1 . Process for the Synthesis of H V Proteas

.This invention relates to a new process for the synthesis of
(3S)-tetrahydro- 3- furyl N[(1

S, 2R) - 3- 4am no- N-i sobut yl benzenesul phonargi do)-1 -benzyl-2- 5

hydr oxypropyl J carbamate, hereinafter reflerred to as the conpound of
formul a (1), and to novel internediates thereto. The
conmpound of formula f ' .

o Lerr] lul‘rb):egisfoﬁ'gﬁﬁ Nt of HiV Prétéase In {ent

publ i cation nunmber W94/ 05639 at Exanpl e 168. Currently there is

consi der abiRisl fivehfish refatéd %o @ R Procdiss for the dyRtRY;E dF! (35 e |
henot h ti ' trearment of (35 ettafydbo-a.
" U5t oot SRS 2 cboechAspbayensanas dsbaraiio- berayp o
U he T e e o B e quant T hg Comppund YfFofthi °
conmpound o(jf@&%ﬁ ° 'W&T‘E&ﬁ‘iﬁ? reF"?westigation into the efficacy and
safety of 20 t he conpound as a chenot herapeutic agent in the treatnent of
H V i nfect4 | . sis of the conpound
shoul d promggomeouggn%f?é@ﬂﬁaﬂ) ﬁgg?ﬁ? g@{ﬂﬁ'gs(sﬁ'%ﬂgm gh yields a':ma

reasonabl e speed and at | ow cost with m ninmum waste materials and in
a manner that is of mninumiNHact to the environnent 25 in ternms of
di sposi ng of waste-nmaterial s _and energy consunpti on.
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and was first described in PCT patent publication number W084/05639 at
Example 168. Currently there is considerable interest in the compound of
formuia (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.

10

There exists at the present time a need to producé large quantities of the
compound of formula (1) 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 (I) 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.



2 We have found a new process for the synthesis of the conpound of

formula (1) w th many advantages over previously known routes of
synthesis. WiDIg9148885 advant ages i nclude | ower cost, |ess VVGBEVNI8SRDI €
efficient use of materials. The new process enabl es advant ageous

preparation of the conpound of 5 formula (1) on a manufacturing scale.
The route of synthesis of the conpound & forml a (1) described in the
speci fication of W94/05639 is specifically described therein in exanples

xal es Ve e 84fd 7 A Bikiss ter #syitfesis 48 1 Hohpodie pf il (125"
W94/ 0563withnyname saguantages reverhpreviously known muteshof synthesisil aSush

|(_|Ex 39)  advantages include lower cost, less waste and more effidlEft use of materials.

(A) 15 The newyripeess renables RdvantageryisRIgparasiono o thee sopanatnfof
]I;'O rN”5| a ( frmula (B%n a manufacturing scale. NHP

(B)
wherein P and P are each independently a protecting group;
depr ot ect The ritec ofipsynttesis ©britvel zofriPound fob rformutz nfio described oinmthe (O
25 ( Exsgéé}ibation 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 WO94/05639 involves protecting the émino
alcohol of formula (A) (Ex.39)

NHP

(A
16
wherein P is a protecting group to form a compound of formuia (B);
20
JN\HP
~. ,/l ’ 6H

T ﬁ AN (B)
»
wherein P and P’ are each independently a protecting group;

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

L



3 ) NH2 [err] wherein P is a
protecting gLoup; formng a hydrochloride salt of conmpound (C (Ex
.51B) then reg\&%ﬁﬁgﬁ th N i mi dazol yl -(S)-tetrahydr of ur yIPE& 2-to
formthe conpound of forrmula (D) (Ex 51C); 10 [err]

wherein P is a protecting group; 15 deprotecting the conpound of
formula (D) (Ex 51D) wherein P' is a protecting group to formthe
conmpound of forrmula (D) wherein PP is H (Ex 51E); and coupling the
resul tant secondary am ne on the conmpound of formula (D) to a p-

ni t rophenyl sul phonyl group to forma corrpnupd of formula (E) (Ex 167);

T

wherein P’ is a protecting group;

5
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

(D)

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-
nitrophenyisulphonyl group to form a compound of formula (E) (Ex 167);



4 [err] the resultant compound of formula (E) is then
reduced t owlo9nssdse conpound of formula (1) (Ex 168). PCT3GBY9/00852
summary, . t he process disclosed in W94/ 05639 for producing the conpound _
of formula (1) fromthe conmpound of formula (A) conprises 6 distinct
st ages: 1) protecting,
2) deprotecting, 10 4 3) reacting the resultant
conmpound with an activated
t et rahydr of uranol group, _ 4) deprotecting,
5) coupling with a p-nitrom@nyl sul fonyl group, and
6) reducing the resultant cpnmpound to forma 15
conmpound of forrmula (I). pl i cant ©have now found a process by which
t he conpound of fornula (Ij may be eparged bn a manufacturing scal e
fromthe same starting int di ategnhe g c\oyﬁbund of formula (A), in
only 4 distinct stages instead of 6. fIn addltlon to the 20 associ ated
benefits of fewer stages, Os a0tgs in tine df cost, the inproved
process reduces the nunber of ste products forned. Further nore, product
may be obtained in a hi giapproxi mately 50% of theory.
The process of the present invention ves the follow ng steps fromthe
25 compound of fornula (A) tlo the compousd of formula (I);
1) coupling (A with a p-nitrophenyl sul fonyl group,

the resultant compound of formula (E) is then reduced to form the compound of

formula (1) (Ex 168).

5 in summary, the process disclosed in WO94/05639 for producing the compound
of formula (1) from the compound of formula (A) comprises 6 distinct stages:

1)  protecting,
2) deprotecting,
10 3) reacting the resultant compound with an activated
tetrahydrofuranol group,
4) deprotecting,
5) coupling with a p-nitrophenylsulfony! group, and
6) reducing the resultant compound to form a
15 compound of formula (1).

Applicants have now found a process by which the compound of formula () may be
prepared on a manufacturing scale from the same starting intermediate, the
compound of formula (A), in only 4 distinct stages instead of 6. In addition to the

20 associated benefits of fewer stages, such as savings in time and cost, the improved
process reduces the number of waste products formed. Furthermore, product may
be obtained in a higher yield, of approximately 50% of theory.

The process of the present invention involves the following steps from the
25 compound of formula (A) to the compound of formula (l);

1) coupling (A) with a p-nitrophenylsulfonyl group,



5

9/48885 2) deprotecting the resultant peqixpeysngssz
3) reactl ng the resul tant conpound with a derivative
_of tetrahydrofuranol, and 4) reduci ng the -
resul tant conpound to forma 5 : conmpound of
formula (1). | deal |y the tetrahydrofuranol derivative is prepared and
coupled with the conpound resul ti ng5f romstep 2) in a single step. 10

Therefore, presented as a feature of the present i nvention is a process for

t he preparation of the npoynd or *é'? err]
conpri si ng: 1) reacti ngf)a ﬁl"ﬁ Pgﬁﬁﬁ § é tWR’é'th a corrpound of

formula (A reacting the resultant compotihi® with a derivative
HN . of teﬁ’é'hydrofuranol, drid 20
4) reducing the resultant compound to form a
5 compound of formula (I).

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
preparation of the compound of formula (1)

)

15 comprising:

i) reacting a p-nitrophenyisulfonyl group with a compound of formula (A)

\r_l on I

20

in which P is an amine-protecting group;



in which P is an am ne-protecting group;

6 i i )WOSHMBBECti ng the resultant conpound of step (i); PCT/GRS9{0p852
reacting the resultant conpound of step (ii) with a tetrahydrofuryloxy _
car bonyl group; or reacting the resultant conpound of step ii) wWith'
phosgene, or equival ent, and reacting the resultant internediate with
(S)-tetrahydro- 3- furanol and 5 iv) regicing the resultant conpound of
step (iii) to forma corrpound of formula (I). Preferably the
protecting group P in the conmpound of formula (A) is an am ne

plrlcztFctiprubﬁbwngqhgqégmémmduddofestgp,(o;benzyl or heteryl carbamates,
al Ky
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ket one s et h r such
as d|&tmybducimgrtheaesulhntd:m%ﬂ$tBEt(W)rl% rea campaundeofdarnulasih
di met hyl f ormam de or di met hyl acetam de, a chlorinated sol vent” such as

di chl or onet hane and ot her sol vents su%ch as acetonitrile o(r‘ﬁsol uene or
mi xt ur dreferablye the fprotacingr araup, } it the campeun {°|'"‘U!P 1§an, amine

tenper %rﬁfé:bt ing q]rBG rs’él@&eébﬂ#ﬁ alky), 3y beh@yk or h@tbbylmamamateﬁ. alkeyl or aryl
refer n-t P 7 er.r m d or toluene
gs t he %!B%n?rs 9"° g@ﬁgh @%W'%%&@g%rbgﬁ’%%t in a sui tablg

sol vgmt sel ected froman al cohol such as ethanol, an ester such as ethyl
acet at h c I

ai chi ondeitiaaiveSleps o, B *étbxefsf%&i"%i‘h%c?@%’ﬂw%‘f%"ﬁ"'avm i
mi xt ur qs-nittuphenylsulfdeﬂl haliden preferably prnitrebepzenasuifeny! eflotideinm & g“ga

sol uti %rﬂrse?éﬁgi'?'f M3 Eétbaacéucﬁrag atatene, ﬁﬁ'és’temcrpés@ﬂfi!ylrawﬁtbaah

d
ESL’E"Q&thqasy@maﬁ ety einﬁra%naéggmycﬁm SRl AITER, G 2B et B
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subsequil t fefitiR tepRYattife, ptéferablysin e rariss 70801T, agdtredinetiylacdtamide
or toluene as the solvent. - '

20 ]
Preferably step ii) is carried out in a suitable solvent selected from an aicohol such

as ethanol, an ester such as ethyl acetate, an ether such as diethyl ether, a
chiorinated solvent such as dichioromethane and other solvents such as acetonitrile
or toluene or mixtures thereof. ldeally the reaction is carried out by treating a
25 solution, for example an ethanol or toluene solution, of the resultant compound of
step i) with an acid or base, for example a mineral acid such as hydrochloric acid or
gaseous hydrogen chioride. Ideally the reaction is carried out at a temperature in
the range about 50°C to reflux temperature with hydrochloric acid. Preferably the

reaction is carried out at atmospheric pressure.

30
Preferably the step ii) product is crystallised as a solvate, preferably an ethanolate,

which is subsequently removed by drying. This provides advantages in yield.



7 The product of stage ii),
(2R, 3S) - N- (3- am no- 2- hydr oxy- 4- phenyl but yl ) - N-i sobut yl - 4- | zene
_ sul phonairi dWOR4EEhI ori de and sol vates thereof, are novel PCT’%%’%@Q%@ :
and are presented as a further feature of the present invention. 5
Preferably step iii) is carried out by .’Leacti ng the resultant conmpound of
stepii) with a t et rahydr of uryl oxy® carbonyl group (prepared, for
exanpl e, by reacting (S)- t et r ahydr o- 3-f ur anol

. t h1 ' _ . . . | C - i 1t 1 )| -. 2\ t
the  aier BESHURE of SBHEAP (SR 35N S IR IRl BRERDBUIPIsobuise”, 19
an i séityebenzeneat Suiphanamiden; hydreghlofiden andicsolyptes thereof, are novel

(S) - t Foripdisds and @re préserited as d furthietqeatine df ke prdsentirvdritiy, € sol vent
may be selected froman ester such as et hyl acetate, an am de such as

di met hyl formam de, a chlorinated sol vent such as di chl or onet hane and

?Ejhesl l%féfabtﬁstepgiﬁ) isscarriet @ut byi rbfcﬁuﬂg tied resuitant compoundsof step if) withear .
ea e.r rai u i ngl e ac

(5) 1 SPRARRBINOY SRRl FOuBY' ptehdted, -l SaFhiB 58 2babitha (5>

r esul ttetrahydnopd-duranel vathdp1'-éarbonyldiimidazdie, a ahiorafermate cort phpsgene); ori n

th : f I

oact ToRcHD I8 resliERE coniébure bf Hep il AT bibcqene, or cAuyARAL  ddBpes | )

i s caran isgcyanate intemaediate which ca0ithentreashyitn(S)detrehydra-Bifuranal roraa

I eOiF ighEcardeR thereef, wémésleascﬂoéh@rrggtsé seficléd fons ‘éﬁhes"lgr ggbh% eyl under

e e
Sulcceaﬂcmbiwuhemeah?d other solventisdsuchicas a_tefbm&l)dro}‘dméﬁldetlar Wﬁdfmétbﬁ;
- eact ihreck idedi 48 seRelh T aRorbu in g sl steBby RELRRG (o) fBydie-
cat al y-furanolawitht §, 10icatbanyldimidazples andnthen resultant camppound =of sfep i) dn 25
to ﬁ?[éiﬁ*ﬂ Sceidfs attaMethpefriurR! IPIAB FEhge about BIPC % | RALRStetpErRure.

represents the process according tg the invention and i s not I nt ended
to |i Mreferablytbgdeagtion i-canied Ayt at atmospberic presstdes or i |l ustration only.
30 Thi s

Sheet &r%?erggﬁnstgs '?\lz)aigec%rried out by treating the resultant compound of step iii) with a

reducing agent, for example a nobie metal catalyst such as palladium, under a-
20 hydrogen atmosphere, in a suitable solvent, selected from an alcohol such as

ethanol or isopropanol, a ketone such as acetone, an ester such as ethyl acetate, an

amide such as dimethylformamide, and other solvents, such as tetrahydrofuran or

mixtures thereof. Ideally the reaction is carried out in an alcohol, such as

isopropanol, with a catalytic quantity of 5 or 10% palladium on carbon support at 0°C
25 to 60°C under a hydrogen atmosphere.

The following scheme represents the process according to the invention and is not
intended to limit the scope of the invention but is provided for illustration only.

30
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9 Compounds of fornula (A) may be produced by the ring opening of a

conpound of’ formula (F) 5

Clerr] o WO88834dition of isobutylanine. Conpounds offFEFRANBPr) -
are known in the art, and may be produced by the 10 nethods described in

Tetrahedron Letters (1995), 36 (19), 3317-20 and Tetrahedron Letters

(1995), 36 (31), 5453-6. In order tthat the invention may be nore fully
understood the foll ow ng exanpl es are presented by way of illustration
only. 15 In the Internediates and Exanpl es unl ess ot herw se stated:

Al'l tenperatures refer to [err]C Proton Magnetic Resonance (I H NWR)

spect Compognds of farmula{Aximaipbe produbkd bycthenringiopehing of arcomppand off i n
ppm dﬁ%@;l’gél(g (d) from20 Me4Si, used as internal standard , and are

assig ?ngl ets (s), doublets (d), doubl ets of doublets (dd),
triplets (t), quartets (q) or nultiplets (m. The follow ng

abbgevi ati ons are used in text: THF = tetrahydrofuran, EtOH = ethanol, DVA
- di met hyl acet am de, TEA HCl = tripgjgyl am ne hydrochl ori de.

by addition of isobutylamine.

Compounds of formula (F) are known in the art, and may be produced by the
10 methods described in Tetrahedron Letters (1895), 36 (19), 3317-20 and Tetrahedron
Lefters (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 (1 H-NMR) spectra were
recorded at 400, 500 MHz, chemical shifts are reported in ppm downfield (d) from

20 Mey4Si, used as internal standard , and are assigned as singlets (s), doublets (d),
doublets of doublets (dd), triplets (t), quartets (q) or muitiplets (m). The following
abbreviations are used in text: THF = tetrahydrofuran, EtOH = ethanol, DMA =
dimethylacetamide, TEA HCI = triethylamine hydrochloride.



10 Exanpl es Example 1 (1 S,2R)-tert-butyl NJ[1

- benzyl - 2- hydr oxy- 3- (i sobut yl am no) pr opyl ] carbamate 5 (127.77q,

379. 7mmol ) vwy® doasdsed i n tol uene (888nl) to 80[err]C and tri epbyicByd/06852.
(42. 69, 417.8muvol) added. The m xture was heated to 90[err]C and a sol ution

of p- ni trobenzene sul phonyl chloride (94.3g, 425.4mmol) in tol uene
(250mM ) was added over 30 mnutes th stirred for a further 2 hours.
The resultant solution of the nosyl ated internediate { (1

S,2R)-tert-butyl N-[1-benzyl-2-hydroxy-3-(Nisobutyl-4- 10
ni trob o phonam do) propyl ] carbamate } was then cooled to 80'C. The

sol uti ﬁE wa gfi ntai ned at approxinmately 80[err]C, and concentrated
hydr oc id- (31.4m, 376.8mmol) was added over 20 m nutes. The
m xture was heated to reflux (approx 86C) and naintained at this

hyar oc At aRI-Er-BUn80 ", N-TF-BeReyé hiatadt:S BibboyamRouiiBRyfa: - Camtamate

t ol ueme(12VA7g, e379vammel)rnvas| lieated tihetoluans |(888nﬂ)xtmr86°6yaaddxieﬂmln'mine
eoul t £4260) A1728map ddfed”) TR rifflre! RER XRAEP IS U0-E03RY g sBfiloh 1 p-

( 600N )nitrakbenzrnsl sulph@nyhehloride 8¢ 3 rt204minel) initaluene (250mé) was raddednas
fur t hergyepO3@ Inindted RAE | dﬁi‘l‘é@f Yor & Ofirther 2'AoURE m@%euﬁﬁtesémwﬁ%

;f"LSL?wYm%al iteietiagidr (Jaamrera oF G REnal-py o NS OBUY- g1 ve
( 2R, fiP)niffobénzenesuiphdnamids)préppl) ecarbamaté ) } Wwas dbehy codledi td 0BG The

i‘ﬂ'Rph°§3ﬂ®%ﬁ¥<f§é@4&ﬁb£ﬂéﬁ?&?ﬁ¥w G i odicitgigh ko afl

s), 8. {812l 376.8mmoljwas addedcuer 20) miritnes( THe mixturedvas heateabta rd;ﬂux)

i éﬁﬁfseﬁ’ﬂ fio X 337"—81%9‘“‘5%"%%“?;97*3‘ e SR

wa
(314.3 )concemrate byd ic agd (gBvm ol wAg ddstes crdsted y Solvent (water
| M dfE Gt toRneO fiixfire) Wwas - Femovedyfiomx thet redutidho imikture b§7 lageotropic

O sl i, 3, BAUIE g b Bt B i
(2R, 3S)suspensianiwas 2obledrtox30-15Me Banatured) ethahob{EDOml) wasi addside andrtbe
sul pho%@iﬂtﬂﬁ e BalPId 963 Gﬁsé’ﬁﬁﬁtﬁéﬁ%s]ﬁﬁﬁﬁ] c¥BRAAB LthraRAnd1ER THEur e

heat ed or appr oxi nmat hour e sol ut was co

sl i ght 1and ihel precipitatgtfored &asaﬁs ated by fijtration, washed with desatired ethanol
st i raeqsemiPahe ks dt HppHoxifiatelys0°e; unden vaeming ferapprofiniatelur2 haurgwed

tocr yit all I|\?ee aﬁ 3@)% %-ammc—2C ﬁy&r%gy-t4—pheny?butyl)—N-lsobutyM-n|trobenzene
sulphonamide hydrochloride (160g; 73% of theory yield corrected for assay). '
NMR: 'H NMR (300Mhz, dmso-dg): 8.37(2H, d, J=8Hz), 8.16(NH,’, s), 8.06(2H, d,
J=8Hz), 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-carbonyldiimidazole (27.66kg, 170.58mol) was added to ethyl acetate (314.3kg)
with stiring 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,3S)-N-(3-amino-2-hydroxy-4-phenylbutyl)-N-isobutyl-4-nitrobenzene
sulphonamide hydrochioride (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 i) was added. The solution was stirred at 60°C for 10 minutes
35 then cooled and the product aliowed to crystallise. The mixture was cooled to <10°C

T



11 and stirred for 2 hours. The product was isolated by filtration,
washed wi t h denat ur ed ethanol (33 1) and dried at approxi
_50[err]C, uMRPBRIJ UM to give (39)- t et rahydro- 3-furyl @ﬁéxgmmn" :
S, 2R) - 1- benzyl - 2- hydr oxy- 3- (N-i sobut yl - 4- ni t robenzene
sul phonam do) propyl] carbamate in a yie/d of 82%of theory. 5 NWR [err]H
NVR (500Mhz, dnso-d[err]): 8.38(2H, d, 1\]1:9|—|z), 8.06(2H, d, J=9Hz),
7.20(6H, m, 5.02(1H, d, J=5Hz), 4.94(IH, m, 4.35(EtOH broad s),

m |5 and tiffed or 2 Bigpe Jpip oPouct et isblaBd ny Tumatdl weRHaRnith qepatdiel,
g)ég(z.etaahbl (3’37')232% ldiiedrrm approxipiately- 507C, undé vecuuin to. OlveE(88)- t) ,
149. 43?3?2@ hft@ ogenat%%é i né?lép?%)%%? ﬁyéfoggg‘%w W&ﬁ%%n% on
car borsulpl amldqapmylb@arba;nadﬂm A\WieldpfB3% @Y. (approx 0.5 to 1.5
bar)sg ¥ heuwss2H g, W=k, eBVGBiZH &000fizy nd

Ef-leo?"’%a St. Eﬁt Vq%‘h% J%%Fz&at?@ﬂdﬂom%’%@iqﬁﬁirgﬁéf [iiod g

di vi de@'ss 14, m), Bmmac n)n 3. 51(26t, Droad mh)j, 314024, mL 3.150 Hiadd, fosmiranaaove

ZSL‘#E'X%% SRR, S IR S 66, ReaRoR bR i C2 0n T TRES o
with | $6P(thiam)) 1 (moﬂrl) m)ht05(ELQH ), 0B856H ddnﬂ#7ﬂnanddﬁé&)t o the

filggate. The sol utlon was seeded to induce crystallisation and stirred
for hours. Water (130mi was added slowy over 1 hour then the m Xxture

was stPradugt fiom the,abpve sta@e (8000 349. 4mm9l)u4va§/ l\m@gﬁs@ml in isopropanol
appr ox(gEainfl) WithO5% paifadid érheammymg Vi el %:Qéh Pressurand

hed, wi t h | / wat t 25
ir oq @PRin D3 1.1 bRt 25RnE § 2859{0%% TG was,
g| ve (étﬁ)led and thier editalirst rémbvedt by filtration. The solutlon was distilled to a volume

S8 B S O ol sy

( 300Mtwo @nata fisation staPZH d, J=9Hz), 7.18(6H, mm), 6.60(2H, d,
J=9Hz), 6.00(2H, s), 4.99(1H, d, J=6Hz), 4.93(1H, ddt) 3.64(5H m,
> SACLES e o et hoon o oo 8 i Shcdd s it
1. 78( 1dtirred at a@ppidxifiately,32°C for 5 hiburs) théhifiitered. The: filfélr6ake (vMskWe[shed] )
5 20 with isopropanol (20ml) then further water (40ml) was added to the filtrate. The
solution was seeded to induce crystaliisation 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
and 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=98Hz), 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).
miz: 506.2 (M + H*")
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12 nple 2 Al ternative Preparation of

(2R, 3S) - N 3 an1no 2- hydroxy. 4- phenyl butyl ). N 5 isobutyl - ene
sul phonam Oﬁ?/&%%m ori de (1 S,2R)-tert-butyl N1 %&/&{;&%9

- benzyl - 2- hydr oxy- 3- (i sobut yl am no) propyl] carbanate (212. 1kg,

630. 36nmol ) was stirred in dinmethylacetam de (259.1kg) at 40[err] C and
triethylamne (70.9kg, 700.66np1l) was ﬁgﬁed. A sol ution of p-nitrobenzene
10 sul phonyl chloride (153. 6kg, 693.08 ) in tetrahydrofuran (205.3kg) was
added over 2 hours 35 mns, then stirred for a further hour,

mai nt ai ni ng the reaction tenperature at 40[err]C. The m xture was
cooled to 30!err]C and water (1079 1) was added to the resultant

sol uti a olution was then cooled to 25[err]C. The m xture was
stirred for 1 hour then the product was |solated by filtration, washed with

\(A?tserZR)]ASIQérSS iy ?&p%gaeu“oﬁ en?t u{z%i3§f m(in 6A2 Hrd .h.Vpehé’,.y”B.,ty.).N.

benzy§ 1£obuﬁy1mmtaobéhzawuulﬁhdhmid@hydmlﬂoﬂdephonam do) propyl ]
car bamat e (618 kg). NVR [err]H NVR (500Mhz, dnso-d[err]): 8.36(2H,

d, J=9Hz), 8.05(2H, d, J=9Hz), 7.18(5H, n), 6.67(1 Hd, J=9Hz), 5.02(1H,
br oad {18, 2RpterBBbistybr 0aN-[ﬁ)-bemzelﬂdwky-ze(lsgmmﬁam)no)ﬁr@(lrrHF cdrbamhte) ,

3. 44( E;(ﬁgjﬂib @ﬁgﬁ%ﬁ Waf ég %ﬁmﬁ tﬁ;}}#ﬂgﬂ% (25§ )1 ﬁ%% Ay
2.48(1
1. 18ETmmﬂammp (Z%fé’a@psgsiom wj;:n dded, A- nmtmd @2§mwtrobenzaaedarrp
pr Odl‘ﬂ:EuIthnlW chistide 4 smskgtSG@s%wnowa’ﬁ ftrahyarRires! ezbé kg Wa%eagdaé

t ent t d t t.h 4 {rat
Py oG VBY 12 hours 3% mifss them)stices ot S o RSB Ihe osatons 1
and rraiteﬂ*nperadreanat t40°C. THeemixtuné was foooletl ko 80sC hd watentumgmaauaben

o conphaed B8 PELFark; slui, M8 Aiution e Yo COSRARIIEE, "the ikl | o

WISt i on,
was hed waist stircesh forut doue thamthe prriuct \Map isolatert by diltraticay vmhe@wnthmtpr 50C,

undei %n&%e@ﬁ&éﬁ aﬁolh(aezsotfa giv\éedé gg;z -(tért-bu tyl Ni[1-
ylks

am no-2-h 1%44 phe %‘5@&;4 ég%bnuzt?% wghé,{aem ne _sulp

hydr oc FB FRIPropylinR (%@W?e
dmso- d{@8 kg). 37(2H d, J.9Hz), 8.18(NH err], s), 8.06(2H d,  J=9Hz),

7-315NmR - A RARH 5dbM|=?z,55?r?so- ) 936 Aol 4 3345431 8 B2t %?(}431-15?’
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), 1), 1.05(EtOH, t), 0.82(6H, dd, J=6Hz and 12Hz)

-LD

The 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,3S)-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,



13 J=4Hz and 15Hz), 3.06(2H, m, 2.98(1H, m, 2.87(2H m, 1.90(IH m,
0.77(6H, dd 21Hz and 6Hz) The product of the above sta ma
.used to forrﬁ”ﬂ?gﬁﬁ%ound of forrrul a (I) in 5 asimlar nanné’Fr&EP éqsz
described in exanple | above. nple 3 Al ternative Preparation of
(2R, 39) - N- (3-ani no- 2- hydr oxy- 4- phenyl bu{syll_l) N- 10 isobutyl -4-nitrobenzene
sul phonam de hydrochl ori de (1 S, 2R) *™ert - butyl N-[1

- benzyl - 2- hydr oxy- 3- (N-i sobut yl - 4- nltrobenzene

SU| pho{%ij%hscrl be)]d ) né)@cpr@ @%@V\ﬂgﬁ)drl 212 [{ﬁﬂa{ ?6 rl'«'!:aﬁpsb m@*' g@g[‘g[e

(62 ekép2Hiz apdBHE) ] C. Hydrogen chloride gas (approx 9kg) was bubbl ed
into the m xture and the reaction stirred bel ow 40[err] C for

appr oxjat el The reaction was cooled to approxinately 5[err]C
The pﬁm Jsa%tqr}gﬁﬁaw ape ek edsed fosfarm the: sommpplindrafyformuladkinat e

(20 8)a blmilar\lmhhnéﬁtdltﬂatfd@sbnbemﬂ example § dboVel), and dried at

approxi mat el y 50[ err] C under vacuum for approximately 12 hours to give
(2R 3S)-N-(3-am no-2- 20 hydroxy-4-phenyl butyl)-Nisobutyl-4-nitrobenzene
sul phoExarnpke 3 hydrochl ori de (13.6kg; 86% of theory yield). The
product of the above stage may be used to formthe conpound of formula (1)
[ a simlar nmanner to that described in exanple 1 above.

In
14 Alternativg ARpeparation. of A(ZRASIN-(Bcamina-2dhygroxy-AephenylbutylpNmpound
of {@rigebatyl4-nitrobenzene sulphonamide hydrochloride

(1S,2R)-Tert-butyl N-[1-benzyl-2-hydroxy-3-(N-isobutyl-4-nitrobenzene
sulphonamido)propyljcarbamate (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 1), 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 formula (I) in
a similar manner to that described in example 1 above.



5 NH2 conprising: 10 1) reacting a
p- ni trophenyl sul fonyl group with a conpound of formula (A

NHP . WO 99/48885 HN [err] 15 in whi chcﬂcnswaossz
am ne-protecting group; ii) deprotecting the resultant conpound of
step i); 1ii) reacting the resultant conmpound of step-(ii) with a
t et rahydr of uryl oxy carbonyl groupi4or reacting the resultant
of step ii) wth phosgene, or equi val ent and g‘mm”“lﬁ;l“ ﬁ“ Eﬂﬂl tant
intermediate with (S)-tetrahydro-3-furanol; i ng
the resul tant compound of step iii) to forma corrpound of forml a
(). CLAIMS 2) A process as clained in claiml in which the
protecting—group P in the
1. A process for the preparation of the compound of formula (1)
5
NH,
) q
= HN ™ O’C\o
TN o
o
~ ,J OH /Li
| )
comprising:

10 i) reacting a p-nitrophenylsulfonyl group with a compound of formula (A)

15 in which P is an amine-protecting group;
i) deprotecting the resuitant compound of step i);
iii) reacting the resultant compound of step (i) with a tetrahydrofuryloxy carbony!
group; or reacting the resultant compound of step ii) with phosgene, or
equivalent, and reacting the resultant intermediate with (S)-tetrahydro-3-furanol:
20 and
iv) reducing the resultant compound of step iii) to form a compound of formula

(.



) compound ofyd &ydkkesd (A) is an alkyl, aryl, benzyl or hetero gafRenesbds2
al kyl or _aryl am de, or silyl group. 5 3) A process as clained in

.claim2” in which the protecting group Pin the compound of formula (A -

is t-butyl carba process as claimed in any "preceding
claim in which Hjllm&ulﬁﬂm’i@wphenyl s4f fonyl group in step i) is a
p- ni t rophenyl suI eny A process as clained in any

precedi ng cl al min which step 1) is carried out in di met hyl acet am de or

tol) uene) roceéspéﬁdaﬁn@@ if aam?d1 IiA Whlclio'tﬁéeﬁldfébtﬁ'lga' u Phinlchhétgp
ii) is carrle Q in hano ene, cl al

in any SAMRQURT, %?EPWFI W‘ a{‘WL 3’?’@" oF &ﬁﬁéfo Féfé)ame '@I?rséﬁ'qgs
a sol varnide, bﬁsﬂyl groﬂpprocess as claimed in any preceding claimin which
step iii) is carried out by reacting (S)-tetrahydro-3-furanol wth

1,1' -carbonyi diimdazole and the step ii) product in a single step
9) 5 3 oceAspresessaasralaimed i slaign i 2 mhwbcchsttle@ protgcting group R inntm hyl

acet at Gtiorﬁéound éf)}onrﬁllar(ﬂgf’ssﬁb@i?l eaiy el N any preceding claimin which
v

step i I's carried o eating the step iii) product with palladium
under a hydrogen atnosphere. 11) A process as clained in claim10 in
whi ch sf)ep iA) pr@cessrla%d gldimed 3R i@wp ing claii?) if havRigAPomed p

it 02 e e B

5) A process as claimed in any preceding claim in which step i) is carried out in
dimethylacetamide or toluene.

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

7) A process as claimed 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 i) is carried out by
reacting (S)-tetrahydro-3-furanol wnth 1,1'-carbonyldiimidazole and the step ii)
product in a single step,

9) 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-phenylbutyl)-N-isobutyl-4-
nitrobenzene sulphonamide hydrochloride and solvates thereof.



