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i nhi bi 420, 0% in Al&: mice have demonstrated that CCI-773 has activity against
human tumor xenografts of diverse histological types. Gliomas were particularly
25  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
giioblastoma 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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from the followed detailed description of the invention.

DETAILED DESCRIPTION OF THE INVENTION
25 The present invention provides a regioselective synthesis of a 42-ester of
rapamycin by acyiating 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, alkeny! of 2-7 carbon- atoms, alkynyl
30 of 2-7 carbon atoms, -(CR'2R13)0R10, -CFj, -F, or -CO,R10;
R10is hydrogen, alkyl of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyl of 2-7

carbon atoms, triphenylmethy), benzyl, alkoxymethyl of 2-7 carbon atoms,
chloroethyl, or tetrahydropyranyi;



HOOC. CR7TRSRO or a m xed anhydride thereof, wherein: R7
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USt rat e
The plant reactor time and resources are reduced by 50%. The size of the reactor

25  needed for large-scale synthesis of CC}-779 is reduced thereby increasing the overall

throughput. The novel trans-boronation procedure described in this invention reduces

overall processing time. The final diethy! 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

30 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-trichlorobenzoy! mixed anhydride of 5-
methyl-2-phenyl-1 ,3,2-dioxoborinane-5-carboxylic acid.
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has been elininated. The |arge amount of sol vent

required in the chromatography described in U S

Patent 6,277,983 has been elim nated thereby reducing
Cos¥o Hys,50Rds. The plant reactor time and resourc .
are re e by 50% The size of the reactor PECHUS 22
for large-scale synthesis of CCl-779 is reduced

t hereby increasing the overall throughput. The novel
trans-boronati on procedure described in this invention
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nethyl 2- phenyl - 1, Sggﬂﬁgex srerio- car boxyl i ¢ aci d.
-3 MD_2005/016935<P 2004/ 022860 One particularly
desi rabl e net hod # tthe prepé%a I on of rapanmycin
31-silyl ethers iy proveded in Patent 6,277, 983.
The invention is net lim I's met hod of
obt ai ni ng rapanycin 31-silyl ethers. However, it is
cumhere R is spreefeefiogd that the 31-silyl ether of
rapanyC| cin 31-0-trimethylsilyl ether. 5 1In
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of 2-7 carbon atoms, triphenylmethyl, benzyl, alkoxymethyl of 2-7 carbon atoms
chioroethyl, or tetrahydropyrany!;

R8 and R are taken together to form X:

X is 2-pheny!-1 ,3,2-dioxaborinan-5-yl or 2-phenyl—1,3,2-dioxaborinan-4—yl,
wherein the phenyl may be optionally substituted:

R12 and R'3 are each, independently, hydrogen, alkyl of 1-6 carbon atoms,
alkeny! of 2-7 carbon atoms, alkyny! 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 alkyl
of 1-6 carbon atoms, pheny! 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



of 2-7 carbon atons, -(CR12R13)fOR1 0, -CF3, -F, or

-C2R10 R10 is hydrogen, alkyl of 1-6 carbon .atons,

alkenyl of 2-7 carbon atoms, alkynyl of 2-7 carbon
aqﬁm%n ﬁgenylnethyl, benzyl, al koxynethyl of 2-7

carbon chl oroethyl, or tetrahydropyr affyl/tUS2Ra/022860

and. RO are taken together to formX, X is

2- phenyl - 1, 3, 2- di oxabori nan- 5-yl

or 2- phenyl - 1, 3, 2- di oxabori nan-4-yl, wherein the
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The formation of the mixed anhydride can be followed by REACTIR (ASI Applied
Systermns). 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 (AS! Applied Systems) process, compound [A] was mixed with
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acetonitrile, ethyl acetate, THF, t- -butyl methyl ether and methylene chioride. Currently,
30  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



characteristic bands were 1818 cm1, 1741 cm' and

1031 cnmt'. When the acid chloride was added to the
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wherein R is selected from:
-O-C=0.CR'R°R® : 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 -CO5R10:



Hydrol ysis of the 31-trimethylsilyl group (to provide
[B]) is performed under mldly acidic conditions.

Thus, the selected organic solvent (e.g., acetone) is

m a dilute inorganic acid such as, e,
su‘%ﬂﬂp?%nnﬁydrochlorrc or phosphoric acid. Eﬁgﬂﬁﬁ@@N2%M'
of suitable dilute inorganic acid concentrations range
fromabout 0.1 N to about 3N, 5 about 0.2 N to about

2N, or about 0.5-N. Typically, this step is carried
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car 5‘8 a%ﬁdd%bovgp&)n?y mcreasmg this ratro recovery of compound [B] can be
increased. Thus, it is desirable to raise the B:C isomer ratio to at least 1: 1, more

20  desirably, above 5:1, above 10:1, above 15:1, above 20:1, and 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

25  sodium acetate.



of 2-7 carbon atons, -(CR12R13)fOR10, -CF3, -F,
or-CO2RI O, -7 \VO 2005/ 016935 PCT/ US2004/ 022860 R10

i s hydrogen, alkyl of 1-6 carbon atons, al kenyl of 2-7
carbon atons, al kynyl of 2-7 carbon atons,

trFhERI'HET hyl , benzyl, al koxynethyl of 2-7 eembemosm2zse
at ons, chloroethyl, or tetrahydropyranyl; R8 and R9
are taken together to formX, 5 Xis

2- phenyl - 1, 3, 2- di oxabori nan-5-yl or -

2- phenyl -i, 3, 2-di oxaborigan-4-yi, wherein the phenyl
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The reaction can be conducted in a solvent such as an ether solvent, or
preferably, THF, diluting the reaction mixture with t-butyl methy! ether or toluene and
applying an aqueous extraction method to remove excess diol and diol-boranate by-

15 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-but'yl methyl ether or acetonitrile

adding the diol and mixing at room temperature for 3 h. The solvent was distilied to

provide the reaction mixture as a foam/oil. Ether was added and the product was co-

20  precipitated with hept_anes. " The process can be repeated to produce CCI-779 in 80% o
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
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provide the reaction mxture as a foamoil. Ether was
added and the product was co 20 precipitated with
hept anes. The process can be repeated to produce
Ca-779 in 80%to 90io yield fromconmpound [B]. The
initial treatnment with diol renoves the majority. of
t he phenyl boronic acid in
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the reaction m xture. Residua
phenyl boronic acid still
2005/ 0j 6935 PCT/ US2004/ 022860
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tetrahydrofuran (500 ml) was added a solution of phenylboronic acid (122 g, 1.0 mole) in
tetrahydrofuran (500 ml). The'mixture was stirred for 3 h and toluene ('1 0 L)was
added. Water was removed by azeotropic distillation with toluens. Heptanes (500 mh
was added to the precipitated product, heated to 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% yvield. "HNMR: & (DMSO-d6) 7.65 (d, 2H,

Ar), 7.40 (m, 3H, Ar), 4.35 (d, 2H, CH,), 3.92 (d, 2H, CHy), 1.17 (s, 3H, CHy).

Prebaration of Rapamvcin 42-ester with 5-methvi-2-phenv!-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. Imidazols (30 g, 0.44 moles, 4.23 eq.) was added and dissolved.
Under nitrogen protection, trimethylsilyl chioride (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 fiask 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-(trimethylsily) rapamycin was present. The lavers 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 ml) until pH 6 to 7 was obtained. The
solution was dried over magnesium sulfate (100 g) for 30 min, filtéred 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 -



To a suspension of 2,2-bis(hydroxynmethyl) propionic
acid (131 g, 0.98 nole) in tetrahydrofuran (500 m)
was added a sol ution of phenyl boronic acid (122 g, 1.0

) etrahydrofuran (500 m). The' m xtur'e was
nuk?fg, P)g 3 h and toluene (1.0 L) was 5 add@ﬂ”%ﬂﬁﬁmﬂwm
Was renoved by azeotrnrniC distillation with tol uene
Hentanes (inn m | was added to the precipitated
product, heated to reflux and cool ed. The mi xture was
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T o Lo s o e T GED LLET
when'%ft Toe miige Y"é’bﬁﬁ@?é end \haisl for30 nuimen STunegdl. of Th&o.;;ipér aqueous
15t hnger fs0ps ofs I&)ké‘?s WEBSL AL T 2k HBo N fgaﬂ% Iaalnrs we#paed with

retained as a 31,42-bis(trinethylsi)
r ePEPRACR Mb; st alpd sodiumsbixprianate (508 mumn (1368 rrnurgms layer
added waehetveth Jater {45a3K) wniepH 673 oBRINBY Ay %ti‘bh ‘@vas

te L T I gor ou
angB ﬁ%ﬁ{ré{ @aga S @SE g&agéi%n wastr?rs(% f%sr‘%s Ttﬁ‘? W‘th

| ayf8pthe 53°8FPP Bhﬁeﬁ?ﬁ? SRyl andeneatated acet one: hept ane
20e| uent ) Theltrdutiveasd dinted\Wis a‘é@tﬁ'ﬁé e &N SufieR a%@ 9(53 l'nglvdag added
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o1 06,0500 ) AN Sat kst o sodlu brefr bonale T4
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untsi 40 °0HTRe M&tufe wﬁgwé}plL@EJ]l%gm tg-rh&ratﬁrgla“h IhQIQTﬂWaI% hd r'llhe solid
OV?FodUagvngﬂnre@ ?S{\lé wagaed vs{]ﬁ watg)(z X 100 ml) foliowed by 1:1 aceton° 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
30  mode afforded the molecular ion [M + Na] = 1138.5 atomic mass units (amu).

Preparation of Rapamycin 42-ester with 2.2-bis(hydroxymethvl)-propionic acid. IC]
Compound [B] (200 g, 0.179 mole), was dissolved in tetrahydrofuran (600 mi), 2
methyl-2,4-pentanediol (42.3 g, 0.358 mole, 2.0 eq.) was added ahd'the mixture stirred
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and concentrated to a volunme of 135 ml. Ethyl acetate

(500 M) was added and concentrated to a volunme of 135

m . The water chase was repeated once nore with -12
V\D\g805/_0169_35 PCT/ US2( 104/ 0228611 ethyl acetate (500

m )" O REPAIPEne -chloride (300 M) was added andcrtus2004022860
solution held wuntil needed in the next step. A3 L

flask equi pped with nmechanical stirrer was charged

with conmpound [A] (75 g, 0.341 nole)' in nethyl ene

chl agriad@nitbRr Bls) ThBkd 20 AR ) 6.14d .05

5 ) g), was, added gro Wi se,Iove%“%éoﬁggﬁggtgég)ar%’ﬁ%ec?'ethy}emer
Wi {TE rre)t‘%"i'ﬁ a0 %'}ﬁt ?fng(éur? stitregjforeh. Heptanes (1.0 L) was added dropwise
2, 406t SHiten vbrzgyLo ¢ Hig e {0 Gas B A2BarihdorBocucy
a st QuithinBSS i aride . e

i Xpure was hi’(!hdlso\gf 0- ge{é f§$5kiw?{? reaﬁasoglsg)&ea&eftoag {4pg m), re-
5 CroHReof Teise bpemanegicl @adsy PSP yhier hpahipeistona@00 m),
addelrifted titrhegh: 1.2 riaskcaeaaeAiite, B8 ritsBe with X&%bne (200 mi). The
anhygiiof&as @ | ' et hyl ene chl ori de (%%O m)_'). N

A soluti on S_og%f@%el%ﬁtgta\%%rgm'e v %&b?ri (g'ioﬁré P fteseqhroggize @.2
nol EBCF?WFEIH‘E?WN@ME%NC’GI& F@I‘_@Etf(alﬁﬂuwﬁ)irrmr 2 pr Bpameeire was co-
addpeciptesed Hy. duiding preiiteieainehased (19 Lt).eﬁgeg;fr%i {a%FESO'_iGsS vGre fitered

nd..ri ' hyl en hl oride e
e o e Y Sy

1

r eall®i BRMHITREA é g1 PuniBe b df mbduat [C). N.GIMET usidgCARD irfkhe

( 60Rbsithvg ickerfie Afori&etht aBRRLIBE R B ¥ NLD G047 B& AT XU )
WasthétpHdL%gC?p%g?%' d.for 30, mss. #@ﬁ-? _op the lﬂjﬁpglNMR or
aqueous aye fngentics RO descriRed o exapale 4t oflS
andP3tae 51394818 51984ni ¢ | ayers washed with brine (450

g ), saturated sodi um bi carbonate (500 niL) until pH

>8. The (ﬁrg nic |ayer was washed with water (450 m)

unti | pl'-t}éJ NMRaREt f’%qhﬁ%'@f‘s"Fﬁ@leé(ﬂrﬂtom‘?hdmments referenced herein
conEe Mcppeatkd taceerone. (1R60bertiparad detorariflinaRIS@ Hat Ab&6kations
Thi @nWasndceRERL 86k Miclehhbod |00, of acet one

(25 ogé J t@é‘d c ngeentrat edagg%%%'?wcggé%:'eg T ‘6V'rt1h°\)dg§e'°&i“|“91fréa‘ the
wi thoacetond  8°5 N Sul furic acid (500 M) was added
dropwi se over 30 mi ns keeping the pot tenperature 0-5

C. The mxture was held for a mninmumof 5 h, during
which time, the product precipitated out of solution.
Agqueous sodi um bi carbonate (30 g in 375 m water) was
added dropwi se over 30 m nutes Kkeeping the pot
tenperature 0 to 5 C the mixture was held for a

m ni mum of 30 25 m nutes. Acetic acid (25 nl) was

added until pH was 5-6 keeping the pot tenperature <

10 C. The mixture was warnmed to roomtenperature and

held for 16 h. The solid
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product was filtered and washed with water (2 x 100
-m) followed by 1:1 acetone:water (2 x 100 m). The
cake was purified in acetone (375 m) to give 65 g
(58% overall from rapanycin) of product [B]. LC Ms:
CYimg: an el ectrospray interface in the positive ion 30
node afforded the nolecular ion [M+ Na] = 1138.5
atom c nmass units (amu). Preoaration of Rapanycin
42-ester with 2 2-bi s(hydroxvnethvl) orooionic acid.
[C  Conpound [B] (200 g, 0.179 nole), was dissolved
1i n t étprabsss fof preparing Go42vester 2f naptamyyci, whipk cbapeides!
(42.3 g, 0.358 nole, 2.0 eq.) was added and the

m xture stirred -13 CVO 2005/016935

PCT/ (382004¢tyathas & yapdroycia 3t silyhetimeofvit shcortpeuricecforraila
m xture was concentrated to a foam D ethyl ether

(1.0 L) was added and the m xture stirred for 2h.
Heptanes (1.0 L) was add¢@Odr.GRAIRER® over 1 h and the
m xture stirred for 2 h. The m xture was filtered and
the solid product washed with heptanes (500 m). The
s adriadmixseranhydridé siepeofed i n acetone (400 m), re- e..
treated with 2-nefh~,1-2 4-p-ntanediol (91.1 g 0.170
@"1 or,\ in arc4nne ()pn M1 clarified through a

i ] t el Ikt a [ | et gne

R 23 BTRER. B 1 Barti i DA ey 2o el i eyl o 2-
di et Margiraton(sl. QOR12RMEFGR1Q eosd, Lrsrugin R M2

nmicron cartridge filter, was added and the i xt Ure

Fégioil$ hmogem,faw .of'ﬂgﬁacaﬁbbh latcﬁn\&?@lgélﬁgl dﬂ?ﬁ'ﬁ b@ﬂbbataQ&pQ%/algynyl of
aadl re-1l ere ept anes . e precipLtate

2o | B GiiBan Al EanTD AR Vhcshe. alkoriDeRt St aaron atoms,
(2 xchidfbethyl, orfegaRpdrbgyrawpre dried (55 to 60 C, 10 mm

Iélg, m'gi mum 24 h) to give 159 g (86% of product [(.
RP@nR” ags tadrepragether toHerm Xosi tive i on node af f orded

o I [ ; = 1H NWR -
Xip® TP 2 OaMidalie of a e A2 ol Oebindidar
wherain tHeephany! mearhs eptibbalyf swisstitadent 5, 362, 718
@1299%% 1345 Al'l patents, patent applications, articles,

a2 Rer’ e arkrindepesidentiy dureagmoialky! gf €6 carbon atoms, alkenyl
| ncoppRI7adRHoMYtdree, &l LA -F:
Gt | PPRTRAEoR UGS ISRl 27 dtbon Sforks, (fud-mBRRL Ur -,
apfe specific enbodi ments described herein wthout
fdepgrting fromthe scope of the invention. -14

LLOYD WISE

w

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

(b) selectively hydrolyz_ing the 42- ester boronate 31-sily! 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.

-15-



LLOYD WSE CLAIMS: 1. A process for preparing a

42-ester of rapamycin, which conprises: (a) acylating

a rapanycin 31 -silyl ether with a conpound of fornmul allOYDWISE
HOOC. CR7TR8RO or a m xed anhydride thereof, wherein:

R7 is hydrogen, alkyl of 1-6 carbon atons, al kenyl of

2-7 carbon atons, al kynyl of 2- 7 carbon atons,
-(CR12R13)f OR10, -CF3, -F, or -CO2R10; R10 is

hydr ogen, al kyl of 1-6 carbon atons, al kenyl of 2-7
carbon atons, al kynyl of 2-7 carbon atons,

tr| phenyl net hyI benzyl, al koxyneth of 2-7 carbon )
2.at orfsprocesg atcoeding o clgim 1, é’ir}eée'mmﬁﬁ%ﬁtﬁmﬂ rapamyeip grergred is

(§‘I"-1979t @K@Wh%%?&é'l&rac%@tlrfﬁt@b ég cXm‘pﬁsé’s acylating rapamycin 31-silyl
i oxabor |

ether By ey 2 Fhan b S ERoT - CarRnlic ACk s 2eg Frhydride

of BEieth§l- Rphéynald, ydwbtsdrlnbhwobarm@nm v@Fapafiyeln, 31-O-silyl
|ndé£endentl hydrogen, al kyl of 1-6 carbon atons,

ethgri ?FterB?m\éat? carbon atons, al kynyl of 2-7 carbon
atorrB trifluoronethyl, or -F, and f=0-6; to give a
ester boronate, 3 -.si | e a
3o A DIGERSRAHILN ARG | Hociot Zouispngis Slabderr has the
foddulai |yl ether in mld acidic conditions to provide a

rapamycin 42-ester borona w (C) treating the
rapamyci n 42 ester bor onaﬁ;s'm%{l% a suitable diol to

whEremiRIER” andIR”'es¢ &re sdme apdifisrentselectdd tr@AXyWBISES c3rboA atoms,
r&l;‘g' %soeﬁggor ding to claim1l, wherein the 42-ester of
anycin prepared is CCl-779, and wherein said
acyl ating step (a) conprises acylating rapanycin

31 S
vt e SRS et s e Prheels e sl e
trlmctl’wlsdyl eéhem xed anhydri de

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 as claimed in any one of claims 1 to 6 in which the acylation step (a) is

carried out at a temperature of from about -50°C to about 20°C.

8. A process as claimed in any one of claims 1 to 7 wherein the acid in step (b) is a

dilute inorganic acid.

9. A process according to claim 8 wherein the acid used in step (b) is from about
0.1N to about 3N.

10. A process according to any one of claims 1 to 9 wherein step (b) is carried out in
a single phase aqueous acid/organic solvent system.

-16 -



of 5-nethyl -2-phenyl -1, 3, 2- di oxabori nane-5-car boxylic-
acid to give rapanycin 31-0-silyl ether, 42-ester
boronate. 3. A process according to claim1l or claim

: L0t her. has the . fornul a
B BB Aol th SR e 6 ) P ) o
odl dtfecteenersire dbadabsansa i@bb@ﬁt flo°@ . car bon at omns,
phenyl and benzyl. 4. A process according to any of
claims 1 to 3, wherein the 31-silyl ether is a

1RT i ApEdesS la'chrdﬁid‘t%ranyﬁaf cfhif{OF 65 51 a\ﬁﬁé’réﬁi\' #e did u@?& in step (c

o e of cl ains 4, "wherein the acylation ste
5érfbr‘rr%1®4'w
5 met hyl - 2- phenyl - 1, 3, 2- di oxabori nane- 5- car boxylic
SCId 6. A process as clainmed in any one of clains 1
0 44 mom%wwna@ RBY Pb@laine todR wheredheidéal imstep (c) is

uS&d fdart Qﬁo%nﬂoﬁ’rérh'a‘b'&hp'i waBegYs il e ARyl | de of

5- met hyl - 2- phenyl - dloxa orinan oxylic
acid. 7. A process as clalned in any one of clains 1

0 6l j ) car
4D o ISR Pam R N O B CRupR g R BBl g caried
Op‘r@ttﬁamn;wauralohﬁdm abany5@ e abowtl+@5n6. 1 to 7 wherein

the acid in step (b) is a dilute inorganic acid. 9. A
process according to claim8 wherein the acid used in

15t ep A(flopcess &s oliradd it anyoorie bf CrimBauto &Nin Jdﬁrch%tep c) carried
OE 'QBRSS accor di ??q to a one of clains 1 to 9 whe

¢ Byesence f @f‘yg aﬁs%\v%'? ngl e phase aqueous
aci d/ organic solvent system -16 LLOYD WSE 11. A
roc ss according to any one of clainms 1 to 10 wherein
t ep ABPCESS aiFlaimmed Buin aty Qe ehplaims dite 1#r whichlinaarried out in

thé&e%@n@é)eﬂéthép%wér% A process according to any of

~cl ai ns to 11, wherein the diol used in step (c) is

al,2-, 13- 1,4, or 1,5 diol. 13. A process _ _

1aC Wﬁr@b@&s 1Y) C%We@fin Sihfh A8n WHich ﬁ'l%fr\rggfgnﬁmggﬂ 3t1t§—tﬂgw%lth>h£]|yl ether,

step (c) is wused in an anount o out
4g1estar Boropate hagdpiaviant s.

LLOYD WISE

wherein R is -0-C=0.CR7R8RS, wherein:
R is hydrogen, alky! of 1-6 carbon atoms, alkenyl of 2-7 carbon atoms, alkynyi of 2-
7 carbon atoms, -(CR12R13){OR10, -CF3, -F, or -CO>R10:

-17 -



14. A process as clained in any one of Clainms 1 to 13,
in which step (c) is carried out at a tenperature of LLOYDWISE
from about -5C to about +25C. 15. A process as cl ai ned
in any one of Clains 1 to 14, in whi ch step (c)
Fg]@r- [ to e ran

5 oot al o100 BARRENEBAR kBRI, BoHisiCargms. aynyiof
CJ a| s/ martb@nmomahirkphensslnmmyh behayl talkaxynieiey| pf @s2e8®on atoms,
of e Y ess as clainmed in claim1l
in \Jgh%{qo%‘tﬂg rgg{ega?'\ dr(éé{%[r%?t rimethylsilyl ether,
RﬁzaraﬁRérar@wmabgem@Std aimxa R NOOGSRRR HOO

C?U? S x\lnereln Ris -O C=0 CR7TR8R9, wherein: R7

>T'§2h@ e, Qrwpowﬁa@aﬂe&?wwtw@ digrkrleIynarot-yR- 7
viRESIA Ihé | midykb@ptidHallg subsfidideon at ons,
- CRlZng?@?g?l }k b - ? us CO2R10; -17 LLOYD W SE

dang Fﬁ)?daremh -Idkyendffntﬂl ﬁyd:tagbmrallaﬂ@lfm -6 ehiven\dtodt, alkeny!

2-7 I 7. carbon
et peLat SRl Mo W of e 7 cArabRstorss. deromason, or -+,
aatdons, chl oroet hyl, or tetrahydropyranyl; R8 and R9
fare t aken together to formX; Xis

cgﬁ'enyl -1, 3, 2-di oxabori nan-5-yl or
2- phenyl - 1, 3, 2-di oxabori nan-4-yi, wherein the phenyl
may be optionally substituted; R12 and R13 are each,
1|8nde|@eplrd>66$d ys chijrdeogeoiairakilwindn thebrap @ﬂ 44 QHr‘imate ester
h }/ ?f 2-7 carbon atons, al kynyl of car bon
g?'ﬁ%orwq‘luororrethyl or -F; and f 06 18. A
process as clained in cI n- i n which the rapamycin
42-boronate ester has f{ fgrrrul a. 0 OH

wherein R is -O-C=0.CR’R8RY, wherein:
R7 is hydrogen, alky! of 1-6 carbon atoms, a'lkenyl of 2-7 carbon atoms, alkynyl of 2-
7 carbon atoms, -(CR12R13)fOR10, -CF3, -F, or -CO2R10:
R10is hydrogen, alkyl of 1-6 carbon atoms, alkeny! of 2-7 carbon atoms, alkyny! of

2-7 carbon atoms, triphenylmethyl, benzyl, alkoxymethy! of 2-7 carbon atoms,
chloroethyl, or tetrahydropyranyl;

R8 and RY are taken together to form X;

X is 2-phenyl-1,3,2-dioxaborinan-5-y! or 2-phenyl-1,3,2-dioxaborinan-4-yl,

wherein the phenyl may be optionally substituted;

R12 and R13 are each, independently, hydrogen, alky! of 1-6 carbon atoms, alkeny!
of 2-7 carbon atoms, alkynyl of 2-7 carbon atoms, trifluoromethyl, or -F;
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HOO_O, O OOOwherein Ris -0 C=0 CR7R3R9,
wherein: R7 is hydrogen, alkyl of 1-6 carbon atons, LLOYD WISE
al kenyl of 2-7 carbon atons, al kynyl of 2- 7 carbon
atons, -(CR12R13)fOR10, -CF3, -F, or -CO2R10; R10 is
angdr ogen, al kyl of 1-6 carbon atons, al kenyl of 2-7
carbon atons, al kynyl of 2-7 carbon atons,
ﬁ?pﬁ%enylnethyl, benzyl, al koxynethyl of 2-7 carbon
atonms, chloroethyl, or tetrahydropyranyl; R8 and RO
are taken together to formX; Xis

. phehpracess Tor preprens ricearpanglof dormula:

2- phenyl - 1, 3, 2-di oxabori nan-4-yl, wherein the phenyl
may be optionally substituted; R12 and R13 are each

i ndependent |y, hydrogen, al ky}°"of 1-6 carbon atomns,

al kenyl of 2-7 carbon at onns, aldeynyl of 2-7 carbon
atons, trifluoronethyl, or == -18 LLOYD WSE and
f=0-6. 19. A process fo @paring a conpound of
formula: OHOH 0O Odf:ﬁzgf 000 HO O O which
conprises treating a 3f-silyl ether, rapanycin

42- boronate ester h~g~syirtable diol. 20. A process
according to claim1 rei nit hegsdiol used is a 1, 2-,
1,3-, 1,4, or \

0
HO

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

20. A process according to claim 19 wherein the diol used is a 1,2-, 1,3-, 1.4, or
1,5 diol.

21. A process according to claim 19 or claim 20 wherein the diol is 2-methyl-2 4-
pentane diol. |

22. A process according to any of claims 19 to 21 wherein the diol is used in an
amount of from about 1 to about 5 mole equivalents.

23. A process as claimed in any of claims 19 to 22, which is carried out at a

temperature of from about -5°C to about +25°C.

24. A process as claimed in any of claims 19 to 23, which is carried out in the
presence of tetrahydrofuran solvent.

-19-



1,5 diol. 21. A process according to claim19 or claim
20 wherein the diol is 2-nethyl-2,4- pentane diol. 22.
A process according to any of clains 19 to 21 wherein
the diol is used in an anmount of fromabout 1 to
about 5 nole equivalents. 23. A process as clained in
any of clains 19 to 22, which is carried out at a
tenperature of from about -5C to about +25C. 24. A
process as clainmed in any of clains 19 to 23, which is
carried out in the presence of tetrahydrofuran
solvent. -19 LLOYD WSE 25. A process as clained in
any of clainms 19 to 23, which is carried out in the

2501 G%E%e@é‘ a@&lBi@rﬂe&ﬁ'a\ﬁg df claifs 19t GARH i B4rriBE BDEhItRG
5- net di oxabori nane- 5-car boxyl i c

Pregsnge o WRPEEO&%%DH ses: reacting
2, 2- bi s(hydroxymet hyl ) propionic acid wth

henyl boronjc acid. _27. ai med i
| SAPBRES BfPRREe St SRV e raReBRRE Broarboxic acid
wﬁ@ﬁé@ﬁmdkefuran sol vent. 28. A process for |ncrea3|ng
t he pur|t

N0 O tsaclnd 62 s BBR I e RerahRle Ao Y aranfpagric <21

isonmers Band Cin aratio of < aboutl0:1 -20

LLOYD WISE

27. The process as claimed in claim 26, which is carried out in the presence of

tetrahydrofuran solvent.

28. A process for increasing the purity of a compoun.d of formula

in a solution containing isomers B and C in a ratio of < about10:1

-20-



LLOID WSE O-B0-13 0 00 00 OOOHOOH NHOO
O-00HOOO-0, O 0000, Bisoner and C isoner
conprising the step of adjusting the pH of the
solution to a pH of about 5 to about 6. 29. A process
as clainmed in 28, which is~carried out in the presgnce
of acetone solvent. 30.rocess as cl ai ned inm
28 or claim?29, whichd-g"carried out in the presgnte

of sodium acetate buffferc 31. A process as clalkned in
claim28 or claim®@g \Wwhich is carried out i

presence of sodi carbonate and acetic aci@ 32. A
conpound of forn@%): NO.OI OH O o@o/, 0 HO
00 (1) in whit Fs selected from -21~k1'GYD W SE
O C=0 CR7R "'Mer iR, R7 is hydroge "-ah\k_,y { 1-6

carbon at gns,| al k -7 carbon @mb al kyhyl of
2- 7 car bonNatyhs, SR13) f OR10, Py °-F ory™

- CO2R10; © d 8 hydrogen.-@l kyl of 1-& car bon _aky
al kenyl 84 _2-7 carbon at gns,
) o 0

LLOYD wisg

B isomer and C isomer
comprising the step of adjusting the pH of the solution to a pH of about 5 to about 6.

29.  Aprocess as claimed in 28, which is carried out in the presence of acetone

solvent.

30. A process as claimed in claim 28 or claim 29, which is carried out in the

presence of sodium acetate buffer.

31.  Aprocess as claimed in claim 28 or claim 29, which is carried out in the
presence of sodium bicarbonate and acetic acid.

32. A compound of formula (I):

in which R is selected from:

-21-



2-7 carbon atons, triphenyl nethyl, benzyl,
al koxynmet hyl of 2-7 carbon atons, chloroethyl, or ~ LLOYD WISE
tetrahydropyranyl; R8 and R9-are taken together to
formX, Xis 2- phenyl-l 3, 2- di oxabori nan-5-yl or
2- pheL=0.8RIRERExeimeinnan- 4-yl, wherein the phenyl
QP be optlonall substi t ut ed; R12 and R13 are each,
alky! gl tbapshon atqny$ aifery! 6f 2-ardaobomttumss, alkynyl of 2-

alke 7 _car k of 2-7 carbon

WCWPPW%% {Qeﬁ@ag%ﬂ&ﬁ@ Py -Foop1a02830

at ons

S R R' (ONO)
%nggz i’\;\ihq %{1 ﬂﬂ{y{sw sﬁpecctr &Y' %0 a"@”@—é&ﬂ%‘?@‘ atoms, alkynyi of
wher e3-if:caRiori atolmsd trigfenyinadtkyl, behzyl - aﬁk@@h’ﬁ&ﬁyl%@”’?carbon atoms
al ke atorrs ~al kynyl of "2- 7 carbon '
atonsnwlor?%&ﬂgf% y gr -CO2R10; R10 is
K8 dhe Génareahke to@feth]er@o @&HPR“ at oms, al kenyl of 2-7

car bon atons, of 2-7 car bon at ons,

X 1S HRBAYY e R;ﬁloxq@@ﬁzym -5-ylIok @xymestyhy |3, Z}ﬁlc&aBoﬂﬂaﬁrbﬂry
mé}gm the%bﬁyl%éwé ’opﬁénélﬁtgd%sp grppyranyl ; -22 LLOYD

1 and are entoge er toformX Xis
R- 5@.,%1&3& é’acﬁh incrbendedly, ﬁyﬁﬂogeﬁv\%lkyl of 1- ?ﬁarbo# ato"ns alkenyl

2- ph |oxab rinan-4- erein
may b %BF?%’?&%@”@UB Yl @f éd? C@Q”Mnﬂl@lﬂaﬁ@r@abhl or -F;
amidependent |y, hydrogen, al kyl of 1-6 carbon atons,
%r;yl of 2-7 carbon atons, al kynyl of 2-7 carbOn
trifluoronmethyl, or -F, and f = 0-6; and
wherein R, R', and R'"' are the sanme or different

sel ected from al kyl of 1-
A compound of formula:

in which R is selected from:
-O-C=0.CR7R8RY wherein:
R7 is hydrogen, alky! of 1-6 carbon atoms, alkeny! of 2-7 carbon atoms, alkynyl of 2-
7 carbon atoms, -(CR12R13)fOR10, -CF3, -F, or -CO2R10:
R10 s 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 tetrahydropyranyt:
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6 carbon atons, phenyl and benzyl. 34. A conpound

which is rapanycin 42-ester with . LLOYD WISE
5- met hyl - 2- phenyl - 1, 3, 2- di oxabori nane-5-carboxylic

acid. 35. A compound in which is rapanycin '

- 0- tJa | sjl h 42- est ith 5-
ﬁ?ﬁ?ggfqghg S{og?é%he%ftg?&%%%r ieﬁaﬁre-\ém- carboxylic acid.
X5, 2-phenyiy18)aiexatlosin e SayiHEP- 2ok HyRA Eﬁﬁ%io%%'ﬁfjbﬁ‘-i%
3 anq R9 are as geflned Ln Gaiml, or a mxe
"gfﬁ{?'&r PG @haRYimay P ortipRaletbstied; A con‘poundI ai s
. . P . . et hl - 2 € )
G oiBar | nasecach, HReHebinh oo b 1 B rar o, akeny!

W@t oadbionyatembsalkynyl e 2-brardbon2tdms: trifiucinastale onzoy |

xed anhydride derivative thereof. 38. A conpound as
al(ﬁ ainmed in claim36 which is 5-nethyl-2-phenyl -1, 3, 2-
féi @Pabori nane-5-carboxylic acid or a

Se : . i vative
2 4 Gl WA RDRAZ QKL AR SRR NINSE b G rant Salectad from alkyl of 1-
6 carbon atoms, phenyl and benzyi!.

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

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

36. 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.

37. A compound as claimed in claim 36 which is 5-methyl-2-phenyl-1,3,2-
dioxaborinane-5-carboxylic acid, wherein the phenyl is optionally substituted; or a
2,4 6-trichlorobenzoyl mixed anhydride derivative thereof.

38. A compound as claimed in claim 36 which is 5-methyl-2-phenyl-1,3,2-

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