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DERI VATI VES BACKGROUND OF THE INVENTION 5 This invention relates to the
regi osel ective synthesis of derivatives of rapanmycin at the 42-position,
whi ch are WO or i nduci ng i ntnunosuppression, and i RCTABS0YI6445t ment of
transplantation rejection, graft vs. host disease, autoinmune diseases,
di seases of inflammation, adult T-cell_jeukem a/lynphoma, solid tunors,
fungal infections, and hyperproliferative vascul ar disorders. Mre
particularly this 10 invention provides an essentially selective process
for preparing BMQ
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ef fects of rapanmycin have been disclosed in 25 FASEB 3, 3411 (1989).

Cycl osporin A anngéng,gﬁ llso; qg&{cr 8fcoﬁ¥e%'a%ngg>hfcm Sg have been
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[U.S. Patent 5, 32Rafd@f¥tin alone (U.S. Patent 4,885,171) or in combination with picibanil
(U.S. Patent 4,401,653) has been shown to have antitumor activity, R. Martel et al.
20 [Can. J. Physiol. Pharmacol. 55, 48 (1977)] disclosed that rapamycin is effective in
the experimental allergic encephalomyelitis model, a model for multiple sclerosis; in
the adjuvant arthritis model, a model for rheumatoid arthritis; and effectively
inhibited the formation of IgE-like antibodies.
The immunosuppressive effects of rapamycin have been disclosed in
25 FASEB3, 3411 (1989). Cyclosporin A and FK-506, other macrocyclic molecules,
also have been shown to be effective as immunosuppressive agents, therefore nseful
in preventing transplant rejection [FASEB 3, 3411 (1989); FASEB 3, 5256 (1989);
R.Y. Caine et al., Lancet 1183 (1978); and U.S. Patent 5,100,899].
~ Rapamycin has also been shown to be useful in preventing or treating
30 systemic lupus erythematosns [U.S. Patent 5,078,999], pulmonary inflammation
[U.S. Patent 5,080,899), insulin dependent diabetes mellitus [U.S. Patent 5,321,009],
smooth muscle cell proliferation and intimal thickening following vascular injury
{US. Patent 5,516,781), adult T-cell leukemia/lymphoma [European Patent
Application 525,960 A1], and ocular inflammation [U.S. Patent 5,387,589].
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of the 31,42-bisester increased significantly, The resulting crude product [B] is
contaminated with unreacted rapamycin and 31,42-bisester, and subsequent column
chromatography purification effort has proved to be difficult as the 42,31-bisester has
a very close retention time with product [B]. Overall, the major obstacle in large-
25 scale production of compound [B] eppears to be the non-regiospecificity that is
further complicated by purification difficulties.

There is therefore a need for a regioselective synthesis of 42-esters or ethers
of rapamycin.
30
There is a need for a process for selectively preparing 42-esters or ethers of
rapamycin that is suitable for commercial or large scale production and which can be
carried out efficiently.



further conplicated by purification difficulties. There is therefore a need
for a regioselective synthesis of 42-esters or ethers of rapanycin. 30
There is 3 5f0r a process for selectively preparing_42-esters or ethers
of rapanycin at is suitable for comrercial or |arge gggpgmﬁ?ﬂﬁuction and
whi ch can be carried out efficiently. WO 01/23395 PCT/US00126445 - 3-
DESCRI PTION OF THE INVENTION In a first- aspect this invention provides a
regi osel ective process for preparing a 31-silyl ether of rapanycin, eg a :
conpound ofDESﬁﬁm'wNQ INVENTIONE OO0 GSIR R' R N 31 HD O O Me0" O
OW (1A) wherein R, R' and RW are each organic groups such as al kyl

groups preferabl containing | to 6 carbon atonms, eg 1 to .4 carbon atons
nost pref erabl yIﬁglﬁfﬁgﬁmg%ﬁnveféorhpmv@p%ﬁwg}osmtgﬁ PEQsSsSTios BParng) ¢ reat i ng
rapanyci n vé 3lssikyl ethéryof sapamyciaegratcompoimk ofiforapdaidci n 31, 42-bi s-silyl et her;
and (b) swydrolysing the 42-silyl ether group in cold dilute acid to provide
rapanycin 31-silyl ether, eg a cg oqu.,of formula (1) above. 15 The
rapanmycin 31-silyl ether may be ed or etherified on the 42-hydroxy
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wherein R, R" and R™ are each organic groups such as alkyl groups preferably
_containing 1 to 6 carbon atoms, eg 1 to 4 carbon atoms most preferably methyl, ethyl
10  and propyl, which comprises: | -
(a) treating rapamycin with a silylating agent to form rapamycin 31,42-bis-silyl
ether; and
(b)  hydrolysing the 42-silyl ether group in cold dilute acid to provide rapamycin
31-silyl ether, eg a compound of formula (I) above..

15 : _ o -

The rapamycin 31-silyl ether may be acylated or etherified on the 42-hydroxy
group followed by removal of the 31-silyl protecting group and any other protecting
group that might be present to give desired 42-esters or ethers of rapamycin.

20 Accordingly in a second aspect this invention provides a regioselective

method for the preparation of a 42-ester or ether rapamycin having the structure ()




group followed by renoval of the 31-silyl protecting group and any ot her

protecting group that mght be present to give desired 42-esters or ethers

of rapamycin. 20 Accordingly in a second aspect this invention provides a

regi osel ectWQB2335t hod for the preparation of a 42-ester P ST“@@ﬁg?wrapanycin

having the structure (1) WO01/ 23395 PCT/USO0/ 26445 -4 R 42 O C OO0

OH NHOO O Mcr 0 Owe wherein Ris-.q@n ester or ether, which conprises:

(a) treating rapamycin with a silylating agent to forn1rapany0|n

31,42-bis-silyl ether; 5 (b) hydroly g,Rhe 42-silyl ether in cold dilute

acid to provide rapamycin 31-silyl [ ; (c) treating the rapanmycin

31-silyl ether with a suitable ester g or etherifying reagent to form

rapanycin 31-silyl ether 42-ester r € herONhhd (d) hydrolysing the

31-silyl ether in cold dilute ésired renoving any 10

[ ntially to provide the desired

d ethers of rapamycin

|s i nvention are

her eby i ncor porat ed
0 - an1noa|ky| esters (U. S.

ed esters (U S. Patent 5 100, 883); am de

o cHfanate ester . S. Patent 5,118,678);

silyl ethers (U S. Patent| 5, .20 ani noest ers (U S. Patent 5,130, 307);

acetals (U. S. Patent 5,5 /S. Patent 5,162, 333);

sul fonate and sulfate esters (U S. 2D Patent 5,17v7,203); esters (U S.

Pat ent 5, 221,670); al koxyesters (U. Pat ent ' o

wherein R is an ester or ether, which comprises:
(a) treating rapamycin with a silylating agent to form rapamycin 31,42-bis-silyl

rapanycin 42-ester or ether.{ Preferrgd
whi ch can be prepared by the t
di sclosed in the foll ow ng) patjent
by reference: al kyl ester

Pat ent 4, 650, 803); fl uorH@
esters (U S. Patent 5,1

ether;
5 (b) hydrolysing the 42-silyl ether in cold dilute acid to provide rapamycin 31-silyl

ether;
(c)  treating the rapamycin 31-silyl ether with a suitable esterifying or etherifying
reagent to form rapamycin 31-silyl ether 42-ester or ether; and
(d)  hydrolysing the 31-silyl ether in cold dilute acid and if desired removing any

10 protecting group on R simultancously or sequentially to provide the desired
rapamycin 42-ester or ether.

Preferred 42-esters and ethers of rapamycin which can be prepared by the

method provided by this invention are disclosed in the following patents, which are

15  all hereby incorporated by reference: alkyl esters (U.S. Patent 4,316,885); aminoalkyl
esters (U.S. Patent 4,650,803); fluorinated esters (U.S. Patent 5,100,883); amide
esters (U.S. Patent 5,118,677); carbamate esters (U.S. Patent 5,118,678); silyl ethers

(U.S. Patent 5,120,842); aminoesters (U.S. Patent 5,130,307); acetals (U.S. Patent
5,51,413); aminodiesters (U.S. Patent 5,162,333); sulfonate and sulfate esters (U.S.

20 Patent 5,177,203); esters (US. Patent 5,221,670); alkoxyesters (U.S. Patent
5,233,036); O-aryl, -alkyl, -alkenyl, and -alkynyl ethers (U.S. Patent 5,258,389);
carbonate esters (U.S. Patent 5,260,300); arylcarbonyl and alkoxycarbonyl
carbamates (U.S. Patent 5,262,423); carbamates (U.S. Patent 5,302,584); hydroxy-
esters (U.S. Patent 5,362,718; WO 95/28406); hindered esters (U.S. Patent

25 5,385,908); heterocyclic esters (U.S. Patent 5,385,909); gem-disubstituted esters



5,233,036); Oaryl, -alkyl, -alkenyl, and ;al kynyl ethers (U S. Patent
5,258,389); carbonate esters (U.S. Patent 5,260,300); arylcarbonyl and

al koxycarbonyl carbamates (U. S. Patent 5,262,423); carbamates (U. S. Patent
5, 302, 584%0 °Xf§:ﬁ?50xy- esters (U S. Patent 5,362,718; WO YETEBWEEHS hi nder ed
esters (U S. Patent 25 5, 385,908); heterocyclic esters (U S. Patent
5,385,909); gemdi substituted esterssSA0 01f 23395 PCTI USO0/ 26445 -5 (U. S.
Pat ent 5, 385,910); am no al kanoic esters (U. S. Patent 5,389, 639); .
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( 10% é{)ﬁgﬁlﬁa t’hy?eb
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i 82‘;%) R e %‘%&Iﬂe‘ , Pl éﬂ i @;ﬁ%&éﬁi?
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each, 1 ndependeyy | gurmoR V45RE) Efiphy ey, bériz§l, Cﬂ&gﬁeﬁ&f)'& 2 RldReY of
: atoms, chloroethyl, or tettahydi‘opyra_nyl;
X is 5-(2,2-di~(alkyl of 1-6 carbon atoms))[l,S]dioxanyl, 5-(2-spiro(cycloalkyl of 3-8
20 carbon atoms))[l,S]didxanyl, 4-(2,2-di-(alkyl of 1-6 carbon atoms))[1,3]-
didxanyl, 4-(2-spiro(cycloalkyl of 3-8 caf_bon atoms)){1,3]dioxanyl, 4-(2,2-di-
(alkyl of 1-6 carbon atoms))[1,3]dioxalanyl, or 4-(2-spiro(cycloalkyl of 3-8
carbon atoms))[1,3]dioxalanyl;
R3 and R4 are each, independently, hydrogen, alkyl of 1-6 carbon atoms, alkenyl of
25 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, tnﬂuoromethyl or -F;
and

f=0-6; with the proviso that R contains at least one -(CR3R4);OR10 or X group;
and
(b) - OR'(ie., ethers) where R' is alkyl, thioalkyl, arylalkyl, hydroxyalkyl,
30 dihydroxyalkyl, hydroxyalkylarylalkyl, dihydrokyalkylarylalkyl, alkoxyalkyl, acyl-
oxyalkyl, aminoalkyl, alkylaminoalkyl, alkoxycarbonylaminoalkyl, acylaminoalkyl,
arylsulfonamidoalkyl, allyl, dihydroxyalkylallyl, and dioxolanylallyl, carbalkoxy-
alkyl, wherein "alk-" or "alkyl" refers to C, Aa.lkyl, branched or linear, preferably C,,
alkyl, in which the carbon chain may be optionally interrupted by an ether (-O-)



25 2-7 carbon atons, al kynyl of 2-7 carbon atons, trifluoromethyl, or -F;
and f=0-6; with the proviso that R contains at |east one -(CR3R4)fORI O or
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[1 3-di oxanez§5 %ﬁnﬁ’ﬂﬁg@* ?ch%Brl&S:gard to step (a) the silylation may

be carried olf vent ethyl acetate; preferably in the
presence of a sw tabl e base, i m dazol e. The reaction may be carried

osc 1 'S by e g 2’%@@@%@% At B e o st soeBt S of ect e
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common, commercially available chloroalkylsilanes, such as chlorotrimethylsilane,
chlorotriethylsilane or chlorotripropylsilane. However, the bulkier the trialkylsilane,
the more time is needed to deprotect in acid media during the penultimate chemical

20  step to regenerate the 31-hydroxyl group. Also, a longer reaction time in the acid
media generates more degradation by-products. Although chlorotrimethylsilane,
chloro-triethylsilane or chlorotripropylsilane can be used for the preparation of
rapamycin 31-O-trialkylsilyl ethers, chlorotrimethylsilane is the preferred silylating
agent. The trimethylsilyl group is more acid labile and therefore easier to de-protect

25  during the transformation and in ‘effect, this minimizes the formation of degradation
products. In a preferred process rapamycin is treated with excess chloro-
trimethylsilane in ethyl acetate at 0 - 5°C in the presence of an organic base and the
42- and 31- hydroxyl groups of rapamycin are silylated to form rapamycin 31,42-bis-
O-trimethylsilyl ether in quantititive yield. The common organic bases such as

30  imidazole, 1-methylimidazole, triethylamine and N, N-diisopropylethylamine can be
used for the general silylation reaction. However, imidazole is found to be the
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or below are used, such as from about -5°C to + 10°C, most preferably from 0 to 5°C.
20  Most preferably the de-protection is effected after the silylation reaction i sifx at 0 -

5°C with ethanol, ethanol-water mixtures, water and dilute inorganic or organic acids.
Sulfuric acid (0.5 N) is particularly preferred since the reaction is clean and can be
completed in 2 - 5 hours which is convenient for commercial production. However
longer reaction times have been found necessary where less reactive silyl protecting
25 groups are employed, eg tri-ethylsilyl or ﬁ-pmpylsﬂyl and in such cases a single
phase solvent system can be used to selectively de-protect, eg acid/acetone.
A number of organic solvents can be used for silylation and in particular,
DMEF is often mentioned in the literature. However, in this invention, ethyl acetate is
the preferred solvent for step (a) so that a two phase reaction medium is used for the
30 subsequent deprotection step (b).
With regard to step (c) the estenficauon or ethenﬁcatlon of the 31-protected
rapamycin can be carried out under conditions described in the patents listed above.

For example, in Scheme I shown hereinafter, the acylation of rapamycin 31-
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dilute acid sugc a§.descr5bed above, preferably a dilute i'norganic acid
such as sul fgmed out in a single phase aqueous acid/organic solvent system, eg. where the

organic solvent is acetone. The reaction may be carried out at a temperature about
20 25°C-or below, eg. from about -5°C to about 10°C, preferably from about 0°C to about
5°C.

In the following Scheme I, the acylation products, 31-O-TMS, 42-(protected-
hydroxy) esters (compound {E]) can be further treated with diluted acid to convert
them to 42-(protected-hydroxy) esters (compound {B]) or used directly to make final

25 product 42-hydroxyesters (final product [C]). This methodology can be used to
prepare other esters or ethers of rapamycin, by simply varying the esterfiying or
etherifying agent used.

The following scheme also illustrates the regioselective preparation of

rapamycin 42-ester with 2,2-bis-(hydroxymethyl)propionic acid, as a representative

30  42-ester of rapamycin, which can be prepared according to the method provided in

this invention. The original synthesis of rapamycin 42-ester with 2,2-bis-(hydroxy-
methyl)propionic acid is disclosed in US Patent 5,362,718,
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In Scheme I, conversion of compound [B] to rapamycin 42-ester with 2,2-bis-~
(hydroxymethyDpropionic acid [C], can be accomplished under mildly acidic
conditions. It is preferred that aqueous sulfuric acid is used, as it minimizes the

5  formation of impurities generated when aqueous hydrochloric acid is used, as
described in the US Patent 5,362,718. The tetraene impurity formed when using
hydrochloric acid has been reported to be difficult to separate from the desired
product by column chromatography (Caufield ez al, Tetrahedron Lett., 1994, 37,
6835). It is also preferable to carry out the hydrolysis at 0 - 5°C rather than room

10  temperature as described in US Patent 5,362,718.

Accordingly this invention also provides a process for preparing a compound
of formula (C):

, OH
o _L__OH

15

which comprises hydrolysing a compound of formula (B):



k G WD 01123395 PCT/ US00/ 26445 -10 In Schene |, conversion of conpound
[B] to rapanycin 42-ester with 2, 2-bis- (hydroxynethyl)proplonlc acid [O),
can be a Lghed under mldly acidic conditions. It red that
aqueous §ﬁ$pﬁ#k acid is used, as it mnimzes the 5 fJFﬁEﬁ%ﬁ?@ﬁ ’
I mpurities generated when aqueous hydrochloric acid is used, as described
in the US Patent 5,362,718. The tettHene inpurity forned mhen usi ng
hydrochl ori ¢ acid has been reported to be dlfflcult to separate fromthe
desired product by colum chromatography ( | d et al, Tetrahedron
Lett., 1994, 37, 6835). It is also prege 0 carry out t he hydrolysis
at 0 - SC rather than room 10 tenperaturyg d€scribed in US Pat ent

5,362, 718. Accordingly this invention alsf provides a process for preparing
a conmpound of formula (C: OH O CF e eOVe O OH 31 MO 0O 15 (O

[ [ of formula (B): WD 01/23395

2. N31 HO O M0" O O W
OMe

' [B]

in which R, is hydrogen or -SiR'R"R™ wherein R', R" and R" are the same or different

selected from alkyl of 1-6 carbon atoms, phenyl and benzyl; using dilute sulfuric acid,

eg using IN to 3N sulfuric acid.  Preferably the reaction is carried out at a
5 temperature of -5°C to +10°C. Tetrahydrofuran is preferably used as solvent.

The synthetic route disclosed in this invention provides several distinct
advantages over the synthetic methodology which has been published for the
preparation of rapamycin esters or ethers; mainly in the yield and ease of purification

10  of the desired 42-esters or ethers. As this is a regioselective synthesis, the overall
yields of the desired 42-esters or ethers is dramatically improved. For example, the
synthetic methodology taught in US Patent 5,362,718 provides compound [B] in a
35% yield, whereas, the synthesis of [B] is accomplished in 85% yield using the
methodology disclosed herein. ~ Additionally, the conversion to rapamycin 42-ester

15 with 2,2-bis-(hydroxymethyl)propionic acid from [B] is accomplished in
approximately 75% yield using the process described herein, whereas only a 20%
conversion is provided using the methodology of US Patent 5,362,718.

Using the same methodology, 42-ethers of rapamycin can be prepared in a

20 regioselective manner. As an example, US Patent 5,665,772 discloses the preparation
of 40-O-alkyl ethers of rapamycin in a non-regioselective manner. Owing to
nomenclature differences, the 42-position of rapamycin (as named in this invention)



[B] in which RZis hydrogen or -SIR R'R'" wherein R, R' and R'' are the
sane or different selected fromalkyl of 1-6 carbon atons, phenyl and
benzyl; using dilute sulfuric acid, eg using INto 3N sul furic acid.
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(as nanmed in this invention) WO 01/2"3395 PCT/ U500126445 -12 is referred
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Using the %%ﬁh%%ﬂ&ﬁ&ﬁ&ﬁ%%&@g %{ {W'mﬁ Qet&% lhyg,g' Lyl ether

can be treated wth, for exanple met hyl silyl) oxye

triflate) t @r@a@pp@gf the 4estery mﬁmﬂqu cgﬁmym,ycm as disclosed herein. The sﬂlcon
42- O ( 2-5 - Bt s FEfead L%Lélﬁwk@tmﬁmﬂs@gwg Bnick AP Y inelende g > ST 1Y

protecting groups romt e droxyl grou rapanycin an romthe 42-
hydr oxyet hy|diffsens: Jypigal sitd e&)@@cnﬁshxs gwe@oammnrﬂ,m w&"' impieties whight i ons,

such as d| I f V, AN parryci n.
The non- a&%geﬁeggt]i%g&?%fﬁgﬁ g;h&{(ﬁ, %?%nzﬁgggo é%hlg)r‘ésjhg?]y%ﬁ?}l}n‘{%lbﬁ is

di scl os ed i rprayshedoaratreightschaies 1713 prefanmskstbatR'sB", cath R ebepatly) raays, and

regi osel ect i¥al YrefdrfRd HAPRTYS] AAd Rer fle methyl or ethyl. It is still more preferred that

20  the 31-silyl ether is rapamycin 31-O-trimethylsilyl ether.

Accordingly this invention provides 31-sily] ethers of formula (IA) and (IB):
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10 trinmethylsilyl ether. This invention also covers 31-silyl ethers of
rapanycin and 31-silyl ethers of 42-esterified or etherifed derivatives of
rapanyci nwoihsses are useful in the preparation of the gerggjeRedsand ethers
of rapamycin, as disclosed herein. The silicon 15 noiety as represented by
-SSR R'R'", contains 3 groups which n be the same or different. Typical
silyl ethers of this invention contatthh R, R', or R'' noieties which are
al kyl of 1-6 carbon atons, phenyl, or benzyl groups. The al kyl groups can -
be branched or straight chain. It is_preferred that R, R', and R' be

al kyl groups, and nore preferred that"' R, R', and R'' are nethyl or ethyl.
It is still nore preferred that the 31l-silyl ether is rapamycin
31-0-trinmethylsilyl ether. Acgord bl\flé"" s invention provides 31-silyl
ethers of formula (IA) and (1B): ~ 0O OO0 OCSIR RRR' NNat HOO
OMO OO0 QW (IA W 26445 -13 R O OO0 OGS R R
R'* N 31 HO O Mew O h formulae, Ris an ester or ether
group such as descri bed e SR RARY the same 5 or
different selected from & kyl of 1-6 carbon atonms, phenyl and benzyl. The
fol l owi ng exanples i Q ‘ ! O®f rapanycin 31-silyl ethers

' (B)
in which formulae,
R is an ester or ether group such as described above and R', R" and R™ are the same
5 ordifferent selected from alkyl of 1-6 carbon atoms, phenyl and benzyl.

The following examples illustrate the preparation of rapamycin 31-silyl ethers
and a rapamycin 42-ester, which is representative of the compounds which can be

prepared by the processes of this invention.

10 :
EXAMPLE 1

Rapamycin 31-O-trimethylsily} ether
A solution of rapamycin (25.0 g, 92.4 % strength; 25.28 mmol) in 750 mL
ethyl acetate was cooled to 0 - 5°C; 7.5 g (110.20 mmol) of imidazole was added and
15 stirred to form a solution. To this cold solution 11.0 g (101.25 mmol) of chloro-
trimethylsilane was added dropwise over 30 min and stirred for a further 30 min at 0 -
5°C in order to complete the formation of rapamycin 31,42-bis-O-trimethylsilyl ether.
A 50 mL quantity of 0.5 N suifutic acid was added dropwise over a 10 min period
and the mixture was stirred for 2.5 h at 0 - 5°C. The reaction mixture was transferred
20 into a separatory funnel and the aqueous layer was separated and extracted with 125
mL ethyl acetate. The organic layers were combined and successively washed with
brine (125 mL), saturated sodium bicarbonate solution (100 mL), water (125 mL x 2)
then brine to pH 6 - 7. The organic layer was dried over anhydrous sodium sulfate
and evaporated under reduced pressure to give a beige color foam product, 28.5 g



and a rapanycin 42-ester, which is representative of the conpounds which
can be prepared by the processes of this invention. 10 EXAMPLE 1 Rapanycin
31-0-trinethylsilyl ether A solution of rapanycin (25.0 g, 92.4 % strength;
25.28 nmol )WPRLUZB® nl. et hyl acetate was cooled to O - 53":" USB0/26445110. 20
mmol ) of im dazol e was added and 15 stirred to forma solution. To this
cold solution 11.0 g (101.25 mmol) of-pghloro trinethylsilane was added
dropwi se over 30 min and stirred for a further 30 min at 0 - 5Cin order to

?TEWW ete theﬁ]):, 43g) iP%PLCaaﬁa gﬁbwidat%gg@insddﬁ%l(hym&il%b of lapamgder. A 30
quantity o sul furic was added dr se over n perio
and the nixt3}e- mﬂ‘é"ﬂif regigr f Jé@'ﬂ’ag’tyc’@ h?s(?"gdvﬁnﬁb ?se‘éﬁ?iildﬂ'ﬁclt&\tg}f ure was
transferred g cigbquest réR@a.at ory funnel and the aqueous |ayer was separated
and extracted with 125 nlL ethyl acetate. The organic |ayers were conbi ned

and successively washed with brine (125 nlL urat e m car bonat e
sol ution ilobcﬁ’}é electeospray (+) mpde{My B)y= 985 P‘i(ﬁéo p&s%ﬁé& organic
layer was dredrpyaic)eai A0S 15 OCHBENHS Blobake 1HAOE2PHA PRoZt @BH3der reduced
pressure to {n?vgp\( 3.32 coqu? fgglomw{onrigduc?I 286%(49% 01123395

PCTI USOQ) 264@5TMS) 4 (theory 24.94 g). HPLC anal ysis showed it contained 86%
(by area %9 of rapanycin 31-0O-trinethylsilyl ether and 7% of rapamnycin.

The product was used directly for the subsequent reaction. 5 LCIMS

el ectrospr ayBEXAMERE& (M- H = 985. 'H NMR (400 MHz, d-6 DVMSO) 6 4.60 (m

| H - (42C)§H) 905 By lllﬁimﬁﬁ 19-c$ﬂox Bc£b9d m&ncﬂsH q(42) H, -0.027 (s, 9H

31- O TMs b d
chl ori de ?A sol ut i drFokyion ob Zf;za-‘t W’?’Fé‘i 13[@.”@!1%3 n&f@‘]"ﬁ%%girﬁ @?fi‘%lg - CICI d

(17.42 g, 0. honiRbdo inE o? ualueﬁa‘wsisr%rhxedl tES0PC)\ g 268N HE Of balyl@Rloriénd 26. 0 i
TR EA T AR o ey
under reduceg, R £8SYhe rdatidnSiR¥fe was evaporated under reduced pressure to remove
15  solvent and excess oxalyl chioride. The residual product was evaporated twice with
dry toluene (200 mL), then dried under high vacuum at 40°C for 2 h to obtain 19.75 g
of product as an orange colored liquid. 'H NMR (300 MHz, CDCl,) 3 4.28 (2H, d,
Y= 10.5Hz), 3.76 (2H, 4, J = 10.5 Hz),1.46 (3H, 5),1.29 (3H, 5). "C NMR (75 MHz,

CDCl,) 5 176.43, 98.76, 66.06, 52.07, 25.82, 21.20, 18.10.

20
carboxylic acid
Method A:
25 To a solution of the 2,2,5-trimethyl[1.3-dioxane]-5-carboxylic acid (9.77 g,

56.08 mmol) and N,N-diisopropylethylamine (12.00 g, 92.80 mmol) in 200 mL
methylene chloride at room temperature under nitrogen, 2,4,6-trichlorobenzoyl
chloride (13.35 g, 54.73 mmol) was added and the resulting mixture was stirred for 5
hours at room temperature. The reaction mixture was cooled to -20 to -15°C and a
30 solution of rapamycin 31-O-trimethylsilyl ether (28.50 g, crude, made from 25.28
mmol of rapamycin) in 120 ml. methylene chloride was added. A solution of 4-
dimethylaminopyridine (11.68 g, 95.60 mmol) in 110 mL methylene chloride was
added dropwise over a 2 h period. The reaction mixture was farther stirred for 16 h at



15 sol vent and excess oxalyl chloride. The residual product was evaporated
twce with dry toluene (200 nL), then dried under high vacuum at 40C for 2

h to obtayge3se6> 9 of product as an orange col ored II%H%W@J\INR (300
MHz, CDCl) S 4.28 (2H, d, J =10.5Hz), 3.76 (2H, d, J =10 ,1.46 (3H,-

s),1.29 (3H, s). "C NMR (75 MHz, CDCl)

6176. 43, 98. 76, 66. 06, 52. 07, 25. 82, 21. 2t0- 18. 10. 20 EXAMPLE 3 Rapamvci n
31-0-tri metlg{ql 3iol | _ether, 42-ester with 2.2.5-trinmethylfl.3-di oxanel -5-
car boxyl i ¢ 121 465k hsdeastionmixpye svas guenched wigly 100 aL water and the organic
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stirred for 5 hours at roomtenperature. The reaction m xture was cool ed
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mol) in nmet hyl e chloride was added dropwi se over a 2 h period.
The 1 cnot 1AM SHeap ) mope (M 1) oriags B NMR (DO MRS IMS0s |

PCT/ USO0/ 268&m, L C4DB)t 010 EHRCIH,TOG1) BRA.0P, mtygﬁﬁm)gﬂggggﬁed with 100
mL wat ;ﬁ'ﬂ{‘ﬁo anlg Iﬁer was separated and washéd w t .5 N
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bi carbonate solution (100 nm.), water (100 nL x 2), brine (100 nL) to pH 6-

7. The org&n' cdﬁ_ayer was dried over anhydrous sodium sulfate and 5 .
evapor at e 1fe? reduced pressure to afford the title conpound (33.18 g) a

a beige col or A sifionléd Mcﬁpar-mﬁﬁ@mgisﬂ 1 smste i bbg: d)10D 3%1:{50- " H NVR
(400 MHz, d-6 DJVI’S?EF_g 46157 %@mﬂiH [&ghe) )QL _d4. %91 (m 1H, ¢ I\)l H), fl 03 .
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(s, 9HS5 3ldiketijfyrmhinidepdhaBstirred under nitrogen and cooled to -15°C, 4-dimethyl- .

aminopyridine (4.80 g, 39.29 mmol) was added and the mixture was stirred to form a

solution. To this cold solution a 7.5% solution of 2,2,5-trimethyl[1.3-dioxane}-5-

carboxylic acid chloride (42.18 g; 16.42 mmol) in methylene chloride was added

dropwise over a 2 h period. The solution was further stirred for.l h at -15°C, and an

20 additional 7.5% solution of acid chloride (14.06 g, 5.47 mmol) in methylene chloride

was added over a 30 min period. The reaction mixture was further stirred for 16 h at

-15°C to -16°C. The reaction mixture was quenched with 100 mL brine and the

organic layer was separated and washed with cold 0.5 N sulfuric acid (100 mL), brine

(100 mL), saturated sodium bicarbonate solution (100 mL) water (100 mL), brine

25 (100 mL) to pH 6 - 7. The organic layer was dried over anhydrous sodium sulfate
and evaporated under reduced pressure to afford product (12.15 g) as a yellow foam. |

30 A solution of rapamycin 31-O-trimethylsilyl ether, 42-ester with 2,2,5-tri-
methyl[1.3-dioxane]-5-carboxylic acid (33.18 g; from example 3, method A) in 100
mL of acetone was stirred and cooled to 0 - 5°C. To this cold solution 17 mL of 0.5
N sulfuric acid was added dropwise over a 10 min period and the mixture was stirred




A solution of rapanycin 31-0-trinmethylsilyl ether (11.00g; from 10.0 g of
rapanycin 11.15 nmol ) in 120 nL nethyl ene chloride,. containing 2 nL of

15 di formarni de, was stirred under nitrogen ﬁeﬁngﬁgbgg to -15C,
4- dlnethylvﬁﬁﬁﬁ%%§nldlne (4.80 g, 39.29 mvl ) was added and the m xture was
stirred to forma solution. To this cold solution a 7.5% sol uti on of

2,2,5-trimethyl [1.3-di oxane] - 5- carboxd-i ¢ acid chloride(42 18 g; 16.42

mol ) in nethylene chloride was added dro se over h period. The
sol ution wasfof 25tas 0 -<PCr Aesphtion of sqdiym b w&%@ﬁ%ﬂ&a&) IEQO%WW’E)W% 7.5%

sol ution of a%%cﬁo&%géﬁ Sof(abnfl followed v fn Wiibual B3 B ieeoRr fpbasd de v
a

added over erio reacti on mxture was further stirred for 16

h at -15C tef 3018a thaproducs sartedte pascinitated afterabawicle plettingpe: NThedW*WEe pr i ne and
the organic kR0, AR VY wWishddl ity i ¢ aci d
(100 m), brwl}\sgs%ﬁ%ﬁg@&n@?agaturat ed sog?ﬁiﬁtgél%dgg ona?%vfol utlonl (100 m)
wat er (109 n6) pLinfiapssoresvaterdd:1iv The proguqt gyas dred iprpevaceipm awencat 3o was dri ed

over anhydr ;”:&‘ﬁ& (3 éﬁﬁ% fn§.S eto
afford pr oduéﬁa’??gkﬁjg@ as §3%&¥ﬁ%m B éld%%%‘ arn/c'?ﬁnér 42-ester
with 2.2.5- tmmmﬂthel produgt w@ad@nwsi@;&npwdwtudescaéwnw W@éﬁéﬁ? o of
rapamnmycin 31,81[% get hyl silyl ether, 42-ester with 2,2, 5-tri-

methyl [1.3 dPox -5-carboxylic acid (33.18 g; from exarrpl e 3, nethod A
in 100 nL of acetone was stirred and cooled to O - 5C. To this cold

sol ution é? EkAMP N sul furic acid was added dropwi se over a 10 mn
period and the xture was stl rred V\D 01/ 23395 P'.CT/ US00/ 26445 16 for 2.5
h at 0 - 5C. Rapamykint 4208 b sr{lyrroxymel 2 in 20 nL water was
added over agﬁﬁ{oh qd of 20 mn foI | oned by an addltlonal 33 nL water over a
period of 3 "the product started to preci gltated after about 1 h of

stirring. Thé mmomﬁmm%ﬁkéwltb@@rﬁwygi eioxanel-Sa6abox¥ A | trati on
the solid prgér*f 5 8 ﬂ@ﬁe‘ﬁ@ﬁﬂ@g Wﬂbnﬁ.&qe J&Bfl@ﬁ%&@ﬁnmn@rcoélldtb)o The

product was vacuum oven at obtain 28.85 of product

(83.9% stlﬁeng‘tG:,Tmlsmdcwblﬂam B3 %Lé?f&"mrm\ﬂ@ﬁ'ﬁﬁﬁ’élw. qﬁﬁélropwlﬁ of the
product was %g@%&ﬁg{odlzkgd {8 iR Isti e BroF S@EQGI‘S@.STBé}&Bﬁoﬁmﬁﬁ?e 718

exanpl e 10. .
was diluted with 600 mL of ethyl acetate and washed with 120 mL brine. The
aqueous layer was extracted once with 120 mL of ethyl acetate and the organic
extracts were combined and washed with saturated sodium bicarbonate solution (120
20 mL), water (200 mL x 2) and brine (120 mL) to pH 6 -7. The organic phase was
dried over anhydrous sodium sulfate and evaporated under reduced pressure at room

temperature to obtain product (28.42 g), as a beige color foam. The crude product
was chromatographed on a silica gel column and eluted with 30% acetone in heptane
to give 18.06 g of pure product, a white solid (69.4% overall from rapamycin). The
25 'H NMR of the product is identical to the product described in US Patent 5,362,718
example 11.
Method B:
A solution of rapamycin 31-O-trimethylsilyl ether, 42-ester with 2,2,5-tri-
methyl{1.3-dioxane]-5-carboxylic acid (23.25 g, prepared from 20.06 g of rapamycin,
30  strength 92.7%, 20.34 mmol) in 230 mL of tetrahydrofuran was stirred and cooled to
0 - 5°C. To this cold solution 115 mL of cold 2 N sulfuric acid was added dropwise
over a 45 min period and the mixture was stirred for 88 h at 0 - 5°C. The reaction
mixture was diluted with 500 mL of ethyl acetate and washed with 100 mL brine.



Rapanmycin 42-ester with 2.2-bis-(hvdroxvnethvlh ropionic acid Mthod A: A
sol ution of raparnycin 42-ester with

2,2,5-tri Ii'rﬁ%s:‘ 3-di oxane] - 5-carboxylic acid (28.85 8‘3 fromexanple 4)
in 276 nmL"OPYER ahydrofuran was stirred and cooled to To this -
cold solution 83 nL of cold 2 N sulfuric acid was added dropw se over a 30
mn period and the mxture was stirrdd-for 60 h at 0 - 5C. The reaction

m xture was diluted with 600 nL of ethyl acetate and washed with 120 nL .
bri ne. TheTheaagyemisdayenyas extrested onceawitie d0®micofixittiyd adstle ahd e idnld acet ate

and the or I th s ura d sodi um
bi car bonat%@sa%t?lﬁef%%d’é %E; %v&?&@hﬁa@m@gcﬁ%&mi “2‘5\,&’%‘8 af“ 20 mL) to
pH 6 -7. mb),mmmmawdwme (d%mﬂ-)twpﬂ6a71h¥tkag&nsphhselwa§wlédate and

evapor at e u =, nper, at re to obt ai n product
(28p42 g) dm}ggqgﬁ%&e‘?{gée&c oa%ﬁd%%‘; crudém r&ﬂ‘fﬁ REESYE LY oWﬂ'E“ographed on
¢

a sili glemperaturente a&ﬁonﬂm@cemm&g) sbﬁgaccd(mﬁom1 [The epida peoduttowgi ve 18.06 g

i of t eitihopott chS, Al i AP UFLA ! SEEWEARRIA St iy e

5,362, 718 gizx i) gofipure produnt ds Bwhite s;mﬂm?s 4% osérall &parmpaniycin). The 'H
31-0-tri I S L1l
met hyl [ 1. [ oégglé]pr cgi;sblgﬁy cfﬁc&gtéew “ﬂ’e"d’?e‘b“a}’%‘a"‘r?%‘?ﬁ’z‘é 06 g of

rapamycin, examlesltlr ength 92. 7% 20.34 mml) in 230 nL of tetrahydrofuran was
stirreggand cooled to 0 - 5C. To this cold solution 115 nL of cold 2 N
sulfuric acid was added dropwi se over a 45 mn period and the m xture was
stirred foFX8MPLEf 0 - 5C. The reaction nixture was diluted with 500 ni .
of ethyl ag & %’ﬂ‘h‘ﬁ%s@ e brine. WO 01/23395 PCT/ U800/ 26445
-17 The aqueou er was Tpé'g‘g'npte with 100 nL of ethyl acetate and
t he or gani & solgtier G@;@nmmél%stﬁ%smm&amwtnrissmn.mmyledemm um

bi car bonat §aSQbidh k6 - 6X© 3 md’ ) 0 nl) to pH 6
-7. The_organi c ;l)_hase vvasd;% c]ma@gir:ﬁ%g r‘g%sadgé(yj sk gﬁq%&gﬂand
evapor &t edSoliigar Te dusealdisqhtionchis & (40.5 nmﬂﬁtﬁcmerqmahjdsmemaaﬁddadd product
(22.48 ) , drapwisé geeraqb%ngpeam BB B BRNIAkH 3R, 1ERLOTBL 30 2PNed on 2

silica gel colum and eluted wth 30 cetone I n
for a further 30 min. The reaction mlxture was filtered to remove the lmldazole HCl

and the filtrate was evaporated under reduced pressure to obtain a yellow foam.
Heptane.(ZOO mL) was added and stirred at room temperature for 20 min and the

20 mixture was filtered. The filtrate was washed with 40 mL of saturated sodium
bicarbonate solution, then twice with water (80 mL), then brine (50 mL). The
organic layer was dried over anhydrous sodium sulfate and evaporated to obtain the
product, a yellow foam of 11.42 g (98.6%).

25 LC/MS electrospray (-) mode (M - H) = 1057. 'H NMR (400 MHz, d-6 DMSO) 5
4.10 (m, 1H, C(31) H), 3.31 (m, 1H, C(42) H), 0.057 (s, 9H, 42-O-TMS), -0.027 (s,
9H,31-0O-TMS).

EXAMPLE 7

30 Rapamycin 31-O-triethylsilyl ether .
A solution of rapamycin (5.00 g, 92.7% strength; 5.07 mmol) in 75 mL ethy] acetate
was cooled to 0 - 5°C; 1.50 g (22.03 mmol) of imidazole was added and stirred to
form a solution. To this cold solution, 3.05 g (20.23 mmol) of chlorotriethylsilane




give 16.50 g of pure product as a white solid (78.4%overall from
rapanycin). The '"H NWVR of the product is identical to the product

described in U tent 5,362,718 exanple 11. 10 EXAVPLE in

31. 42-bi s- él(??ﬁ hyl silvl ether . A solution of rapawcf&ﬁ%.ﬁ%, 94. 3%
strength; 10.3 mml) in 150 nL ethyl acetate was cooled to 0 - 5C, 3.0 g
(44 mvol ) of imdazole was added and st8+red to forma 15 solution. To

this cold solution, 4.4 g (40.5 nmol) of chlorotrinethylsilane was added
dr opwi se ovewasa:d@@l dropwigseavienal 1Qumihufes pernd. nhet hixture whssstisred fori30minat stirred
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(2203 TP 7 3A5L R D PR 7 ek e s BBMAET,
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et her. Fol | caen®) faphmycn 3 1o0O-théthylkityl ethercand /9% rapamycin.

15 EXAMPLES8
amycin 31-O-tri Isilyl ether
A solution of rapamycin (5.00 g, 92.7% strength; 5.07 mmol) in 75 mL ethyl acetate
was cooled to 0 - 5°C; 1.50 g (22.03 mmol) of imidazole was added and stirred to
form a solution. To this cold solution, 3.91 g (20.3 mmol) of chlorotripropylsilane

20 was added dropwise over 10 min period. The mixture was stirred for 30 min at O -
5°C, then at room temperature for 21 hours to complete the formation of rapamycin
31,42-bis-O-tripropylsilyl ether. Following filtration of the reaction mixture, the
filtrate was evaporated under reduced pressure at room temperature to remove most
of the solvent and the residual solution was dissolved in 60 mL acetone. A 15 mL

25 quantity of 0.25 N of sulfuric acid was added and the mixture was stirred for 45h at 0
— 5°C; the rapamycin 31,42-bis-O-tripropylsilyl ether disappeared at this stage. The
reaction mixture was diluted with 100 mL of ethyl acetate, and successively washed
with brine (40 mL x 2), saturated sodium bicarbonate solution (40 mL), water (40 mL
x 2), and brine (50 mL) to pH 6 - 7. The organic layer was dried over anhydrous

30 sodium sulfate and evaporated under reduced pressure to obtain a product of light
yellow gum, 8.07 g (theory 5.43 g). HPLC analysis showed it contained 96.7% (by
area %) of rapamycin 31-O-tripropylsilyl ether and 1% of rapamycin.



m xture, the filtrate was evaporated under reduced pressure at room
tenperature to 5 renove nost of the solvent. The residual solution (ca. 10
m.) was yd in 60 nL acetone and 15 nL of 0.15 oibbags 2Ci d was
added an&l’? mxture stirred for 25 h at 0 - 5C The%‘g%g%rym m :
31, 42- bi s- Otrl ethylsilyl ether di saE eared at this stage. The reaction
m xture was diluted with 80 nL of et 5!‘ acetate and successively washed
with brine (60 nL x 2), saturated sodi um bi carbonate solution (40 ni),
water 10 ( S x 2), brine (60 nL) to pH 6 - 7. The organic |ayer was
dried over anhydrous sodi um sul fate and_  evapor at ed under reduced pressure
to obtain a product Adr owbﬁrpreymgdwwﬂn%sﬂz @fh?th’ShYOfBPPEfS ‘g). HPLC
anal ysi s showedgj t bt in? WithD¥  sillftthghedr@ PR rapamycin
31-0-triethylsilyl ether and 0.9%  rapanycin. 15 EXAMPLE 8 arryC| n
31-0-tripr -bisssijyl etheRi@pd A sol ution of rapanycin (5.00 g, 92.7% strengt h:
5.07 mmol) in 7(5} ”Lhﬁ&hbykmﬁ(ﬂﬁl @i@z-bi‘é@.ﬁylcéﬁ@rﬁﬂﬂxt &1 ditute Geid to ovide( 22. 03
nmol ) of i m dazol e was nd stirred to forma solution. To this cold
sol uti on, QPMY@%IZEI.YEC‘#%I ) of chiorotripropyl silane 20 was added dropwi se
over 10 mn period. The mxture was stirred for 30 mn at 0 - 5C, then at
roomtenperature for 21 hours to conplete the forpation of rapanycin

31, 42- bi s- O t r i $r opy' BIOFSss %&W@Pannsm?ovﬁtqs@rﬁmef PhE4Pamyer hayieg theact i on

m xturgg tQgendd! trate was evaporated under reduced pressure at room
tenperature to renove nost of the solve and the residual solution was
di ssolved in 60 nL acetone. A 15 antity of 0.25 N of sulfuric acid
vvas added and the mxture was stirr pr 45 h at 0 - 5C;, the rapamnycin

i S-O-tri r et her at this stage. The reaction
ﬂ!l’lmﬂ l ||| th 100 m. _
sat

acetate, and successively washed
vvater (40 o x 2), and briine (150

carbonate solution (40 ni),

7. The organic |l ayer was
dri ed over anhydrous 30 so ted under reduced
pressure to obtain a product : yellow gum 8.07 g (theory 5.43 Q).
HPLC anal ysis showed it © eg0¥ of rapanycin
31-0-tripropylsilyl ethqg 01/ 23395 PCT/ USQQ 26445 .
-19- CLAIMS

wherein R is an ester or ether, which comprises:
(a) reacting rapamycin with a silylating agent to form rapamycin 31,42-bis-silyl
15 ether;
(b) hydrolysing the 31,42-bis-silyl ether in cold dilute acid to provide rapamycin
31-silyl ether;
(c) reacting the rapamycin 31-silyl ether with a suitable esterifying or etherifying
reagent to form rapamycin 31-silyl ether 42-ester or ether; and
20 (d) hydrolysing the 31-silyl ether in cold dilute acid to provide the desired
rapamycin 42-ester or ether; if desired sequentially or simultaneously removing any

other protecting group present.



1. A process for preparing rapanycin 31-silyl ether, which conprises: (a)
reacting rapanycin with a silylating agent to formrapanycin 5

31, 42-bi s- gid ymagkher: and (b) hydrolysing the 31, 42-bi spsibidonglsbrer Wth
cnld dllute acid to provide rapamycin 31-silyl ether. 2. process for

uwl IIEF or ether of rapan}/m n havi ng the 10 structure R a2 |
I" - |1

ii§|||||||||~- L S* NYONO HOOOOW
X er or ether, which conprises: (a) reacting rapanycin
W|th a silylating agent to formrapamycin 31, 42-bi s- sinI 15 ether (b)
hydrolysing the 31, 42Abpeedh la¥ clfhbifin bRink 2! fl Whick e i &nfbo Syt d
rapanmycin 31l-silyl ether: (c) reacting the rapanycin 31-silyl et er wth a
suitabl e est®rmupilisselected fiami fyi ng reagent to form rapanycin 31-silyl
ether 42-estggepr ether; and 20 (d) hydrolysing the 31-silyl ether in cold
dilute acid to provide the de5|red rapanmycin 42-ester or ether; if desired
sequentiably or Bmul t-@-tﬁ?e@@k BR&xfisv,iestgrshwlercint her protecting group

|il I
A br ocess ok BOSRRE. Soérﬁa%o?‘%%'r' i 2T RO AR o 2o (1)

is sel ected fr0m7@ﬂiohafoms5 (en3R4§39EﬂO-m7&85&cd2Re1,, esterS) wherein: R7
I s hydrogen, _alk é of 1-6 carbon atons, alken -7 carbon atons,
al kynyl of 2R andR%ae eachnindepepdgrtipghvdipees aﬁcﬂcsf 1-6- cagbpn -atympsRIOr -

(CR3R%{OR19; or R8 and R? may be taken together to form X;

10 R0 js 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;
X is 5-(2,2-di~(alkyl of 1-6 carbon atoms))[1,3]dioxanyl, 5-(2-spiro(cycloalkyl of 3-8
carbon atoms))[1,3]dioxanyl, 4-(2,2-di~(alkyl of 1-6 carbon atoms))[1,3]-
15 dioxanyl, 4-(2-spiro(cycloalkyl of 3-8 carbon atoms))[1,3]dioxanyl, 4-(2,2-di-
(alkyl of 1-6 carbon atoms))[l,S]diOXalanyl, or 4-(2-spiro(cycloalkyl of 3-8
carbon atoms)){1,3]dioxalanyl;
R3 and R4 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;
20 and
f=0-6; with the proviso that R contains at least one -(CR3R4){OR10 or X group;

or
(i) -OR'(e., ethers) where R' is alkyl, thioalkyl, arylalkyl, hydroxyalkyl,

25 dihydroxyalkyl, hydroxyalkylarylalkyl, dihydroxyalkylarylalkyl, alkoxyalkyl,
acyloxyalkyl, aminoalkyl, alkylaminoalkyl, alkoxycarbonylaminoalkyl, acyl-
aminoalkyl, arylsulfonamidoalkyl, allyl, dihydroxyalkylallyl and dioxolanylallyl,
carbalkoxyalkyl; wherein "alk-" or "alkyl" refers to C, alkyl, branched or linear,
preferably C, ; alkyl, in which the carbon chain may be optionally interrupted by an

30  ether (-O-) linkage; "acyl" represents alkylcarbonyl and “aryl" has 6-10 carbon atoms.



R8 and R9 are each, m ﬂi “nu“mdrogen al kyl of 1-6 carbon atons, or-
(CR3R4) fORIO; or R8|u ﬂmmu ken together to formX, 10 RIOis
hydr ogeny, (gtlyzﬁ, sOf 1-6 cérbbn 'at ors,* al kenyl of 2-7 carfqfiysshseass al kynyl
of 2-7 carbon atons, triphenyl net hyI benzyl, al koxynet hyl of 2-7 carbon”

atons, chl oroethyl, or tetrahydropyr§P Xis 5-(2,2-di-(alkyl of 1-6
carbon atons))[ 1, 3] di oxanyl, 5-(2-sp o(cycl oaI kyl of 3-8 carbon

3?822%%,1’21?5%2{‘@@3@%%5%8;%%%% W s R WReh) o s bam)

4- (2, 2-di m;&?g]k?[f ,rdr@(y@m &kﬁlﬂdﬁﬁh@ﬂwa or
4- (2-spiro(cycloal k 8 carbon atons))[1,-3]di oxal anyl ; R3 and R4 are
each, independently, hydr ogen, al kyl of 1-6 carbon atons, aIkenyI of 2-7
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Wi e provisqg tha c ai one - or
group: orhi(q“?")"e‘%ﬁ% 3-hydroxyprapylet- @%‘W’f@?‘ xﬁ%‘-‘s’ﬂl g P'acftﬁ'PB'&F aryl al kyl ,
hydr oxyal kyl, 25 d|hydroxyalkyl hydroxyalkylarylalkyl

di hydr oxyal kyI ar yl al kyl, al ko .acyl.oxyal kyl m noal

al kyl ani noal kyl® al I&)%&?sbﬁnéj E ¥ é%’&‘f iéaﬁ‘l‘l eﬂ:’WP

aryl sul f ongysngiagh)y ,2-8k (Mldrox§inBginsspioh oiyBrl 22,5 Aoty mmyﬂ@llyl,

car bal koxyal Kk 6(bvvhe;rel n wdlrlzdsI o?'n@ %’ikyblli yt?Jefers to Cy al kyl, branched or
| i near, P _, alkyl, in which the car bon chaln may be optionally
i nt errqpt ed by an 30 et her (-0-) linkage; "acyl" represents al kyl carbonyl
and "aryl" has 6-10 carbon atops., 11111111111 11112111111111111 * CL MS
VO 01/ 23395 PCTI-USOd PEosess as clasmed in clai ’Brjﬁ J"a e gstenhicaion ﬁ%&?sm 3in

Wh:j ch R Iiéarﬁéﬂ aflusiflg fz;zsmmmeﬁrquahdﬁ:ﬁheoll M&yu&dj@wﬁd@wrmmbam nloal i(ylj o
and am noa 0Gess a i i,Jn is selected
from2- 5 Wél"é‘?&?@?‘ﬁ/ﬁ“ g%@@&ﬁﬁg&m‘gﬂ l(gd'ﬁWi)Sﬁ\gf”Fﬂﬁ?ﬁ‘& hyl ‘and .~
2-acetam noethyl. 6. A process as clained in claim2 in which Rin the
corrpourig of

8. A process as claimed in claim 7 which is carried out in a solvent

comprising methylene chloride.

9. A process as claimed in claim 7 or claim 8 which is carried out at a
temperature of from about -50°C to about 25°C
20
10. A process as claimed in any one of claims 2 to 9 wherein the acid in

step (d) is a dilute inorganic acid.

11. A process according to claim 10 wherein the acid is sulphuric,
25  hydrochloric or phosphoric acid.

12. A process according to any one of claims 2 to 11 wherein the acid
used in step (d) is from about 0.1N to about 3N.

30 13. A process according to any one of claims 2 to 11 wherein the acid
used in step (d) is from about 0.2N to about 2N.




a(l) is 2,2-bis pi onyl oxy or
5-trinet hyl [I 3-di oJﬁmmmﬂmm xy 10 7. A process as clained in
ime6 i eeste’rlfclcatlbnstep carrle
5-tri %%Vf’? 3- di oxane] - 5- car boxylic aC| d chl ori de or%@% 6-

chl or obenzoyl m xed anhydri de of

S-trimethyl[1.3-di oxane] - 5- carbox??rc acid. 15 8. A process as cl ained
in claim?7 which is carried out in a solvent co r| Si ng met hyl ene
chloride. 9. A ptbcedd Prsess|ageandias it ary enenpf/clajms ewincthe agidcarri ed
out at a t I about -50C to about 25C 20 10. A process as
clainmed in gg@&q%g% {)o?mcﬁ‘ogilitrggﬁz to 9 wherein the acid in step (d) is a

di l ute i norganic acid. 11 A process according to claim 10 wherein the acid
is sul phuric, 25 hy R,hﬁ? accordi ng
to any one of C|g5IITB to 1f ere %29%{? u%teodﬂﬁzﬁh‘??gp&?gpsl s from
about 0. SN tearriaouttin 3single phasgaqueoysragidlpsganicrolyentisyigero any one of clains 2
to 11 wherein the acid wused in step (d) is fromabout 0.2N to about 2N. f
fiilttfrrrrrirthbrrrrtrd f1 f 1f1 Wa 01/23395 L M S PMJUSO0/ 26445 -22- 14. A
process accor di ndf.t o Arpposgsic agsprdinigatorslaimtly wheminethei ergattie selverd i9sed in
step (d) is ahgit 0.5N. 15. A process according to any one of clains 2 to
14 wherein step (d) is 5 carried out in a single phase aqueous

acidl organi c solvent system 16. A process according to claim15 wherein
the org c solvent i s y one of
cl ai ns gﬂjto 16 erelﬁpgt@g%ta?‘gfmn%g Jngrorn?ggagut a%oagéeégn%grgtgi)g?ﬁgf rom about
25C or bel owanik8 out/it ptempestirafraon abbungS°Cordelpwone of clainms 2 to 16, wherein
step (d) is

U
2,
ai
Y 2,
ric

, 2,

18. A process according to any one of claims 2 to 16, wherein step (d) is
carried out at 2 temperature from about -5°C to about 10°C.
15
19. A process according to any one of claims 2 to 16 wherein step (d) is
carried out at a temperature from about 0°C to about 5°C,

20. A process according to any one of claims 1 to 19 in which the 31-silyl
20  ether prepared in step (b) has the formula IA:

OSiR! Rll HIII

! (IA)



carried out- at ate ut -5C to about 10C. 15 19. A process
according to any one%ﬂ'ﬂgwlmi@%ﬂ wherein step (d) is carried out at
a tenper aiy dinkissm ab C. 20. A process ggfjsiddsgest © any one
of clainms 1 to 19 in which the 31-silyl 20 ether prepared in step (b) has*
the formula A OH a O« O N O O SI R HOOOOw (U 11111111
112122 11011 111212112111 WO 01/ 233957 (‘: L N S * PC (USQO 26445 -23-
wherein R ,the sane or differ ec fro | kyl of 1-6 -
carbon at owggre‘ﬂﬁgné{l“@;@ e the same pr differen, s "é%e r"i‘fy Tone of
clainms 1 toadfs,phedydhiti befigyl. 5 silyl ating agent in step (a) |s atri-(G

C6) al kyl silyl halide. 22. A process according to claim21 wherein the .
silylating agent in step (a) is trinethylsilyl chloride. 10 23. A process
as cl ai rred in amy. ong @f’ocﬁ&sabtfﬁrdingt(h gy iofe Vit ammtshlaftoszd Wlﬁfeli)rf)ﬂlegt ep (a)24
i's carr| in an jnert solve ence of a suitable base.

A proces g’iﬁ"&ﬁﬁ?"fﬁ”&@éﬂf? 34 M&“ﬂ%‘ﬁ&ﬁ% is imdazole, 1

met hyl i m dazol e, triethylamne, or N, N-diisopropylethylam ne. 15 25. A
process according to any one of cl ai 0,24 wher in.the acjd in step
(b) is a dilute gAamy(’eesaéP@fd%m &Bmm%tg’é'?%%rs Ylatipg age ’&.%‘ﬁ?z5 wher ei n
the acid i s(aw diteth§lsilyl chloride.

10 : 23. A process as claimed in any one of claims 1 to 22 in which the

silylation step (a) is carried out in an inert solvent in the presence of a suitable base.

24. A process according to claim 23 wherein the base is imidazole, 1-
methylimidazole, triethylamine, or N, N-diisopropylethylamine.
15
25. A process according to any one of claims 1 to 24 wherein the acid in
step (b) is a dilute inorganic acid.

26. A process according to claim 25 wherein the acid is sulfuric,
20  hydrochloric or phosphoric acid.

27. A process according to any one of claims 1 to 26 wherein the acid
used in step (b) is from about 0.08N to about 2.5N,

25 28. A process according to any .one of claims 1 to 26 wherein the acid
strength in step (b) is from about 0.1N to about IN.

29. A process according to any one of claims 1 to 26, wherein the acid
used in step (b) is about 0.5N.
30
30. A process according to any one of claims 1 to 29, wherein step (b) is
carried out in a two phase aqueous acid/water-immiscible organic solvent system.



20 hydrochloric or phos{dﬂﬂ'ﬂlﬂ“ﬂ”ﬂuﬁm A process according to any one of

clains 1 to 26 wherein thee X ; n step (b) is fromabout 0.08N to

about 2.5 A process according to any one of cl aj 6 wherein
ok ki e

the acid in step (b) is fromabout 0.1N to about

process according to any one of clains 1 to 26, wherein the acid wused in
step (b) is about 0.5N. 30 30. A proce¥s- according to any one of claims 1
to 29, wherein step (b) is carried out in a tw phase agueous

aci d/ wat er - i nmi sAlbl e Adirepsss accarding ég¢laigy 3 whereir the)waterfimpmiscibleorganic

fR#ITA## L] bt s Efhyilte@te VO 01/ 23395 PGTI VSOO 26445 -24- 31. A process
according to claim 3{[) wherein the water-imm scible organic solvent is
ethyl acetate. 32. A process according to any one of clains 1 to 31 wherein

step (b) is & caarz.riesiﬁﬁ&sasm&ﬁ@@%ﬁbw&éml%%tw&%ak%hﬁ!ipw 33. A
process according to any one of clains" | to 31 wherein step (b) is «carried

out at a $ enpasriedout & afteroparative from #out25°Glopbalow.0C. 10 34, A process
according to any one of clains 1 to 31 wherein step (b) is carried out at
a tenperature fromabout 0C to about 5C. 35. A process for preparing
rapanycin 42- est é3. wi tAhprceds ixicerdirigytd oy pne ofi¢lkiyos )ito i wheiedn step (b) isvhi ch

conprises: 15 (. reacting.rapa I N W si.l.ylating agent to form
rapanycin 31%’%&?0‘7u§?t 'tfwgatgﬁe%@ﬁ/&%s'%ége%wt\}bl‘JS‘/ hydrol yzi ng the 42-silyl
ether in cold dilute acid to provide rapanycin 31-silyl ether; (c)

acyl atingthe rapgmyciy 215l Yl tRer, WA b 24 atd o gy oxanel - -

carried out at a temperature from about 0°C to about 5°C.

35. A process for preparing rapamycin 42-ester with 2,2-bis-(hydroxy-
methyl)propionic acid, which comprises:
15 (a) reacting rapamycin with a silylating agent to form rapamycin 31,42-bis-silyl
ether;
(b) selectively hydrolyzing the 42-silyl ether in cold dilute acid to provide
rapamycin 31-silyl ether;
(c) acylating the rapamycin 31-silyl ether with 2,2,5-trimethyl[1.3~-dioxane]-5-
20  carboxylic acid chloride or the 24,6-trichlorobenzoyl mixed anhydride of 2,2,5-
trimethyl[1.3-dioxane]-5-carboxylic acid to give rapamycin 31-O-trimethylsilyl ether,
42-ester with 2,2,5-trimethyl[1.3-dioxane]-5-carboxylic acid;
and (d)
either
25 (i) selectively hydrolyzing the 31-silyl ether in cold dilute acid to provide
rapamycin 42-ester with 2,2,5-trimethyl[1.3-dioxane]-5-carboxylic acid; followed by
treating the rapamycin 42-ester with 2,2,5-trimethyl[1.3-dioxane)-5-carboxylic acid
with dilute acid to provide 42-ester with 2,2-bis-(hydroxymethyl)propionic acid;
or
30 (ii) treating the rapamycin 31-O-trimethylsilyl ether, 42-ester with 2,2,5-
trimethyl[1.3-dioxane}-S-carboxylic acid with dilute acid to provide 42-ester with
2,2-bis~(hydroxymethyl)propionic acid;



20 carboxylic acid chloride or the 2,4,6-trichl orobenzoyl m xed anhydri de
of 2,2,5- trimethyl[I.3-di oxane]-5-carboxylic acid to give rapanycin
31-O-trinpblylsses y! ether, 42-ester with PCT/US00/26445
2,2,5-trinethyl [1. 3-di oxane] - 5-carboxylic acid; and (d) either 25 (i)
sel eet+vety—hydrotyzing the 31-silyl gether in cold dilute acid to provide

r apany m 2,2,5-trimetyl[ 1. 3- di oxane] - 5- car boxyli c aci d;

foll owg““mmlﬁlm mm e rapanycin 42-ester with
2,2,5-tri mét hyl [1, 3¢ di'oxane)-5-carboxylic acid with dilute acid to provide
42- ester with 2,2-bis- (hydroxyrrethyl)propl onic acid; or 30 (||) treating

t he rapanycin 3 |SI| h ster Wt

trimethyl[1.3- d%@)xan }° ‘Séf“H’ # i H’f’é‘ hlg‘z%n ?‘8" ﬁ“i)(ﬁ/l de
42-ester wicmedamamtmndemmmﬂ) propi oni ¢ acid; WO 01/23395

PCT/ US0Q/ 26445 | I1ILTIT TIT1IT 11111111 111 -25- CL S 36. The process

accor di ﬁg to claim 35 wherein the acylation step (c) is carried out at a

tenperature | esgrthan Pocesh for prepatingr 42-0sQ2-Hydfoxplettyhtapamycin which
42-0- ( 2- hydroxﬁfgt hyl -rapamycin which conprises: (a) reacting rapanycin
with a sil yPEP agent to formrapanycin 31,42-bis-silyl ether; 10 (b)

sel ectively hy)dedbti maganiyein with aisilylatiy dpent iorform rapadiytint3 Aadiigsilyd provi de
rapamycin 31-silyl ether; (c) reacting the rapanycin 31-silyl ether with an
et hyl ene gl A eqU|vaIent containing an acid |abile hydroxyl protecting

group preot ect@yd selectively hydralyzing tieef 42-sityl ethéryineoald glilntolacid i pravidat and a
| eaving grouF suj tabl.e for alkylating a hydroxyl 15 group as the other
term nus of PRAYCEHY 1% Dl ycol equivalent. (d) hydrolysing the protecting
groups on t hgc)3tedoisd theorapamykim3lisilgl dfier Wwjthrax yihylend ghesl equvalemnder nidl dly.
acidic CO”d'o%{aE’mng an acid labile hydroxyl protecting group protected on one terminus of the

ethylene glycol equivalent and -a leaving group suitable for alkylating a hydroxyl

15  group as the other terminus of the ethylene glycol equivalent.
(@) hydrolysing the protecting groups on the -31-‘p6sition and on the 42-

hydroxyethyl position under mildly acidic conditions.

38.  The process according to claim 37 wherein the silylating agent is a
20 trialkylsilyl halide.

39. The process according to claim 38 wherein the silylating agent is

chlorotrimethylsilane.

25 40. The process according to any one of claims 37 to 39 wherein the
ethylene glycol equivalent is 2-(t-butyldimethylsilyl)oxyethyl triflate).

-41.  The process according to claim 40 wherein the acid used in steps (b)
and (d) is sulfuric acid.
30
42. A compound which is a rapamycin 31-O-silyl ether.



38. The process according to claim37 wherein the silylating agent is a 20
trialkylsilyl halide. 39. The process according to claim 38 wherein the
silylating .S chlorotrinethylsilane. 25 40. The pr ording to
any one of @?%‘?537 to 39 wherein the ethylene glycol é’%ﬁ@%‘? IS
2-(t-butyldinmethylsilyl)oxyethyl triflate). 41. The process according to
claim 40 wherein the acid used in step®6-b) and (d) is sulfuric acid. 30
42. A conpound which is a rapanycin 31-0-silyl ether. 111 WD 01/ 23395

PCT/ USOQ 26445 - 4% 43A compesiag ecnerflingtoslaitn 4 whishdrsthefarguisidc Bas t he
formula ITAor IB: OH 1({I 1i(( }} Cgly eOBN O SR R' R Meal O

(1A or R 0O eLNOOOCSIR R' R F~ MG Otom 5 in which formul ae,
an ester or_ ether group, and R R' and R'"' are the sanme or different
1 atd

jS?ﬁiSI‘ﬂglﬁl‘Hll“a““l&““ﬁI of 1-6 carb rrs",‘OlyﬁhenyI and benzyl .
* L ] - * =~ .-
(NjH/O OSiR'R" R"
o °°

O (I)Me

¢ (XA)
or
i
J;’ “OMe
N OSIR' R" R
o)
HO
O  OMe
: (IB)

5  in which formulae,
R is an ester or ether group,
and R’, R" and R" are the same or different selected from alkyl of 1-6 carbon atoms,
phenyl and benzyl.

10 44. A compound of claim 42 wherein R is as defined in claim 3.

45. A compound of claim 42 or claim 43 in which the 31-O-silyl ether is a
tri-(C,-C)alkylsilyl ether.

15 46. A compound of claim 42, which is rapamycin 31-O-trimethylsilyl
ether,



10 44. A conpound of claim42 wherein Ris as defined in claim3. 45. A
conpound of claim42 or claim43 in which the 31-0-silyl ether is a

tri-(C, - ilyl ether. 15 46. A conpound of claim42 which is

r apanyci $§?L’g’%¥5§| methylsilyl ether. WD 01/23395 PCT/ URCEPSMRSMES o7 47 A
compound of claim 42 which has fornula (D) O
111121211112211122111221112211122 r CL ‘2 (N-; OOGCSIRRNR" 31 HO 0 Kk,
OOMO O OOWw [D wherein R, R' and R' are the sane or different
selected fromal kyl of 1-6 carbon 5 atons, phenyl and benzyl. 48. A
conpound of cl ai 442 Heopipound of glaim}2 which bagfarmila€Dhy| si | yl et her,

42-ester with 2,2,5-trinethyl[I|.3-di oxane]-5pcarboxylic acid. 10 49. A
process for preparing a conmpound of forgul ?Q% OH Or HlI O4 .-Ov N
OO0 (OH31 HO o OoMO— o

RN 0 oy

OSIR‘R"R"

: (D]
wherein R', R" and R" are the same or different selected from alkyl of 1-6 carbon

5  atoms, phenyl and benzyl.

48. A compound of claim 42 which is rapamycin 31-O-trimethylsilyl
ether, 42-ester with 2,2,5-trimethyl{1.3-dioxane]-5-carboxylic acid.

10 49. A procesé for preparing a coinpouhd of formula ©):
OH




O Ow (O Wc) 01123395 PCT/ USOQ 26445 -28 which conprises hydrolysing a
conpound of formula (B): Oy 111111111112111211211211211111 'O CL M$ N
OONFiO00 OOOOW [B] in which Reis hydrogen or -SIR R'R' wherein R,
R and R MBS same or different 5 selected from al IBFTI4E car bon
atons, phenyl and benzyl; using dilute sulfuric acid. 50. A process as
claimed in Caim49 which is carried ouw8using INto 3N sulfuric acid. 10
51. A process as claimed in Caim49 or Claim50 which is carried out at a
t enper at ur e oWwhich Ehmmriseslif@rolfsihg 2Acopponaix fasmkl(B):ned i n any one of C ains
49 to 51 which is carried 15 out in the presence of tetrahydrofuran

sol vent .

AR

¢

[B]

in which R, is hydrogen or -SiR'R"R" wherein R', R" and R"™ are the same or different
5  selected from alkyl of 1-6 carbon atoms, phenyl and benzyl;

using dilute sulfuric acid.

50. A process as claimed in Claim 49 which is carried out using IN to 3N
sulfuric acid.
10
51. A process as claimed in Claim 49 or Claim 50 which is carried out at a
temperature of -5°C to +10°C.

52. A process as claimed in any one of Claims 49 to 51 which is carried
15  out in the presence of tetrahydrofuran solvent.



