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structure as well as their mechanism of action. The first general class, nucleoside analogue
reverse transcriptase inhibitors such as 3’-azido-3’-deoxythymidine (AZT), 2°,3’-
dideoxyinosine (ddl), 2°,3’-dideoxycytidine (ddC), and (-)-cis-2-hydroxymethyl-5-(cytosin-1-

20  yl)-1,3-oxathiolane (3TC), bear a strong chemical resemblance to the natural building blocks
(nucleosides) of DNA and interfere with the function of the enzyme by displacing the natural
nucleosides used by the enzyme. The second general class, non-nucleoside reverse
transcriptase inhibitors, such as MKC-442 and nevirapine, is composed of an extremely
diverse group of chemicals that act by binding to the enzyme and modifying it so that it

25  functions less efficiently.

Since 1985, a number of nucleoside reverse transcriptase inhibitors, including AZT,
ddl, ddC, 3TC, 2°,3’-dideoxy-2’,3’-didehydrothymidine (D4T), and cis-2-hydroxymethyl-5-
(5-fluorocytosin-1-yl)-1,3-oxathiolane (FTC), have been proven to be effective against HIV.
After cellular phosphorylation to the 5’-triphosphate by cellular kinases, these synthetic
30 nucleosides are also incorporated into a growing strand of viral DNA, causing chain

termination due to the absence of the 3’-hydroxyl group.
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doses of MK C-442 in HIV-infected volunteers. The compound was generally well tolerated,

with only a few participants experiencing minor adverse effects at the higher dose levels. In
20 the groups receiving higher doses, concentrations of the drug in the plasma reached levels
much higher than the levels required to suppress 90% of the virus in culture.

Preliminary data from a Phase I/II double-blind, placebo controlled trial designed to
evaluate the safety and efficacy of repeated multiple oral doses of MKC-442 in HIV-infected
patients has now also been evaluated. A total of 49 patients were treated with MK C-442 for

25  up to two months. Doses ranging from 100 mg to 1000 mg twice a day were given to groups
of six to eight patients at each dosage level. At the highest doses tested (750 mg and 1000
mg twice a day), the viral load was reduced by an average of 96% in all patients after one
week. This reduction was mostly sustained at two weeks whereafter it was followed by a
gradual increase in viral load toward baseline levels. A single point mutation at position 13

30 of the reverse transcriptase that may be associated with resistance was found in the virus

obtained from some patients. In over 308 patient-weeks of drug exposure, MKC-442 was

well tolerated.
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eventual reduction of the hydroxy group using hydrogenolysis to yield MKC-442 .
Rosowsky, et al., J. Med Chem., 1981, 24, 1177, Tanaka, et al., J. Med. Chem. 1992, 35,
4713. See also Baba, et al., Nucleosides and Nucleotides, 14(3-5), 575-583 (1995). Baba et
al. noted that it is well known that glycosidation of 6-substituted uracils almost invariably
20 results in the formation of N-3-glycosylated products due to steric hindrance by the
substituents, and for that reason the 6-substituent should be introduced after the acyclic
portion has been introduced.
| Danel, et al. reported a synthesis of 5,6-disubstituted acyluridine derivatives that
includes inserting the ethoxymethy! moiety of the molecule at the N-1 position in the last step
25  of the synthesis (J. Med. Chem., 1996, 39, 2427-2431; Synthesis, August 1995, 934-936).
Danel, et al. first reacts an arylacetonitrile with a 2-bromoester in a Reformatsky reaction to
form an ethyl-2-alkyl-4-aryl-3-oxobutyrate (see Scheme 1), i.e., a B-keto ester. The B-keto
ester is then condensed with thiourea in the presence of sodium ethoxide to form a 2-
thiouracil which is refluxed with chloroacetic acid in aqueous acetic acid overnight to give 6-
30  benzyl-5-ethyluracil. Silylation of the uracil is required prior to condensation with an

alkylating agent of choice. While reasonable for small scale, the Danel method has

substantial drawbacks for the manufacturing scale preparation of MKC-442, as it requires a

3
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Zn and the use of sodiumnetal to generate the base in situ, which is a
serious safety concern. Also, a 20-fold excess of the ethoxide was
specified in the article, which is not reasonable for industrial scale-up.
Further, the Danel nethod required the use of fifteen equivalents of

t hi ourea, which prevents a clean crystallization of the thiouraci
derivative. 5 Further, the thiouracil internediate was not at all soluble
in the chloroacetic acid solution used, and when the material was heated
to reflux, a sticky mass forned and coated the agitator and flask walls.
Finally, when the desul furization reaction was honogeni zed using either
al cohol s or tetrahydrofuran, the thiouracil was converted to an
undeterm ned inpurity.
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preparation of 5-benzyl-2-thiouracil improves the yield of reaction, and that substituting 2-

propanol for ethanol as the solvent for condensing the enolate with thiourea results in
improved yields. Using ethyl orthoformate, the Orr reaction cannot be used to provide a 5,6-

15  disubstituted uracil, but at best, a 5-substituted uracil or a 5,5-dihydrouracil (see Scheme 2).
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reflux; (vi) tert-BuOK in THF, HCO,Et, Et,O, ambient temperature;
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Summary of the Invention

15 It has been discovered that a 5,6-disubstituted uracil can be produced in good yield by
the reaction of an appropriate B-keto ester with thiourea in the presence of potassium t-
butoxide. When the B-keto ester is ethyl-2-isopropyl-3-oxo-4-phenyl-butyrate, the resulting
product is 6-benzyl-1-(ethoxymethyl)-5-isopropyluracil, also known as MKC-442.

Therefore, in one embodiment, a method for producing a 5,6-disubstituted uracil is

20  provided that includes the use of two bases simultaneously to effectively synthesize the 5,6-
disubstituted uracil in high yield from a B-keto ester. Preferred bases include potassium
carbonate and potassium t-butoxide as the co-bases in acetonitrile. This embodiment is

depicted in Scheme 3.
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reaction. The (3-keto ester is then reacted with a two-base 5 system
including but not limted to potassium carbonate and potassi umt - but oxi de,
in a solvent, for exanple acetonitrile. The process provides several
advantages over the prior artt-BeDKst, the reaction is a si ngl e- st ep
process that proceeds to for ancp)goduct in greater Ohan 80%yield .
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pKb al one | eads to products of |ower yield. Bases of |ower pKbs tend to
have | onger reaction 15 tinmes and tend to contain residual starting

mat eri al W@ 0061566 her ef ore beneficial to use a two- base sySTAIPPYeP6S
counteract these tendencies. Bases useful in the two-base systemof the
present invention include, but are not limted to potassi um car bonat e,
pot assi umt _bua ooileiting exdruple Serrthe patlesisdif MK 6 pH48pyit 1sapioRy, B-ketp eighy |

am ne, i ne, t

20 pot adkh BT roRPREP ke bl L EGE e SRLETHAMARE Ahgyn o 2

combi nahit@pd Whéilidiag fioel b@nyl cyanide and SthyBE-fbucbmd)-B 3tdhmethoxb-phﬁﬁma$qr\stﬂem of the

present invention Include, but are not imted tflo ace hl’l | e,
r

bu]t yr O{ﬂmwatbé zing §op Rejareaisky ifqaé“mb hiltes %’&E‘@teétﬁ{ ts ‘F”ereé‘ﬁ Wft tWATHRSE nitrile
o) v nts, iso
ot her  alSiSH,me é%f %{/%%@Sn%?gﬁn tF: RJm ceﬁ%&%‘?@émd PR bubHEaRRL, and

ment” of the present I nventi on,
a met hogh1¥eak, fBF @@l getonirife: d| subst Ituted uracil is provided that

i ncl udes reactlngaOketo ester W|tht i ou pre ce .0
pot assi um t - bR BRPYE Proyides s emtlady aniagss Oﬁﬁ?rdbS:/Pr‘%r %E'g‘f“ tif"?ﬂ%“é%ﬁ&l ment of
i Sl i
Cl AcOH tha@w-baseAyEkim esdlB5fpfodBets of greater purity. For example, the use of potassium
10  carbonate and potassium t-butoxide in acetonitrile results in a product having a purity of 90-
95%. v

In synthesizing the substituted thiouracil ring, bases of high pK alone destroy the
starting B-keto ester and have higher levels of impurities. As a result, use of bases with high
pK, alone leads to products of lower yield. Bases of lower pKps tend to have longer reaction

15  times and tend to contain residual starting material. It is therefore beneficial to use a two-
base system to counteract these tendencies.

Bases useful in the two-base system of the present invention include, but are not
limited to potassium carbonate, potassium t-butoxide, sodium carbonate, di-isopropyl amine,
triethyl amine, 2,6-dimethyl pyridine, sodium acetate, potassium acetate, ammonia,

20  potassium ethoxide, and potassium cyanide. The bases are used in combination with a
solvent.

Solvents useful in the two-base system of the present invention include, but are not
limited to acetonitrile, butyronitrile, isobutyronitrile, chloroacetonitrile and other alkyl nitrile
solvents, isopropyl alcohol, methanol, ethanol, propanol, butanol, and other alcohol solvents.

25 In another embodiment of the present invention, a method for producing a 3,6-
disubstituted uracil is provided that includes reacting a B-keto ester with thiourea in the

presence of potassium t-butoxide, preferably in iso-propyl alcohol. This embodiment of this

reaction is depicted in Scheme 4.
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WD 00/ 6158B00RIF66USO0 09965 As a nonlimting exanple for PEEUSYMIPEsi s of
MKC- 442, an isopropyl (3-ketoester such as

et hyl - 2-i sopropyl - 3- oxo- 4- phenyl -butyrate can be synthesi zed using any
known Skk¢rhed, including from benzyl cyanide and

et hyl - 2- br ono- 3, 3-di met hyl - propi onate with activated zinc in a Refornmatsky
reaction, and then the ethyl-2-isopropyl-3-o0xo0-4-phenyl 5 butyrate is
condensed with thiourea in the presence of potassiumt-butoxide in process
step (A) of the present invention to forma benzyl isopropyl thiouracil,
which is desul furized in process step (B), and then the benzyl isopropyl
uracil is al koxyal kylated in process step (C) to form MKC-442. The

i nproved process of the present invention provides several unexpected
advant ages over the prior art whil& producing MKC-442 in greater yield and
purity. 10 The process provides seller al advant ages over the prior art. The
substitution of t- BuOK for NaCdEN i nNEhe cycl ocondensation reaction of step
(A) affords a dramatically pureg,oRrOghct. The increas%p yi el ds gained with
t-BuCK have precedent in the Iit&égture, however the ijncre¢ased purity of
the product obfained is heretof® UnRfown and unex% of Add Ryonal |y,

t he subsiitwtion 6k _t-BuXK f ded a tracthbl 4
| , 115 lraki ng the workup both nanageabl e a®d d It is also
surpri g tRat @his reaction of step (A) occurs withw sub-stoichionetric
anount of t-BuOK. Finally, the use of diethoxy nmethane in the presence of
an acid catal yst such as sulfuric acid of step (C, rather than the

10% CIACOH (aq.) / AcOH
c.105°C / 8h

o 1. HMDS ! (NH,),SO, (cat) o
Hay 125°C / 4 h Hoy
A A
o NK o"N
H
o 2. N o
. Sulfuric acid (0.5X) / CH3CN
¢.85°C / 2-5h

3. Recrystallization: Ethanol/Water

11



very toxic TMS triflate or chloronethyl ether used in the prior art, offers
a cost advantage as well as a safety benefit. 20 The slow and controll ed
evol uti owoodordrygdr ogen sul fide in the desul furization reackGCUHS0EPISt ep ( B)
is al so unexpected. A rapid and uncontrollable gas evol uti on would prevent
scale up and conmercialization of the process. The al kyl ation reaction of
step (O had\sawpnlindsipeexasplains dha synthesis of Mider4t2+an ipqpropytiBrkstoesief j g

surpri si that fhis reaction proce LG k; ence of
sub 25 e AR PP She A B AGRRRaREaE b §H AR yile WRPIREGECOCE O
convenigdhod, hadludihe fromerydlcy afiddMaSe thy- Dbtonies 8 sEmethyl-fiopicmbieywidt i on
proceeds in an efficient fashion with sub- stoichionmetrjc ago nts of
sul f ur iagtivaiedizingnehReformpiskyreadiiane andhenfiss thyter 5P preRy P Qe pﬂ%fﬁ@a of the

| nvent i, 0 i f I Ng: OF i racils
o B o e R e ) o SRS aeb e
prior an of Metresehiginidritioans Fyrm 4 benzplrisoessy! tHizuMO1001ieh 568sHETIZSB0 09965
of the present invention produges MKC-442 i.n higher yields, wtho

Sacr 1 T irepsres P Dy o nena e awwromh rsites o b il ey HEr e

pr oducte hayiRg 449 Yorge irﬂf&l%%c?féro@égs'otﬂ/he prB@nt MVERTINGRoViBE] 4088l @exh&agt the
fol l owi'ng enbodi nent s: first process for preparing a 5, 6-di substituted

ur aci | ,adparsthgssalgbrythd/kGordaPwhilé prodheing MieGetd2on gesfatea yiedd kst pirdgt er wit h
thiourea in ﬂ&ﬁt Wwo- base Scf/St em . The process i ncl udes fIwo bases
S of t-

h h f
si il t aneouslBF ATecest Povided STUTal grhYaRiagrs AV e BroT Aty s]Ll‘Sgngsﬁlu‘tltgodl Uracil. The

processg,hRHHUILSES 8akE ElocBndcdsiBIinGefiioflof W NAY hiferds @drdnfaticAy piiresence of
a two-base systemand a  solvent at tenperatures ranging from380-85 C The

one- st gpogucsc Ebsinofeasdd Welfls ggnewish &B3CH haveerpredstin therlj@mirs ROBEHTT | ses
R T s gt
syst em gadltign889]! theRbbstititRheTt Sh0KaseNAQH! dffoedddunrdvasiée, sysle eiviracil,ude,

15  making the workup both manageable and scalable. It is also surprising that this reaction of
step (A) occurs with a sub-stoichiometric amount of t-BuOK. Finally, the use of diethoxy
methane in the presence of an acid catalyst such as sulfuric acid of step (C), rather than the
very toxic TMS triflate or chloromethyl ether used in the prior art, offers a cost advantage as
well as a safety benefit.

20 The slow and controlled evolution of hydrogen sulfide in the desulfurization reaction
of step (B) is also unexpected. A rapid and uncontrollable gas evolution would prevent scale
up and commercialization of the process.

The alkylation reaction of step (C) has two unexpected aspects associated with it.
First, it is surprising that this reaction proceeds so efficiently in the presence of sub-

25  stoichiometric amounts of sulfuric acid. Secondly, it is extremely convenient that the

removal of HMDS is not necessary. The alkylation proceeds in an efficient fashion with sub-

stoichiometric amounts of sulfuric acid, even in the presence of HMDS.

Detailed Description of the Invention

30
An improved process for preparing 5,6-disubstituted uracils is provided. This

improved process offers several advantages over the prior art. Most significantly, the process
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but are not limted to, potassiumt-butoxide and potassium carbonate. A
preferred solvent for the reaction includes, but is not limted to,

acet oni t Wwbeoe6ibbe reaction proceeds at a tenperature frompB8U/USIV®IEHE C. A
preferred reaction tenperature is about 85 C. 15 As used herein, the term
"two-base systent refers to the use of two bases sinultaneously in the

pr esenoéthofpr%emon\mlﬁpn prshicenViiGrd4 2iteiiphery idds, hadeyt saadficiagautity affike

t wo- base syste ot assi um o rbo iLum t - but XI de, sodium
car bonavdiigtt B gfs BRGESZa RieTes PRATH v B2 b ebear B py 1 di ne.
sodi um acet ath@mveﬁ)tﬁ@s@bmawaeéaamw fommgiembo@meaml um et hOXI de, and
pot assi um cyani de. The bases are used in conbination ] a sol vent.

Sol vents uséffifist pracaspéoriienasmge S9dtuhstinted Heacyy %@Eeﬁ%bl}’ Pt%ﬁt“l“@n‘”?mﬂ ude,
t
Uts 7 fealfn of d FEBLLO wARTHRNLD y+ b Bwo BULYSRRIE Mot SORUMIOMelst be:

chl or oacetonitrile an nitri ‘vent's, 1 sopropy

et hanelo bakhanlitangusiyaneffectbuetyasialhesandheof, belisuabtitofed luraal Vidmtpsocess second

process for preparlggiéa 5, 6-di substi tuted ur aci | r ef er abl 442, that
T

25 i ncstslss rearinga BEkglo QSIF YHIHEIQUARA I RESPIEFRICH PE R AP 1Y mgind a
5. 6- di sybshial hird iOMRBEroth Bolgse creaction of a

2, 4-di subst it ut ed- 3- oxo yrate ester with thiourea in the presence of
pot assi um ffhbun@xtiemprdcnssauf tlois dastipro®ed ofcthe preatmﬁmienltioﬁHeorhplti®sm®dtiag@ is a

5, 6-di tituted- ho-urac roce th
cofent S usthEh Ror o b Epie b bt B RbRa T arofarEr Sy e S e

PCT I USERLBODR twid-bdsk sy RhOG8SH el HtRRel PlseWRRItRE FvdTBAsRIsyStarhiifclGde,

thiourea to 2,4-disubstituted-3 keto-butyrate is not greater than

appr oxbntarehgt [ofedtoc pesassivam tbrioxidend pereating catbonatee A pafanegsolvaldss; (i v)
e P8RS, ) R ) (A et R R BB A, vt e and
f ur t hegenpedtudifign 9@S0kd 85 F@i Agprefegred reaction temperature is about 85 °C.
15 As used herein, the term “two-base system” refers to the use of two bases
simultaneously in the presence of a solvent. Nonlimiting examples of bases included in the
two-base system are potassium carbonate, potassium t-butoxide, sodium carbonate, di-
isopropyl amine, triethyl amine, 2,6-dimethyl pyridine, sodium acetate, potassium acetate,
ammonia, potassium ethoxide, and potassium cyanide. The bases are used in combination
20 with a solvent.

Solvents useful in the two-base system of the present invention include, but are not
limited to acetonitrile, butyronitrile, isobutyronitrile, chloroacetonitrile and other alkyl nitrile
solvents, isopropyl alcohol, methanol, ethanol, propanol, butanol, and other alcohol solvents.

A second process for preparing a 5,6-disubstituted uracil, preferably MK C-442, that

25  includes:

(i) a step (A) that includes the preparation of a 5,6-disubstituted thiouracil via the
reaction of a 2,4-disubstituted-3-oxo-butyrate ester with thiourea in the presence of potassium
t-butoxide in an organic solvent, wherein the intermediate is a 5,6-disubstituted-2-thio-uracil;

(ii) the process of step (A) wherein the solvent is an alcohol, preferably i1sopropyl

30 alcohol;



5, 6-di substituted-2-thiouracil to a 5,6-disubstituted-uracil, preferably
using 10% chl oroacetic acid (aq) in acetic acid; (vi) the process of step
(B) furtkegsoodigdeudi ng i solating the thiouracil prior to BROT/US00/09965
desul furization; (vii) the process of step (B) wherein the acetic acid is
bet ween approximately 25 and 40% of the total solvent volunme used, and
pref er abl y,(iiﬁ)pﬂremébcrmsﬁﬂ yeBGY wieréininolatratip ob thesweafo Z4-dpubBituighsrei n t he
reaction |s heated to between 85. C an 50 Cto form lution, 15 (ix
Lt epRRe SR 1S L PURAIRS PRI TR b s 258 el Bty D@ aci | of
step (thin 59 dxde®dNy suitable reagent according to known nethods; (x) the
process of step (C) wherein the reagent is a silylating agent such as
hexanet hy! diiw)ith¢ progess of siep (A svhereir ©i§ seastion dguenghed widh water apacetic
he>garret h%/_l disilizane is reacted in the presence 20 of a catal ytic anount
mBifum sul fate; (xii) reacting the product of step Cwith an
al kyl ati ng @f aate@RY Bakitchiden theayeoess of @ep (Lfartércnclddiag dosutfueitzingnie (xiii)
the process of step (xii) wherein the reaction is acconplis %ﬂ in sulfuric
acib d o$.6-digbptithted - thagHracibisjad.6-drsubstityted wrecily peséera yalﬁlngt18$ PTOR§eiCyher ei n
sub-stoi.ehi I ui val ent anobunts of sulfuric acid are used, and
prefer%“?;t}{,qs)gﬁ%é\’/e\ggﬁa >25 and 0.5 equival ent anmounts; and (xv) the process
of step (Xxi@))theparcessofistep (Befathieoimclislimglisolating éfel thioursgilpcet ni tril e (or
ot her al kﬁ”l .nitriles), preferably for 2-5 hours. The two-stage process of
t ¥ sedosHtuitadieBss of the present invention conprises steps 30 (A and (B)

in Stage I. g’ﬁt) AR frblesS BFRED BPSWEHEhitRE Atk 26O BMtvetBafRbaftedy 2 akd
t hi ourea an pot'assium tert-butoxide in isopropyl alcohol at reflux to
pr oduc40%eifi thel tota sqvep ywbluntd wed.ceeidIpreferpbly, bppreyimately dd¥@ci | i s t hen

desul furize vii'il)ntgg %rorcggsl o"fxsteinB§ tw%@reﬁnB?hetrga o8 (iis (&atedq0 %géwe%ﬁ 85°C and 105°
C to form a solution;
15 (ix) a step (C) that includes the silylation of the 5,6-disubstituted uracil of step (v)
with any suitable reagent according to known methods;
(x) the process of step (C) wherein the reagent is a silylating agent such as
hexamethyldisilizane;
(xi) the process of step (x) wherein the hexamethyldisilizane is reacted in the presence
20  of a catalytic amount of ammonium sulfate;
(xii) reacting the product of step C with an alkylating or alkoxyalkylating agent, for
example, diethoxymethane;
(xiii) the process of step (xii) wherein the reaction is accomplished in sulfuric acid or
methanesulfonic acid;
25 (xiv) the process of step (xiii), wherein sub-stoichiometric equivalent amounts of
sulfuric acid are used, and preferably, between 0.25 and 0.5 equivalent amounts; and
(xv) the process of step (xiv), wherein the reaction is run in refluxing acetonitrile (or
other alkyl nitriles), preferably for 2-5 hours.
The two-stage process of the second process of the present invention comprises steps
30 (A)and (B) in Stage I. Step (A) comprises cyclizing isopropyl-p-ketoester with thiourea and
potassium tert-butoxide in isopropyl alcohol at reflux to produce benzyl isopropy! thiouracil.

The benzyl thiouracil is then desulfurized under reflux in step (B) to produce benzyl
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WO 00/ 61566 PCT/ USOQ 09965 i sopropyl uracil (BlIU) using chloroacetic
solution, 10% C AcOH (aq), AcOH. The reaction work up involves a quench
w th wat ayodpdisggetic acid, then filtration of a crystall ipggsabioshes N
70-80% yield. The Stage | process differs from Danel's process (J. Med.
Chem 1996, 39,2427- 5 2431) by elimnating the use of sodiumnetal, used
by Danedoptapyfeneil dBEJ {ustndodd@ordetigisdlution, EIO'%TCh@dG)IQmaq)f AtOH. sidiresatibesol ved
a serlous saf ety concer during scal e up. gg al so  specified a .20-fold
excess YSIK PREY %%.%H%W%W&Fﬂrﬁn%a%%% B ddigation qf gy staingsplidia
procesgoQioof hriPresent invention. Additionally, the Danel process produces

a thiouracil™ 1 nternmediate which, when heated to reflux, fornms a sticky
mass whi ch cT(hatS&ageHeprag:ss dilff@rs facm:l Meﬂ pokessdl. INed. IGhemrh99(a§9,24Q|%4 ng

dis Iated t hi our he .process step . A) of the
or oS enc s PV naie S5 o il FSthr g0ty DR @8 PSS furtt on of

acetic mlﬂat@r@ﬂtﬁ@sdcmﬁ%s@meu@ séﬁ&& B}y CaRRIRHUARE Slae 3 YDadel bids tot al
sol vent vol uneﬁéacconp ished two tasks: it allowed for the formation of a

sol ut i peonirsha HE&ald gxeass o6l ethoxiterwinle ady a SPeddpsxedss iszragiion odel vent

when the reaction was.sc cess~of ,th resent 15.invention
el i mi n&fasss Cftth resqnl r¥§§ls .O/I}%%f’o 18' ﬁ—x %E%lel rog?sg, essucesa %ura(il e inproved

proces $nt61¢1@éd&>dfté ezhtdh Wh@ldh@dtéd)ﬂ@ rsﬂmdo@wu itk Nimass Whiktidohis @ins agtnfa&)r Bh) was
recovered in ]gprOX|nater 90@6¥|eld of >98% pure material. In Stage Il of
t hdOpr degswally. knrenpassusiig dippreiahy isplategthonrgeid PW‘P‘aftdele e PRocEssIOf e, 3, 3-

hexame

armon J SeArE pr@ER Gy Ronk sl npBRENAE iR Feced SR i borTR e £

acet onitd rhelrmoanonhrai;ta]b () @ppronimnatelgaSiSte offthe sotgirsobessmlsme)adoeompﬂs}ted twer ei n
as step SO use fonlc Cld as the acid

one C
cat al yé"is h@%&?nhaﬁmaéwé gﬁtsf’ {ioB & B b‘té‘f‘BF A dnetric

amount se&pstzaﬁzatlon%%leaumh%xschctm‘n &&%@1@8@5@ ro%ydsfdmecpr@@n@ at reflux
in acetonitrile for 2-5 hours in order to effec glatlon Typi cal

redgti onveptiof ﬁllnemassdeeaﬂleK@aAm@rmpd &9 1lg5Dansl etQStSSSpm@ @géhmgnpr%ekS% BlU as
N LD TR0 5805 RLOPERTSlndt BEadESE e BYSL B BLPY s
approximately 90% yield of >98% pure material.
In Stage II of the process of the present invention, BIU is silylated with 1,1,1,3,3,3-
hexamethyldisilazane (HMDS) in the presence of a catalytic amount of ammonium sulfate,
20  followed by alkylation with diethoxymethane in acetonitrile containing sulfuric acid. This
process is referred to herein as step (C). Optionally, one can also use methanesulfonic acid as
the acid catalyst. The conditions were optimized to employ sub-stoichiometric amounts (0.25
- 0.5 equivalents) of concentrated sulfuric acid at reflux in acetonitrile for 2-5 hours in order
to effect alkylation. Typical reaction profiles showed MKC-442 at 90-95% yields possessing
25  <3% BIU as an impurity.
The two-stage process of the present invention provides several improvements over
the prior art processes. First, the substitution of t-BuOK for NaOEt in the cyclocondensation
reaction of step (A) affords a dramatically purer product. The increased yields gained with t-
BuOK has literature precedence, but in this case, the increased purity of the product obtained

30  was unexpected. Moreover, the substitution of t-BuOK for the NaOEt unexpectedly afforded

a tractable, crude thiouracil, making the workup both manageable and scalable. With the

15



the prior art processes. First, the substitution of t-BuOK for NaOEt in the
cycl ocondensation reaction of step (A) affords a dramatically purer
product . wihev/é186s eased yi el ds gained with t- BuOK has |it BEBUGA9965
precedence, but in this case, the increased purity of the product obtained
30 was unexpected. Mreover, the substitution of t-BuOK for the NaCEt
unex pebe@8t, yn arftfagtabéed stickytmags tvedtslobtainady dhakingisealeaeidi fficwild g it Be wor kup
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Nace | R P R BSRORRes o o R B O o i 1 cul ¢
Al'so, it isAnstePddvahtage tohdt pidtess ofelRepicsont setticon isithdslawsub csitailleli omet ri c
anount of t-BuOK. Anot her advant aglje to. the process of the p,resgnt i nvention
e

i s t heewll@ionaidydensen splfide in &g desiugiratmm woeikuge stea B ddapid ap

desul f L i O i . i RN -+-Qsc0Nnt r ol
gas v AR bl R b SR e e e e S o cas.

Fi nal | y, t hEinallkyhalkehatioesatii@noftiterst®haé € vehd snseeeted aspensxpeciatd aspect s
associated wth it. First, it is surprisi that thi.s reaction proceeds so
ef fi ci @by fitbohe Sbﬁpélélélﬁéléatél?lséﬁllo%gf&cﬁﬁggﬁsB?"%’ﬂadﬁmﬁ@e%ﬂ’“’sﬂf Tic

aci d. I\g@fcﬁﬁ%etﬂié arhSuHOEXREGHE A RNG M & i ARUPREENEnd hate cohb@nieRmical  of
the HVDS 1's unnecessary. The al kyl ation proceeds in an efficient fashion,
10 wi t theserbowt] of tivi IOMIELS is anaensesatys Diie dlkiylation progeddd in awvelificient faskiopr esence

f HVDS. Fipally. th f .dieth h | kg ff
2 W grirneufeoint e aSud of MR I BV N SRl S HMRS OB the 1 T o7

tri met fad tidisthotydihaat Qs & alkhla0he ABEMYife) hapnifiNedt a@Vdnyagevente prior art
di et hoxynet hane | ess expensive, It is also a significantly |ess toxic

r eagenprocessk whichemplayeirimesydsilyl fraffate pechiemgistnd crer-t Net gy srthar ¢ . 15

5?( ag}[ﬂ_ 'reill}os%f?}a 8{\%{6233/ %‘p%ﬁﬁjveg ik afsB% sﬁg'rf?ﬁ%}’lg/ 163 If(%i(?f?eﬁécq{t, mél?ilné- its @0, THF cry

safer than the reagents of the prior art.

15
Example 1
Stage I:  Synthesis of the i-propyl p-ketoester
=N
{ 1 Zo® THF @/\"/\Q’(O\/
—_—
A o} o}

2. Et-Br-sovalerate

3. 0% H,80,
20

A 12 liter reaction flask fitted with a mechanical stirrer and twin condensers was
purged with argon and charged with -100 mesh zinc metal (301 g, 4.6 mol) and 5000 ml
tetrahydrofuran (THF). A catalytic amount of iodine (3.0 g) was added and the suspension
was stirred until the color faded. The activated zinc suspension was then treated with benzyl
25  cyanide (179 g, 1.53 mol) and the mix was heated to 60°C.
The reaction was then treated with ethyl 2-bromoisovalerate (481 g, 2.30 mol).

Approximately 50 g of the bromo ester were added, and the reaction was allowed to initiate,
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3. 10% H SOy 20 A 12 liter reaction flask fitted wwth a nmechanical stirrer
and twi n condensers was purged with argon and charged with -100 nesh zinc
met al (3G{oge/sked nolI) and 5000 m  tetrahydrofuran (THF) pcAvusat/aedogs i c
anount of iodine (3.0 g) was added and the suspension was stirred until
the color faded. The activated zinc suspension was then treated wth benzyl
25 cyardisieg (tt7@tay, temp@Btumw)@éﬂ@ft?hﬁvtmnxnums Theatwaining SBCWa¥Henradded i on
was then treate om)l soval er

Aopr ox PR s rogPa B aL AN gE e Mk Ehd) e pg nenutPil bt o vas

al | owegbatb@on Whi le&its stir @ SO hoap PCTI USOD 09965 rai sing the batch
tenperature to 69C after five mnutes. The remaining ester was then added

over 35 mi néaB-pregsss smplewas Abtred aad H%@Wﬁ%wﬁhl rﬁMl syéfyric peid) 6@ ng t he

addi ti t

200k | oIRGB RO S5 B PR DR T iy 00
chr onatiegrcaphy t¢ BlﬁPMdQIL/d" HE oyre paphovied Ib@teoemremon lmaidr dbeinrydsurey diliede. The
batch was . then _cool.ed . tq

educe gt et bon e vagetl B A 8% Vercair iy Sacten i S chMnd vas
car ef uly, S’Og?@nc ﬂ offe hBur? t}g-la%&erg Meré’%%ﬁeﬁqhhe%‘} e@ﬁcs%e BRUwashliewlgY er s

wer e separ e organics re then washed w 1L saturated NaHCO3 and
500 ni lbrsameatedmeHQCiheoduéow oy brise wEheaqueens ek vexd: thap back erittated GVith60 i

o h. _The orga wer.e conbi ned and d t. o, 341

B B ESg e R a7 B GRB R 1t Dgr i The
mat er | gield @o%mucada{aé undé&efle @ﬁrvb}ib QQs\/hﬂi‘t‘&ﬁatbgraﬁﬂﬁ Piee Sbtetihl ﬁgpl@dn 5 nm Hg,
110- 120C to give 240 g 96% ( as chr omat ogr aph 15 Iy

Synt heske wfis, Ihgpr@pwanB@nhgnﬂe@raaélmm 104 20%ptomziee2ds) & DEth (AUC) by
gas chromatography.

15 Example 2
Synthesis of Isopropyl Benzyl Uracil Using a Two-Base System

(o]
0O lo] H
AN
N
OEt )\ |
1. thiourea, t-BuOK.K5CO3 / CHCN o N
.- !

2. 10%ClAcOH(aq),AcOH

20 A 1000 mL round bottom flask fitted with a mechanical stirrer and condensor was
charged with isopropyl — B -ketoester (74.0g, 289 mmol), thiourea (45.6g, 599 mmoL), and
acetonitrile (500 mL). The reaction mixture was then charged with potassium t-butoxide
(37.0g, 330 mmoL), potassium carbonate (61.9g, 448 mmoL), and heated to 82°C. After 3
hours, the mix was cooled to ¢. 40°C and quenched with water (300 mL). The volume of the

25  entire mixture was reduced by half, the pH was adjusted to c. 3 (via HCI), and the

precipitated solids were collected via filtration. The solids were dried at 45°C for 18 h
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\ " N OEt 1. thiourea,t-BuOK K, COB/CH3SCN N low H 2. 10 %l AcOH(aq),
AcOH 20 A 1000 nL round bottomflask fitted with a nechanical stirrer and
condensogyd\weiséshar ged with i sopropyl - (3 -ketoester (74pOgus@d®oesnol ),
thiourea (45.6g, 599 mmoL), and acetonitrile (500 nL). The reaction

m xture was then charged with potassiumt-butoxide (37.0g, 330 nmol),

pot as saffierdingradotea(8é%() ©1 aIdite4dd haong a pany Hfdable®y6).82C. After 3 hours,
the m x was cooled to ¢c. 40C and quenched with water (300 nL). The vol une
of the 25 entire m xture was reduced by half, the pH was adjusted to c. 3
(via HCl), and the precipitated solids were collected via filtration. The
solids were dried at 45C for 18 h 17 WO 00/ 61566 PCT/ USOQ 09965 affording
62.79 (81% of a white solid having a purity of 95% (AUC). 18 WD 00/ 61566
PCT/ US00/ 09965 Synt hesis of |sopropyl Benzyl Uracil O HN OEt

1. 7hiourea,tBOKfPA ONH \ OO 2. 10 70CJ]AcCH (aq).AcOH 5 A 3000 M 4 neck
round bottomflask fitted wwth a nechanical stirrer and condenser
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was charged wth iso-propyl beta ketoester (259 g, 1.04 nol), thiourea (83
g, 1.1 nol) and 1150 m isopropanol. The reaction was then treated with
pot assi umy® edsitesxi de (140 g, 1.25 nol) added in 20 g por PCOUSQ0/M06s t he m X
was heated to 85C. After 2 hours, the mx was cooled to 60C and quenched
with water (600 m ). The 2-propanol was renoved by 10 evaporation under
r educ eBynghesis of lsoprapyl Benzyd riagilng sol uti on was cool ed to 30C and further
diluted with 600 mM water and 450 ml acetic acid (pH=4). The solids were
collected by vacuumfiltration and were washed with 2 x 250 m water.
Dried to | eave 200 g, >99.5% AUC by HPLC, 78%yield. 166 g of the
thiouracil were resuspended in a solution containing watgr (450 m), 15
gl acial acetic acid (200 m), and chloracetic acid (250 _8).
het er ogeneous reacti on wa eated at 95C. After abouwN"one
formed, and after one additi onal fppur, a white solid precihitated. The
reacti on was _héated-fo X Rpr€ hours then was cool 0 roQm tenperature
and the prodfijct was col lfect ed[by vaculiti't+PPtFati qun. The Produdt, a white
crystalline golid,] was Washed®w th™water (2 x 15%1) and drigd in a vacuum
oven (60C, 5 Q4 Hg) overni ght. ThelPpiodtierAREs | sol ated (g 0% over al
yield fromthe ketoester and had a 99.5% AUC purity by HP WO
00/ 61566 PCT/ USOQ 09965 Stage 2: Al kylation of |sopropyl Ur aci |
Synthesis of MKCG-442 0 0 HN HN 1. HWDS, (NH4)2SO4 O O~ NH 2>
DEM H1S04, ACN N 5 A 1L 3 neck round bottom flask was charged with
6- benzyl -5-i-propyl uracil (BIU (50 g, 0.20 nol), amoniumsulfate (0.5
g, catalytic) and 1,1,1, 3, 3, 3-hexanet hyl di sil azane '

5 A 3000 ml 4 neck round bottom flask fitted with a mechanical stirrer and condenser

mour, a solution

was charged with iso-propyl beta ketoester (259 g, 1.04 mol), thiourea (83 g, 1.1 mol) and
1150 ml isopropanol. The reaction was then treated with potassium t-butoxide (140 g, 1.25
mol) added in 20 g portions, and the mix was heated to 85°C. After 2 hours, the mix was
cooled to 60°C and quenched with water (600 ml). The 2-propanol was removed by

10  evaporation under reduced pressure and the remaining solution was cooled to 30°C and
further diluted with 600 ml water and 450 ml acetic acid (pH=4). The solids were collected
by vacuum filtration and were washed with 2 x 250 ml water. Dried to leave 200 g, >99.5%
AUC by HPLC, 78% yield.

166 g of the thiouracil were resuspended in a solution containing water (450 ml),

15  glacial acetic acid (200 ml), and chloracetic acid (250 g). The heterogeneous reaction was
heated at 95°C. After about one hour, a solution formed, and after one additional hour, a
white solid precipitated. The reaction was heated for six more hours then was cooled to room
temperature and the product was collected by vacuum filtration. The product, a white
crystalline solid, was washed with water (2 x 150 ml) and dried in a vacuum oven (60°C, 5

20 mm Hg) overnight. The product was isolated in a 70% overall yield from the ketoester and

had a 99.5% AUC purity by HPLC.
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(258 g, 1.6 nol). The slurry was heated to reflux (125-130C) under argon
for four hours. The resulting solution was concentrated to a thick oil
(about 1R od/d1s¢gnder reduced pressure 10 (85C, 30 nm Hg) . pChasai/d99esas
resuspended in 350 m acetonitrile. Sulfuric acid (4.9 g, 0.05 nol)

foll owed by di et hoxynethane (36 g, 0.30 nol) were added at 80C. A

preci pi t at eStage2me dAKylasiontdfd s 8pyl BenzyhUdadil, Synthesis 96§ MKCotd2r ef or med
after about 30 mnutes. The solution was stirred for 5 hours. An

addi tional portion of H2SO4 was added (2.5 g, 0.025 nol) and the m x was
heated for an additional 2.5 hours. 15 After 10 hgurs, HPLC showed <3%
remai ni ng startli ng material and >90% MKC-442. Thq reag¢ti on was quenched
with 175 mMyP75 OH at 50-60C (pH=10-11) andythe ~acetonitrile was
renoved by e€vapor @ti on under nmsdscesd, pressure (|65-

remai ni ng spurry S dilut_ed_w_t_hﬂs—nd-)ethyljg‘ztae and the | ayers were
split. The® aqweous |l ayer waspywashedsw th et hyl (50 M) and the
concentrated to a
ol to a vol unme of
ditional 100 m

gr e
P

o]

then were chased with 75
MKC- 442 was then taken upiin
Et OH at 85C and wg uted with 60 mM H2O coolkd tio ambilent and
crystallized. Afte hours, the crude material” was fiN#€red and washed
with 25 m 25% EtOH in water. 52 g, 94% HPLC AUC. 20 WD 00/ 61566

PCT/ USO0/ 09965 The material was then taken up in 115 m EtOH at 85C,
diluted with 50 M H20, and the product was left to cool to anbient
temperature and crystallize. The product was filtered and washed tw ce
wth 25 m 25% EtOH in water to |eave 45 g, 99.8% AUC, with 0.10% (AUC)
Bl U. 5 Thi sAi Hvaneskoruhdbottar flaskewes chregedwvith 6tbehzad dniceropp! yree! @GHEDer r ed

LS Eblviiss S el f : |
obvt oull 43BaD Rr SR AR O LAY pRLLA Pt Ryl ilgran?®
descri piggas) 1% mbl)e The YRR vd3- hehfed it6 rdfMikgN2B U3 0°03 unddrlargoin foh&se hwasi at i ons

and nodi fications be included within the scope of this invention.
The resulting solution was concentrated to a thick oil (about 125 ml) under reduced pressure

vol une of about 7
about 75 ml. The

10 (85°C, 30 mm Hg). The oil was resuspended in 350 ml acetonitrile. Sulfuric acid (4.9 g, 0.05
mol) followed by diethoxymethane (36 g, 0.30 mol) were added at 80°C. A precipitate
formed after the H,SO, was added, but a solution reformed after about 30 minutes. The
solution was stirred for 5 hours. An additional portion of H,SO4 was added (2.5 g, 0.025
mol) and the mix was heated for an additional 2.5 hours.

15 After 10 hours, HPLC showed <3% remaining starting material and >90% MKC-442.
The reaction was quenched with 175 ml 0.5 N KOH at 50-60°C (pH=10-11) and the
acetonitrile was removed by evaporation under reduced pressure (65-70°C, 30 m Hg). The
remaining slurry was diluted with 175 ml ethyl acetate and the layers were split. The
aqueous layer was washed with ethyl acetate (50 ml) and the organic fractions combined.

20  The organic fractions were concentrated to a volume of about 75 ml, then were chased with
75 mi ethanol to a volume of about 75 ml. The crude MKC-442 was then taken up in an
additional 100 ml EtOH at 85°C and was diluted with 60 ml H,O, cooled to ambient and
crystallized. After 2 hours, the crude material was filtered and washed with 25 ml 25% EtOH
in water. 52 g, 94% HPLC AUC.

20



21 WD 00/ 61566 PCT/USOQ' 09965 We claim 1. A process for preparing
6- benzyl - | - (et hoxynet hyl ) - 5-i sopropyl uracil (MC 442) conprising (i)
prepari ngve obveeeli substituted thiouracil by reacting a PCT/US00/09965
2, 4-di substituted-3-o0xo- 5 butyrate ester with thiourea in a t wo- base
system in the presence of a solvent; (ii) desulfurizing

5, 6- di subst {Thatesderial tvais hendekan uprindh b orldeOH @ 84 dillcléﬁﬁ)whﬂhﬁ?a@éﬁz@ angeid to
forma 5, 6- ubs te r | ted
ract R RO SR bR R bbbl ot et Bt SR el

reacti ngd Waﬁlddrtﬁﬁhd:%ltloﬁS ﬁilep%(IEﬂO'H innvivhtar erlealekdsl 819018% alU@ Mgy a0%y| at i ng
agent to _form 6-benzyl -1-(ethoxynet hyl)-5-isopropyluracil (MC-442). 2.
The pr&éb@%fﬂﬁlclaln1l wherein the two-base system conpri ses potassiumt-
but exi de an opat T rein the
sol€ent i's g@%ﬁ%ﬁ?ﬁ?ﬁpggg&g'4.I?ﬁgamgbggg§&%§8??59§m%g &ﬂ%%gP%hghe reaction
i s condieihednssdndanddfipeioas uf the ithnwme,nvﬂoaeaﬁmc@s t@thoimdclkbw@mehcsamfrom aim1,

wherein the two- as system conpri.ses potassiumt - and. pot assi um
o bondi o e Bt o8 OO et By reoand it et o F BRed HaBPea "ot U
t enper ghy hﬁ)dhﬁ;avi@me&‘acl%éed Gith#Qhé scdf)e RI @ &FFehi®in. Preparing

6- benzyl - 1- (et hoxynet hyl ) - 5-i sopropyluraci| (MKC 442) conprising (i)
preparing a 5, 6-disubstituted thiouracil by reacting a

2, 4-di substituted-3-o0xo- butyrate ester with thiourea in the presence of
potassiumt-butoxide in an organic solvent, to forma

5, 6-di substituted-2-thio-uracil internediate; 25 (ii) desulfurizing the

5, 6-di substituted-2-thiouracil in chloracetic acid (aq) in acetic
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acid to forma 5, 6-disubstituted-uracil; (iii) silylating the
5,6-disubstituted uracil with a suitable reagent according to known

met hods; wig db)s1ég@acti ng the product of step (iii) with an BtRybmiopseg or

al koxyal kyl ati ng agent to 30 form

6- benzyl - | - (et hoxynet hyl ) - 5-i sopropyluracil (MKC-442). 7. The process of
claimWeckimrein in step (i), the solvent is an alcohol. 8. The process of

claim7, wherein, the alcohol i.s isopropyl ..al cohol 2 WO 00/ 6

bCT Usor 00665 & P (o dtetine b bR et Rer @t n- Fhertar Brhfcor

t hi ourm)tcgmgﬁgyngi substituted-3-keto-butyrate is not greater than

approxi matel y 10% excess. 10. The process of claim9, wherein the nol ar
ration of t) prepasingS.0-disubglityigdshipuiaeid §y eacting a Bur Jipehstituted-39Xfor e t han 5%
excess, 5 11 . Th . chai ' Lan of ste ii) is
quenc h%‘ﬁy%et?term“gtthgp%%ﬁ%%ggé |8Cb%ge(r:@lygt.e%ﬁf@h%s%{r}gggg3812\)/ IE}(:I aim 11I,o \(/\,hez ein
the reacti ofi)désubfueipingithg 5josdisibetimbeelel -widuraciivat chloraceic hoib(ad) iaracetet i ¢ aci d
(aq) in acetic acid, 13, The process of claim®6, wherein the thiouracil

f or medagihtostopp a(3.9-djsebstted el 10 prior to desul furization. 14. The
process of ﬁ{fﬂé@ﬂﬁlﬂé‘@ﬁ'@f BLdisubBritleBRirddil With BSuitfbR! lefiodft hékbokdind & MRRM

appr oxi mat e and 40% of the total solvent volung used 15. The process
of cl ammhdds; wherein in step (ii) the acetic acid is approxinmately 35% 15

bollueen " 850 EaneghS propeel Bep il aifh il e ol BRELL AR b i 67 1 °
wher ei fyrinls- n\‘%ﬁl-(j(éthéX}Inﬁlﬁhfl?l@lQl%Broﬁy&uﬁciﬂitﬂfﬂd(laﬂjll)g agent. 18. The process
y

of claim 17, erein the si ating agent is hexamethyl disilizane.
2. The process of claim 1, wherein the two-base system comprises potassium t-

butoxide and potassium carbonate.

3. The process of claim 1, wherein the solvent is acetonitrile.
15 4. The process of claim 1, wherein the reaction is conducted at a temperature
between 80-85 ° C.
5. The process of claim 1, wherein the two-base system comprises potassium t-

butoxide and potassium carbonate, the solvent is acetonitrile and the reaction is conducted at
a temperature between 80-85 ° C.
20 6. A process for preparing 6-benzyl-1-(ethoxymethyl)-5-isopropyluracil (MKC-
442) comprising
(i) preparing a 5,6-disubstituted thiouracil by reacting a 2,4-disubstituted-3-oxo-
butyrate ester with thiourea in the presence of potassium t-butoxide in an organic solvent, to
form a 5,6-disubstituted-2-thio-uracil intermediate;
25 (ii) desulfurizing the 5,6-disubstituted-2-thiouracil in chloracetic acid (aq) in acetic
acid to form a 5,6-disubstituted-uracil;
(iii) silylating the 5,6-disubstituted uracil with a suitable reagent according to known
methods; |
(iv) reacting the product of step (iii) with an alkylating or alkoxyalkylating agent to
30 form 6-benzyl-1-(ethoxymethyl)-5-isopropyluracil (MKC-442).
7. The process of claim 6, wherein in step (i), the solvent is an alcohol.

8. The process of claim 7, wherein the alcohol is isopropyl alcohol.
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19. The process of claim 18, wherein the hexamethyldisilizane is reacted in
the 20 presence of a catal ytic anbunt of amonium sul fate. 20. The process

of cl ai my&@ odMigEei N in step (iv) the al koxyal kyl ati ng ageptTaUS00/09965

di et hoxynet hane. 21. The process of claim 20, wherein the reaction is
acconplished in sulfuric acid or nethanesul fonic acid. 25 22. The process
of cl ai m 219. wheilb¢ proseds-of chiro i viretern the eaplanvatienf thagwweaio.4f  sul furic

RN M N A M O S A T T
ﬁghr ‘é"ﬁerzgi nig.he TEABEICEHR dfelaid™, whefedf IhdXhdlgr a6k oNthidurdago 230 for 2-5
disubstituted-3-keto-butyrate is no more than 5% excess.
5 11. The process of claim 6, wherein the reaction of step (ii) is quenched with
water and acetic acid.
12. The process of claim 11, wherein the reaction of step (ii) is quenched with
water and 10% chloroacetic acid (aq) in acetic acid.
13. The process of claim 6, wherein the thiouracil formed in step (1) is isolated
10  prior to desulfurization.
14. The process of claim 6, wherein in step (ii) the acetic acid is between
approximately 25 and 40% of the total solvent volume used
15. The process of claim 14, wherein in step (ii) the acetic acid is approximately
35%.

15 16. The process of claim 6, wherein in step (i1) the reaction is heated to between

85° C and 105° C to form a solution.

17. The process of claim 6, wherein in step (iii) the reagent is a silylating agent.
18. The process of claim 17, wherein the silylating agent is hexamethyldisilizane.
19. The process of claim 18, wherein the hexamethyldisilizane is reacted in the

20  presence of a catalytic amount of ammonium sulfate.
20. The process of claim 6, wherein in step (iv) the alkoxyalkylating agent is
diethoxymethane.
21. The process of claim 20, wherein the reaction is accomplished in sulfuric acid
or methanesulfonic acid.
25 22. The process of claim 21, wherein sub-stoichiometric equivalent amounts of
sulfuric acid are used.
23.  The process of claim 22, wherein the amount of sulfuric acid 1s between 0.25
and 0.5 equivalent amounts.
24.  The process of claim 23, wherein the reaction is run in refluxing acetonitrile

30 for 2-5 hours.
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