!,n T AMgoF 67

gatmosphere were added 30 g (120 mmol) dl(tnmethylolpropane) 4,45.6 mL (38.9 g,

5 300 mmol) acrolein diethyl acetal, and 1.5 g (6 mmol) pyridinium p-toluenesulfonate.

10
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The mixture was refluxed for 4 hours, then cooled to room temperature, and 0.67 g

(6 mmol) potassium fert-butoxide added. The toluene was removed by evaporation under
reduced pressure, and the residue distilled in a Kugelrohr apparatus (pressure 1 - 3 mbar,
pot temperature 142 - 180°C) to give 35.35 g (91% yield) of crude di[(5 -ethyl-2-vinyl-
[1,3]dioxan-5-yl)methyl] ether, 5, as a light yellow oil. The crude product, 30 g, was
purified by chromatography on 1 Kg Merck Silica Gel 60ina 2 L glass fritted funnel,
eluting with 20:80 ethyl acetate/heptane, to give 27.8 g (71% yield) of purer product,
which was re-purified by a second chromatography on 1 Kg Merck Silica Gel 60ina2 L
glass fritted funnel, eluting with 10:90 ethyl acetate/heptane, to give 16.44 g (42% yield)
of essentially pure di[(5-ethyl-2-vinyl-[1,3]dioxan-5-yl)methyl] ether. This material was

used in the photoisomerization.

To 220 mL pentane in a 500 mL photochemical reactor was added 14.32 g
(43.9 mmol) di[(5-ethyl-2-vinyl-[1,3]dioxan-5-yl)methyl] ether from the previous step.
The solution was refluxed vigorously for 20 minutes to degas it, then 115 pL (171 pg,



(6 mml ) potassiumtert-butoxi de added. The tol uene
was renoved by evaporation under reduced pressure,

wW@rw4vh®74 esi due distilled in a Kugel rohr appaP@r/us2003/036610
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(pressure 1 - 3 nbar, pot tenperature 142 - 180C) to

give 35.35 g (91% yield) of crude di[(5-ethyl-2-vinyl

10 [1, 3] di oxan-5-yl)nmethyl] ether, 5, as a |ight

yellow oil. The crude product, 30 g, was purified by

chromat ography on 1 Kg Merck Silica Gel 60 in a 2 L

glass fritted funnel, eluting, with 20:80 ethyl

acetate/ heptane, to give 27.8 g (71 %yield) of purer

ﬂ{}@ﬁmbh 0. Zth'r)]l%) 1M§3eﬁtﬁcdﬂlbtfﬂy{(vv€ﬁa' ldﬂyd and elml thtion refluxed for an

chr.omat ogr ap n 1 Kg.Merck Silica Gel 60 in a L

dgiiong] | Rypigeiter. ﬂﬁéPS“%é}g&PluH@n Wiet Hregigptesifoppagour, bywhen NMR

ngigéfg% ﬁé‘ bept %%1?&(135 UWGeBEdtBind & AdnQefnfid¥buyd flddhe 4R of 0.5 mL

dnpi(nslaeww thezsomtlny Iwap $paggedivoitudry Biryiar) rbeuns: | The peniene was

Thi s en

230rE pene B Frund BB RSB b S SRR B Yl i o
aKhgiettondapparagis (ﬁ)ék?zerﬁpd’fﬁmﬂe)220°c pressure 1 - 3 mbar) to glve 9.04 g (63%

e rﬁéRé et e S0 DSt g A Gores ol

VTI&QH&H%/ ¥f the brodlct i AbeSrmicd WEHagMRL andﬁﬁ%@ spebfra tob@éﬁéd 363,
g, WO 2004/ 046074 PCT/ US2003/ 036610 -12

45, epdeulgied Fon €SP AT BHAYH %63 a‘d%f@bntedaﬁeé Cmﬁ&oﬁ (M+HLO+H):
tion refluxed for an additional 20 m nutes. The
res'lting solution was irradiated for one hour, by

when | ‘ f . .
oo { S PR AR cRlPER e Sl Do i
tgpe€itib yhlamhnemstahe esahplés, 0 muvas aSyEaeny €da pérsdn droydia:itrly skill in

et Pt RG] S EREIoREe) B ARSI Gk D spevifically

dd1§élé§eh %térﬁlsaandm%d‘s QA aRE BREFHI1EL1E ROthe bR Ant sech
pressure 1 - 3 nbar) to give 9.04 g (63% vyield)

o«fquma!emae@ ingendad o hpyineludadevifhin Sledplaising Slayns. net hyl |
ether, 3, as a colorless oil. The identity of the
product was confirmed by 1H NMR and nass spectra
(observed: 363, 345, calculated for Cl18H3507
(M2H20+H+) : 363; cal cul ated for C1l8H3306 ( MHFH2O+HH) :
10 345). Wile the nmethods provided herein have been
described in conjunction with specific enbodi nents
and exanples, it will be apparent to a person of
ordinary skill in the art, having regard to that
skill and this disclosure, that equival ents of the
specifically



di scl osed materials and nmethods will also be
applicable to the nethods; and such 15 equivalents are

WO paogng®dd t o be included within the foll owi ng PCHUSH03/036610
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WD 2004/ 046074 PCT/ US2003/ 036610 -13- W claim 1. A
nmet hod for preparing a di(ketene acetal) conprising
phot oi sonmerizing a di(vinyl acetal). 2. The nethod of
claim1, conprising photoisonerizing the di(vinyl
acetal) 5 in the presence of a transition netal
organonetal I i c conpound. 3. Thge method of claim?2
where the transition netal organonetallic conpound is
an iron organonetal lic conpound. 4. The nethod of
CWakhim: where the iron organonetallic conpound is iron
pent acar bonyl. 10 5. The nethod of any of clains 2-4
V\,h ere Ithe comesod feitpreparig a ifketérdeaitstal) icomprisitg photoisomerizing a

g7nonetalllc compound is 0.001 - 10.0 nol % based on

Hemyl ecatdlyl acetal ). 6. The method of claimb5 where

the concentration of the transition netal

or gan Fret alﬂhﬁéneé@ﬁiplf@]@gnﬂ scqmmiping photpisegievizing shegdigpnyl acetal)
fHZh%r@%h@eY 8¢ 1%)1 mefal orgdforIRAINe go@?oﬁﬂy of clainms

onpri sing p ot oi soneri zing the (vinyl 15

acetaly in-@3pn of%ﬁt %8 herSthe mﬁsﬁ@‘{ lagtﬂle&%%lﬁ)lr@ﬁ%ﬁig

wher e the i'ner vent conpri ses an

neipodndis anlnammr@nmimetaﬁlctcbmpomet t sol vent consists
essentially of an al kane. 10. The nmethod of claim?7

or 8 wher e Theenahddafelain 3avi{ehe the @6n al gaaoetoHicaomPOund is iron
ntxtur% of such al kalies. 11. The nethod of any of
drenianabenyo mhere t he d|(V|nyI acetal) is a conpound

gr killo.rsr.ml a TI‘He method o?any ote claims 2-4 th et %gen(%rratlgn otl thC%ransmon

metal organometallic compound is 0.001 - 10.0 mol% based on the di(vinyl acetal).

6. The method of claim 5 where the concentration of the transition metal

organometallic compound is 0.01 - 1.0 mol% based on the di(vinyl acetal).

7. The method of any of claims 1-6 comprising photoisomerizing the di(vinyl

acetal) in an inert solvent.
8. The method of claim 7 where the inert solvent comprises an alkane.

9. The method of claim 8 where the inert solvent consists essentially of an

alkane.

10. The method of claim 7 or 8 where the alkane is a Cs- C; alkane or a

mixture of such alkanes.

11.  The method of any of claims 1-10 where the di(vinyl acetal) is a

compound of formula I:

o) o) R’
X e

where R! is hydrogen or a C;-C; alkyl.



WO 2004/ 046074 PCT/ US2003/ 036610 -14 12. The net hod
of claim1ll where the di(vinyl acetal) is 3,9-divinyl-

WQ 2004846014 O- t et r aoxaspi ro[ 5, 5] undecane. 13. TheRCTES10081036610
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of any of clains 1-10 where the di(vinyl acetal) is a
conpound of formula Il: O-\RR R O /RL 5 RI~~0~\R O
where: Ris a bond, -(CH2)a , or -(CH2)b-0O -(CH2), ;
where a is an integer of 1 to 10, and b and ¢ are

i ndependently integers of 1 to 5; Rl is hydrogen or a
Cl-C2 alkyl, and 10 R2 is hx@&ogen or a C1-C2 al kyl .
14. The nmethod of claim 13 where the di (vinyl acetal)

is di [105- etingimethod dT¥laim[11 waleft 10X aitviayhdcd ﬁm’,bldivin%l—
ether. 15. The nethod of any of clains 1-10 where the
dB-4-9il Ay eiragxatpip)s. Jlendecisnpound of formula I11: 1 "CO
[~R (11l) 15 R-1-<0 RO__ | where: R is a bond,.

- (CH2)8-, ofhengathqpl)df.any of @Msd-10 whese eheglifvinyhacetall isger

0 and ¢ are independently integers of
Sorbf i

hydrogen or a Cl1-C2 al kyl. 20
o—\ﬁsz 0 /7—R1
where:

R is a bond, -(CHy).-, or -(CHa)p-O -(CHy).-; where a is an integer of 1 to 10, andb and ¢
are independently integers of 1 to 5;
R! is hydrogen or a C;-C; alkyl, and
R? is hydrogen or a C;-C; alkyl.

14.  The method of claim 13 where the di(vinyl acetal) is di[(5-ethyl-2-vinyl-
[1,3]dioxan-5-yl)methyl] ether.

15.  The method of any of claims 1-10 where the di(vinyl acetal) is a compound of
formula I1I:

0 0 R’
RL—/F_<O:1\R/£:S>_AV_ (It
where:

R is a bond, -(CHy),-, or ~(CHy)y-O -(CHy)c-; where a is an integer of 1 to 10, and b and ¢
are independently integers of 1 to 5; and

R' is hydrogen or a C-C; alkyl.



