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REG OSELECTI VE SYNTHESI S OF CCl - 779 BACKGROUND COF THE
I NVENTI ON Thi s invention provides a regi osel ective

wayslhe®ss of CCl-779, which is useful as an PCT/US2004/022860

anti neopl asti c agent. Rapanycin 42-ester with

3- hydr oxy- 2- (hydr oxynet hyl ) - 2- net hyl propi onic acid
(CCa-779) is an ester of rapanycin which has
denonstrated significant inhibitory effects on tunor
growmh in both in vitro and in vivo nodels. CCl-779

may del ayRE‘GIOSEL‘ECIHVESWTHE’SI?WH@C]W?Q”E to

tunmor recurrence which is nore typica cytostatic
rat her than cytotoxic agents. CCl-779 is considered to
have a nechani smof action that is simlar to that of

BACK@R@@ND c@CirHEmvENrrﬂ:»Nto and fornms a conplex with
t he | asm c protein FKBP, which inhibits

enzy BHON PRRMINES Pé‘?\g'? _fdive 6¥”¢%ﬁ!ﬁaﬁ%¢h77ggl“§’d?h is useful as

aﬂgamop@sﬁ@}@-rapawm n associ ated protein [ FRAP]).
Inhibition of MOR s kinase activity inhibits a

variety of signal transduction pathways, including
cyt okhmnysdm Aestee dith 6LHydmx912-(ﬂ19dr@kj/rﬁéthyr?—l2&ﬁ§th 'dﬂhnﬂf acid

(Cﬁg@é) {?]9 é/reog??pagg,)é rgwl(w) Iﬁb%s Eér%%zﬂ@i%ﬂggm? cang"lanh itory effects
on m:wcgwévahllmbothlllean}bmyldtlmvmxﬂmdaletslhon of plfr ogr essi on of

th T t

oo - FbT TRy el bite ® pbfa-FRA TR BrdéRs s et Uadiapcurronce
whiol issmorartypica o€ eytostaticratimerdharr oytotit ageists. P@sl -DEE#R considered to
R Bk pbadichdiard Fitfig: B nft & WP GorErR s to an
fogys benmpEXS)ithcthe celioplabmidqroieimn FRBR| WhHich inhibits bin @aﬂynﬁeé,, mTOR

o e pg PO R PR 15 RRR 35 o

[FRAP)hdnigbitiphabmTOR's kivasseddtivityichibits a vaiiety of signaldsansduction
peﬁl"fwgy nln‘c‘:ﬁ:‘ldl?m@ ?to%ﬂ@ﬁﬂuﬁ&é@ gel ﬂ%ﬁfe%n t?a%sg?iﬁn %?HR\NAsyfor
several key proteins that regulate the G1 phase of the cell cycle, and IL-2-induced
transcription, leading to inhibition of progression of the cell cycle from G1to S. The
mechanism of action of CCI-779 that results in the G1-S phase block is novel for an
anticancer drug.

In vitro, CCI-779 has been shown to inhibit the growth of a number of
histologically diverse tumor cells. Central nervous system (CNS) cancer, leukemia (T-
cell), breast cancer, prostate cancer, and melanoma lines were among the most
sensitive to CCI-779. The compound arrested cells in the G1 phase of the cell cycle.

In vivo studies in nude mice have demonstrated that CCI-779 has activity against
human tumor xenografts of diverse histological types. Gliomas were particularly
sensitive to CCI-779 and the compound was active in an orthotopic glioma model in
nude mice. Growth factor (platelet-derived)-induced stimulation of a human
glioblastoma cell line in vitro was markedly suppressed by CCI-779. The growth of
several human pancreatic tumors in nude mice as well as one of two breast cancer lines
studied in vivo also was inhibited by CCI-779.
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human tunor xenografts of diverse histol ogical types.

G iomas were particularly sensitive to CCl-779 and the
W@ oIsouds was active in an orthotopic gliom nedEUS1004/022860

nude mce. Gowth factor (platelet-derived)-induced

stimulation of a human glioblastoma cell line in vitro

was narkedly suppressed by CCl-779. The growth of

several hunman pancreatic tunors in nude mce as wel |l

as die pogparaipnansasse of vdexyesiere of rapaaved. inaludingCGL &S, are

d.s\%gea ik 'P%Eén@fs 865 718 R Eb‘f‘os%@lﬁé‘&;ﬁ{thé% @vr@cum i8fdescribed

. groxyesters of “rapanycin, i ncl uding =779, are
in dedated &R 1/7983: S. Pat ents 5, 362, 718. A regl ospeC| fic

Symdlﬁsfﬁ @h b@@[}/ht?]@g izb$ b?ﬁ%dnh@@mb@leé@e%kl%ﬂén of rapamycin, as

6, 277, can synt hesi zed

o thed i LBRATGRE 462, L1ty | Hhes SHISA Sy EmoNpe, i complicated by mixtures
of Msir@& QZJe@,teU%w{?ﬁé ﬁ@&teﬁﬁéﬁﬁ%pgﬁl%m Thewayay $e gosdiesterified

however, 1's conplicated by m xtures of the desired
rapgpoycist and Un(Pe¢ed 1anssyen: fi ed rapamycin, as wel | as 31,

42 @cﬂsmrdahla% H@&@W@H%y@lﬁ@a%&ﬁ@f% 3ﬁ§@'ﬂ¥tﬁbﬂof rapamycin
ared the a ation of ?
wﬂgﬁlgqtqal)gf b@r(ﬁéqirowm@gﬁm{g@pwc \ﬁpf:ihfogow%f éy reggoval of the 31-silyl
ettir anf W%I pobmh@w&@rfm g@km?wdebxy{r@tﬂtyg\w@bu&m eeigpyal
an e rotectin 0

b DR e 0t Tt e Bk b edledthechdom
thig de;b%eféﬂl%@@h@%?sﬁe&&ﬁ% ﬁdﬁtM@V@mﬁcéﬂm byr dd>€tﬁ?nn chromatography to

42- nonopest er % romth gg a tarti
rengyR eaigual 3 ‘8}81 Soie ?‘&We'?mBH‘E‘FFP f"ie@ﬁe yammsa ing
m®R&igmat ogr aphy to renove residual amounts of diester

by- products and unreacted rapanmycin starting material.

SUMVARY OF THE | NVENTI ON Thi s invention provides a
SUMgABY DR THEMNVENTIOMSI s of rapamycin 42-ester with 3-

S BR8Py £ cster w2
hydmx&ﬁt(hyﬂroxynmtbph%metﬂhﬁproplnpilceacict (L CTd O plhased -dnaimoonio asid
chgmls!try Cl'ﬁis lﬁ)\pen%n overcomes the complexity and often-laborious purification of
the rapamycin 42-monoester obtained using prior methods.

Other aspects and advantages of the present invention will be readily apparent
from the followed detailed description of the invention.

DETAILED DESCRIPTION OF THE INVENTION
The present invention provides a regioselective synthesis of a 42-ester of

rapamycin by acylating a rapamycin 31-silyl ether with a compound of formula

HOOC.CR'R°R’

or a mixed anhydride thereof, wherein:
R is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, alkyny!
of 2-7 carbon atoms, -(CR12R13);OR10, -CF3, -F, or -COoR10;

R10 is hydrogen, alkyl of 1-6 carbon atoms, alkenyl! of 2-7 carbon atoms, alkynyl of 2-7
carbon atoms, triphenylmethyl, benzyl, alkoxymethyl of 2-7 carbon atoms,
chloroethyl, or tetrahydropyranyl;
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t he rapanyci n 42- nonoester obtained using prior
nmet hods. Ot her aspects and advant ages of the present

WO pwsntdoah will be readily apparent fromthe fRCT/O82904/022860
detai |l ed description of the invention. DETAILED
DESCRI PTI ON OF THE | NVENTI ON The present invention
provi des a regi osel ective synthesis of a 42-ester of
rapamyci n by acylating a rapanycin 31-silyl ether with

R& andRYaara dakeh tbgathed ta féiOCCR R RO or a mi xed anhydri de

t. 0 rein: R7 i f 1-6 carbon
X GREondr ki gpom e Sy o i S s RGN 450 7
wberrebﬂﬂheéwemﬂ may(BeFogfohdigRsubstitutedf , -F, or -CORIO ; R
hydr&gen al kyl of 1-6 carbon atorrs al kenyl of 2-7
ﬁ@acmlmynd%ﬁlyzhyﬂrmgwwé}fdn%carbon atoms, alkenyl of

t % Phemedrbdt Bbns, AIRFHRY bf 2-RlchNTERSMY trifforgméthGRBPED
atoms, chl oroethyl,’ or tetrahydropyranyl R8 and R9 'are

aRdken’ t oget her to formX Xis
f 200 %‘Mive b 4> 2sétr pyRAAtEl :ﬂaﬁryﬁetﬁér é'ffrapamycm

2-ph di oxabori nan-4-y erein the

oy ﬁ@g {}eﬁroimrﬁpargm%ﬁﬂw'@awerﬁ@zb%maetmhmr@y@&dwder mildly
a¢|did%§ﬁcﬂlﬂ&r§tb}fornhé{ Gép%ﬂ%m A-&3tbr lﬁtfroﬁaté FAs nﬂkﬂf@z ester

| kenyl 5 car %t m? al kyn of 2-7 carb
b%{PBﬂtE 1S F??tﬁ P tﬂ@?, Ogr b?iprc‘&ﬁ Pefm'féﬁéepﬁf%ilogh‘#@ a

re@%speaﬁ@fapbﬁfawﬂue e3lersi |yl ether of rapanycin.
[ et her, .42-boronate

Ther t er rapanmycin 3
0 CL T8 st R e b oo s MR A2 Rater BM 2
rapamoiyicsim efitrastatingas drahethod lbetheapamyion Bntals 8 $tRs-boronation
bor onat

R R Rk Bk o kel SIE RIS a o, 4
prégipitstionrof the rapamycin 42-ester from ether:heptanes follows this trans-boronation.
The synthetic route of this invention offers several distinct advantages over the synthetic
methodology previously published for the preparation of rapamycin esters or ethers;
mainly in the purification, reduction in cost of goods, increased safety, increased
throughput and plant time reduction. This method of the invention provides a new
approach to the manufacture of rapamycin 42-esters (e.g., CCI-779). A laborious
chromatographic step previously used in all large scale batches of the illustrated CCI-779
has been eliminated. The large amount of solvent required in the chromatography
described in U.S. Patent 6,277,983 has been eliminated thereby reducing cost of goods.
The plant reactor time and resources are reduced by 50%. The size of the reactor
needed for large-scale synthesis of CCI-779 is reduced thereby increasing the overall
throughput. The novel trans-boronation procedure described in this invention reduces
overall processing time. The final diethyl ether purification in previous synthesis methods
has also been eliminated with a built-in purification procedure in this invention.

According to the invention, a 31-silyl ether rapamycin is acylated using a
compound of formula HOOC.CR'R®R® or anhydride thereof, as defined above to provide
a 31-silylethyl, 42-ester boronate. In one embodiment, a rapamycin 31-silyl ether is
acylated using a 5-methyl-2-boronate[1,3-dioxane]-5-carboxylic acid (exemplified by
compound [A] in Scheme 1 below) or a 2,4,6-trichlorobenzoyl mixed anhydride of 5-
methyl-2-phenyl-1,3,2-dioxoborinane-5-carobxylic acid.

-3-



The preparation, isolation and purification of a

rapanycin 42-ester froma rapanycin silyl ether
waewendiosyy to the nethod of the invention entaPdBUS2004/022860

trans-boronati on reaction in which the phenyl boronate

piece fromthe conmpound is transferred to a diol. A

precipitation of the rapanycin 42-ester from

et her. heptanes follows this trans-boronation. The

synt Reeiparticeigrl degirable r9ethad éortthe prepafatios of mpansyicin 31-silyl ethers
. . 3 r .
e S T v B hotinRUAS b of
okfaipisggaprmygimat-siy! giier. ylowevend ipeurtdritly aréfemed that the 31-silyl
eth&bHGhj i in 9PRAGimdunidi safety,

i ncr egﬂéﬁﬁyﬁ'ﬂsgggéh”ﬁgm gﬁ?g’ﬁﬁ&%’?ﬁ%ﬁgéduct ion. This

net HePnerenhpsimentem fansmysinaii-eivketheris ghargptetzechby bavirgethe
fofmngf acture of rapanycin 42-esters (e.g., CC-779). A

| abori ous chromat ographic step pr eviously used in all

| arge scal e batches of il lustrated CCl-779 has

been elimnated. The [. n@mount of sol vent required

in the chromatography| described in U S Patent

6,277,983 has be | iyl gt &d t her eby reduci ng cost of

goods. The pl ant er oi RFR¥SouUr ces are

reduced by 50%,Th ze of the geactor needed for

| ar ge- scal e sypghesPs of CCro7 i's reduced thereby

increasing th ald~ t hroug The novel

trans-boronatio rocedure-descri bed in this invention

reduces overal |l proces¥ing tine. The final diethyl

et her. purification in previous synthesis methods has
WW%%'%@%’ﬁCtSF’ifWat ed with a built-in purification

pr oqu(yég_dl;gv%dpggsw,}erg%(iﬁmi on. According to the

invention, a 31-silyl ether rapanycin is acyl ated

usi IRy ia hydnogenyradkybdf f-Groatton HDRCCRERYRSF 7 camay dtdras alkynyl

o PG e bR RIS B8 o8 g T

o1 310U ngian oy 985810 Bneayict 27 o e o
of ?@)@F@?ﬂ flomg, w@hewgﬁhmu b{emqgl, iaRISSghgigngl qtfzbzsea_:mmn atonss,
R SRRy 0 eyl e o

2- di oxobori nane-5-carobxylic
aci R8@mel Rharei tekdraiohsthdesifombXe met hod for the

Pr €Rag %t-;gh%ﬂyp’f ,3,5%&%8“#&1&&-&&%9 ﬂbhe%typslz" ,r3,52-dioxaborinan—4-yl,

wherein the phenyl may be optionally substituted:;

R'12 and R13 are each, independently, hydrogen, alkyl of 1-6 carbon atoms.
atkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, trifluoromethyl, or -F;
and
f=0-6;

and wherein R’, R”, and R™ are the same or different and are selected from alky!
of 1-6 carbon atoms, phenyl and benzyl.

The present invention provides compound [A] as a novel compound useful for
production of CCI-779 and analogues thereof. The preparation of compound [A] involves
mixing a phenylboronic acid with 2,2-bis(hydroxymethyl)-propionic acid at room
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Is provided in US Patent 6,277,983. The invention is
not limted to this nmethod of obtaining rapanmycin
W@1008/0k69B5 et hers. However, it is currently prePEr/Dsm04/022860
that the 31-silyl ether of rapanycin is rapamycin
31-O-trinethylsilyl ether. n one enbodi nent, a
rapanycin 31-silyl ether is characterized by having
the formula: where Ris selected from -OC-OCR R RO
tewneraiure toRIvVe & phgnytegeane. al ojdal pields age & 080 Thatreaxion can be
l; f.
FbERn RiSicherenne ool eIt Bile R s GyEniRRRh (The)
hy dr Bgeirablya thephesyiberiganeds B@nphanyhs, 3, 2adirxabprinafe-3-carboxylic acid

FSEBR BEAR o YE spbdel, 95 SRARLFUARymen, e ppntornane
is & yRReNYEH | 302-giekalarinapd- i avheieip diho phyeryhigl optie@aligsdbsButed. One

pé’lfi&ﬁérﬁ}?lﬁ’éféilr’égl’g%hgﬁﬁuﬁdﬁ cfnoth@ﬁ%r_l%#oglp is an alkyl, most desirably a C4, C,

2 eny I oxabor | nan
C@-ﬁgh@nﬂr Cs atkyb -Qihexanb r(l_nﬁlaﬂmgpﬁenylm@miqaqidsecmwed in this
reBBiorP erHRRE iiRlel oS! RS hid Hité?ﬂ)'stitﬁ%% aé?'ggor%ﬁ' R i Wk the

al kyl of 1- tons

i ndependent |y, hydraogen, carbon a ,

subsiigpnts 369 thel samepirifiergblo reubsHiurRntsyan the apd grasiarimehide halogen,
allAfl Odoxyt %‘Iyl"olxgz?é.g.gﬁg&gxy) Odratkll; ni#Bdcyans, ngli&? Pi‘%" such has

wher ei n . * ar e e Sane or nt an
na&h@]ﬁi\’é@%@@leamﬂr ohfeatery) |2lkyt wherpusesy asom 9B 95 Pas 19k A @roup such as

al dperdyi inclides BIGBabiktied et PeatbSVaidRs, §8MI%!BStbon atoms.
Al as a novel conpound useful for production of _
TiisclPr 3671 47,8 PR BVASLO 4 @PUBe-0.TREAH B1AYIRKY BRaDs an aromatic

greQPRIEmg[thdsd 1B I E8rbon atoms, such as phenyl or naphthyl. The preferred
arylboronic acid is phenylboronic acid.

Briefly, it is preferred that rapamycin is bis-silylated at the 31 and 42 positions
with trimethylsily! chioride followed by regioselective de-silylation at the 42-position with
dilute sulfuric acid. The isolated product is acylated at the 42-position with the anhydride

| derived from the 2-phenylboronate acid. Dimethylaminopyridine was added as the
catalyst to drive the reaction to completion. The reaction required ~3 equivalents of
mixed anhydride to consume all of the 31-trimethylsilyl rapamycin. After workup of the
reaction, the resulting solution was stored at 0 to 10 °C until needed in the next step. On
standing in acetone solution, the product will undergo disassociation to compound [B].
This does not present an issue, as the next step is hydrolysis of the silyl functional group.
Almost complete conversion (< 3%) to [B] was achieved after 83 days in acetone at 0 to
10 °C.

The formation of the mixed anhydride can be followed by REACTIR (AS! Applied
Systems). The REACTIR (ASI Applied Systems) system is a specially designed
instrument for real-time, in-situ analysis of a variety of chemical reactions. Given that the
mixed anhydride is formed from a carboxylic acid and an acid chloride, the reaction is
well suited for monitoring by infrared spectroscopy (IR). IR is a powerful method for
detecting the presence of carbonyl functional groups, and in the case of REACTIR, for
monitoring the appearance or disappearance of carbonyl functional groups. In a typical
REACTIR (ASI Applied Systems) process, compound [A] was mixed with

-5.-
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m xi ng a phenyl boronic acid with
2, 2- bi s(hydroxymet hyl ) - propi oni ¢ acid at
WO owsveiyper ature to gi ve a phenyl bori nane. TypPCHIS2004/022860
yields are > 90% The reaction can be conducted in
nmet hyl ene chloride but the preferred solvent is
tetrahydrofuran (THF). Desirably, the phenyl bori nane
is a 2-phenyl -1, 3, 2-di oxobori nane-5-carboxylic acid
diigloproplylethyteenipd snyethylene ghiodda bihg cealdb tol 3-6t°€dn an ice bath. An IR

SRR GRYTE Brved B MSRHLON LA 4 & Binopegpy crore
wasth@p_taddam Aysesqm;tﬂ seciel soan evqsa_altemwmm bgrveeas trabl =0 min
(54258 Lt O S8cid. ERE ottt 3o fklis SO soecur
evgry b-migs futl5du‘im@jntph\é1@>ﬂhebatb\dﬁmnetatlaeia¢1§tuéﬁCbé‘MS«egl in
cﬂé?é&err 2%hha @ﬁﬁ% dnﬁ‘dﬁQ?cWEé%d 831 %HP" . When the acid chloride

I -substl ute yl bor dni ¢ aci
wgm@dectteélm mixiyre qf lsemﬁalmﬁ 84 and ﬂﬁse:peowletr&!mlsmet(mm) the

eraEr% @%yh%?v)éh egéémﬁg)‘n@i %‘9@3@% Eﬁfﬂ/ev tfv\élcarﬁdrgpé(ﬁ/d anhydride (C-

ghersaueseitiegioas hﬁdmﬂrmeyllwbﬂartmﬂ lodlaeﬁl\@ OfTWmatlen of thiekyixed
Rgdised as a group or part of a group such as al koxy
or aral kyl includes al kyl noieties of 1 to 12 carbon
at onkhe @ixgd anhydyidedpaelionses e comhectedinmgtiayl picetate, &butyl methyl

ctHEO RN elPdF, tan@ftetParybRIRan ?Tlgla) bLﬁ’tf?é tehbticHs a’i‘émd?éiélugglsh The

means an aronmatj c group inclu those of 6-1

Pratesied solvgats Q&e“b\ﬂwh'@'iderf%'?ﬁ ¢ﬁﬁe of reactiph prpledign. DMAP is the

prefarlel Wag8 catafel fr tifis RGN, Dothenbsseadhal: caﬁraeqfsleu is M i's
nycin is bis-silylated at the 31

referred. that
pSg'i?Hd'Mmﬁ@gTet ﬁdﬁ%t%% iyazele ABEmYIidngy1 chi ori de fol | owed

by e msebedhjdRiedsas uhathBikispaciad ahd'R Jﬁ@peﬂ@@ irf $i@Mbt low
W th d|Iu§$e suL The i sqlated product is

teqpgraties 4is $A 'ej@ ‘b‘b"é’l‘ﬁ%r?tmﬁtt%otﬁe 'teﬁaﬁﬁwaeareéa‘r%nﬁo to

20‘ ‘roamtttn@ prefétaNhipRrAiNatran@Cis d6 tH5Tet MHeankay abfﬁyd#lue@s aged
ed as the catal yst toa_ﬁr ive the reaction

f%%{ﬂ gﬁi’ PﬁfOr & CPURIPEIrGRFliPR ?Q&eferée%a‘alﬁ'oarﬂam@ 469 5 hr prior
toradyiEien aﬂmmuﬁmetrq/lsnw(ww ra;ialm;@fn dolupnng partner.

> enctndublngreablion PRARY Safnddst Frn a3 5 o 8b 26 Bt the preferre

tefﬁpanitmrle raggded 11 ACtdes5 ABX At Bigher teﬁne@@rﬁdl tA@ rédttion becomes

e lggggséf%{dfqﬁﬁqtog I %%uct cy\gnhydrlde WEI% needed for completion.
At Iower temperatures, the mixed anhydride is more stable albeit the reaction time is
longer. The reaction is generally completed within 12 to 17 hr.

Compound [B] was prepared, isolated and purified in a 3-step 1-reaction
container sequence. The key element in this reaction was the choice of acetone as the
solvent. Other solvents that can be used in this preparation include diethyl ether,
acetonitrile, ethyl acetate, THF, t-butyl methyl ether and methylene chloride. Currently,
acetone is the preferred solvent.

Thus, 31-trimethylsilyl CCI-779 boronate, [D], is dissolved in acetone as a
concentrate. However, in certain embodiments, hydrolysis can be performed using a
single phase aqueous acid/organic solvent system.



This does not present an issue, as the next step is
hydrol ysis of the silyl functional group. Al nost
W@ vploetoss conversion (< 3% to [B] was achi eveRCHISH04/022860
83 days in acetone at 0 to 1 C. The formation of the
m xed anhydride can be foll owed by REACTIR (ASI
Appl i ed Systens). The REACTIR (ASI Applied Systens)
systemis a specially designed instrunment for
r eal Hyénolysisiaf ths Shtrhimihxls'lylsgmﬂp Atovprovide yBp s pér&ummedlunder mildly
n ride Jjs
=GR Eoh M, oA e Rlegl A ButE S P Bl APl Rt wih 2
difude inorgamid @cldvellmh aaaletgecstﬂmlurlnmdt@lqmg obphésphodc edid. Examples
oﬁ&ﬁt‘ébl@%ﬁ@ﬂﬁor&éﬁb 2ol doficéhtRAVEL Ial.«p PR AL 811 N  fo,ghqut 3N,

ctin resence car bon oups,
5 aboid OlaﬁNtﬂh eb@ldgél of alpEACH I, Tﬁ/plpalimthls gep mgcarh@d out at a

I
teg@%ﬁ%ﬁweab%t 2%% EBPEABR iy %k%@a;ggeﬁx gga@;@t ”5'134 about 0°C to
algqqﬁ@egs De@@ﬂg{bdh@ sfen is garsiedioubat a pH of 5 to 6. Optionally, a suitable
bN’ﬂ’érh@'g' %8&&&%%@%@“1@%%&@5@%«%% b?é%lr@cma?eeaﬁd)cgr acetic acid

cool e In an 1 ce ectrum wa

afeAdsigd o e xR tp adjusy op alrio trripd (B‘aﬂile desired range
10 2,4 Briké 'e%\hﬁlé@ Bsm,ome rﬁ)alrdwg.sdr%aw@oﬁl &é‘é@@ @ﬂ%%#ume%%d at0to 5

second spectra scan was serves
“Cr=theneqcion ig typigalk camalefe '6f5 fpr?eh%%aw eprpounedB] was easily

olﬁédﬁ@& 'b?‘é"ﬂim ﬁ@%ltﬁa‘ﬁbh‘ p I—Fo@e@érqwieru%e%‘ﬁ filforkfRasdsk Y 'Féé‘dé‘ﬁfsyto@emove
mai ntai ning the bath tenperature at

m ns
thg 3d- tﬂmﬁ@y!@ésﬂ FEPHEY 'aapépreﬁrfe@ IsARFeMpResition progucts mqfomfeq
and il%ﬂap@my&m 4‘@11%*0:‘551@ 36l & L£hdver inf%f?m\é@%tea@éé%ﬂ i 91etrh§thod of

m _xture g} ound and di i sopr opy lam ne (T=

15 thgjipyentierfor Figmoé ﬁd Yl deresiar. | Qﬁ‘@ %@%@“@?@n
lnfé@l\h@@h@fe is ﬁ'é(}%n%frb@?é!ételaxﬂﬂw amkutelfli20sheh (G 3@d|$)fa%6|=|ﬁé’t6§5-

increased with tine indicative of
efrB ??‘9 - of the m xed anhydride. The mi xed anhydri de

I eacinigwe eratsboiifertOthe ihle@tlon proeidBy b rasahyire42-bster byfonate
her, diethyl ether, and tetrahydrofuran (THF)

c%nﬁo%ﬂg?%ogg@{qlons are nore sl uggi sh. The preferred

solvent is nethylene ch e for its ease of reaction
conpletion. DVAP is the

20 (1)
wherein R is selected from:;
-0-C=0.CR'R’R?; wherein
R’ is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl

of 2-7 carbon atoms, -(CR12R13);0R10, -CF3, -F, or -COoR10:
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preferred base catalyst for this reaction. Oher bases
that can be used is 4- pyrrolidinopyridine, N nethyl

w0 pdodareB® and pyridine. The m xed anhydri de iBCHIS2004/022860
unstabl e species and is prepared in situ at |ow
tenperatures. t is stable for up to 48 hr at - 5to0 0
C. t can be prepared from- 50 to 20 C but the
preferred tenperature range is - 6 to 5 C. The m xed

anhygno %%Jdﬁog%ﬂeglk%% 1 @cér@o@at‘éhsbﬁﬁ(@ﬁﬁ o¥ 12»5’ c,%m{ 4tB@hs, alkynyl

reaction referred tine js
of# Garhas %tar@ﬁ,ttrlelﬁﬁrkyfmqthvé @E:T'Zt/‘r g\‘f@ﬂﬁ@ﬁtw 1§ - 7(%0%‘3" atoms,
chIBRRIE 7 t&tRk Jjﬁoaﬁaﬁﬂrt ner. The coupling reaction may
be conducted from- 20 Cto 20 C but the preferred
t enpBBandiY argﬁ@@n.tggeth@tp(f,ormg C. At higher
t enper, t L
'8 UiRAy- 1519 A BaBbiR d@gﬁﬁy 2Shetl-£.3 A HORHRINANA-y

addi arg wer e needed for
whengi thlelnhnnylmaw bﬁ/\mﬂoﬂé'ﬂ‘v’p%ibé’tltuteé*s the mixed anhydri de

¢ .
2 8 A BRLSHELRR ke R0k oy 1 96 JBs
alkeny ofi <7 cteﬁsﬂ:om\atsnpr dbyarrydadf 2- 7$ertmaﬂomndriﬂum®me@dl. oh-Fa
ﬁ%step -reaction contai ner sequence. The key el enent

this reaction was the choi ce of acetone as the
fs®&ent. Ot her solvents that can be used in this

e or & 8hd ge RERHARUBLEMS rRERT, (ROSEARYCH ub %gte%eydnate
peepaced aheordig toghe Wthcaic@ttm wvertionsupliyds @qugut apBadiC isomers

of; mgscorri/f)% a r [T%E%‘XA/&ISBM@S cg’gxe%é%np% i Q]e lljds§rated

I N acetone as a conce
belowt]aAhthisrdtagti, thenB:€ isoel tig i rormahy 5 Oﬂe rTP@rlﬁwt@@.hage found

tﬁ”at ﬁ'{enlglsayng? ?{ﬁofeg":?g%léﬂﬁn@ﬁfaq/tﬁé @%n‘fen%'d‘i@ [dss soluble i in acetone

31l-trinmethylsilyl group
t}mndhe JeispBE). |h§l‘(ﬂﬁ§rt¢ takgedvaniags ohthese 9ro§gqt|§§ he mventors have

SRRz diuf Héetat‘e%ﬁ%?!al%?f:ﬁ@ t8/6I MRl B CS & Hatid @arg be

acetone) 1s mxed with a ute inorganic acid s

ingscased g0 abevg 2 LBYINCREIRG HYie @*'Pcfeé?"%!ﬁ efswq%da{%] Gpn be

it Bl e Shat, iSidib&kibk @irkidkhd BY igémleﬁra%@'t@'at least 1 1, more
concentrations range fromabout 0.1 N to gl 3N,

desirably, above 5:1, above 10:1, above 15:1, above 20:1, an most preferably to about

25:1. Sodium bicarbonate was added to neutralize sulfuric acid and adjust the pH to 7

to 8. Acetic acid was then added to form sodium acetate and to drop to pH 5 to 6. After

holding the reaction mixture for 16 h, the isomer ratio becomes ~25:1. Other buffers

can be used such as potassium acetate and zinc acetate but the preferred one is

sodium acetate.
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about 0.2 N to about 2N, or about 0.5 N. Typically,
this step is carried out at a tenperature of about 25

w@2es/0boBHw, fromabout - 5 Cto about 1 C, oOPCHDS2004022860

Cto about 5 C. Desirably, this step is carried out at
a pHof 5to 6. Optionally, a suitable buffer, e.g.,
sodi um acetate, or in the presence of sodi um

bi carbonate and/or acetic acid are added to the

m xture to adjust or tain the pHin the de d
range. n the exanp%es ow, the hydrolysis re on
uses 0.5 N sulfuri€ 8&cid at 0 to 5 C The reaBtion is
typically conpl&%éELﬁ 51to 6 hours and c u [ B]
was easily obtai by a sinple filtration. ! However,

the use of fl #¥de based reagents to rewee the
31- trinethyl hggroup i s not preferr a
deconp03|t| products are formed. T rapanycin
42-boro

t he rret

s a novel int eful in
vemti on for i
. In aone enbodl nt qudiate

'nate/s carb
en |o% prOV|des

oronate co
(1) wherein is seleéted from OC— )CRRR ¢
wher ei n R7 [B§ Brisatievgen, al kyl of 1- 6[Bi:é‘1rlmb‘meratorrs,

al kenyl of 2- 7 car bon atons, alkynyl of 2-7 carbon

atons, -(CRR)fOR, -CF3, -F, or -CO2R ;R10 is

hydr G mixteerds fltererl, washadyns driesie previdessiydle eempound [B]. The
mtﬁfr?{egﬁciuo?{, %ﬁam%g%d?ﬁlnb?/rﬂfy tlie (E) dﬁ@ﬁwgsﬂ]f%lggﬁgr l%yprod%cts and other
unknews Ifﬂ@hﬂl’[@Sd@lﬁW| to the cry ek ciHgRifappyainstarting material.

To facilitate obtaining clean product, it is essential at this point to monitor the

rapamycin level in the crude compound [B]. The rapamycin content is typically ~5%
(area %) by high performance liquid chromatograph (HPLC). Recrystallizations lower
the rapamycin content to < 0.7%. Purification in suitable solvents such as acetone could
reduce rapamycin levels. Compound [B], as illustrated in the scheme, is a solid white
powder that is stable at room temperature.

The reaction can be conducted in a solvent such as an ether solvent, or
preferably, THF, diluting the reaction mixture with t-butyl methyl ether or toluene and
applying an aqueous extraction method to remove excess diol and diol-boronate by-
products. Both diol and diol-boronate are water-soluble. The preferred method
eliminated aqueous extraction. The preferred method involves a simple filtration step.
The process involves dissolving compound [B] in THF, t-butyl methyl ether or acetonitrile,
adding the diol and mixing at room temperature for 3 h. The solvent was distilled to
provide the reaction mixture as a foam/oil. Ether was added and the product was co-
precipitated with heptanes. The process can be repeated to produce CCI-779 in 80% to
90% yield from compound [B].

The initial treatment with diol removes the majority of the phenylboronic acid in
the reaction mixture. Residual amounts of phenylboronic acid still remaining are readily



R8 and R9 are taken together to formX, X is
2- phenyl - 1, 3, 2- di oxabori nan-5-yl or

wQ@2@hemgss 1, 3, 2- di oxabori nan- y wherei n the phRClUSI084022860
be optionally substituted; R12 and R13 are each
i ndependent |y, hydrogen, alkyl of 1-6 carbon atons,
al kenyl of 2-7 carbon atons, al kynyl of 2-7 carbon
atons, trifluoronethyl, or -F, and f = 0-6. At this
sraygrgadbyt a'readrﬁﬂidmﬁtreﬁtrneh‘ewitmuientd'I:'fmTinal b@np@p@qﬁy gééugcting from

- t r according to t t hod of.

e A AR IRA heRBSBHE SoREERIE BhsoRhiabe. o wllor the
transbemmptiemtieatpiEhtean hawsadsauirérsspreferexdempunt is TR

BRI | T iy bl Bododdtties BEE. ug overat yiew
freyo mpantiein waed BLite68%r i s nore crystalline than the C

i sonmg ad. | e solu =Ny ope th t.he, C.
oy VAl b1 p€ s> St and B BE EREBE WhaTl SRR | e,
trangbpiopatiano rAlkH gulbstisuteddiolshare prefembiti surhasa-methybp it er

; N OW ' be jncreased
FhtacBion B tamolgfincof i A Bbor e defTine FelBfRIRG T (Ps-DEAM)
WRIRSeiE Trenskapnalienicas misadedachieivad using casbosiyiisi acithleagents such

i ki : i I A [ .
BEXE, TrieNe o o PRI AR fpne g, 22 atydrogBtBpropioni
aptst was effRetine But gauld rat HeIrgmevedaentthetinal prodBotli um

bi ca - k7€ ur ' nd. :
i st oot AEABAIEL N JAY KB Rl 1 3G hustrative
s ANd deptiAetdintlthe évaniiPre o drop to pH 5 to 6. After

hol ding the reaction mxture for 16 h, the isoner

rati o becomes ~25:1. Qther buffers can be used such as

pot assi um acetate and zinc acetate but the preferred

one is sodiumacetate.[B] B isoner [B] Cisoner The

m xture was filtered, washed and dried to provide

crude conpound [B]. The
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not her |iquors contain predomnantly the C isoner, the

bi s-ester byproducts and ot her unknown inpurities
WO edoaed3i o the crystal crude rapamyci n start i PQI/US2004/022860

material. To facilitate obtaining clean product, it is

essential at this point to nonitor the rapanycin |evel

in the crude conpound [B]. The rapanycin content is

typically ~5% (area %9 by high perfornmance Ii qU| d

chromat ograph (HPLC). Recrystal|izations | _Qwer t He

rapamycin cqoptent to < 0.7% Pu |f|cat|o I sui tjabl e

S Ghodeyaih S ch as acetone could yeduce r*’ cin

ound [ B], as |I ystrat ed | & schenfe, i's

pomderz_tshat 2l )st bl
te Lar e, Hre_&:iun_élﬂaﬂ_b
sohventgsuch a etl§ ven
disbJt ihg t he Pedcti on’ %ﬁcx ure
efYrero o2” t ol uerfe yand appl yi ng a
Y excess diol an
Bot i di ol and diol -boronate are

| evel s.
a sokid

bypr oduct's.

wat er - solrubl e. Th ef erTed nmet hod el i m rat ed aqueous .
extracti on. The @Ewrred thod i nvol ves| a sinple Q
filtration st ep process invol ves dissol ving o-g
conpound [B] I\T -putyl methyl ether| or ‘ OQ\/O
aeetondi tnil di g di ol and m xing at room
§ erperat ure a3 h._ osplvent was distjlled t )
provi de tl¥esreaction mxtu a fganj oi|. Ether~wa®
added and Thg pfoduct va w& : 1 :
hept anes. “Brocedsc in
CCl - 779 iln 80% to 90% yi el
initial treatnment with djol noves: ¢ be nhj,
t he phen oronic acid t reaction m

I dual >@Dum_i_fﬁ_,phe yI boroni ¢ acid st

OJHeadl Jay caxesrged b addi tional tre
diol. The f| nal conpoun resulting fr this D -

practice show that phen A or onic acid ntent is

accept abl e. Excess di ol |n t he transboronati on

treat ment can sed bcyst e pr erred anount is 1 to

5 nol e equi vak&nt's. Th% Al _ebt ai ned from t hi &

trans- boro@,@n was 86% T aveLah! yield 4 OH

[B] 3. AcOH, pH 5-5.5 5

4 @
H i coLTre

1 OH OH o

THF, tt, 3h 0
2, Ether-heptanes HO
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fromrapanycin was 47%to 50% A variety of ,2-, ,3-,
,4- and ,5-diols can be used to effect this
wo c@ssbesdnat i on. Al kyl substituted diols are PCT/US2004/022860
preferable such as 2-nethyl -2, 4- pentanedi ol .
Di et hanol am ne or solid-supported pol ystyrene
di et hanol am ne (PS-DEAM were useful. Transboronation
can al so be achi eved using carboxylic acid reagents
Psetedhatich -¢heallethyl-2rahemil-d .3, 2-diokalidrinangBtdaathdxglicaed. [Al

salicylic acid. 2,2-Bi I OX t hyl opi, onj,C . acl .

ons dbrtispondion b ZaSh PO BRRAGM 2510 Mo Admore) i
tmragﬁdmfuralz &0 0omb ees sadided edselgtibm bf gtbnybotdmic Aaidl (128 g)d.0 mole) in

che Thi e i Sl L1 Ustr.ati I nd d not

SRR (SROTAT o g i okl 1Gs P Bt i8lne 5 Vs
abided4Nebs We}sc@dv@dl)py p2gotOpic. didll2ionNeiti(0lueag) HeptaheXH00 mi)
\AB\E' a%agd ?o tge p[rgc],ipigféaoptjalda_&l,':héatteég E reflux and cooled. The mixture was
filtered and washed with heptanes (2 x 300 ml). The solids were dried under vacuum at
70-75 °C until constant weight to give 94% yield. 'H NMR: 8 (DMSO-d6) 7.65 (d, 2H,
Ar), 7.40 (m, 3H, Ar), 4.35 (d, 2H, CHy), 3.92 (d, 2H, CH,), 1.17 (s, 3H, CH,).

Preparation of Rapamycin 42-ester with 5-methyl-2-phenyl-1,3,2-dioxaborinane-5-

carboxylic acid, [B]
As described in US patent 6,277,983 (2001) a 3 L flask was charged with
rapamycin (100 g, 0.104 mole) and dissolved in ethyl acetate (1.50 L). The solution was

cooled to 5-10 °C. Imidazole (30 g, 0.44 moles, 4.23 eq.) was added and dissolved.
Under nitrogen protection, trimethylsilyl chloride (44 g, 0.405 mole, 4.0 eq.) was added
over 30-40 min while maintaining the temperature at 0-5 °C during the addition. The
mixture was held for a minimum of 0.5 h. The reaction was monitored by TLC (30:70
acetone:heptane eluent). The reaction was complete when all of the rapamycin was
consumed.

Two to three drops of the reaction mixture were removed and retained as a
31,42-bis(trimethylsilyl) rapamycin reference standard. 0.5 N Sulfuric acid (300 mL) was
added to the 3 L flask over 0.5 h maintaining the temperature 0-5 °C. The mixture was
stirred vigorously and held for 5 h. The reaction was monitored by thin layer
chromatography (TLC) (30:70 acetone:heptane eluent). The reaction was complete
when essentially no 31,42-bis-(trimethylsilyl) rapamycin was present. The layers were
separated and the lower aqueous layer was back extracted with ethyl acetate (500 mL).
The combined organic layers were washed with saturated brine (500 mL) and saturated
sodium bicarbonate (2 x 200 mL) until pH 8 was obtained. The organic layer was
washed with water (2 x 500 mL) and brine (500 mi) until pH 6 to 7 was obtained. The
solution was dried over magnesium sulfate (100 g) for 30 min, filtered into a 2 L flask
and concentrated to a volume of 135 ml. Ethyl acetate (500 ml) was added and
concentrated to a volume of 135 ml. The water chase was repeated once more with

-12-
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2. Ether-heptanesPreparation of
5- Met hyl - 2- phenyl - 1, 3, 2- di oxabor i nane- 5- car boxyl i c

w@eiod/o1qead To a suspensi on of PCT/US2004/022860

2, 2- bi s(hydroxynet hyl ) propionic acid (131 g, 0.98
nole) in tetrahydrofuran (500 m) was added a sol ution
of phenyl boronic acid (122 g, 1.0 nole) in
tetrahydrofuran (500 m). The m xture was stirred for
ethybammbtate ((208hmel) ( Medhyignewsdoraledael mavasradaed and vy salutipn held
i Sl tion wth toluene. Heptanes (500
u'?}ﬁ?gégésjao'ggr&%hé%tgké e precipitated product, heated to
refl &8 Iaﬂalslmmlim?@d viltheneghanigakstines wak Ichamged wathdcowgebad [A] (75

ger va 33@"5%% @%9'8% qo %Eg ol?l@ltogpo?yv\m i n%% g& 1 9001
rr@lf%\/\;as@dded HraxviRe evef PR/BURsIgNd MBS vith metHylene ):hlomddf(QS mL).
2(4”@ ;ﬁ%ﬂlor@é%?zow (dg (86 Ir0a t@?‘%h‘roleﬁ m%a% e(ggsg I%Eld r@&'&) pith methylene
clviprclde @5rralhyl hezmph@e]ylles held a¢ Ocfi @(i@bélﬁ aatheoged to —10 £ 5 °C.

garzgiﬁélsblﬁt %%4%1 tfnﬂett@ﬁ%fx I%ﬁér\b\g&ﬁjwhg rag%jﬁ&ttﬁﬁ% L flask containing
theapay enwd(rlsﬂemrgi ringped guthrregtbylermehlenides@bveld. iAnsadutiop of
dq"rfe%d\ﬁézrﬁnpé% Fr&%néhs g Qeo %9# Hmto'lé?fh %ﬁ\gk‘i’s@'c\ﬁggbg é’i%olmﬁgas

pgipgasl addrd ngﬁ mumel@*@é\quh@ﬁemmerawre €876t Ayl gnseg with
nf‘eghﬁé’rfe%l&iﬂé (85 ). 4PRe Mltére véah%e%lfo} 1%%@44*%’-@@ [ The

emalntalnln e tenperature at -
refgHemeitve wagdiuenehed wikeT hln ewfw@a%@%ma keemmgzthe temperature

%WC%%IX@féWBS stiR&) &IRPRAIH /P BWIngo‘?hé ?Hed? Y udger aqueous

(30: 70 acetone: heptane eluent). The reaction was .
layenpaset @. Vilherayers were eemereftesb@ngéhmlowaé orgenisuaes wisled with

'i 4?@?@1 %r actegfsogvnﬁmﬂ@%%ﬁ?@ ﬁ@rlﬁ]tlr@"%srapa anlc layer

waef/\/aslenfctwmswmed &50. ml) uBtiNHSBH7 fwarsi abtaiced] '(Iﬂé)@olmo)n m
c&gc%ﬁg?ttg? Ué%?@% @5@%&%&%&9 Q:oﬁcé}ntl%?éan t'lﬁHr %\HQQ rego%%ted vrnth
agotdetmdriibrf afracBtome (Mmi)mdtqoocenm&edmnl tored by thin

| ay ®rhe solution was diluted with acetone. 0.5 N Sulfuric acid (500 mi) was added
dropwise over 30 mins keeping the pot temperature 0-5 °C. The mixture was held for a
minimum of 5 h, during which time, the product precipitated out of solution. Agueous
sodium bicarbonate (30 g in 375 ml water) was added dropwise over 30 minutes
keeping the pot temperature 0 to 5 °C; the mixture was held for a minimum of 30
minutes. Acetic acid (25 ml) was added until pH was 5-6 keeping the pot temperature
<10 °C. The mixture was warmed to room temperature and held for 16 h. The solid
product was filtered and washed with water (2 x 100 ml) followed by 1:1 acetone:water
(2 x 100 ml). The cake was purified in acetone (375 ml) to give 65 g (58% overall from
rapamycin) of product [B]. LC/MS: using an electrospray interface in the positive ion

mode afforded the molecular ion [M + Na} = 1138.5 atomic mass units (amu).

Preparation of Rapamycin 42-ester with 2 2-bis(hydroxymethyl)-propionic acid, [C]
Compound [B] (200 g, 0.179 mole), was dissolved in tetrahydrofuran (600 ml), 2-
methyl-2,4-pentanediol (42.3 g, 0.358 mole, 2.0 eq.) was added and the mixture stirred

-13-
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chr omat ogr aphy (TLC) (30:70 acetone. heptane el uent).
The reaction was conpl ete when essentially no

W@ 100401d985- (trimet hyl silyl) rapanycin was preseet/US2n€022860
| ayers were separated and the | ower aqueous |ayer was
back extracted wth ethyl acetate (500 nL). The
conbi ned organic | ayers were washed with saturated
brine (500 nL) and saturated sodi um bi carbonate (2 x

fop @onimimyuna of 8 h. JHegeagiion ohixtaiewas cafvenivatgd o 8 foamy.c Dietiayd ether

T A At T A W BT g
owardrh mc@theswutwesaurfe&t f@r 2 bo0'hg)mikiire ®@s fitared Bind ther sadid product
w#ﬁe‘&g@\h@hépt%e@s(go@ f&g @E%ﬂ'géogssglr\%allﬁlgget%e %1 8 ), re-

acetate concent r
treated with |2un@thaslf2 1$>sntﬂnedl¢ Tied, éx178hacle, hvag.) irepesdores(200 mi),

QR tﬂﬁfu@h%‘ Bﬁj?ﬁ%gﬁg&og}fmeé %&gt ﬁ‘ge\,d w,Yﬁ Bé(tbﬁﬁgog ml). The

sqlwtian wase@u@anfraied kea frad, digtieyd ether 61.0 L), |psefiltergditiypegh a 0.2
m?ﬂr%ﬁ‘céﬁ?%@'?Flt@tal\Na§;ablEléc?énéf\ﬁr% hiRRES ﬁﬁor . @Iﬂz?‘qo nfg@ﬁﬂsit&ﬂvas co-

l ene ¢

pr@mp%tsﬁ G \Adeing Prerfitered be@amet'g (1.@Lk 1Theopreipiipisd selifisgvere filtered
arcly WQ%&%:&V&Heﬁ%p%Hés(Zmor MFZS?He Wbilda v(?@?é GYE@(@': to 608"(()) 10 mm

chl ori de or obenzo [ ori

Hg, mininyg 2.461)4&9 g%xaé 58%@%%%69@%%@] W&M%ﬁ'ﬁ? |/*é?r?é(m the
padxtv@r.wﬁ]oeaéffmd)ed tﬁ@ﬁ,or@c&r{aum _I[M‘IaﬁNPIﬂ|=d1@47 ®amuCThe"HAMR of

and cool ed - he solutio
thwm%%&%ﬁﬁ) WF @%aﬂﬁ% h% Riaduch daetibed In W@‘”@O'% 1# 10A5R
P&RAL 9862, 188 119841 Xxed anhydride, and rinsed with
net hyl ene chloride (25 nL). A solution of
di met hyl am no pyridine (48.5 g, 0.397 nole) in

met hxi Sé\:@n@hbé}éh%pﬁé&@nmémd@&‘ aRH QBT eaeurﬁ@lﬂg %f@t‘éﬂ&ed herein
an ri nse

5 h, rra|nta|n ff ff ature<
argi RO PRI RTETeE G i boeleat fo onref silie ? Tt Rergoations
cdroe hadé tcﬁihe -spkéific embbdimERS de%aﬁmemrahwuﬂhb@t dépRirting from the
uengﬂﬁ h 1 Nsulfuric acid (600 m ) keeping the
IRY&ION10 C. The mixture was stirred and hel d
for 30 mins. The p of the upper aqueous |ayer was < 2.
The | ayers were separated, and the | ower organic
| ayers washed with
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brine (450 m), saturated sodi um bi carbonate (500 nL)
until pH >8. The organic | ayer was washed with water
W@ 2@6/0nd935 unti | pH 6-7 was obtai ned. The sol ut POTUSZS4/022860
concentrated, acetone (250 nl) added and concentrat ed.
This was repeated with another portion of acetone (250
m ) and concentrated. The solution was diluted wth
acetone. 0.5 N Sulfuric acid (500 M) was added
clrapis.se over 30 m ns keeping the pot tenperature 0-5
C. The m xture was held for a mninmumof 5 h, during
which tinme, the product precipitated out of solution.
Agueous sodi um bi carbonate (30 g in 375 m water) was

added dr opwi se over. 30 te kee e pot
i cmpdy BOGE " PEPETRY 2 (RSl o1 [Hoe A0, Warh chgprses:

m ni mum of 30 m nutes. Acetic aC|d (25 m ) was added

until pH was 5-6 epi erature < C.

The. ekt urY s acrr s LouheTen Gl acanEodoriarae
for h. The solid product was flltered and washed with
water (2 x 100 mM) follo 1-d jacetone:water (2 x
100 m ). The cake was pu%(ggﬂ I?\B’ll:%lcetone (375 M) to
give 65 g (58% overall fromrapanycin) of product [B].

LC/ MS:  usj n, el ect [ospray interface in the positive
i offf Wda?‘\%%sré%eotlh?ﬁg 'mol ecular ion [M+ Na] = 138.5

vie@sthc mass units (anu). Preparation of Rapanwvcin

472 ester with 2, 2-bis(hvdroxyneth ? i oni c acid
R’ hgregenirrikyl f 1-6zatbog, at@mmkwh% faboR atBs Ay pf 2-7

tetr (o) n Ze ot anedi ol
(42. ?3}%“ fipg m(ff'g @t%eeq )% afchfen ane
RI0XE Wydro§én, kg HO1-6 @afBoRiatams, @ﬂkeayﬂbf 2Thearbe@atdnw alkynyl of 2-7
B%?mmsar%gﬁﬁr%‘%&%ﬁwtﬁ@%{g L PR
odh)ormrsyw@}dexdawwmpyram over 1 h and the mixture
stlrreg for 2 h. The mixture was filtered and the
2]

RbancRY pesdtaken W@§W@6"%’ﬁ°frﬁ Yhept anes (500 m). The
Eld sl h Iq :«f ?—d%ﬁﬁdﬂn‘éﬁﬂi |Br 8RESHIAGI- ‘(é@%l@iaborman-4

retre yl -2, 4- pent anedi’'ol (21 i 79

whsirein tne @fqeryvl mﬁy a@eptm@")( suhstittsd; ¢l arified t hr ough a

%@aﬂan_ﬁ?@g @J&r Ind8Geridehtiy hydiR8En M diyF 6618 albRAGREAE Salkeny! of
2-7 carbon atoms alkynyl of 2-7 carbon atoms, trifluoromethyl, or -F;

and

f=0-6,

to give a 42- ester boronate 31-silyl ether of rapamycin;

(b) selectively hydrolyzing the 42- ester boronate 31-silyl ether in mild acidic
conditions to provide a rapamycin 42-ester boronate;

and

(c) treating the rapamycin 42 ester boronate with a suitable diol to provide a
42-ester of rapamycin.
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solution was concentrated to a foam diethyl ether
(1.0 L), pre-filtered through a 0.2 mcron cartridge
wo dosmLe93mas added and the m xture stirred forPQI/NS2004622860
m xture was coprecipitated by adding pre-filtered
heptanes (1.0 L). The precipitated solids were
filtered and washed with ether:heptane (2 x 500 m).
The solids were dried (55 to 60 C, 10 mm Hg, m ni mum
24 h) to give 159 g (86% of product [C]. LC Ms: using
Pal i . c .
Z'on (MPIPORE BB A TR R GRER EBR i Plepared i
Q@797 389 wherein skich acydatingtsten (2@ cpmpdssstaoyiatiog rdpadhyicim 31-silyl
f P 1 : 99 : ,
DT B BRLAT £z HRAp el ol gBaLE e sonyris
of 6freetoylez phényl-3i2-dinxaionpangbcathedyllsyadiciodivntepamycin 31-O-silyl
em)éd: ??gst%}ﬁ%nétg. one of skill in the art that

ati ons can be nade to the specific enbodi nents
descri bed herein w thout departing fromthe scope of

he i i : . y . i.
32 T BRRE eMS claiy B ARRCE L YRS P er has the
fermganycin 31-silyl ether with a conpound of formula
HOOCCR R R9 or a m xed anhydride thereof, wherein: R7

i s hydrogen, alkyl of 1-6 carbon atons, alkenyl of 2-7
carbon atons, al kynyl of 20BRE'Bon atoms, -(CR R )fOR

V\}ner%ﬁ & R afa RO 'él'(e' 0 Brme §R differEUcRIRIY frdth EbkM(é?’H ? bérPon atoms,
carbon atons, al kenyl of 2-7 carbon atons, alkynyl o

ppenyl @adpenzdt ons, triphenyl methyl, benzyl,

al koxyrmet hyl of 2-7 carbon atons, chloroethyl, or
tetrahydropyranyl; R8 and RO are taken together to

form X;

4, A process according to any of claims 1 to 3, wherein the 31-silyl ether is a

trimethylsity! ether.

5. A process according to any one of claims 1 to 4, wherein the acylation step (a) is
performed with 5-methyl-2-phenyl-1,3,2-dioxaborinane-5-carboxylic acid.

6. A process as claimed in any one of claims 1 to 4 in which the acylation step (a) is
carried out using the 2,4,6-trichlorobenzoyl mixed anhydride of 5-methyl-2-phenyl-1,3,2-

dioxaborinane-5-carboxylic acid.

7. A process according to any of claims 1 to 6, wherein the acylation in step (a) is
carried out at less than about 20 °C.

8. A process as claimed in claim 7 which is carried out at a temperature of from
about -50°C to about 20°C.

9. A process as claimed in any one of claims 1 to 9 in which step (a) is carried out
in a solvent comprising methylene chloride.
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X is a 2-phenyl -1, 3, 2-di oxabori nan-5-yl or a

2- phenyl - 1, 3, 2- di oxabori nan-4-yl, wherein the phenyl
woreysloes9ept i onal |y substituted; and RL3 are eaP®[/US2004/022860
i ndependent |y, hydrogen, al kyl of 1-6 carbon atons,

al kenyl of 2-7 carbon atons, al kynyl of 2-7 carbon

atons, trifluoronethyl, or -F, and f = 0-6; to give a

42- ester boronate 31-silyl ether of rapanycin; (b)

sel ectively hydrolyzing the 42- ester boronate

31-silyl ether in nmld acidic conditions to provide a
rapanycin 42-ester boronate; and (c) treating the
%pa%(ﬂr?f?eéﬁ ag slaimedrasyyzane ofictaima 1 0 whetain thecdcid i step (b) is a

Sl indfyamickdigst er of rapanycin. 2. A process according
to claim, wherein the 42-ester of rapamycin prepared

is CC - 779 and wherein said acylating step (a)
¢p”prA%€§ce§§Mb@irdlﬁg td ABATYE WRerdhy ﬁb|a\ﬁldg?%ﬂl?hg@f(@y:hp%rochloric or

g¥ phenyl 3, 2- di oxabori nane
¢ 8Pidy xed anhydrlde of
5- nethyl 2- phenyl - 1, 3, 2- di oxabor i nane- 5- car boxyl i c

idto |ve ra cin 31-O-silyl ether, 42-ester
ﬁ?g dhBEASE S%aCCR“ﬁ'P% My El drhareiy thecacid useshin stap (b) isiswifuric acid.

2, wherein the 31 S|Iyl ether has the formula -OSiR R
the sane or different

§e| ek BipcrRoRraralyn Ranvions iaiioh 18 1o wherRImy atkised in step

(beisZydm adout M. tN tecaismit aNcording to any of clainms 1 to
3, wherein the 31-silyl ether is a trinmethylsilyl

et her.
14. A process according to claim 13 wherein the acid used in step (b) is from about

0.2N to about 2N.

15. A process according to claim 13 or 14 wherein the acid used in step (b) is about
0.5N.

16. A process according to any one of claims 1 to 15 wherein step (b) is carried out in
a single phase aqueous acid/organic solvent system.

17. A process according to claim 16 wherein the organic solvent is acetone.

18. A process according to any one of claims 1 to 17 wherein step (b) is carried out at

a temperature from about 25°C or below.

19. A process according to claim 18, wherein step (b) is carried out at a temperature
from about -5°C to about 10°C.

20.  Aprocess according to claim 18 or claim 19, wherein step (b) is carried out at a

temperature from about 0°C to about 5°C.
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5. A process according to any one of clains 1 to 4,

wherein the acylation step (a) is perfornmed with
wW®G20080199B5 2- phenyl - 1, 3, 2- di oxabor i nane- 5- car borg1/U82004/022860

acid. 6. A process as clainmed in any one of clains 1

to 4 in which the acylation step (a) is carried out

using the 2,4,6-trichl orobenzoyl m xed anhydri de of

5- met hyl - 2- phenyl - 1, 3, 2- di oxabori nane-5-carboxylic

&bi dh Procesa gucorskngstozuy of diaings t oo 20)whafeic kad el Usetitn Step (c) is a

yhereinghhe psy@tion in step (a) is carried out at

l'ess than’ about” 20 C. 8. A process as claimed in claim

7 which is carried out at a tenperature of from about

0 ; : ' I g ,any, one.,.

2RO b pRebrafiit cim B PHAGER <3 Byl 2 ol
sol vent conprising nethylene chloride.10. A process as

ai ' [ t L] .he agi . .
R oo Bl 1 o) i kfind 118 22 RS 4G BEbTo s usear
HeABPWIL 0 roe fhost intenplkaus Srimelp equivalantss sul phuri c,
hydr ochl ori c or phosphoric acid. 12. A process
according to claim, wherein the acid used in step (b)
7% st PICRSS axFlaimergn apy gpe eEGlainag ¢ & 28.rig Whishaatsp (ehs carried out
N3 16l g2t [ ed in step (b) is
from g%%régqrélm}’%ﬁggﬁ? tgl%Fa%I%A‘@pr ocess accordi ng
to claimwherein the acid used in step (b) is from

RDOULA Brogbbd & aRmdd iR %'ny aﬁ? 8&&%?%&2{}9@ %%b%?espt @Bgﬂ'{ied out in

claimor 14 wherein the ac use n st'e
toe Brasenes offetrhydiafuranselyedti ng to any one of clains 1
to 15 wherein step (b) is carried out in a single

Z%hase aqueous acj d/ organi ¢ sol vent system
. A process as claimed in in any one of Claims 1 to 24, which is carried out in the

presence of ether solvent.

27. A process as claimed in claim 1 in which the rapamycin 31-O-trimethylsilyl ether, 42-
ester boronate has formula:

wherein R is -O-C=0.CR7R8RY, wherein:
R7 is hydrogen, alkyl of 1-6 carbon atoms, alkenyl! of 2-7 carbon atoms, alkynyl of 2-7
carbon atoms, -(CR12R13);0R10, -CF3, -F, or -CO2R10:

-18-



17. A process according to claim16 wherein the
organi c solvent is acetone. 18. A process according to
wa@rgson®3df clainms 1 to 17 wherein step (b) i SPCHUR2084022860
out at a tenperature fromabout 25 C or below. 19. A
process according to claim18, wherein step (b) is
carried out at a tenperature fromabout -5°C to about
C. 20. A process according to claim18 or claim 19,
N\?t?qé ?wc’géf RIyDYF 1-6 caiyohisksng Wikenly ¢ 22 mbﬁtawms fan@AYl of 2-7
abou 0 a ess 0 an
00Ul catels 457 Db Il BRER AR Y & Léhchhn B,
i's achl&eethﬂ] &tetréhy@ropyranyl,S diol. 22. A process
I%:cord to claim2 , g(r_einthe diol is

m'ﬁyﬁ aﬁe'bté’ﬁ’?gﬁét%foﬂ'f‘ 23. A process according to
YaRy?- merryl ABMBdidxddridan \Mwbnewhéﬁwcﬁ Bliokabdiin@R-4Q) s

t bout 5 I
Weto 4% @ymﬁav%aoaw@ﬁgglﬁ#%? i med in any one of
ﬁhﬁbﬁ@Rm E%gé’bh lnGeH@Ho@htlﬁ%@&o@@ﬁ éll@yl G\a’f—@c%ijodﬁuét%ﬁg &kenyl of

enperature of from a
pr oc ks 5 cabop aime @IKYRYIh ¥-oersb e a"@f"ﬁ‘l’ féluaromstipd, ori-f;
aMai ch step (c) carried out in the presence of
tetrahydrofuran solvent. 26. A process as clained in
fiT0-Gny one of Clainms 1 to 24, which is carried out in
the presence of ether solvent. 27. A process as
claimed in claim1 in which the rapanycin
281 - Hpregesterylaimed in caimel in which ibgtraparpysinfibaronats ester has the
hefl a: wherein Ris -0- C=0CR R RY , Wherein: R7 is
hydrogen, al kyl of 1-6 carbgn atons, al kenyl of 2-7
carbon atons, al kynyl o carbon atons, -(CR R )fOR
10, -CF, -F, or -CO2R »is hydrogen, al kyl of 1-6

carbon atons, al kenyl, |of 2-% carbon atons, al kynyl of
2-7 carbon atons, gﬂ%b N hyl , benzyl, ‘
H

al koxynmet hyl of 2

wherein R is -O-C=0.CR”R8RY, wherein:

R7 is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-7
carbon atoms, -(CR12R13){OR10, -CF3, -F, or -COoR10;

R10 is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-7
carbon atoms, triphenylmethyl, benzyl, alkoxymethyl of 2-7 carbon atoms,
chloroethyl, or tetrahydropyranyi;

R8 and R9 are taken together to form X;

Xis 2-phenyl'-1 ,3,2-dioxaborinan-5-yl or 2-phenyl-1,3,2-dioxaborinan-4-yl,

wherein the phenyl may be optionally substituted;

R12 and R13 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, alkenyl of
2-7 carbon atoms, alkynyl of 2-7 carbon atoms, trifluoromethyl, or -F;
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chl oroet hyl, or tetrahydropyranyl; R8 and RO are taken

together to formX, X is

wWQ2@hempBs 1, 3, 2- di oxabori nan-5-yl o PCT/US2004/022860

2- phenyl - 1, 3, 2- di oxabori nan-4-yl, wherein the phenyl

may be optionally substituted; R12 and R13 are each,

i ndependently, hydrogen, al kyl of 1-6 carbon atons,

al kenyl of 2-7 carbon atons, al kynyl of 2-7 carbon

addons, trifluoronethyl, or -F, and f = 0-6. 28. A
_&ess as claimed in claim21 in which the rapanycin

42-Poronate ester has the fornula: wherein Ris

-OC=OCR RR9, wherein: R7 is hydrogen, alkyl of 1-6

rbo f toms, al kynyl of
&7 AR o Bt Rpp i B BB O U R0
R10 i s hydrogen, al kyl of 1-6 carbon atorrB al kenyl of
2-7 carbon atons, al kynyl of 2u7 carbon atonmns,
tri phenyl methyl, benzyl, al kfxypgthyl of 2-7 carbon
atons, chloroethyl, or te ropyranyl; R8 and R9
are taken together to formk X is
2- phenyl - 1, 3, 2- di oxabori “5-yl o
2- phenyl -1, 3, 2- di oxabori~van&-yl, wherein the phenyl
may be optionally s bsgtut id; R12 and R13 are each,
i ndependent |y, hydroge of 1-6 carbon atons,
al kenyl of 2-7 carkenNaPons, yl of 2-7 carbon
atons, trifluoropethylg or -F;andof 0-6. 29. A process
for preparing apsdnpBund of TOr

b

which comprises treating a 31-silyl ether, rapamycin 42-boronate ester with a suitable
diol.

30. A process according to claim 29 wherein the diol used is a 1,2-, 1,3-, 1,4, or 1,5 diol.

31. A process according to claim 29 or claim 30 wherein the diol is 2-methyl-2,4-

pentane diol.

32. A process according to any of claims 29 to 31 wherein the diol is used in an
amount of from about 1 to about 5 mole equivalents.

33. A process as claimed in any of claims 29 to 32, which is carried out at a temperature
of from about -5°C to about +25°C.

34. A process as claimed in any of claims 29 to 33, which is carried out in the presence
of tetrahydrofuran solvent.
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whi ch conprises treating a 31-silyl ether, rapamycin

42-boronate ester with a suitable diol. 30. A process
wW@e@sntivsy to claim 29 wherein the diol used i BCHUS204/022860

,3-, ,4, or ,5diol. 3. A process according to claim

29 or claim30 wherein the diol is 2-nethyl-2,4-

pentane diol. 32. A process according to any of clains

29 to 31 wherein the diol is used in an anount of from

3 Alprotesvastiaintiedin any ef dqitis28 terft3s whigh.is darped oeiss tlaspresence

|_aj L0 any of clains 29 to 32, which is carried
(%Sﬁmggggeﬁénperature of from about -5°C to about +25
C. 34. A process as claimed in any of clains 29 to 33,

b P S o202 8horg oot s

whwhcmnmkasns 29 to 33, which is carried out in the

presenc [
5" ot hy 28 g 2 2is GNU SRt o o e QGRS HEn b ARR
acid, which conprises: reacting

[ r I [ [
7, 21 RO A8 PR Gy 1 kD prosence ofgahrotran
aphieoh is carried out in the presence of
tetrahydrofuran solvent. 38. A process for increasing
the purity of a compound of fornmula in a solution
Iorht BioseeRyioF §rRasigRhe Aditcof 4 campaundbofderrulabout 10: 1B
i somer and C isoner conprising the step of adjusting
the pH of the solution to a p of about 5 to about 6.
39. A process as clained in 38, which is carried out
in the presence of acetone solve 40. A process as
clainmed in claim38 or clain1395?gaich is carried out
in the presence O-g

in a solution containing isomers B and C in a ratio of < about10:1
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of sodium acetate buffer. 4 . A process as clained in
claim38 or claim39,, which is carried out in the
w@r@smn®es of sodi um bi carbonat e and aceti c aci PICT/AR20044022860

compound of formula (I): OHin which Ris selected

from -OC=0CR R RO wherein: R7 is hydrogen, alkyl of
1-6 carbon atons, al kenyl of 2-7 carbon atons, alkynyl

of 2-7 carbon atonms, -(CR R)fORI 0, -CF3, -F, or

-CO2R10 ; R is hydrogen, ky| of 1-6 carbon ato

al kenyl of 2-7 carbon atpnp, al kynyl of 2-7 carbo

atons, triphenyl met hyt';8 benzyl al koxynet hyl R-7
car bon atons, chl or o |, or tetrahydropyroan .°R8
andR9aretakent ether to formX Xis

2- phenyl -1, 3, 2- or| nan-5-yl o

2- phenyl -1, 3, 2- a(gﬁorl nan-4-yl, V\herei“r@rec{phenyl

may be opti ona ]y substi t ut ed, R12 and

|ndependen of 1
al kenyl 217
at ons, trlf uo onet hyl ,

~0f mul a: —bn

RO wherein:

Al kenyl
7

B isomer and C isomer

comprising the step of adjusting the pH of the solution to a pH of about 5 to about 6.

39. A process as claimed in 38, which is carried out in the presence of acetone

solvent.

40. A process as claimed in claim 38 or claim 39, which is carried out in the presence

of sodium acetate buffer.

41. A process as claimed in claim 38 or claim 39,, which is carried out in the

presence of sodium bicarbonate and acetic acid.

42, A compound of formula (1):
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i s hydrogen, alkyl of 1-6 carbon atons, al kenyl of 2-7
carbon atons, al kynyl of 2-7 carbon atons,

wao eioploereys net hyl , benzyl, al koxymet hyl of 2-7 PEFr/82904/022860
atons, chloroethyl, or tetrahydropyranyl; R8 and RO are
taken together to formX;, X is
2- phenyl - 1, 3, 2- di oxabori nan-5-yl o 2-phenyl -1,
>2-di oxabori nan-4-yl, wherein the phenyl may be
optim wh'&hIR/issaelmte’othImd R12 and R13 are each,

I ndep ent drogen, al kyl of 1-6 carbon atons,
al ken&'g &"l’g? 8@? Htoms al kynyl of 2-7 carbon
F@W i "HarobEh fe\llg? Bpff%tééYBon RA6ms Falkéyfof 2-F cBrbin a@(ﬂﬁ’s alkynyl of 2-7

wher éi n are the same or different
sel ecqaé@nfa’tgmml @R”dﬁ”)rog QaﬂﬁerrFapbiﬁstl%)Wenyl and

tlﬁ%gdrﬂg?m)ﬂlkygotjﬁgﬁﬁ o\éha%grgs a?kenal %ryﬂ:anrbgr% ateosn%s alkynyl of 2-7

di ox adagdnnoRs Srigledrytmethylcoa@yid alkéymethg @fRquctibbmatoms,
mhlt ﬁhqg‘oroetﬁﬁac%e%r%ydrop?fgnryl net hyl silyl ether, 42-ester

F(aeérm/hg greollgﬁé}y{o-géth%r ?O-ﬂhﬁ))@borl nane 5 car boxyl i c acid.
oun or my : R RO wherein RY,

e BN eI U ARSI N DA SO AR el

vﬂi@a‘ﬁéﬁﬁﬁhéﬂﬁwé}'ﬁfm&@bé‘éBtléH&ﬁ%@@éstltL&Jd A conpound as

cl ai me | ai m 46 which is 5-nethyl-2-phenyl -1, 3, 2-
aﬂ%ambe‘# AEerRAH, @demﬁmlynﬂsc haidriogen vyt ef hBtcaESapIateiys, alkenyl of
opt| i0f OF t ol

m xe an%&%ri F{y\ﬁgﬂf\?e?t ré?'ﬁ% ms, gﬁlﬁ&lo o%dyas

agdai ned in cl al m 46 whi ch is 5-net hyI 2- phenyl -1, 3, 2-

fdi @gabori nane- 5-carboxylic acid or a

2,4,6-trichl orobenzoyl m xed anhydri de derivative

43, A compound of formula:

in which R is selected from:

-0-C=0.CR7R8R9 wherein:
R7 is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-7
carbon atoms, -(CR12R13);OR10, -CF3, -F, or -CO2R10;
R10 is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-7
carbon atoms, triphenylmethyl, benzyl, alkoxymethyl of 2-7 carbon atoms, chloroethyl, or

tetrahydropyranyl;
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t her eof .

WO 2005/016935 PCT/US2004/022860

R8 and R? are taken together to form X;
X is 2-phenyl-1,3,2-dioxaborinan-5-yl or 2-phenyl-1,3,2-dioxaborinan-4-yl,
wherein the phenyl may be optionally substituted;
R12 and R13 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, alkeny! of
2-7 carbon atoms, alkynyl of 2-7 carbon atoms, trifluoromethyl, or -F;
and
f = 0-6;
and wherein R’, R”, and R™ are the same or different selected from alkyl of 1-6
carbon atoms, phenyl and benzyl.

44, A compound which is rapamycin 42-ester with 5-methyl-2-phenyl-1,3,2-
dioxaborinane-5-carboxylic acid.

45. A compound in which is rapamycin 31-O-trimethylsilyl ether, 42-ester with 5-
methyl-2-phenyi-1,3,2-dioxaborinane-5-carboxylic acid.

46. A compound of formula :

HO-C=0.CR'R°R’
wherein R’, R® and R® are as defined in Claim 1, or a mixed anhydride derivative thereof.
47. A compound as claimed in claim 46 which is 5-methyl-2-phenyi-1,3,2-
dioxaborinane-5-carboxylic acid, wherein the phenyl is optionally substituted; or a 2,4,6-
trichlorobenzoyl mixed anhydride derivative thereof.
48. A compound as claimed in claim 46 which is 5-methyl-2-phenyl-1,3,2-

dioxaborinane-5-carboxylic acid or a 2,4,6-trichlorobenzoyl mixed anhydride derivative
thereof.
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