; kl e3ebS8bP. 6T89@ 12 AUG 2002 1 Process for the Synthesis of H V Protease
Inhibitors This invention relates to a new process for the synthesis of
(3S)-tetrahydro-3furyl IV-[(1 S, 2R)-3-(4-an no-N

i sobut yl benzenesul phonam do) - 1- benzyl -2 5 hydroxypropyl J car banat e,
hereinafter referred to as the conpound of fornula (1), and to ”PYENUGZOUZ

i nternedi ates thereto. The corrpound of fornmula (1) has the foll ow ng
structure Nz HN G-O O - S ~ ~ (1) £ OH 10 and was first described in
PCT pat ent publication nunber V‘094/ 05839 at Exanple 168. Currently there is
considerable interest in the conpound of formula (I) as a new

chenot her apeuti ¢ ppo@essIfor thd Bonth@sis BIMHIVOPrdtease idkibitgranodef i ci ency
virus (H V7 infection an € assocl ated conditions acqui red i mrune
deficiency syndronme (AIDS) and AIDS denentia. There exists at the present
tine a rfElad |h0er|itmdttﬂatdsaroga e rirotess farf thehsyrithesio wfd(3)-te@amdra-4-1) for

cllnlcal vestl 20t ound as a
chenot h eutl cg’gyeﬁ]ﬂ?ﬂ e%?rgg'pﬁ‘gﬁﬁg%ﬁ%%ﬁ%g\slé@?f‘aﬁgdo)ﬁﬁb 2-rout e
for5the WDWopbetamnammgmmomei&n@domjae tha ecaropponn b f (ﬁbmﬁmarrul a
(1) in hiyg el &qﬁt% peed and at |ow cost with mnimm waste
mat er i alhts) %t:ar?ggepn%%ner t a@%ﬁéﬁ‘e(ﬁ m ni mum i npact to the environnment 25
|n ternms of disposing of waste-nmaterials and energy consunption. i~~nm~~'~
~~~~~ The dordpbiky 30 fmi¥e) hisaehbuNtiviag RericRirecess for the synthesis of
the conpound OP formula (1) with many advant ages over previously known
routes of synthesis. Such advantages include | ower cost, |ess waste and
nore efficient use of matefials. The new process enabl es advant ageous
preparation of the conpou of 5 fornmula (1) on a manufacturing scale. The

route of synthesis of th ound of Of or (1) described in the
speci fication of W94105639 /s speci f/E\aI | y/ descri bed therein in exanpl es

39A) 51A) 51 B, 51 C, 51 167 arkdN 1680 overall yield fromthese
exanpl es is 10 33.2% of gt-hgory,. CGen raIIy t he rout gdescri bed in W94/ 05639
i nvol ves protecting the am nN a\c of fommul a ( (Ex.39) NHP off ~~ (A
| "1 5 20 wherein Pis a.Bro ectld]_g gtoup to forma conpound of formula
(B);

10

and was first described in PCT patent publication number WO094/05639 at
Example 168. Currently there is considerable interest in the compound of
formula (I) as a new chemotherapeutic compound in the treatment of human

15 immunodeficiency virus (HIV) infection and the associated conditions such as
acquired immune deficiency syndrome (AIDS) and AIDS dementia.

There exists at the present time a need to produce large quantities of the
compound of formuta () for clinical investigation into the efficacy and safety of
20 the compound as a chemotherapeutic agent in the treatment of HIV infections.

An ideal route for the synthesis of the compound should produce the compound

of formula (1) in high yields at a reasonable speed and at low cost with minimum

waste materials and in a manner that is of minimum impact to the environment
25 in terms of disposing of waste-materials and energy consumption.
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NHP ..- i~ ~<c¢c) _, ,. wherein P and P are each independently a protecting
group; deprotectng the conpound of formula (B) to forma conpound of
formula (C) 25 (Ex 51A); '~ ~A-~G-200 3NH2 i~PN" H~ (c) (i 510
wherein P° is a protecting group; fomming a hydrochl oride salt ?tl @_ﬁ, und
(© (Ex 57 B) then reacting with N m dazolyl-(S)-tetrahydrofuryl “c te
to formthe conpound of formula (D) (Ex 51C); HN~ O~ P,N (D) OH ~'J wherein
P" is a protecting group; 15 deprot ectiihg t he conpound of fornula (D) (Ex
51 D) wherein P is a protecting group to formthe conpound of fornula (D)

wh i P i H(Ex 51 E); d |, i t t ant d i

the’ compoliRifare famianabpawss 1R ¢ pbRs Tl bR GRMBGIR G FamidarDa

E:(é;rpounﬁ gi%f—i ﬁ'![’aﬂiw adOEll)utta@Ef CATED) ;previbﬂsl&?ﬁ\é\ﬂﬁZrGUté@:ZoDsbNhesisdGSé@PS~f W
~~ e resultant conpo o) : n reduced, to form

t he corrpoﬁﬂ‘bargf’g?%mﬁi‘l’%e q er(‘l::‘%ngige%‘)g. \Qéstfenéﬁhﬁ%{&@fﬁ#l%g{ E‘?Sc‘ﬁs’?agﬁ”@éﬁ-osed

i n W94/ 05689néwr provedsac engblebe adeanptagadusfpreperation (af) ther mampaurgbmgfound

of {8r Ml rffila GPERY M&RuMcinttd cdiest ages:

The route of synthesis of the compound of formula (I) described in the
specification of WO94/05639 is specifically described therein in examples 39A,
51A, 51B, 51C, 51D, 167 and 168. The overall yield from these examples is

10 33.2% of theory.

Generally the route described in W0O84/05639 involves protecting the amino
alcohol of formula (A) (Ex.39)

NHP

5L
W) iy @

~ Iy

15 =7
wherein P is a protecting group to form a compound of formula (B):
20
NHP
AN . /,\\

wherein P and P’ are each independently a protecting group;

deprotecting the compound of formula (B) to form a compound ot formula (C)
25 (Ex 51A);



‘1 ) 2) 10 3} 4} 5) 6) 15 protecting) deprotecting, reacting the resultant
conpound with an activated tetrahydrofuranol group, deprotecting) coupling
wi th a p-nitrophenyl sul fonyf group, and reducing the resultant compound to
forma conpound of forrmula (I}. Applicants have now found a procqﬁi B%
whi ch the conmpound of fornmula (1) may be prepared on a manufact urfi 6 W e
fromthe sane starting internediate, the conpound of formula (A), in only 4
di stinct stages instead of 6. in additi@® to the 20 associ ated benefits of
fewer stages, such as savings in tinme and cost, the inproved process
reduces the nunber of waste products forned. Furthernore, product nmay be
obtained in a higher yield, of approximtely 50% of theory. The process of
the present invention involves the foll oWing steps fromthe 25 conpound of
formula (A) to the conpound of fornyla (1); 1) coupling (A} wth a
p- ni trophenyl sui f onyl group, IPNAUG~Z002) 5 2) deprotecting the resultant
conpound, 3) reacting the resultant cQgppou d with a derivative of
tetrahydrofuranol, and 4) redutjng the res ant(anpound to forma 5
conmpound of forrmula (I). Ideallly the tetifahydrofuranol derivative is
prepared and coupled with the conpound ré ting fromstep 2) in a single
step. 10 Therefore) presented as a feature of the present inventionis a
process for the paration of the conpound of formula (I) NHz O HN ~ O-O
O S~N~ (| whefeifiP'iis dprotmapnggjrogp; i) reacting a p-nitrophenyl sul fonyl group
w t hga conmpound of formula (A) 20 NHP HN OH .L. ~ ,1 (A in which Pis an
am n&- protecting group;

forming a hydrochloride salt of compound (C) (Ex 51B) then reacting with N-

imidazolyl-(S)-tetrahydrofuryl carbamate to form the compound of formula (D)
(Ex 51C),

10

N .
~. OH e

wherein P’ is a protecting group;

15 deprotecting the compound of formula (D) (Ex 51D) wherein P' is a protecting
group to form the compound of formula (D) wherein P’ is H (Ex 51E); and
coupling the resultant secondary amine on the compound of formula (D) to a p-
nitrophenylsulphony) group to form a compound of formula (E) (Ex 167);



~-2 au~ Zoo2 6 ii) deprotecting the resultant conpound of step (i); iili
reactin the resultant conpound of step (ii) with a tetrah drofu io carbon |
9 Yry XYY ' group; or reacting the resultant conpound of step ii) with
phosgene, or equivalent, and reacting the resultant intermediate with
(S)-tetrahydro-3-furanol; and 5 iv) reducing the resultant conpqynppfiist ep
(iii1) to forma conpound of fornmula (I). Preferably the protecting group P
in the conpound of formula (A) is an anine protecting group selected from
al kyl) aryl, benzyl or heteryl carbanmaf’es, al kyl or aryl am des, or silyl
groups. Mst preferably Pis at butyl carbamate. 10 'referably step i) is
carried out by treating the ngnpound of forrmula (A) with a

p- ni trophenyl sul fonyl halide) preferably p-nitrobenzenesul fonyl chloride,
in a suitable sol vent sel froma ketone such as acetone, an ester such
as ethyl acetate, an ether] such as di ejhyl gthar, an amine such as
triethylamne, an am de suchras 15 gjnret Qgﬁﬁnide or di net hyl acet am de,
a chlorinated solvent such as dichl oyonmethane”and ot her sol vents such as
acetonitrile or toluene d?zﬁi. S ereof. PrefeflBbly, the reaction is
carried out at a tenperatug;/g the ramge about 30C to reflux tenperature,

preferably in the range 70-90¢, wi@Ht diyet hyl acetam de or toluene as the
solvent. 20 Preferably stepfii) is cf dd out in a suitable sol vent

sel ected froman al cohol such as et h&g an ,ester such as ethyl acetate)
an ether such as diethyl ether, a chlorinated solvent such as

di chl or o hesiftanb doRipbahd st fueniia (EY e tiam @eticedith Toirs tieé cbRipdRRg &'
nlxturesftheqezé. quggly the reaction is carried out by treating a 25

sol ut i onforfaa Ll ARX 18841 et hanol or tol uene sol ution, of the resultant

conpound of step i) with an acid or base, for exanple a mneral acid such

as dro | Cj i t r ion is
ot ed ﬁzé‘m“"z; *é%ﬁg?ﬁéQgﬁﬁg@ﬁgﬁﬁgﬂe‘gﬁ?ﬁﬁgBfgcﬁ%:geﬁe%gswgﬁgﬁﬁ ature
with hydpP a emgjthergp@inpe 9 BEVGAPIISE 8l gageat

at nospheric pressure. 30 Preferably the step ti) product is crystallised as
a solvate, preferably an e hanol%teﬁ whi ch is subsequently renoved by
drying. This provides adva aggg)?ﬁ QQWH(i 1 2 AUG 2002 7 The product of
stage ii), (2R, 3S)-N-(3-an2no- deprodecting, 4- phenyl butyl)-N
iquutyI-4nitrobenzene sul phonaty hMQrQQMzﬁﬁE =N q SYe Y q&,g&gaeof, are
novel conpounds and are prggen?%; ag a {urt er eé?@rg 0 ?he Bresent
invention. 5 Preferably step i {gtjahygrefyrancl@reln, by reacting the result ant
gonpound Ff sLep ii)tmjth( )tfﬂ?ﬁﬁﬁﬁﬁﬁkﬂr¥|oxy farboEyl group (prepared,

or exanple, by reacting -tetr ro3-furanol w

1,1' - car bonyl di i m dazol e, chf’%‘?‘g'f"\érwggé‘ %Pﬁlﬁ?&gagﬁgsf?nﬂrgrPBB'c?l"?qﬁg t he
resul tant c_orr}[)ounddpf t St\ikﬁs)i ih) redmmg)ﬁmmuman@omn?tc?iw? aélo p;o](cjuce aln
i sggyanate internedi ate ic [ToTo8 -tetrahydro-3-furano
orqg 10 precursor thereof. A s%@?ggpgaéglveﬁﬁ y be selected fram an ester
such as ethyl acetate, an am de such as dinethylformam de) a chlorinated

sol veRppifdtiils AgvE el RILARES Protsaisy Whitsy the dorepdind offorauilafghesy bei | e or
t ol uene or m xtures thereof. Ideg%bév%hﬁ?reactlo i,s car in a
3_

i ed oyt
si ngl EePRERA AN r2 JRANHgClWing A rSANE SR infermediate, 'the
1, 1' - eampouoid of ifoinstaa (Ag, mndniyhe distinot stegesdnsieadnof 61 Int agdition to thé5 et hyl

b £0 crSaiptB SRR R wer g, SHPAGRS S B8 A8l St LETRRINC, Ly
step proress reducesetiiecuimber of eastenpradusts éymadanFugbepoored psodgetapayi i)
Wt ha@? bEEHGLA éﬂfg%ﬂ I)é,egﬁ, @‘%Sﬂ?bﬂn?atﬁ Ohy, B hiseorgat al yst such as

pal | um under a- rogen "at nosphére, in a suitable solvent, selected
from an al cohol such as ethanol or isopropanol, a ketone such as acetone,

an estiRd prfelsdSoftthy! pAsRint RveAtlo@NintehedC thasfollowirid1ydtéps Mieindahe and

ot her solvents, such as te%rah %égﬁﬁi or p1étures thereof. ldeally the

r ed2t $AAPPYUNG g farawia(R) torthg 6o, ot IoffpHad): svpropanol, with a
catalytic quantity of 5 or 10% pal | adium on carbon support at 0C 25 to 60C
under a hydrogen atnDSphEEF. a%%ﬂﬁgqﬁsqgg1apqﬂvopheny$uﬁonwgnoun




8 Nz NHP NHP O~S ~ N~~\. HN~ ~ ~~ "1 Stepi) O OHi OH~ ~::~ h ,I
QNOGo\ I ) ~Stepii) Il s '"~~11. ~ ~i , ~0o (] HN-~"~O-—~.~ Step
iii) NHz.HCO -- &S OH~0~y OH~ ~~ 1~ ~00y Stepiv) NHzr Il no |
HN (OJ.~\ , 01IS ~~_ OHI ~I . 12 AUG 2002 9 Conpounds of forgukﬁgfn@)
may be produced by the ring opening of a conpound of formula (F) ~,
(F) "~ ~I L sddition of isobutylam ne. Conpounds of tornula (F) are known

in the art, and may be produced by th.‘fﬁ 90 net hods described in Tetrahedron
Letters (1995), 36 (19), 3317-20 and Tetrahedron

2) deprotecting the resultant compound,
3) reacting the resultant compound with a derivative
of tetrahydrofuranol, and
4) reducing the resultant compound to form a
5 compound of formula (1).

Ideally the tetrahydrofuranol derivative is prepared and coupled with the compound
resulting from step 2) in a single step.

10 Therefore, presented as a feature of the present invention is a process for the
paration of the compound of formula (1)

)

15 comprising:

i) 1eacting a p-nitrophenylsulfonyl group with a compound of formula (A)

20

in which P is an amine-protecting group;



Letters (1995), 36 (31 )) 5453=6. In order that the invention may be nore
fully understood the follow ng exanpl es are presented by way of
illustration only. 15 In the Internedi ates and Exanpl es unl ess ot herw se
stated: Al tenperatures refer to C. Proton Magnetic Resonance (1 I@;H%R)

| spectra were re~~rded at 400, 500 MHz, chemical shifts are repdrzté ppm
! downfield (d) from20 Me4Si, used as internal standard , and are assi gned

, as singlets (s), doublets (d), doubl etsfgf doublets (dd), triplets (t),

, quartets (q) or nultiplets (m. The foll'™Owi ng abbrevi ati ons are used in

i text: THF = tetrahydrofuran, EtOH = ethanol, DVA = dinethyi acetam de) TEA

'HCI—t G 2002 10 Ex I Ex le 1
(1S, 2R) E%b&%ﬂr@%ﬂ_g%%égenz 'n%?%undd r oxy -@( i sobut yl am no;igrr)ogfllj 2grr)b:nate '

| 5 (127. mmaczbmg thﬁmﬂsyltaats Cﬁ@mowdu af stﬁméaewmwemtyahwrewlam carbonyl

" triethyl ag?dﬁlgn()f’f?eéiﬂm gAhé r85HRIN: c@ﬁmndﬁf%t@@ if e p%%g@ﬁé‘tcﬁ%dﬁvaqgrgﬁ and a

sol ution i trobenzene sulphonyl chlori I'n toluene

(250m ) waRkd garingdbe resytant inteanediale, w gE' (gfé%trafa'ﬂr%r%fw@m@ra@d hours. The

resul 5apy re‘d@blﬁgl the resultdrt coapourider step iiRiionne éor(‘nf)éuﬁd HR¥orbla (hut yl N[
1-benzyl - 2- hydroxy-3- (N i sobutyl -4 10 nitrobenzenesul phonam do) propyl

carbamate } was then cooled to 80C. The ol ution was nai ntai ned at
appr oxi Peferlaply8 @@ protectingcgroupaPeith iyl rooctpaunidc obdoringlal(Ahnik) a7ém@eol )

vas add&@te%\(ﬂg é{) ;{;“sﬁ&&c?éd rohfa £4He b\é’ﬁiﬂ'}ﬁq{e‘?ﬁg 8an?&1@§6(§152 Ir&xarﬁﬁc)

and maintai ne eratu ant| y of
concent3aides. aysivbarmES: cMaé’i rrefer@bhnir is g -butylgarhamatgas added. Sol vent

(watgg 15 and tol uene m xture) wad renoved fromthe reaction mxture by
t till t.ot al f t 600nl

he.r colleleIAPYSHEBoNOFATIEY RdopidrEansotiFs EoMBEHR P LI BLIAA) WBDGHL)

WasI agqiadﬂro@hdnﬂ_be!fcmyl iatide, predferably) paitrab&lxeéneshléonyl xhiorielewirs afsu!ﬁtbgl%[)

cool e r - e

i1t st BT SRR By a yERSnd Beh 38 AESAS ATbBiet RUER Byl SGaidle an™

appr oxmfhefeSnyB@s digthidrethat uamamisne syeh @si tniathylgmine, hanr@mzdeosgclwas

Sul poielyBhaRide DU SfEiREahiue)” b cSAEY | Solbhl Pa o

assay) 9 %ﬂom%mﬁa E("§{)(5’IWFZ' ngatsd ChBa%ﬁO?&"YHP{e PIQ“Q‘)'?"% Of PRI res s),

8. 06( 2lthereof." Poéte)ably, thi( fedction)is Tabiddlott atia témperatures ird Hel rafg en’)about

10 capSlorgnirieatipaPlohe fretalely i i) pride L 00°C, Sl WRBIERIIGE)

(314. 3Iog)oluﬁm¢nastth¢solvgnto give 3-(S)-tetrahydrofuryl
|mté?zol e- 1-carboxyl ate. (S)-3hydroxytetrahydrofuran (157kg 178. 19n01l) was
e

add 0 m nutes, ed i.n 30 with a 9. t hen the
mi xt ur 3@'\/#‘?%8) \soq.argeglﬂqtﬂg,a ﬁB\\%b'e &&%@Fe% 2id frolr an aiB8hol stieh
(3- ami ag- éthand!, cary -ebtemh engh bag yéthyNacetatelt nh- dther t suihe mise dietisyll pthenaai de

L o Shrindfecd SvaR o S5 RATH i’)"é?ﬁ%"ei S8 bAer solentE Sl & AERpRfikD
denat upedoleeheno rT(lmre-‘) thereohddisieally He stgagtipn ris veasried W'ebYaWeQm@ for 10
m “%eéf»’égoh N éd%%;ﬁé %H‘@tﬂeﬁﬁ)l qu@uréneaééngwﬁ SOthes be%ttmaht %Sm Bhuﬁdrafxt ure

was CO0O0 our pr oduct

stirre r
was i s&te 'éM"%’ya"f PF'E’r%‘l’thQﬁ‘F %%’F@Hp ?ﬁ“'ﬂ@@dﬁﬂ‘gﬂ“&l ﬁ%ﬁb’ld’?éﬂo'@ aﬁ'HcPrdrl ed

al_apPpaNeams Ay4roBeR chiBNSd. YaealyTiHergictien(is Soed sy dnay ferhpeshurd in( 1
S R anvtb i A gt e

(500I\/hzeaaﬁmnosdébrted&tﬁ&(t%odphén@ﬁze)ssu&06(2H) d) J=9Hz), 7.20(6H m)
5.0 1 H d, J=5Hz), 4.94(1 H m, 4.35(EtOH, broad s)) 3.71 (EtOH, Qq),
3.65(1 H, n), 3.60(1 H m, 3.51 (2H, broad m, 3.40(2H, m, 3.15(1 H, dd,
J=8Hz Rreferatiy fhe stepri)ipradugtiis ostaliseddas sreqivate, mqublman othagplate, ).
2.06(1 1c%)suiasg%6ént|§v reMovel BB ayiRl. This provRiesiddvantadedindgét, dd, J=7Hz
and 16Hz fromthe above stage (80.0g, 149.4nmol) was

hydr ogenated in isopropanol (f380nl) with 5% pall adium on carbon ( 16g, of
a wet paste) and hydrogen pressure (approx 0.5 to 1.5 bar) at 25-50C for
approximately 5 hours. The m xture was cool ed and the catal yst renoved by
filtration. The solution was distilled to a volune 15 of approxi mately
320 and. water (80nl) was added. This solution was divided into two for
the crystallisation step.



To half of the above solution) decol ourising charcoal (2g) was added, the
m xture stirred at approximately 32C for 4 hours, then filtered. The
filtercake was washed 20 with isopropanol (20ml) then further water {40m)
was added to the filtrate. The solution was seeded to induce
crystallisation and stirred for 5 hours. Water (130nml) was added §|20/W@/2002
over 1 hour then the m xture was stirred for 4 hours. The resultant slurry
was cool ed to approximately 20C and the product was isolated by filtration
a-, .~ washed with a 1:4 nmixture of isopropanol/water (120ml). The product
was 25 dried at approxi mately 50C, under vacuun) for approximately 12 hours
to give (3S)tetrahydro-3-furyl N ~(1 7

S, 2R) - 3- (4- am no- N-i sobut yl benzenesul phonam do) - 1- benzyl 2- hydr oxypr opyl ]
carbamate (30.3g; 80%of theory yield). NVR 'H NVR (300Mhz, dnso-d6):

7. 39( 2H, The @rofuit)of ﬁag@(:ﬂil—UZRﬁxS -15-(8GnBkh- 2d)ydj®@k&pheﬁylﬂlﬁlwwts)ober)yl-44 99(1

H d, J 3 8 H dd,
5= i oG SEoS, e ilagiely ot bty Theralheyys .
2.50(1 Hcowpoqu@gpd grq.prqﬂent zg;@ u rﬁgaturg gqup;q:senj mvgntapp (6H, dd,
J=16Hz and?Hz) mz: 506.2 (M+ H) 35 1 2 AUG 2002 12 Exarrple2

Al f.(2R.3S)-N-(3- d I N5
sobut o PYTRIALDRERILIE Ottt AR aecnsP rEn b Ras o PER) wiha |
N- [ 1- benteftahdifanytexy ca3ri{dnybgnoup| (prepacgd fapsxampte riyaeating @Sl)aeﬂ:atkywo

630. 36

triethyl %%“’r@%% %"U’e?a"‘iggﬂgfgﬁn@%ﬁb‘%?@?’ ke orbhbtded), dtfeatfit e oo
10 sul phtsspita EthICBF"I nd185 #%R), Us9EhoBRRRgE EN Q’e?ﬂ‘d’ﬁ?‘&ﬂbftﬂaﬂ@@% Bkg) was
added ~efso2ydrete SniEbmetdiate Whiehn czini t}‘reeudréan:t vath (S Fetahhérer3- an‘BhdSlt 8t & ng the

t T 1079
|} 2ot Boae R thetebr A S\iable S Ehehy Bl BleciR0KBH b odtir SRR A00EY |
25C. Thea¢gtateuran \@midet Fuehe dasf 6ﬂnqthM'Jﬁrrnatnﬁé¢» Bhehlprinatedt smgntn suchatasd by
filtratigighorGneR@ndi 4y \Qsﬁﬁ@* sdiPertd 3guch agdaéelikﬁ'lkn@'&?ttHfu%ﬂeeéh?rﬂﬁhrés%Af 1)

oot s IRk Tacg The kEdion it KarPH R T8 Sinofe. S B v becinsr S e ahydime ‘.

NVR ( 50084furandhwithds)l'-carbabyldiinidazole=aht the SeSi{aRM, cothpolmaHa Step. SIRSH)

6. 67 Agh g §%§% a2 Qb ﬁqge%ggé 534 et R Selh el 20"
2 93( DNAPfeéﬁfa t?s(fmmnslf)caﬁ' Ufalh)at sph emcgﬁs_ﬁuw '1.95(DMVA) s).

1. 74(THF . 1.23(9H, s), 1.18(TEA HCI, t), 1. 05(EfC]—I) t), 0.82(6H, dd,
J=6Hz 6 9ol
corr ecf1 gd e}%}éﬂg .|e.tep w)‘?szggfmdmﬂ@y‘ﬁea%gﬁﬁ?re%@ﬁé{:ﬂ %Bﬁg}%ageg%é%ighWﬁg%16Zg 1)
and conc@sUERGea9RId fIchXPPle acieb!e Toetabkalplyeh Susi dsd Patiadiumi xundee anas

heat edgt Wydr@@énl@tm&d erieNtinl & aditablet blserte MBRIRIA!front Qi %lobﬁar Suchl ha%
sol ution mately 35C an

ot hor "ethBRall '50%8%"&%9?%’%@ PehiR acelor, o 2ot 3050 85 etV SO arat ca by
filtratiamjdenssdteds wirnbthyfommamice, entatbér $shants, :*.L)chaamj tetrahydraitradOor

appr oxi 5 de t elyy h

(3R 35 Rpfiks fieredf? ot 'Jaegg?""“‘”%?%“%@ GULir? 1 Ak Utz

sul phonalsPB@PEPEL M@Hl%ﬁtabﬂ'% !BBB”’@)(@ Sg0i0gs pal m |C@rb,9n syparrt atid VR

( 500M28) todB0FG: Wisder Bn\@iFGGh atospr@re) , 8. 18(NH3i, “s), 8.06(2H, d, J=9Hz),
7.31(5H, m, 5.63(1 H d, J=5Hz), 3.93(1 H m, 3.45(1 H m, 3.39(1H, dd,
~ 2 au~ 2002 13 J=4Hz and | SHz)) 3.06(2H, m, 2.98(1 H m, 2.87(2H m,
1.90(1 H m, 0.77(6H, dd, J=21 Hz and 6Hz) The product of the above stage
may be used to formthe conmpound of fornmula (1) in 5 a simlar nmanner to
that described in exanple 1 above. Exanple 3



Alternative Preparation of (28,3S)-N (3-am no-2-hydroxy-4-phenyl butyl)-N 10
i sobutyl - 4-ni trobenzene sul phonam de hydrochloride (1 S, 2R)-Tent butyl N

[ 1- benzyl - 2- hydr oxy- 3- (N-i sobut yl - 4- ni t r obenzene

sul phonam do) propyl ] carbamate (|1 8kg, 34.5npl; prepared in a simlar manner
to that described in Exanple 2) was dried, then stirred in ethyl a¢qtﬁugq?g
(62.6kg) at 15 15C. Hydrogen chl oride gas (approx 9kg} was bubbled into t

m xture and the reaction stirred bel ow 40C for approximately 4 hours. The
reacti on was cooled to approxi mately 5C.8 The product was isol ated by
filtration, washed with cold ethyl acetate (20 1) then with nethyl
terf-butyl ether (37.8 1), and dried at approximately 50gounder vacuum f or
approximately 12 hours to give (28,3S)-N (3-anino-2 20

hydr oxy- 4- phenyl butyl )- N i sabutyl - 4-ni trobenzene sul pho i de hydrochl ori de
(13.6kg; 86% of theory yield). The product of the abovg stage nmay be used
to formthe conpound gjygormuta (1) in a nilar manner that described in
exanpl e 1 above. 12 JAUG 200Z 14 1 5 CLAI M5 A process fbpr the pméwaration
of the conpoundyof fermula (1) NH2 .~! ~0 HN O~ O=S. O=Sj-~ - N B
conprising: 10 i) reactlng a p- nltrd%ﬂehylsulfonyl groq§ tH\a co ound of
formula (A . HRM £, ~ (A 15 in i which Pis an nek pr ﬁctlng
group; ii) de otectlgg th resul t ght conpound of stegqﬁT; |||§ {lng
t he resultant conpound-of-step (|| wi th a tetrahydrofurlyl oxy catﬁgf)
group; or reacting the resultan of step ii) with phosge or
equi val ent, and rigctlng t he resumfggﬁg?ﬁfernedlate wth
(S)-tetrahydro- 3- }anol; 20 and |v) reduci ng the resultant conmpound of
step iii) to forma conpound of formula (I).

| Step i)

NO

‘ ° ‘/—\ CTN
I
et ep i )

//\ Step iii) ﬁ

NH,.HCI
————— o=
J 5 T IONT
\\r/ oH l\ n \/_1 P OH
“ Ry [ " N
“ ] (/_\N J\o/\/o \7 U/\]
\;‘j ‘N;--' e
1 Step iv)
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B
i N
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- | on | ()
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#& m{vql gb] X] ca] ca] ca] ca] c6a] ca] ca] c@a] cd} ca] cal] ca] cRa] cRa] ca] ca] ca] ca] ca] ¢
al] ca] cal] ca] cal] ca] cal] ca] ca] ca Lﬂc@g“/ ] ca m $& 3?ADf A

L addition of isobutylamine.

Compounds of formula (F) are known in the art, and may be produced by the
10 methods described in Tetrahedron Letters (1995), 36 (19), 3317-20 and Tetrahedron
Letters (1995), 36 (31), 5453-6.

in order that the invention may be more fully understood the following examples are
presented by way of illustration only.

15
In the Intermediates and Examples unless otherwise stated:

All temperatures refer to °C. Proton Magnetic Resonance (1H-NMR) spectra were
re~~rded at 400, 500 MHz, chemical shifts are reported in ppm downfield (d) from

20 Me4Si, used as internal standard , and are assigned as singlets (s), doublets (d),
doublets of doublets (dd), triplets (t), quartets (q) or multiplets (m). The following
abbreviations are used in text: THF = tetrahydrofuran, EtOH = ethanol, DMA =
dimethylacetamide, TEA HCI = triethylamine hydrochloride.
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|#é8g%1ﬁ7%1%ﬁ%w/%ﬁ%éé$%§% (1/2 L&oiu&n&@%? 1tgggO"C and trietrlylamine
& ()-! 4[4%&(4{1)7 gpqg} agged‘ he mixture was heated to C and a solution of p-
10t ! 710%rSbénzetie é@l%o&hyl) cﬁlﬂ:ll‘iﬁ’éoq%.?'gl( MQSl?fan‘&fi)oa/%&'o(oelr}‘)é; (TR b 158 %/d(g,éd m)/%g%
ot et A TuPtes, bl Ehio ey 12 3ben 2 nds ol roelilBgh solufloh’cfuid - "
ig%&' ( )nqwk@eg&ngeqrremw%g&@.eﬂwg&mwg&&wgzegymw@wasemm&' ()-
10,4 Mooy SRS for i 8540 0 s, The
olution was maintained at approximately 80°C, and concentrated hydrochloric acid
(31.4ml, 376.8mmol) was added over 20 minutes. The mixture was heated to refiux
(approx 86°C) and maintained at this temperature for an hour then a further quantity
of concentrated hydrochioric acid (26.4ml, 316.8mmol) was added. Solvent (water
15 and toluene mixture) was removed from the reaction mixture by azeotropic
distillation (total volume of soivent removed approx 600ml), and the resultant
suspension was cooled to 70-75°C. Denatured ethanol (600ml) was added, and the
solution was cooled to 20°C. The mixture was further cooled to approximately -10°C
and the precipitate formed was isolated by filtration, washed with denatured ethanol
20 (50ml) and dried at approximately 50°C, under vacuum, for approximately 12 hours,
to give (2R,3S)-N-(3-amino-2-hydroxy-4-phenylbutyl)-N-isobutyl-4-nitrobenzene
sulphonamide hydrochloride (160g; 73% of theory yield corrected for assay).
NMR: 'H NMR (300Mhz, dmso-d;): 8.37(2H, d, J=8Hz), 8.16(NH,", s), 8.06(2H, d,
«<9Hz), 7.31(5H, m), 5.65(1H, d, J=5Hz), 3.95(1H, m), 3.39(2H, m), 2.95(5H, m),
25 1.90(1H, m), 0.77(6H, dd, J=21Hz and 6Hz).

1,1'-carbonyidiimidazole (27.66kg, 170.58mol) was added to ethy! acetate (314.3kg)
with stiming to give 3-(S)-tetrahydrofuryl imidazole-1-carboxylate. (S)-3-
hydroxytetrahydrofuran (157kg, 178.19mol) was added over 30 minutes, washed in
30 with ethyl acetate (9.95kg), then the mixture was stirred for a further hour.
(2R,35)-N-(3-amino-2-hydroxy-4-phenylbutyl)-N-isobutyl-4-nitrobenzene
sulphonamide hydrochloride (65.08kg, 142.10mol) was added and the mixture
heated to reflux for approximately 22 hours. The solution was cooled slightly, and
denatured ethanol (98 1) was added. The solution was stirred at 60°C for 10 minutes
35 then cooled and the product allowed to crystallise. The mixture was cooled to <10°C
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and stirred for 2 hours. The product was isolated by filtration, washed with denatured
ethanol (33 1) and dried at approximately 50°C, under vacuum to give (3S)-
tetrahydro-3-furyl N-[(1S,2R)-1-benzyl-2-hydroxy-3-(N-isobutyl-4-nitrobenzene
sulphonamido)propyl] carbamate in a yield of 82% of theory.

5 NMR: 'H NMR (500Mhz, dmso-d¢): 8.38(2H, d, J=9Hz), 8.06(2H, d, J=9Hz),
7.20(6H, m), 5.02(1H, d, J=5Hz), 4.94(1H, m), 4.35(EtOH, broad s), 3.71(EtOH, q),
3.65(1H, m), 3.60(1H, m), 3.51(2H, broad m), 3.40(2H, m), 3.15(1H, dd, J=8Hz and
14Hz), 3.07(1H, dd, J=8Hz and 15Hz), 2.94(2H, m), 2.48(1H, m), 2.06(1H, m),
1.97(1H, m), 1.78(1H, m), 1.05(EtOH, t), 0.83(6H, dd, J=7Hz and 16Hz).

10
™ oduct from the above stage (80.0g, 149.4mmol) was hydrogenated in isopropanol
(880ml) with 5% palladium on carbon (16g, of a wet paste) and hydrogen pressure
(approx 0.5 to 1.5 bar) at 25-50°C for approximately 5 hours. The mixture was
cooled and the catalyst removed by filtration. The solution was distilled to a volume
15 of approximately 320ml and. water (80ml) was added. This solution was divided into
two for the crystallisation step.

To half of the above solution, decolourising charcoal (2g) was added, the mixture
stirred at approximately 32°C for 4 hours, then filtered. The filtercake was washed

20 with isopropanol (20ml) then further water (40ml) was added to the filtrate. The
solution was seeded to induce crystallisation and stirred for 5 hours. Water (130ml)
was added slowly over 1 hour then the mixture was stirred for 4 hours. The resultant
slurry was cooled to approximately 20°C and the product was isolated by filtration
a-, . washed with a 1:4 mixture of isopropanol/water (120ml). The product was

25 dried at approximately 50°C, under vacuum, for approximately 12 hours to give (3S)-
tetrahydro-3-furyl N-[(1S,2R)-3-(4-amino-N-isobutylbenzenesulphonamido)-1-benzyl-
2-hydroxypropyl} carbamate (30.3g; 80% of theory yield).

NMR: 'H NMR (300Mhz, dmso-dg): 7.39(2H, d, J=9Hz), 7.18(6H, m), 6.60(2H, d,
J=9Hz), 6.00(2H, s), 4.99(1H, d, J=6Hz), 4.93(1H, ddt), 3.64(5H, m), 3.34(1H, m),

30 3.28(1H, dd, J=14Hz and 3Hz), 3.01(1H, m, J=14Hz and 3Hz), 2.91(1H, m),
2.66(2H, m), 2.50(1H, m), 2.05(1H, m), 1.94(1H, m), 1.78(1H, m), 0.81(6H, dd,
J=16Hz and 7Hz).

m/z: 506.2 (M +H")

35
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Alternative Preparation of (2R,35)-N-(3-amino-2-hydroxy-4-phenylbutyl)-N-
5 isobutyl-4-nitrobenzene sulphonamide hydrochioride

(1S,2R)-tert-buty! N-[1-benzyl-2-hydroxy-3-(isobutylamino)propyl] carbamate
(212.1kg, 630.36mol) was stirred in dimethylacetamide (259.1kg) at 40°C and
triethylamine (70.9kg, 700.66mol) was added. A solution of p-nitrobenzene
10 sulphonyl chloride (153.6kg, 693.08mol) in tetrahydrofuran (205.3kg) was added
rer 2 hours 35 mins, then stirred for a further hour, maintaining the reaction
temperature at 40°C. The mixture was cooled to 30°C and water (1079 ) was
added to the resultant solution. The solution was then cooled to 25°C. The mixture
was stirred for 1 hour then the product was isolated by filtration, washed with water
15 (332 I) and then denatureti ethanol (664 1) to give damp (1S,2R)-tert-buty! N-[1-
benzyl-2-hydroxy-3-(N-isobutyl-4-nitrobenzene-sulphonamido)propyl] carbamate
(618 kg).
NMR: 'H NMR (500Mhz, dmso-d¢): 8.36(2H, d, J=8Hz), 8.05(2H, d, J=9Hz),
7.18(5H, m), 6.67(1H, d, J=9Hz), 5.02(1H, broad s), 3.63(3H, broad m), 3.63(EtOH,
20 broad s), 3.58(THF, broad m), 3.44(EtOH, q), 3.10(2H, m), 2.93(2H, m), 2.93(DMA,
s), 2.78(DMA, s), 2.48(1H, m), 1.97(1H, m), 1.95(DMA, s), 1.74(THF, m), 1.23(9H,
s), 1.18(TEA HC}, t), 1.05(EtOH, t), 0.82(6H, dd, J=6Hz and 12Hz)

twe damp product of the above stage (602.5kg, 423.9mol corrected for solvent
25 content) was stirred in denatured ethanol (1646 1) and concentrated hydrochloric
acid (104.6kg) was added. The mixture was heated to reflux and maintained at this
temperature for 3 hours. The solution was then cooled to approximately 35°C and
seeded, then cooled further to -5°C to complete the crystallisation. The product was
isolated by filtration, washed with denatured ethanol (221.7 |) and dried at
30 approximately 50°C, under vacuum, for approximately 6 hours to give (2R,38)-N-(3-
amino-2-hydroxy-4-phenylbutyl)-N-isobutyl-4-nitrobenzene sulphonamide
hydrochloride (153.8kg; 80% of theory yield).
NMR: 'H NMR (500Mhz, dmso-d¢): 8.37(2H, d, J=9Hz), 8.18(NH,’, s), 8.06(2H, d,
J=9Hz), 7.31(5H, m), 5.63(1H, d, J=5Hz), 3.93(1H, m), 3.45(1H, m), 3.39(1H, dd,
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The product of the above stage may be used to form the compound of formula (1) in

5 a similar manner to that described in example 1 above.

Example 3

Alternative Preparation of (2R,3S)-N-(3-amino-2-hydroxy-4-phenylbutyl)-N-
10 isobutyl-4-nitrobenzene sulphonamide hydrochloride

(1S,2R)-Tert-butyl N-[1-benzyl-2-hydroxy-3-(N-isobutyl-4-nitrobenzene
sulphonamido)propyllcarbamate (18kg, 34.5mol; prepared in a similar manner to
that described in Example 2) was dried, then stirred in ethyl acetate (62.6kg) at

15 15°C. Hydrogen chloride gas (approx 9kg) was bubbled into the mixture and the
reaction stirred below 40°C for approximately 4 hours. The reaction was cooled to
approximately 5°C. The product was isolated by filtration, washed with cold ethy!
acetate (20 ) then with methyl ferf-butyl ether (37.8 ), and dried at approximately
50°C under vacuum for approximately 12 hours to give (2R,3S)-N-(3-amino-2-

20 hydroxy-4-phenylbutyl)-N-isobutyl-4-nitrobenzene  sulphonamide  hydrochloride
(13.6kg; 86% of theory yield).

The product of the above stage may be used to form the compound of formutla (I) in
a nilar manner to that described in example 1 above.
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1. A process for the preparation of the compound of formula (1)
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| i
comprising:
10 i} reacting a p-nitrophenylisuifonyl group with a compound of formula (A)
hiHP
HN T T \L
\T/I OH I’\j (A)
L
15 in which P is an amine-protecting group;

ii) deprotecting the resuitant compound of step i),

iii) reacting the resultant compound of step (ii) with a tetrahydrofuryloxy carbonyl

group; or reacting the resultant compound of step ii) with phosgene, or

equivalent, and reacting the resuitant intermediate with (S)-tetrahydro-3-furanol;
20 and

iv) reducing the resultant compound of step iii) to form a compound of formula

o).
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S 3) A process as claimed in claim 2 in which the protecting group P in the
compound of formula (A) is t-butyl carbamate.

4) A process as claimed in any preceding claim in which the p-
nitrophenylsulfonyl group in step i) is a p-nitrophenylisulfonyl halide.
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K) A process as claimed in any preceding claim in which step i) is carried out in
qsimethylacetamide or toluene.

6) A process as claimed in any preceding claim in which step ii) is carried out in
15 ethanol or toluene.

7) A process as clafmed in any preceding claim in which the step ii) product is
crystallised as a solvate.

20 8) A process as claimed in any preceding claim in which step iii) is carried out by
reacting (S)-tetrahydro-3-furanol with 1,1'-carbonyldiimidazole and the step ii)
product in a single step.

A process as claimed in claim 8 in which step iii) is carried in ethyl acetate.
25
10) A process as claimed in any preceding claim in which step iv) is carried out by
treating the step iii) product with palladium under a hydrogen atmosphere.

11) A process as claimed in claim 10 in which step iv) is carried out in
30 isopropanol.

12) The compound (2R,3S)-N-(3-amino-2-hydroxy-4-phenyibutyl)-N-isobutyi-4-
nitrobenzene sulphonamide hydrochloride and soivates thereof.



