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WD 2005/ 118601 PCT/ US2005/ 017880 Sul f onyl et hyl
phosphor odi am dat es Technical Field [0001] This
wo pwsniseon rel ates to sul fonyl et hyl and thi oet PgT/US2005/017880
phosphor odi am dates, fornul ati ons ¢ontaining them
t hei r pharmaceut i g‘é‘foq}’%"é?‘yldﬂ’tﬂ’SPh‘é‘iofhaﬁl“élﬁ%’Ftsati on and 5
internmediates in their preparation. Background Art
[ 0002] US Patent No. 5,556,942 [and PCT Publication
Teggnicghdidd/ 090865] di scl oses conpounds of the fornula H
O YW/ NO2R3L Rr R310 and their am des, .
[086K] eFlis inyetionaelates towrdfoaylethyl 4nd thinetbylaboppitprodiamidates,

i t-hdr awi ng. | eayi n S 4S5 =S(=)-. . S(= ,
B T
inteB@€dRTin, their SepaMidn., or -Se(=O) (=NH)-, or is
-O0C(=0-, or -HNNC(=0O -; each R, RZ and R3 is
Bickglepeadent |y H or a non-interfering substituent; 15
nis 0, 1or 2; Yis selected fromthe group

[0002)SUS Phiag: b, 3894040 Gd) e HOGKK i) REHWO 95/09865] discloses
H2 NCH CHZSrrCO\IHCHZ and OOOH NH2 ' COOH
COHQOCH - NH2 where mis 1 or 2; and AAc is

an amino acid |inked through a peptide bond to the
remai nder of the conpound. $20 [0003] The conpounds
are stated to be useffti N Alg‘sor the sel ective
treatment of target tilssuges i ch,contain conpatible
GST i soenzynes, and sinulta evate the |evels
of GMprogenitor cells in . Di scl osed
enbodi ments for L include Rho R* 1 WO
2005/ 118601 PCT/ US2005/ 017880 \ g ate a drug that is
ot oxjc. t n d | s, including the
an%o%%%%irdgsrﬁeggﬁg’e%@%& bvﬁ‘g%bhor odi am dat e nust ar ds.
L is an electron withdrawing leaving group;

§*is ~S(=0)-, -S(=0),-, -S(=NH)-, -S(=0)(=NH)-, -S*(C,-C; alkyl)-, -Se(=O)-, -Se(=0),-,
-Se(=NH)-, ot —Se(=0)(=NH)-, ot is -O-C(=0)-, or -HN-C(=0)-;

each R, R* and R’ is independently H or a non-intetfering substituent;
nis 0,1 or 2;

Y is selected from the group consisting of

HNCH(CHz)  HOOC(CHImCH— HaNGH(CH)mCONHCH; — g
COOH ’ NH, COOH
HOOG(CH,)mCHCONHCH;—
NH,

where m is 1 or 2; and

AA_is an amino acid linked through a peptide bond to the temainder of the compound.

[0003] The compounds ate stated to be useful drugs for the selective treatment of target
tissues which contain compatible GST isoenzymes, and simultaneously elevate the levels of

GM progenitor cells in bone matrow. Disclosed embodiments for L include those that
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[ 0004] One of the conpounds has the formula C C O
NP-NO C ~CI S02 OH HOOC~LN N COOH NH2 HOS5 It
WO go05aisspred to in the patent as TER 286 and ne@rBUSAS85/017880
- gl ut,.a -".-am no
ger%ér%: Nlﬁg%‘itfs ‘a tomﬁ or o‘§ %tt%& ?@ﬁ%‘l 5%% e the 8g?sg)hma %artﬁlf%d
Ph@#@ghﬁmmﬁdﬁggnﬁmﬁkphenyIegC|ne This conpound, |ater
referred to as TLK286, has the CAS nane L-y-gl utanyl
[00%41 (e[ df R Scompounds has the formula
bl s(2- chloroethyl)an1no]ph sphlnyl]ox et hyl ] sul f onyl
] L- al anyl - 2- phenyl - (2R) - g cin e neutra
conpound, its proposed InternatNQhaN Nonpropri etary
Name is 10 canfosfam de; an 9_h%grochlor|de
acid addition salt, its Unit St 4t es opted Nane is
canf osfam de hydrochlorlde Canf sfam de and its salts

are anticancer conpounds thg z activated by the
actions of GST P1-J,qand by GS 1005@ rel ease the
cyt ot oxic phosphorodl m at fd noiety. [0005]
In vitro, canfosfam deNHas been‘% to be nore
potent in the M6709 hunman col on arci noma cel

line selected for resistance to doxXorubicin and the

1¢ ek J%%'XRB% g&%&% ST ﬁ%ﬁ @garﬁ&i Ls |- él@ﬁm?ﬁ& %%h%d;s {(@lethyl-

sl stance cycl ophospha bot'h” of
N eré,ﬂ\é—wﬁ%m@%ﬂﬁhdwhmmdatd)aﬂﬁonﬂmrembwl-(E)e1 F-phdngiglycine. This

co%iléw'l =L R QBB P U A CSTORL B ERE pot oncy

cor r gP{S?Zd W t hyli he f]gl\&/kbs?h_{n?@o I]Mﬁjn eilzl;%ylezt_PngYL
(g e BB ZDGonDL (s Gmpped {100 TN PRep B e Nome i
car&?gd{amﬂé ? Ih§ %gﬂl&gﬁg d¥a RREDG slY, asualied Sta@es%o?t&ll Rame is

APEE A e treatnent of ovarian ast,
catifosfasitil Hydﬂﬁh]orlﬂu r(gnfcmfmud@inmescstah\d are amenet c¢mp‘hlalﬂs that are

st TIDLYe B RECSE Dt B SOV oo G5 ¢ 1

phBYP PSR chidg@ nkustavdShofedicer and ovarlan cancer, and
si'ngl e agent antitunor activity 25 in col orectal and

[OMSED% l})zé /5 ANCEEambe IS BES dhb@Mtb Be Widré Pote@ ith tedl T colon
I'opsi es indicates -2 WD 2005/118601

cafREBdS2D ¢ Slez88dor tefistancegndosdrabictpeandghe MCF-7 human breast
ca%%%&%alrf% %se?eﬁgegg?% roetsgtagceatg 'c§‘<:%‘ﬂho@&?arﬁ1&é’6‘8hr of%ﬂgch overexpress
GST P1-1, over theit parental cell lines; and in mutine xenogtafts of M7609 engineered to
have high, medium, and low levels of GST P1-1, the potency of canfosfamide hydrochloride
was positively correlated with the level of GST P1-1 (Motgan et al., Cancer Res., 58:2568
(1998)).

[0006] Canfosfamide hydrochloride is cutrently being evaluated in multiple clinical trials for
the treatment of ovatian, breast, non-small cell lung, and colorectal cancers. It has
demonstrated significant single agent antitumor activity and improvement in survival in
patients with non-small cell lung cancer and ovarian cancet, and single agent antitumor activity

in colorectal and breast cancer. Evidence from 7z ##ro cell culture and tumor biopsies indicates
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et al., Ml. Pharmacol., 58:167 (2000)), and also to
gentitabine. Patients treated with canfosfam de
W(hy(dlsmﬂﬁbnri de show a very low incidence of clpei/usdonyo17830

o BP0 B, AN e 0981 T

et dlnMet I?Mm&b/g §8 tlBﬂi(ZOG@))g and alpo tngkencitatbing. Ratiéas tredted witd H
. Y\ C AAc 0 S+
cangosppithgy dipCHlogde Vi R ORI RBenes ORI ER P hegfg ot

toxid¥gl r am des, esters, and salts, where: L is an
el ectron wthdrawi ng | eaving group; 10 S+ is S or Se;

: Wt ng oo _group; 10 St S
[oo_ﬁzL ?%Tlgfgﬁgn%}l 1§§(\W@)S9§ [ ggﬁ?%ﬁ&%flgﬁs ?(t’e@é_dgag\%_sl)ztklﬁ ate compound
of th8d¢m@l{ =NH) -, or is -OC=0 -, or -HNC(=0O)-; each W

R2 and R3 is independently H or a non-interfering
substigueft; nis 0, 19 7 15 Y is select from

A i oo i

erle M?\R3l or 2>g@and AR\ gs

|s an ami ' ked t hr i de bo hel |
remai nde®' o Rri he npound.r? Pat eng? R2 R
6, 506, 739 [ \and Publ i cation No/h WO 01/ 83496} n

di scl oses 20 conpounds of the fornmula x O
andRth@ir amides @seers, fupd $alty wherex

L is an electron withdrawing leaving group;

S*is S or Se;

$* is —S(=0)-, -S(=0) -, -S(=NH)-, -S(=O0)(=NH)-, -§"(C,-Cy alkyl)-, -Se(=O)-, -Se(=0),-,
Se(=NH)-, ot ~Se(=0)(=NH)-, ot is -O-C(=0)-, ot -HN-C(=O)+

each R', R? and R® is independently H ot a non-intetfering substituent;

nis 0,1 or 2;

Y is selected from the group consisting of

HNCH(CH)~  HOOC(CHanCH—  HNCH(CHonCONHCH—
COOH ' NH, COOH
HOOC(CHz)nCHCONHCH,—
NH,

where m is 1 or 2; and

AA_is an amino acid linked through a peptide bond to the remainder of the compound.

[0008] US Patent No. 6,506,739 [ and PCT Publication No. WO 01 /83496] discloses

compounds of the formula

X

e

R-Q/\/O—I?—N
N

S
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-3 WD 2005/ 118601 PCT/ US2005/017880 where: X is a
hal ogen atom Qis O, S, or NH and R is hydrogen,
wo@piosomabl y substituted | ower al kyl, optional | BCT/US2005/017880
hsubstltut ed aryl, or optionally 5 substituted
fi&t eroaryl, or is RCO, RNHCO, R SOZ , or R NHSZ
le\ggﬂsgéﬁatd,rg hydr ogen, opti onally substituted | owner

al ké ﬁel onal Iy substituted aryl, or optionally
QigGhSt puXHetrd het eroaryl : or R Q together is chlorine:

i | PRI E@ufiatkR brlptbml
Rl@%&n&%ﬁ 5|rp agembg‘%gg[g%%ﬁ%?u{?? woul %SSS% desi ?Iz;}gl erb?u 7
subdémeiddptepodngr odnRIGAN (BéﬁH@ng% S@ay Py NEFS @ friherec/ islpgirogen,

op oot Tie-apb Rt SH0ERE G ALAER ARl

hetbdd@ryl; BY RNQitogeted &lchlorina; a f| rst aspect, this invention
i s conpounds of formula A, B, and C R OIll / RRO
andathew@tsi\l\ll, RI RNNP-M OROR R 11 Os R
R(r) R_S2 RS~-RZ S2 RI1"IS®2 R01 R R 01
[00Q91 ThP pomppourids preNRte 9 bppofunyr ASE@E 15 where: each R
i s independently hydro n Cl.6 al kyl, or -CH2CH2X,
[()Qm]e ttevaad be Jesirablf trideye qrym‘@ancer gp:ugs bavigg an efﬁcacy and safety

|
as % 204 ?2 e 2%3(’!% | tg W ca?&%’sfanﬁé 911&31%:? c%rxg)%'aﬁ@%ff @Whgﬁ%ao 05r556 942

onyl oxy op I'ona ubstituted w up t
three substituents sel ected fron1ha|o ClL 3 aIkyI
Dlscﬁ)sure olf-&lse 1gx|rel§l\goh

[0011] In a first aspect, this invention is compounds of formula A, B, and C:

i R QR
R & R N=EN
R 0 R R (0] R
N—P—N H H
K 0 R .80,
ozs,R2 Hsoz
- S0, R O R
R 9 R N—P—N
R/N II?;—N\R R & R
0
A B C

where:

each R is independently hydrogen, C, ¢ alkyl, ot -CH,CH,X, where each X is independently Cl,
Bt, C, 4 alkanesulfonyloxy, halo-C, ¢ alkanesulfonyloxy, or benzenesulfonyloxy optionally
substituted with up to three substituents selected from halo, C, ; alkyl, halo-C ; alkyl,

C, , alkyloxy, or halo-C, ; alkyloxy, provided that at least two R’s in each phosphorodiamidate
group are —-CH,CH,X;



Cl. 3 al kyl oxy, or hal o-Cl_3 al kyl oxy, provided that at

| east two R s in each phosphorodi am date 20 group are
WO QHRTCHEX -4 WO 2005/ 118601 PCT/ US2005/ 017880PCTRUS1085/017880

1 QBUional Ly subst irk it ARLA BRabLy SRS hilWuSituted aryl,
R ety e iR oo AL KhberlR O Sy ed e

0 bstituted aryl,” "optionally
optidHaB} dubstiteetd araityk whtiomiily bdnehited lsudyeddl ut egtionally substituted
heteroaryl, or optionally substituted heteroaralkyl;
hetgtograliey; pad opt i onal |y substituted al kanediyl,
R> KR Li&%h L ¥bsBHRSE dikt &, Bt ShDAdbanaE HetersiMaheBAl dptionBlly
substituted arenediyl;, optional|ly substituted,
5  subatitetrelditeieliyl, Ppmﬂbmsﬁgat@wbqtew{vkwledpﬂqx@ﬂse$®a¢1@weldi yl,

or opti.gnal ly. sybstitute - di al kyl, and
hetf‘i?érleﬁecégi ?rs(?ﬁefﬁégf]ﬂ’ﬁuﬁutggg%%%%%ggé%g}g’t , this invention
and @ebdtsmaceut i cal conpositions conprising a conpound
of the first aspect of this invention. 10 [0013] In a
[00uB) 1kla 3EPEE hspebihihss ihvineibh isqihattfiadetibcalisnisitonspatpitng a
of the first aspect of this invention in the
comppendapitts Brsbaspers @f EUNBRE™IPo treat cancer; and
met hods of treating cancer. by the admnistration of a_
10 [00d3)pow thdrdaispachahis inveptiopsis dea vsg of £pPROYNGY ehthestistgppegt of this
in R G I?&L%LCUJI% %macgfngﬁlts Q(I ttEeH Catef: Qﬂ&j nfREHAAS bf anting cancer
I's i'nvention; alone or In conbination wth other _
by atddedniceitioh bén apnpsundldl theGfsdhspeet o thiotnveticaspeqtharmaceutical

this.invenption s co unds of farmula BB and.CC. .. R
compgsitian o} e CORE SPRFICE T J8VEIQIAEIPIqPY 1 Copparian jgsh Sther
an%éng\f\%e%é’i&‘l Rl RNP-N RNP-N11 " RO R OBB

er e:

15  [0014] In a fourth aspect, this invention is compounds of formula BB and CC:

R O R
\ 1 / . R 0 R
R/N—(Fl;—_N\R :N-—H—-N\
H R & R
RZ/S SH
s~ H
OH R QR
R 1 R N—=P—N,
R/N B N\R R o R
o}
BB cC

where:
each R is independently hydrogen, C, ; alkyl, or -CH,CH,X, where each X is independently Cl,
Bt, C, , alkanesulfonyloxy, halo-C, ; alkanesulfonyloxy, or benzenesulfonyloxy optionally
20  substituted with up to three substituents selected from halo, C, , alkyl, halo-C, , alkyl,
C., alkyloxy, ot halo-C, ; alkyloxy, provided that at least two R’s in each phosphorodiamidate

group are ~CH,CH,X;
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each R is independently hydrogen, Cl1_G al kyl, or
- CH2CH2X, where each X is independently C, Br, Cl1 6
W(alzdoamﬂéui fonyl oxy, hal o Cl16 al kanesul f onyl oxyPCTDIS2005/017880

. PERRARIE O PR SPE Lt BB

optivabldy- Eﬁiﬁst&uﬁﬂ lyallkyl, Gﬂm&mﬂtf kydsaeayed laterbaylo eﬁﬂp_t@)nalllykwbﬁltyt,ed
provided that at least two Rs in each
hetgyg #Hi ani date group are - CHRCH2X; -5 WD
R? 13% §érila ég%uﬁgg AS2085/ %o%gﬂ%f su&ﬁﬁﬁd%@kk&ﬂéhéd{yl optionally
stituted al k optional |y substituted heteroal kyl,
sub@tpntednaddeshyls gpmnatlm@dt@reyllarenedlpﬂcyloﬁmqryﬂys%swmt ed
opt| .on oaryl, or
heteto anL MRS a?lyt ?S%g” qe(#“fter oéefl%\‘ﬁ L and R is
andorﬁé]t@d:hal I y substituted al kanedi yl , opt| onal |y
substituted heteroal kanedi yl, optionally 5
[0033]PEL 4 Eifih queaﬂ ﬁﬁ@ﬂv&iuonﬁmﬁhaﬁﬁﬁdehﬁcﬁ dsititin® domprising a
arenedi al k optionally substituted et er oar enedi yl ,
corgpouggtaf P’Sﬁhgiﬂfé‘t?tth’ﬁéta’eﬂ'é‘%fér oar enedi al kyl , and
their salts. [0015] In a fifth aspect, this invention
[ooile] bhwmrh@emct,@ap inyeRinss theaiss obenpRpausidngt te fewHpsip of this
mvenﬁotnht]g OIH&EJZ‘ac%%Q%‘EL]e@fca&&H@ td t@é’a@ &ricgln ané“%ehlg)gg'gﬂ ttéa@ing cancer
aspec I's Invention iIs e use of conpounds
by e aﬂhﬂnft&lﬂbﬁ of asmpbuxmtfofttlm &m&lmvlﬁmt obﬁtusumvdnhen ora

manuf act ure of. ts to treat cance and L .
RS Grmp i S AFE 8octgf (iR ESaRRASPF 3 Pospriagion vith
othePIRRML, @lerpte. fourth aspect of this invention or a

pharmaceutical conposition of the fifth aspect of this

[00'1 VaRLI Ol B&, @ls ﬁ%nﬁ%'rﬁ@ﬁéd%%f‘ﬂtéﬂﬂm@&&ﬁﬁounds of the first
ti cancer thérapies. 15 [0017] Ssevent h aspect,

anct fougth iaspeetstoif gris memmnhﬁdglpoﬁnq@mé plmfﬁrﬁfgaspm&péﬂmgvmon are
t t hi
CO”@SWS%%Y%SP%‘?J?H cf)lm g a%s"gf?é? foufth aﬁﬁ!’esct bﬁé%n ‘lreglﬁb%r e

conveni ently prepared from conpounds of the fourth

ct of this L nvent i on Modes for carryl ng out the
M£ﬁ£§)ﬁf?xgﬁngf‘56&% r]:1‘)|nn|t| ons 20 [0019] "Al kyl" neans

val ent group derived froma saturated or
[Ooiﬂngeg‘l’lﬁf’%ﬁ (but not aromatically unsaturat ed) Cl1-C10
i]dr ocar bon t hat % be |ingear, branched, ﬁio cli Cdb(\b/
[0 Y hy!” speashe MPATAGE BPSFFT 1909 AP tutated (but not

EA0R 93 D! ny@bBibon BLERAYY be lideaB HERRAM, or cyclic b
arol sopr pyIS bS?j;/‘GIt |s}ébutyl(m sec- b%t?/l tent - but)?Ircycc 7

renpmnak cyﬂ qne I']ugdjgpgm sty fopeptogtbon atp}n@ |E;pg1pﬂe@ rrelmgthyl, ethyl, propyl,

oSl SRR oL G o B BB B b
cycﬁip'éiﬂeﬁ— 141, Q:y@&ﬁﬂi@lylﬁfe}!hyl N@dl(ﬂld}djla:lnd d?EloHefylﬂ%thylﬁﬂltlﬁited alkyls
is application is broader

<m@mmc oo Tkal) 4k rfoales i EerRr, Qe b Lipephige of “alkyl” in
%ig}ﬂ ?‘J Fierr%ja n'tHe @&veﬁ?(&lapééﬂfﬂﬂon’ and mclludes groups more

, and "al k
coﬂ]ﬁdohhrreﬁrrycﬂ to as cycloa]kyl” “cycloa]kyla]ky ”, “alkenyl”, and “alkynyl”. “Alkanediyl”

means a divalent group detived from an “alkyl” (as that term is defined here) by removal of 2

second hydrogen atom from the same catbon atom or another carbon atom, preferably from
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means a di val ent group derived froman "al kyl" (as
that termis defined here) by renpval of a second
W(hy(d)mmm atom fromthe sane carbon at om or aanmszooslonsso

atom _pref rabl .
on e A Ra0 08 AR AR RET A Do S A L anpiRgogs i sad
1,4%ydoldhadagdi yl, but-2-en-1,4-diyl, 1,5-pent anedi yl,
and 1, 4-cycl ohexanedi yl . [0020] A "substituted al kyl "
[0026] ﬂn‘sa&slﬁydteégjaﬁ’é IstaHta 861 stdbbtiuteR wht@ thb elereb BAIOGRMMtGhOME]/or up
and/or up to three substituents selected from -CN,
to Mubsuﬁants sBlected GOR) -GNOCNO),R-ORC(EB), 6ROR - ONHO)R, —C(O) OR,
- NR3+ - PR3+X, - SQ2OR, - OSC2R,

R -P@a\lﬁﬁ; S NHOER, “OSRR 1S, RIS 5COM FVRCOR,
and SL?ERFEG) opt | onaﬁ)éh er%{ e%%?(lietn ufthg&ﬁ)g%t{e)ré bal kyV&Sts'l!lbtsH{u‘?&!1 alkyl

optﬂlﬁiaﬂ}oh'asiubyutﬂed iatesrtailkyu topdorazﬂy R -subgtituedakjlyoptionally R'-substituted
R -substituted  heteroar t.i ona i tut
bt Pl S BT Ry BB T BT Ry and coch
R' 8NHagRedEndR 1 0o submaﬁm&mem&onlhﬂe BNG UKIE, | nmrr_clg alkyl,

sel ected from hal o, -3 alk

10
C,.gilkylosg) 4, N orsﬁ(omﬂkyl (@cﬁfemé&yo} P Rwsﬁtt}spéfsélﬁ%tﬁql {rom halo,

_Clgiotl_fb% 1(?%?;}4(231%&7?, i %ﬁ ?—g di" ﬂﬁqét'%k Byo R ﬁ%\l‘l ps fMﬁ 4- or

5-nipnahep splictaily R'- Aabsmuted&lkﬁaedgﬂ for opt@rraﬂﬁRl gubstituted heteroalkaned1yl,‘

titu | kane or o naII ubsti tut ed
ancﬁgt‘ g”j?g?ﬁn ]Eﬁ‘Sy at "'X”dﬂé upgtityte ‘E?A"g Jr‘hﬂ“sds grO“PS as
trifR6PETRL Ry ﬁukl&dpwye qn@ blydpBélRGREyl. B&ﬂsﬁﬂﬁecﬁfﬂbﬂ g@upsifiso include
as trif 1uoronet hyl , chloropropyl and

thepesidsrep Kiest alherseiythe thplhef thiolremosicidy udkyas gjrgeiag, dgmocysteine, and
n
pel RS o AL HEPLAERL oo PR s b By g i
or pffoingildeafarmed ba Mcﬁm“rmcemb groapgbuahudésuﬂ\épm@t@forms and
reaction at _the car

e TRy AR BT oa T REaH gl PbRC(OIOR

St ILREI1” MR OlIRGE8H suBHiBed@Blthe @RinBESdesiibRE @b&RFor an
substituent 1s -COOR and anot her substituent is -NH,

alkply Compardp ORthis ingension; Alsgriegudg q@m@an% whagg afgnon-atomatic amine
| k ' b e

o PSR 8 LR DR 06 s

fornfitd th@cmnpmhmdsemmﬁdszqfcabynymmenz;ﬂ@mbmyam ne having

1 or 2 hy a ent is te
ﬂumﬂ@eﬁmf ]g fg@f g%ﬁ‘p %tr]ﬁ%rﬁsm’fiﬂ& % 6&%‘“’“& BEgfecting
&E? tﬁﬁtterﬁy‘t‘s%%&a{em o S})&%]:ﬂg?} &xhdey chﬁép)ﬁldes and higher peptides based
uor enyl met hoxycar bony and other simlar

oncpeisienteone treremtitwed ek 1 §opdesttechs wifongebups. The
ut e I I
phasp%xgrc%dﬂgm ate% tﬁg q% &Jragle?&?%%g&gaac{é{:jgyfgﬁ&n CyS%t% : and their
estts, z&mdMﬁ[cBestdﬁﬁamﬂbﬂOSElabwed” adféry kS thie sotrandedof :DIeMZtBT e
sulfon%/I et hyI ‘Bfalg)sphorodi m dat e eglortl ontg the . ¢ .
subggiuset foenpich g FSURTHRIGH SUTh) RGP VR of 20 amine
to 83 hR[dS or MESERideaR ehrBS LSS rbd iodRister 5 ARIAE,A18dr0xy @b 8 8ster, and
to the conversion of a'r eact ive substituent to
comvratitreef anypiidabt splfrnsnaide bl aar o tiese hrdiesen ataaten the nitrogen to
ontg Bw?;Fx%oorr]l\é %r %no(t)e OLQ tlfhoBenth%.t Qﬁ atotn% 19&3 (fj@rr fﬁ{) ?puonalgfesub%dmted alkyl,

onam

hettyshiigk yiryt, (]heﬁfbaeﬁ t ﬂﬂkyl,aﬁdle&@oamﬂkw gromp OfProfectad” bav ideonventional
sul fonam de with one or nore hydrogen atons on the
nitrogen to

—7 -
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one where one or nore of those hydrogen atons is
replaced by an optionally substituted al kyl,
whedenosabkyl , aryl, heteroaryl, aral kyl, or PCT/US2005/017880

5 S o R e st daben o

subRfiga tBatSyRdhesattie underthy codiittddns mp drearacton@)propped tobe cattied

a reactive substituent to a _substituent t%}t is
outnwfh & BrerRr QAR L PRI BRI HABRE BPHERF LR Fon( s)
[00311 posed to be carried _out; such as the protection

ahpeeoalig!dneags ﬁhﬂawh&é Iertqt SR RS oo £d%y 0,5, or
NR (gﬁntbega PRIHYL ¢ C, JHRafA ?AM} d’t@uﬁﬁ@dc\ﬁﬂghatk%gé oph &Bﬁ’y) mcludmg

on at onms é e re ced by 0, S
lindas gidupy suCh as 3a>bcigelntyb pmnmmhlc yingubssitiiniog 8ot wrmg amscﬁgeln

2—t%&ag¥h§t8gﬁfl§% | nc 1pre|t1ﬁ1élalr %:ﬁ)clr‘l “1y1$5£ r%et%a 16p1Peraz1nyl
4-dﬁiyaf®y&u§1hara§3 maqsmlﬁﬁwmrg%mpsanw as taumdfafhmmzwﬁhﬂ and

d I
pipas i Ryt by el a s P ARG B BBl e 8 ol by
ren@raf c?i1 p&rﬁrw&ﬂ fii%ny et Rloa ggltane—l 5-diyl. Heteroalkyl and

pl peri "Het er oal kanedi yP' rmeans a
hetﬂroaﬁthmdnyl grooppalsteincindel thiosowhete hetng métdgesy is dyydizeg to form an

N SRR ey ot GO Y SO NRY oBEET 85 woms cominios
nitRBLEHARLIKANSOVYith HeQups dbsAdddno |t1hkdxerriaiﬁﬂ81eoﬁnhefrﬁ>l®ule of which it
ring mtrogen I s oxidized to forman

forms it wptionllp apntrising a@%h?féﬂﬁé}tﬂ@ﬁ%?lwéeﬁ?d fofgDs7S, and NR
(w1§éﬁ9ﬁ i@HIT, € %E{r)l%@e bl @ubﬁhhé@gﬁﬂ hﬁbgwlf ﬁ}&ﬁ};bxr Yo 2 Bhenyl

e group 18 the remai nder”of the | ecul

grobs)WiiMdthyil-{ Iﬁlwmyé 4p@rttydenvgetby)-1 piratazinyk 6f(dlahmyhgetby1)

furthe [ rotomselect d.from0 d
L-ppgseay ﬁnﬁg qﬁ) el@i'? eﬁf”r?)lﬁ’le opt? A ?/gtsol‘fgst@chnﬁg\lualds &P
invehiidh Had @aﬁ&b cdiysbu@dywhere aly ONRZ gﬂa)hp Pydsentds pPsJd by a cycloamino
4- Met hyl -1 - pi perazi nyl ,
8TQ¥JP(2 hydr oxyet hyl ) - 1- pi per azi nyl, 4-(di phenyl net hyl ) -
- pi perazinyl, and 4-norp h0|lt9¥h are exa Ies of
¢

IOQ?#]: [“Dalrsiitve e@gp@kyl’cwp Gyheisuted hemtesoalliapeilt mopn hetgigalkyl and
heleR St SIRAHAER ML sm%e%egxﬁge@ébw ARk Syl

oam no grou

[OQ%Sf b?@{lto%{ gtgrftgtgit)l%rvaﬁ ﬂ%ﬁurﬁ %‘?"8 UbStA aro%mgc hydrocarbon containing

6 tb el @i 3hrbah el by FeHhs ¥l bﬂbﬁdhydmogeh atdﬂiﬁfrﬁﬂfa delser itbegwhich is

above for substltut ed al kyI 023] "Aryl! neans
maroRtsia(esu PhPEl FORASPPERP Iy dic g’ﬁ %ﬁ%ﬂ%“af?‘&dﬁﬁ‘ffdﬁﬁ‘&%ﬁ‘b@ﬁ

naé §1ﬁ oDl d (O g‘c?cht]: dof E)&%ﬂ@m@a HAyRRE(e BY b{p%@ﬁ’ﬂﬁj “Bfenediyl”
ydr oge rP from a carbon atom  Whi C
mamm dxya:lhmmgr@qz @pnvecp&emn) aryldagmdeﬂ@é df @tﬂcywi/hﬂf@genfa@?m from a

68%364{1?%%&%@? )’(gaC ﬁ"g‘ gﬁﬂ %}Q@BQTJ}% )r4' Cﬁ{lg A ’preferred

r;ll)islﬁﬂh%ﬁw Md)a prefifrenRehadiyl is Heaadedigl (dn;x/ﬁdnﬁai) gr oup
derived from an aryl by renmoval of a second hydrogen
0@242 m’SfﬂSs@i%t@d aGRHRAAs AYObsEHEH with ub t8 1S @Relieyts selected from
ht hal enedi yl , and bi phenyl -4, 4" -diyl. A
hajat em,rm @Ry bpmmabmmwubsanmedacm@qyb ppeehally bﬁedulsﬁitltuted Cis
i s benzenedi yl I SONEr [ 0024 S uted
RRRARALS b YR o ) Mol (e U Ly oo i 3 ot erd
sel ected from 30 halo, -CN, I\I02 -OR, optionally

hal o- substituted C1_3 al kyl, optionally
hal o-substituted Cl1.3

\
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al kyl oxy, -SR, -COR -OC(OR -C(OOR -NR2, -NR3+X",
-PR2, -PR3+-~C, -SQ20R, -8 WD 2005/118601
WERADSUEBO05/ 017880 - OSO2R, - SO2NR2, - NRSO2R, PCINRDNS/017880

O3, N ARSIl e iﬁ‘?‘?ﬂ B TR Fher cach i
hycﬁ)%/eflu(g}%} n&l!yl@dsuB& %&f}{&g id e Q%Bidfute&et@f&iﬂ(ﬂ bpiadily

ally heteroaryl, opti onal |y

R'- fbsﬂubdtarﬁi ktdpgdn'ély é}'kwsﬁnmd hetqrpisph aptionally Rs@b@ﬂmﬁed@e’ékﬂ ot
optﬁ%g@rug?{u]g tt%tga gmg{e%%e i ag efar %t%%%agegror %Eﬁ%{? gn 75 bstiltuted alkyl)

ancﬂeatcp R8is Slﬂ@@éeh&éiﬁl 1 Sroedubeiitachts Mlnndalaﬂrcﬁn halGNCN NSI),, OH

C-3 alk
o By o PP, i 4Tty P EIT eskfertbtgobiio. -G NGy PH.
C.. a{hlé??h Ys %yl%x;al &gy XLy %lr_lwv&ﬁ g]r(g;li@ )forn9£ 41 905 Be%@ﬁ%ﬂﬁ:\onally

5- nenber optl onal R -substituted
R- ajbkmnedlawan@hﬂ@pbpmuyy~ ﬂbs@g@éthetema@@nedlyl and X is a halogen. Two

h L k
LR RRATE a5 Sl AR DB RS BBy ARG Sbstiuced
grofpdinkiane D%Qdulgsl'sﬁbﬁ:ttu@ﬂl KthipUtd eldteamﬂsuﬂﬁntg sﬂeqmi from the group

i nclude ary

consias L) S e ot 4L PPOFALR gL b et AT igpally ble-

C'é,'u;[y t i@ R@lrhMe kR SWRERitddih @Rls Ghy.3
Suggﬁ‘ll?@ﬁdcl pt 8%@21?’%} %I gﬁpsﬂogs?%t tg)g1 1 3 al IEyI oxyS ¥

“SuhShtute@]redeneﬂlylE’ méaps al@nachxilsebsﬂphednyﬂl the piagrgridgscailied phavhifet an aryl.
Subs t ed means ar enedi vyl
Pr‘*\gﬁ?%eéltsiu]t’iﬂt%taa Wytaﬁ%w%ﬁ P)c{i‘egér i bed above for an aryl.

Pref erred, subst t ed, ar I s ar e bst,i t ut.ed
[00%5] m%néphv sug sglérbgﬁt?efiagfl ad &nﬁeqeﬁlg? A[ preferred
arafh ﬁ@ b@& Denzieaigmmet a&&w&d&yduqlﬁoﬁﬂeﬁwsﬁe&d Vﬁ&airkryddlyll Such as

"Arenedi al kyl ." neans two al kyl s {0| ntly
bermqbg—ﬂﬂtm@yerefgrrgch@ngQﬂqé@éqen@glednnethy (any 1somer)

benzene- 1, 4- di net hyl . Q;‘Em\eferred arenedi al ky]. is
[0026h % Swtetuest 4ryllyl{ savgnsi asahyd i) which 06 pr bghie thetayrlead the alkyl are

o G R0 A 0 P8 By FRLT s o
“sulsitddaeshealmye nﬁcﬂhs &ui&siﬁdutymrﬁdkndt ghe ando@uwislid dreediyl and the

I kyl; and 20 "substituted K .
v Fle e aRRY TS e GHOBRGCH DR A GEo) Wh T e and

suﬂdv.gﬁltecf Qg%ré ai"l-g%dréfeﬂ&? subdtatedtafigal 40 sdﬂgﬁtu\?@rﬁeﬁgyls and preferred

escr ve for substituted arenediyl
sulstibged renedihlkylslayd subFitated befizenedithethylsst i t ut ed aral kyl s
are substituted benzyls; and preferred substituted
[O(Hﬂlal‘féizllo@hkyéS‘}mbé nsaabsF,i(EleeBr- benzenedi net hyl s. [0027]
"Hal ogen" or "halo" nmeans F, C, or Br. 25 [0028]
[0028p t BleRadat}]” nivafsayld Whichrl o (pi‘efékalilpi 4o 6pwfehenag)tzyb<1n atoms

to 3) of the rin rbon_atonms  arge.re
o Re iR Du Dbt B Phark S o8 Cag 1) REITEONE, ¢ N including

m<§loc @Bm L @&At’aﬁﬂngg ot mﬂ%%&hé $ucH %Q'ﬂﬂ&y{) Qlﬁl&@l rjiyﬂﬁlyﬁ o@4zolyl,
g ms such”as furanyl, thienyl, pyr

impiezadiy) M{rldmyl w@amyﬂ, Wﬁdapx}yl; Ryp:lnyqimylp@ngbe 3/ bicyclic groups such

as E%/rbzaggazzlgg% ﬁ)\.m.g er%azerOH dazgl]ynld][\/fogg chhgﬁ?gsaﬂ@g%gfeg%gl iC

“Heenédrei<dg? Ohyins 2 Mnkay gloup déﬂmgs{roaﬁ e hpuem‘aqd bptkm@al of a second
"Het eroarenedi yl" nmeans a dival ent group derived from
a heteroaryl by renoval of a second -9
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WO 2005/ 118601 PCT/ US2005/ 017880 hydrogen atom from a
carbon atom Heteroaryl and heteroarenediyl groups
w@b®eo/118s¢l ude t hose where a ring nitrogen i s PXI/UB26%8017880

to f N- oxi de.. [0 : i t ! N
STRETVIRTEIEONG e
whighehpanenesisdxidrasbifbut adNickidde manner descri bed

above for substituted aryl. 5 [0030] "Heteroaral kyl™

[ooﬁﬂta%bé‘didiﬁéh LIHBSI® b Eehubhtithe BE©FcaRTY iyl S haroaryl and
2-thienyl nethyl. ° "Heteroarenedi al kyl" neans two

hetedokngherliy whistiited imdh¢ pianedrylesqribpd #hee forsubHEweg Pyl such
as 2,5-furanyldiethyl. [0031] "Substituted _
[008€} EHomrcataliyl™ meand alkgl dobstiteted withetesaasdr wele a Zthigayimethyl

«.mean _het.ergar al kyl nd heter L: Jqt g
R L B Gl S B
2,530 nyld@hglbst i tut ed arenedi al kyl . [0032] "Salts" are
described in the section entitled "Conpounds of this
[0039)V e\ibis@ited HeROSBIyY s auBARIEd hatkioprentdisikyll wiean heteroaralkyl
amount" means that anmount which, when_ adm.nistered. t land
andhdtepmamnddinlkyl pubstiivirg 18 teemamsier dessriaedkabiops &substitted eyl an
sd&ﬁ&%&ﬂﬁ&%d{ L the cancer. "Treating" or "trea?nent"
Oof "a cancer rn a human includes one or nore of: 15 (1)

hm.t ing/ i nhi bi ti ro fa yafthi€s ion”.
AL PO LD FlacBE RRRGSLs o s iensin
r cing/ prevent ing. spread..of th n I 1€ s
O B R R B 0 Sheb BoEIAGT g i
2 hGARE 8 trdatif 2 cLRESIsREACRYE @Sleoitratmédidoctnesicer. (Feating” or
reduchglpreventing recurrence of the cancer, and (5)
“trppamep of A gareprARAdiRinasrnglpdes O8R EEROTRF [ 0034]
" Conbihali ]?mj B of TREBS LD e, aRhMtR BEER L A8 defelédbment,
(l)conpﬁ}%ﬂdr%%/o t irst or fourt h ™ as e_c/t%sI of gt.hi S “I°b
@)i nveatuciop/ mednang tiread elithe canaereke. & pAPrevaAniing mefpstases,
course of cancer . chenotherQ%%ml§ gnmgggbination

)t he rHSYREERE PRYE Fo PHESAHITRI SO AT GRS the conpound

@)0of  rddieink)prétenting tuUrtateaS BRCdanadk, 4ni S i nventi on
before, during, and/or after the adm nistration of

()t he palisingsympimcefifhefanctfer apy. The admi nistration of

t he conpound of the first or fourth 25 aspect of tth
[0034} &Gpinbinatiey thseaps prerns the administratior plmsampround of the fisst or fourth

adm ni.stration of ] ' LhELapycahy
asfiiog B B eh OB PR B} GRRRAEC EOGRARMCater
chbdbtheRpE Sucloesmbibytidnhiempinay swolst therdofinittvtioo o amedipound of

of the first or urth aspect of this j,nvention ,will .
thea@@b?ﬁpfﬁﬁﬁfh astpef:teodff S btﬁréntaggléeg?reo utl(nﬁeanélr{ 8% %gerr the administration of
m%&ﬁdﬂ‘}é NE6Lntd %@ﬁ@& THYEdRR LIRS offBOtAhSddndldfeie Bkt @feurth

ose of a chenot efapeutiq agent, nol ecul ar targeted
aspdecofabis imgation n@P bp sepatgidin tiverfagry thepskminisgtiongithg ynggher

sl RO Y Byl B o BB G bk more
coREldySR0QBHA1s#E8ON of the compound of the first or fourth aspect of this invention
will accompany at least one aspect of the another anticancer therapy (such as the
administration of one dose of a chemotherapeutic agent, molecular targeted therapy agent,
biologic therapy agent, ot radiation therapy) within up to 48 houts, and most commonly
within less than 24 houts.
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[ 0035] "Another anticancer therapy" is an anticancer
therapy that is not a treatnent wwth a conpound of
wo b@sfiigsst or fourth aspect of thi s i nventi on. PEUTH005/017880

[ooa%ﬁecu% é”ﬁt'lc%fﬁ‘r%% £ e J{)ge Esaa%' cé%erldgﬁthgpg Bt hE Efthne with 2

farget rapy, oglc erapy;

corrgaiznd béiiha [ﬁfst o}'ﬁﬁﬁfh aspére bﬁﬂhﬁﬁvﬁﬁjﬁnt ek Eantahet aaﬁcancer therapies”

onbi na |on t her

bgé’ﬁtiiﬂ aﬁ%ﬁfrgeﬁe Bretrng: lolgg%ﬂeawn@ndaf@é*ﬁfhgmw These

110
méralﬁéyga Bibse Btk nAbiRRAY @3 iSiphbifsiocRURithdyan,
yl enei m ne derivatives such as thiotepa, nltrogen

t uci |, cycl ophospham de,
023?52%%§¥§%§¥”ﬁ?é§9an1 e, 10 mechl or et hami ne,
aﬂu@ﬁm@aﬁam inglndingr anust i ne, nitrosoureas such as

carmusti ne, std ne, and streptozocin, triazenes
Il 5@3%%%5?%§%' & procarbazine, and tenozol ani de
d@m@1mﬁgdaﬁauﬁ§@mguﬁdﬁo&@5h as cisplatin, carboplatin,
oxal iplatin, satraplatin, and_picoplatin;
nitgogep mRsid el as chloramburh grclophospheimids; extemusiinenifasfamide,
mdPRIIQh LGB RelpRETEL ﬁé&qufeal titrexed, and
trinetrexate,  pufine analogs such as cladrlblne
nﬁwhbon@ﬁamhyad@mmsnmdpnckmﬁamabun@nmbhndarab|ne

mer capt.opu entos%gtln nd thij ani
MWP?SrﬁB & & g aﬁ%f s PE{R aﬁ%e’éﬁgéﬁf??zai ﬁ’g S eC| t abi ne,
planbal dbipdandeioh bex$ifin, Edbaplitid] bigiplatih) MQEMMIREH picoplating
enti tabi ne, and troxacitabine; 20 natural products,
an bﬂmﬁ@“mhﬁﬁgtunnr anti bi otics such as bl eonyci n,
anQQ?attésryaHy gs' tﬁethgﬂté Eea rfﬂe@rex‘{% IMC%EJ‘ and Qfe@(ﬂer one,

porfironycin, an racycl fnes suéh as daunorubi cin
pufine ehalws mgchl ds ghdohah chitaodroxyidiendsime, cloarbingbfiadambine,

%lncludln%) %poggnalgggxorub|0|n) epi rubi cin,

AR ORERE P entasgimaaf tigevaniie, 55 onsymes such as
pylimRERSIANHN ARE 28 REhfoBfge capsR@big] dfasMdinelbdakkdl) loRuridine,
pol ymer stablllzers such as the taxanes pachtaxel and

Huggarctxeamcitabing 6pd &orafiR¥REor s such as the vinca
rmﬂﬂh%&ﬁ#%&.MHﬂakgSt'ne vincristine, vindesine, and

Vi nor I he i sonerase | inhibitors such as the
antgauptr obitgctics Sudlrds ﬁ:drtoa@am dmiinbmmin enighrampeig, miB@nycin,

. ol soner se Il as.ansacrin
o S B L AT 8 e bickt (isthding liposomal
daaiiralien), Fogerubifl (Hdivag: gh@BéUnQﬂ %B:%orﬁb&@ﬁ) V\%xubmm idarubicin, and

fluoxynesterone and testol actone, -11 2005/ 118601

valpebtyiys2005/ 017880
enzymes such as L-asparaginase and PEG-L-asparaginase,

0 her 5 [0036]

§

microtubule polymer stabilizets such as the taxanes paclitaxel and docetaxel,
mitotic inhibitors such as the vinca alkaloids vinblastine, vincristine, vindesine, and
vinorelbine,

topisomerase I inhibitors such as the camptothecins itinotecan and topotecan, and
topoisomerase II inhibitors such as amsactine, etoposide, and teniposide;
hormones and hormone antagonists, including:

androgens such as fluoxymestetone and testolactone,
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anti androgens such as bical utam de, cyproterone,
flutam de, and nilutam de, aromatase inhibitors such
w@sgooatissogl ut et hi m de, anastrozol e, exemest anePCT/US2005/017880
anuﬁ&& %@Q& as M1 gln% lofurofO bl GOR! S PLflSSHEN as
dexa thasone an sone 5 estfogens such as
arop@sciphibitbds hedt xsahpn@mtetésmde,gnﬁmwulejbmﬁtadey Estoegtide, and
letrh 2 oxi fene, tanoxifen, and torem fine, LHRH agonists
%S> ant agoni sts such as buserelin, goserelin,
corfi®dRFAH] Heh 22NGatnkibRieahll Eiredni@!’n@egeSt ins such as
medr oxypr ogest er one acetate and megestrol acetate, and
estrpgRps s1eh dsckammeidbesttelh as | evot hyr oxi ne and
snckl ERBN 01 15,300k CakR6R) LEREALS ORI Sl el T N0
etam ne, ‘arseni’c tri oxi fiu aite
LHRYichponiptiaed antacanisaniueb Iaebumeﬂmtgmﬁﬁhxg d:dupﬁmtle dad ttlptorelm
rocarb zine, suramn, thalidom, de, al i dom
proiy oh

RotoHy é?ﬁ“&a‘é’EﬁHﬁB%ﬁﬁE%OWFfa‘ﬁs“nﬂé‘%eﬁs%‘%@ Rt AR s odi um
thyde@f hdrfRnes R a%@&tﬁ%ﬁ)‘ﬁﬁﬁ% andl B PIchRESnuCh as
bort ezom b. [0037] lecular targeted therapy agents
misggilangoye agentspintlydingiabiresAming arsgpic (rioxéden galknng nitfate bpdtiomgrrea,
y e
tev B0 L R BB proc AL Bt A P B o,
pholﬂt}dj'nﬂnhl oompdendsg;eéh s methoxsalentind bdalivre pytihe,; armistoteasome
m]n@emax % and gene expression nodul ators such as
Hirs s *’r“rc?oﬁtﬁz ‘rexi noids, e.g. adapal ene,
xarotene, trans-retinojc acid, 94s-retinoic acid,
0]

Mrlegfanisrgeisd hompmpesteincidei de:  phenot ype- di r ect ed

fundddRhBR Y Egﬁ@fa%entg ﬂﬁ[daq?ng nonocl onal anti bodi es such
as al entuzumab, bevaci cet uxi mab, ibritunonab

genc th@@l&’agents rituxi mb, and trast uzumab, 25 i nmmunot oxi ns
anusens ther g gelzurmb ozogam ci n, radi oi nmunoconj ugat es
ShUasPL 38T osi t umomab, and cancer vaccines. [0038]

tyroane lkﬁlgwlmlnbﬂdh@ Bychag @b Snib hgdrdeidoridd) pefitfodly, dastEh et sy@die, and
interferon-o 2a and interferon-alb, and 30

sempygndl, padiki ns such as al desl eukin, denileukin diftitox,

0en@BhORIE lnY&Klators [QR3knd RuAdd ;aciqemmdé '% sdaga@ﬁu, Bexarotene,
i ntended to act agai nst cancer cells, I cahcer

trant-feneip iagid, 9- wmtlmie a¢lﬂ;@nd§\é(43hquowbatyﬂ)mnmﬂ®dj unctive

pheBSRL B Lncluding:. 12,19, 2005/ 118601

monoclonal antibodies such as alemtuzumab, bevacizumab, cetuximab, ibritumomab tuxetan,

rituximab, and trastuzumab,
immunotoxins such as gemtuzumab ozogamicin,
tadioimmunoconjugates such as **'I-tositumomab, and

cancer vaccines.

[0038] Biologic therapy agents include:
interferons such as interferon-o,, and interferon-a,,, and

nterleukins such as aldesleukin, denileukin diftitox, and oprelvekin.

[0039] In addition to these agents intended to act against cancer cells, anticancet thetapies

include the use of protective or adjunctive agents, including:

—12 —



10

15

20

25

30

cytoprotective agents such as am fostine, dexrazoxane,
and mesna, phosphonates such as pam dronate and
wQoi0sdissmi c aci d and stl rrul atl ng factors suchPeBUS2005/017880

oetin, rbe irn, EGfllgrastlm and
Cyt%pg?tﬁf%vﬁﬁ?f ?nsu 6‘1’%}3 zlc%lﬁ LTSt her apy
phds Eéﬂi&d@&u&his@aﬂﬁkﬂx@ﬂat&hﬁlﬁﬁfdﬂmaded@hdt he first aspect
0 5th|S|nvent|onga be co medmg(g de all d
imyafing RO SYR apieREStth darherpetp: Higasthy st and sargramostim.
anti cancer therapies (anti cancer agents) such a t hos
[OOﬁQinQP@h@dﬂ@th%@ﬁ?réb?fmgl[ﬂm}%H} {guc fbesgppfa%k? &Wo@getraspect of
Lg\déngg Gl ﬁ?)\é COQIBMCQ ﬂ%ﬁl Qisrﬁgv %&fétu'sy &f @deor more of the
unc agents suc ose nenti din

anﬁ&ﬁfcﬁt}]ﬁﬁfﬂple& Qﬁﬁ@@nca:@vﬂﬁ)_ mn]d ag ﬂhesmn@mmndi nolbar@gqq)}:fs i[0&36] to

100385 BT AE FRATLEPPT BB e EHOR PFOF PR ™ FUATHER paens such
as thOseFheMRbOIHSp r03% Ybbveasnd the cbﬁgbﬂﬁnsftﬁeﬁislt enadond

in such books as ncer Chenot herapy and Bj ot herapy
asppytiof ghipinsentinacrapbg ddladdo eBpipgApticans By Imenh SpTE fog i treatment

ofva%%gs( %lg%? su%tg&%b%ﬁ&g 'fne%]fgméa@ﬁﬂ%&éh Ll hﬁrfcﬁ'@/}eﬁzo@fe}'ﬁpy and

from Li ppincott WIlians
Bzo&er)%}.l ]Rmmzp/gs anPRidrird 8tdohi. £00DeGhabpey e lagngo, QlsAand Bladbook of

Corsrdstimrap Pt PP bger o Bh b P rGe Alms e Wilkins,
Phil e Bia nﬂrﬁgﬁdﬁﬁd U/A L e NlgindeaR 8dr 2688006 tA&rapis Eéptebiﬁliy

(WaV. cancer’. gov), the Aneri can Society for C||n|c I
che@mbq:rg}g?s, é@g@ qpr\g)eb sitpg guch 45 shogs painiained by the Natlonal Cancer

Inst ehen%{&éﬁ&%@ﬁ‘ﬁ a%oléleﬁrwmgﬂ CSHCQD ng\Q\%:L.lco org), and
ny conbl na em)t erapeuti c regl nmens
thetNatidnel GdrhpreBeiGive ances Oddwodt(vemsncof.ofg)-at i num
conpounds and taxanes, e.g. carbopl atin/paclitaxel,

[0038P BLain} abﬂnBﬁJ/ad&L‘ﬂ{eﬁib@he,taﬁehﬁc feGaome ﬁrerlagwrmn the art, such as

fluorouracijl -1 evam SOlcﬁ fl uorouracil W%
compinpi#Ans @ RIAENNB FOBPERTS 204 [T R Ho%E RIFS

A e e ac ble uracil-
cap%&ﬁa%ﬂ%?ﬁ&é%%@lﬂ%e @XQ% ré%&m rﬁ‘Dle@roﬁl: ﬂ%‘é‘%ﬁg ClF Bﬁ% il

leuGHORY intthoitrredte-le@a@or@vad ano@ md@ acm|@D1§AéBVD AC,

Akt TECQR) BRIV A s : SRR LGB CEASRS. .

CEAP- N OIPa-ritddRa B, IGICVMBMF, YRR CyNDRC, S VARKE, DAE, DVt FAC,

Faos O PR ek SR P o ISR OE RBLSn NS nevac
Pc‘d1 S ARLAS AB, ShPA, VWRBLCKROWAR A, VST, MEMCP,WIPUYPNELd the like.

herépl es such as “trastuzimab + paclitaxel al one or

[Odéﬁla o e ety gp&h@ﬁitog%?rg#s thd Eﬁiri o C%&% ebd Jl%}?@@ Ak therapies,

cancers egi men
and tdaledhoﬁ alReAias areulsh wtibkﬂoliatmbblthe mgmqitghﬂg duarhpies MCélhxs gan
regi oth for eso ancer nd t
O AR PG T mpesh v B T g breast

carPQE/ 142008/ Qhd 880 M3 ¥or cfa@dmaﬁ&tsn gid @k “Dubhi edgltheid'and

d their grarmatl cal variants are words of |ncI u&g)é
“thampgxmren [,ibeth for eephegsel aens 208 ™58 Gthey sydheregimsaeine gther

Car(1)(d]‘exss,tated conmponents, groups, steps,

13—
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and the like but not to exclude the presence or
addi tion of other conponents, groups, steps, and the
wo 2dos/1186hus "cogpri sing" does not nean "consi sPCHYSD5/017880
"consi sting,substanti abl £ i.St. L
lo%ﬁ"%%éﬂﬁ?s rore>c<%{1%n'apjfnélf5 %‘ﬁ’df %relﬁ‘glfaa |%lﬁa1%§§%%§% ?‘%gr&%fxndumn
andGRITRP ARG BASInd E@Attaispecifidie resepaLstdtdid camonants Qxrowps, steps,
contai n other active 1 ngredients and/or excigi ents.
and the iy butgep g ide the ppenee ISR 0? G%RSTOI?PI E0fs; §LOPPS, SEPS,
anc@tﬁ@ fifed. ‘I‘h&@"_‘c% pgl\éf%gi’ HOL AR nitWh f‘&ﬂﬂsﬁﬁgt‘%& >, “consisting substantially of”,
phosphor odi am dat s, conpounds of fornula A, é and
ot ‘CondRtin@oRlyR{T; aRd, s Pxabhple, bIforsnulfRion ‘Rofpasing’ @ RngpdRad Ryust

oG el e, 8 By Y R 0 i

C_. where; ch. R is independently hydrogen, Cl_6
WOEﬂkgPI,nPB‘Fn‘i—Sé}%&éf—E’Xf’nWere each X i s independently O,

Br, Cl1_6 al kanesul fonyl ox hal 0-Cl 6 L
(0045l 5T FBFEH Gty SHoB & YRR BRGTRBRSP e ppgEounds of
foradRSA i Whed. Wi th up to three substituents selected
romhalo, ClL 3 alkyl, halo-d _3 alkyl, 15 Cl1_3
al kyl oxy, or halo-Cl_3 al kyl oxy, oprgvi ded that at
| east two R's in each phosphorgdfagi date gRoufl aRe
-CH2CH2X; R1 is optionally sulst 'y)t uged al kyl N—P—N
optional Iy sgbstituted heteroal kyl, optionaRl yc‘a R
substituted @ryl, optionally sfn%st ituted aral kyl,
.optionally sgbs,;itut ed heteroargy,, or optiondlly

substituted 7 heteroaral kylo;s/ahd SO,
2
SO

R‘I/ 2 Ci)) R cl) R
\ 7
R ! R N—P=N,
/N 1) N\ R o R

R o R
A - B C

where:

each R is independently hydtogen, C, ¢ alkyl, or -CH,CH,X, where each Xis independently Cl,
Br, C,; alkanesulfonyloxy, halo-C, ; alkanesulfonyloxy, ot benzenesulfonyloxy optionally
substituted with up to three substituents selected from halo, Cy; alkyl, halo-C,, alkyl,

C,, allsyloxy, ot halo-C, ; alkyloxy, provided that at least two R’s in each phosphorodiamidate
group are —CH,CH,X;

R' is optionally substituted alkyl, optionally substituted heteroalkyl, optionally substituted aryl,
optionally substituted aralkyl, optionally substituted heteroatyl, or optionally substituted
heteroaralkyl; and

R? is optionally substituted alkanediyl, optionally substituted heteroalkanediyl, optionally
substituted arenediyl, optionally substituted arenedialkyl, optionally substituted
heteroarenediyl, or optionally substituted heteroarenedialkyl,

and their salts.

_14_
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20 R2 is optionally substituted al kanediyl, optionally
substituted heteroal kanediyl, optionally substituted
W(M(mﬂ/em'ﬁyi optionally substituted arenedi al KyPCT/US2005/017880

tjon subs i.tute he er t
1003t FusedbaTirat o A o S g, GRar o et R, LAt o
fortAR. 30 2 d1d8601 PCT/U82005/017880 [0046] In a fourth

aspect, this invention is thioethyl

phosphor odi am dat es, cgnpounﬁs of fornula BB and CC.
R 0OIl / RROR NPNP M s RRRRRNPONR1L 'S
S'RRSROR (r) I RIRRNI NR-RHNPO -NR O BB
CC where: 5 each R is independentl yRhydrogen, d G
al kyl, or -CHzZCHzZX, wherg each X is independently O,
Br, Cl 6 al kanesul fonyl gxy, hal o-CL. 6
alkanesulfonyloxy oerenzenesquony#jxy optionally

substituted with upijto three substituyents sel ected
fromhalo, C1_3 alkyl, halo-Cl_3 aI%y C1_3 al kyl oxy,
or hal o-d _3 al kyl xy provi ded tRyat; aﬁ?least two R's
in each phosphJ? qf date group MarfeN CHZCHZX; 10 R1
is optionally ﬁggsm yted al kyl , *%pt oﬁhlly
substituted het'er dal kyl , optlonally substituted aryl,
optionally substituted Pralkyl optio 'y substltuted
het eroaryl, or optionaP substi tuted et er oar al kyl ;
gnd R2 is optionally substltuted al kanedi yl ,
optionally substituted heteroal kanediyl, optlonalty
emlmsumdepe@néy yisotiopl C. ool onaCHyCHb Stherq gash X is independently Cl,

\él@e[r)a'l quiooeal lllyan u]B‘F){};l'l&ﬁzb &eléenealﬂfonyloxy optionally

, I Ona

suﬂ%ﬁﬁﬁécﬂﬁﬂﬁﬁﬁeﬁh mkée;shbsntmds steh:éted foal heﬂo (,061&7]} hfal, §a]kyl
(for exa pharnaceutlcg y_geee | e sa tﬁ% %
oAkfeptoxded that at least o ’s 1n eac sphorodiamidate

group are —CH, CH X;

! is optionally substituted alkyl, optionally subsﬁtuted heteroalkyl, optionally substituted atyl,
optionally substituted aralkyl, optionally substituted heteroatyl, or optionally substituted
hetetoaralkyl; and
R?is optionally substituted alkanediyl, optionally substituted heteroalkanediyl, optionally
substituted arenediyl, optionally substituted arenedialkyl, optionally substituted
heteroarenediyl, or optionally substituted heteroarenedialkyl,
and their salts.

[0047] Salts (for example, pharmaceutically acceptable salts) of the compounds of formulae
A, B, C, BB, and CC are included in the ptesent invention and are useful in the compositions,
methods, and uses described in this application (se¢ Betge et al., J. Pharm. S¢i., 66:1 (1971) for a

nonexclusive list of pharmaceutically acceptable salts).

[0048] These salts include salts that may be formed when acidic protons present are capable
of reacting with inorganic ot organic bases. Typically the patent compound is treated with an

excess of an alkaline teagent, such as hydroxide, catbonate or alkoxide, containing an

_ 15—
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A B, C, BB, and CC are included in the present

i nvention and are useful in the conpositions,
woreiokoosp1 and uses described in this applicatiPeI/S®es5/017880

Ber et. al... J P i + 2 +104 1) f QL mBles 8Pcati
DD P TSP ER R SR achn  Ea Ty M hre Sles SPeations
preseat inPharh A4l hesgalsiabds. Suitebld dergalid Inseshiderafery, ibdude

formed when aci.di rotons ,present are capabl of.
calcugn BT B RS RBr Yoo B P @ e Ol Fdapige- Sales may
alsdt I%Eﬁprlgﬁirgdqﬁsh%)%%@gastzé sthdheR LA WMpkibhad)) se@A &P Sndiertdiy amines,
al ka

ne reagent, such as hydroxi de, ‘carbonate or
substitiex iadénes dotdiignategalynoccasing@nbaiosed a:gises, and cyclic amines

. PCT/ US2005/ 017880 ropri. ti.0n. j O -
“mWégél%Vﬂ%¥%Q3n ;"ﬂd%ﬁ%nﬁﬁﬁ%ggﬁg&g%ﬁﬁgﬁgg o*’%§¥§%%%ngé
ahﬁkﬁﬁ@ﬁ&zhﬂg@ﬂ@hﬁmﬁﬁ&mh?bhbymﬁmﬁ?n%ahheaﬁﬁhhshﬁﬁdmbahﬂdnq

i norgani ¢ bases,_ therefore,  include _cal cium .
PEORAJR g‘%‘iha‘é"‘,‘mﬁ&_tc ey Rt Bhrioaet e RFCHPRETRlT shigamines,
theSHBIHE, DY R} ipE -1 blperidiay, N-aihsPifeidpeeparadiksi ng

organi ¢ bases,” such as salts of "primary, secondary and
[00&@[ tf aq{o?ﬁ AL ADEBthe First P ?(;d]:&l%?&tm A8 $nveRRIMEdMIns 2 basic group,

nat ur a §ioccurr|ng substituted am nes, and cyclic .
suchis mesminong iphdiphinol srowy, dpyayam prepared dsmatakig) sdditing salt. Acid

di et hyl ami ne, triethylamne,. tripropyl amne, .

s SR Eom DU AR ROSHRIRCI I o W g et rom
the lﬁx&hﬂeom@&ﬂlid%a @n eldess dfdinneid, arhhehyochl@iceai, Rpdrobromic acid,
ydrabam ne, choline, betaine, ethylenedi am ne, . :
sulfytig eeid Atring thergbaty grdypigeliags 1959, niticasish PhoRPRetic 35if pasktbe like,

L PREG) YD BESI i pyrBRE alifl Soxalic acid,
L R R i e T
maliksqeit; hedapiic 4dd, sudcimicerrid, onlergida funsats abids factatig anigp citric acid,

such as .an am ng or .phosphi n [OUp,. it. he L T
berg PSS a IS Ak ool 4 g ot e geid Shlanéilfonic gejd, salicylic
2ci®4-bhRen GAIPRHRES, hak oy RRahgardic tid tidsiRbtinembp@hiciatid, lactic

‘a suitable solvent from the parent conpound and an .
acidy Rc@ydeskybenzaribgnzois adf AS-HiARedieHasq 3cid éibgdroxyethanesulfonic

i bt | bifl o581 Vb Bl B S h RS
B S e N A s i e i
canbpt@rdulfionic adid, nethylganiof2. 22 ] cds 2 sueh-caboadistacid, gle¢adeptonic acid,

propi oni c,aci.d l. liic agid ruvi.c,acid, oxalic.
shebppcaad - metylentbis Gy e 2 e oislieid PR IRraP O e
tthﬁ&jlﬂaceﬁé' m,itﬁf—@ﬁ}lﬁheﬁi Adid, Muirfsfkig aci@) dhidu€ond€idit], glutamic acid,

benzoi c acid, cinnam c acid, nandelic, acid,
3-hydromeRewphtheisiasidagieatc agdmpest sutand the i salicylic

aci d, 4-toluenesul fonic acid, hexanoic acid, heptanoic
[0050] Eertziy of dpertmenndsopiyoiere izger spltsjogswiterions| d,

2- (4- hydr oxybenzoyl ) benzoi c acid, 1, 2-ethanedi sulfonic
[00&8] Cert2inlvyoipoxydstof foresid Adhiaod BB cfahelinvhettonanesepntaihpee or

aci.d, . 4-chl grobenzenesul fonic_acid, . T
moge chitsh FRIte HRECTRPBIe (08 PAIec O ATHAIACIdY Frbsich casep fll individual
stefbol¥Binb¥laBH exe @] Addhod-rhealic 2iairs bf thakkessohersasfithe compounds
(nalucoheptonjc acid, . gluconic acid
a

taci saise)lays @Rgsinsbin yERis: JTPsH oI Epagegisty of the compounds
of %}ﬁﬁf&ﬂoﬂ GRPHLO B &teﬂcﬂthe sthdeb@fehds Fehd GidChhordh@h A! and BY,
utyl acetic aC|a, l'auryl sul furic acid, glucuronic
andimiethodg Farttberisclatmi of, indigidha) dteesojsomerraqiistitivthiols éprkxample, the

stearic,acid,. muconic acid and th i ke 25 [0050Q] .. s
wesSfigh PG e RS RIO I ey et he it et bordinary skl in

zwi tterions. [0051] Certain conpounds of formula A B,

and BB of the invention may %gntain one or
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nore chiral centers (for exanple, those based on am no

acids). In such cases, all individual stereoisoners
wapewsngsseni ¢ and non-racemic nmxtures of the PCT/US2005/017880

ster S AhEand
e SRR IO A PR ygvéf'fa@%cw fih Uik )uihan
penfiRABGC ARl fter@biséhers @mdrneetnﬂs:usﬁr@fof tsmcsmbnmesmm o n

MR T TR NI TN

m&@fdu&l@@ré’d&'ﬂ?éxs stereoi soners of such th| ol s, for
exanple, the resolution of thiol-amno acids such as

020 005 U B B0yt e

nangf o chﬂnhsﬁﬁmiee@ e otithtbs drioddied oh sﬂbnylbﬂnyh@wphwsdlamg pottion of

LN T ITR T M AT T TR —

7021 83A COBTRILCI@bdlywavai | abl e; and other thiols such as
dithiothreitol and dithi oerythritol exist as
i ndi vi dual stereoisoners. 5 [€052] The cagrpounds are
nanmed in this application sem -\s-y\st Qma}—i—éal ly based on ol
the CAS nanme of canfosfamide (i.p=PwNth the tTN oet hyl S~
or sul fonyl et Byl phosphorgdi a teOpo}‘t‘r\on of t _'F',
C'(rgléecgl e n d\as\aQSuﬁs,t/ltue‘ﬁ't on ﬂ\h\g r éffai nde /L_a) \_\
th Thu\s-P—N e corrpounds 70A, 128A 23 Cl
and’ 1 NP-N O G0 a -~ | ocg
al I\;}-N pc - PHSOCICICI /- X OCL C ? &b,
\ \ 802 S&2 G C [S02 SO2 ~---~ XCH / NJQDN
H2Ngb,Cl CI 0 N-P-$¢2 70A 128A CI/-F/ ca 1cC 3B

arg naned SO,
HR O [ bi s[ bi s hl or oet hyl %am nl@J] phosphl nyl ]/oi/ ‘éi \_\

yl'] Asul fonyl]-L ni ne, \ £
g N- 15 —N
70A 128A /—/ o \—\
1C
23B

are named 3-[[2-[[bis[bis(2-chlotoethyl)amino]phosphinyljoxy]ethyl]sulfonyl]-L-alanine,
a-[[2-[[bis[bis(2-chlotoethyl)amino]phosphinyljoxylethyljsulfonyl]toluene,
1,5-di[[2-[[bis[bis(2-chlotoethyl)amino]phosphinyljoxy]ethyl]sulfonyljnaphthalene, and
di[2-[[bis[bis(2-chlotoethyl)amino]phosphinyl|oxy]ethyl]sulfone,

respectively.

[0053] Compounds of this invention include those compounds of formulae A, B, C, BB, and
CC whete one ot more of the following is true:

1. each R is -CH,CH,X;

2. each X is Cl, Bt, methanesulfonyloxy, ttifluoromethanesulfonyloxy,
benzenesulfonyloxy, ot 4-toluenesulfonyloxy; especially where X is Cl ot Bt; particulatly Cl;

3. the compound is a compound of formula A;

4., R! is substituted with one ot mote groups that enhance the solubility of the compound

17—



10

15

20

25

a- [[2- Pis [bis (2-chloro ethyl) am no] pho sphinyl]
oxy] ethyl] sul fonyl] tol uene,
W(].Z(E)SUH{G[)Q [[ bi s[ bi s(2-chl oroet hyl)am n. o] phosptii/ngi0pHx17880

et h I fo I oSamino,
Ove{% or oe (%as]f)nlgﬁlg hwoép eﬁ{f/@]eg }ﬂ&gf{:w ?? s%ﬁlq‘ onméln
uafeﬁﬁa@ﬁﬁbin\éﬁiuyh phd@h{rﬁ;o{&ﬁi quacmpay plksspbénitnt s i nvent i on

i ncl.ude those conpoungs, of for
5. G RHEPRAY BIPHDRE Aph Ohar RO TEEAG oG st ophoS R o
subRichSd WABEERK 2. each X is O, Br,
nethanesulfonyloxy trlfluoronethanesulfonyloxy
6. berkdntdsukdidrydfen yoptlemaﬂaa praseaieshiinkamingdcik pr an elaborated thiol-
iS5 Qsﬁl al l 16\,1\"&%15 € og egterc C())rmg(ﬁ b Edggtﬁjc?lg%tlrm u%a?%}éf/ A%%L}% anlagor amide
ot sﬁlﬂ@rﬁa&mﬂéﬂcﬁﬁe&\by Feaotiven :ﬁﬁhdmﬁlﬁe grooppsrefehbly thahaivine of héhiol-amino
solubility of the conmpound -17 WD 2005/118601
acigpCT/ US2005/ 017880 over a conpound that is not so
7. SUbRLE el eGduel P -BXRERb et YL 8XY.mebBHRPYIpiodshdi® or an
am no, quaternary armnoni um hos hi no, “and quaternary

elaq@h@sbmffmh]as & armle jos g fiorrn ;yremtait thetcathozy Riplup, articularly

nal | ut nal |
ther duFl ?m%x arg{%éﬁﬁrﬁg%gﬂr%érgpgp(&i&%ﬂd?he rgsn due of an
8. optﬂheladnt)ymm@heﬁmpduﬁ&wﬁfomliIuBo acid, or an

el abprated thiol- amno acid s an _ani ..or ter
9. £ or Rest Wy ipate Ty P00 TR EEOHDR 'Sbaaﬁ%ﬂlgﬁaﬁg thg compound

ovePh cSMbOAHBRLASnHQTBEs thked qaﬁé}ﬂaﬂl?leah ydibg aﬁb&a; ﬁlﬂﬁ)U@mJno

preferably the residue of a th amno acid
qual:esmtrhemn@muam ehofphinoyerdaptesaye Phesphepimopr

rcapt opr ppi onj c 10 el aborated acid
sug%‘ R n&ad?ng 58 Ol%lc%gffogn?l?m@d by reaction at the
art i.cul.an the SI due

W"%‘ﬁt& é?‘?‘ﬁfogfgﬁo?’g?reu&némrlr% o E)}f L RE PR s g escfjﬁedmthe
spe€iABARRHRAd cBind SFARPapita@in zfsCﬂlé’ﬂ,l in%luamggn R tasnples below especially

bstituted with t hat h t
corsisPiaeh b4 5 of 4178 Ao NGOG | Ehtor | HcEri B A o

Coﬁg{m}ﬁo%s Sibsthd HeBfbds bP iR AMRbE indied '8 Klﬁosﬁ@ﬁsbﬁ?@&’ rand methods

am Ao, 15 quaternary anmoni um osphi no, "and
wherd dicatongioyng tsamplmﬁldmmmegtlonetlon thd}!;tf!@dmg@emanqes a
conpound of formula C. [0054] Conpounds of this
[0065)vRfpiratiod sftheldempaatisof the conmpounds described in
the specification and-clainms of this application as
[oosa]l SdfonkleglyListi d3ghdrbdibiedates @ﬁ‘ﬁixﬁﬁﬂahé,lm\amd Espgcicalvbniently be
g‘dpounds A 13A, 15A, 23A . 7 128A %1;1 17 ,fA AA,
Preﬁ‘ﬁf beondationefihrsaricsptnding isedslnlisephqrasiamidyiss of gpylac
HoR RP PR SRR dx@Bon USREessary), as
ang%mg& Q\E/\%%g{rr?ﬁ?{héy%g{npoggng is one of those R
followwt i oned in the precedi ng sentence.
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[ 0055] Preparation of the conpounds [0056]
Sul f onyl et hyl phosphor odi am dates of fornula A B, and
w@2eve1ssonveni ently be prepared by oxi dati on PET/UR®05/017880
corre pogdl ng thigethyl phosphorgdi am datges pf R. R
Ri %orrru ag AA - 25NBB, and GC(with ny reactl ve ket N
h/ﬁlom—d& pr OFt?co/a\/agal nst~ oxeaad on |OFPrT@cessary) 0-P=0
R

]
as folt -18N 2005/ 118601 LUS20Q5M01 7880 R N
_RR_ 'RRNRNN s--o-%ﬂ':‘L A
OP%S— S~~O 1 0= IBB0.1 nss-- ~O | P=0O P ®€O
RNRRNRRNRR N RR N R AA BB CC Oxidation,
e.g. Wwth pedgmyagiwthin inert solvent 02 RN R R NR
02 02 R N. RPf® WigpeR N R R -S'/~0 P=0 0=P-O" ,
-st ~0 B"5"0=p-0-' -~~Y~0P=0 { | RNRRN,

RNRRNRRNR ABC [0057] This oxidation may be
erfom;re,dzby amy of the,met hods khgwR in RhgfRart fer Riy-R
Rl § oxV¥dation of b,a\/eozhﬁ?—g)\tp\suhf gnes, Osﬁ/cg/as/t%:ny\o 2_0
usé of H5et aci d9= |p8r oxycar boxyl i & 56 ds), " |
per sukfies, perbogates, peroxi desN-gzoner” I'odosyl R R
reagents, halogens, and the like. If the 5 compourd of
fornuA\a AA or BB contai nsBa reactive noiety in R or

such .as an r i e
IOO%H Fhip pEidetag fB@?a%er HorBed BT i ?qa&ﬁ Fﬁ%ﬂ? es]lnl by %fg?gf the
omd%lgh Q¢ 1188 th&? EPRMRHesOfuch @k M RBe Of PéradidsiPpiotjREEdRlid dcids),
desired to yield the final conpound gthough t he

perpﬂﬁateaq:teelzpr@temem@ss arencajoslesyh e eyt SApsiRRdghe g & the
| nvent | 0 i
corbETL O AR S0, S8 Gk i
grotis, thia@ehctite myjeiycahy HﬁOprpteoteddbufOEe ﬂwmidaesn aisihe lresiltigg protected

the co n n.a.,sol
congprupd gge %&&gé)r %éearo&ctc%g S?Sb%?/ r:o E‘qutﬂa @%forfl]\écamg e(E:Z}mugh the
pro‘:e%ma%ﬁ{p'éﬁ@ds FOMLOWBE Db ridiRinadlel thisQiveation)hSudhgiratiibn and
e.g. peracetic acid) 1n excess. [0058] After

depondeatisn 1wearm18m@hqué mypless Etreetmplfy, Where aqsesistintssdof typical
Ptoced’nutt?]iéjt olves %ﬁfv-g{g%é @om{?m{myof kf gﬂr 8B e(gt &Y 1n a solvent such as

I'c me nown" per se, Scussed later in
aceﬁch h&d apipbpropfliaonate aﬂﬁd‘{t@ﬂEﬁilpéfmret Rillowtdy the addition of the peracid

phosphor o% am dates of fornula AA and BB nay
(ech‘?F\"}%@ﬁ'Fé 1§ eperess:

[0058] After oxidation and optional deprotection, the compounds of formula A and formula

B may be elaborated by synthetic methods known per s, as discussed later in this application.

[0059] The thioethyl phosphotodiamidates of formula AA and BB may conveniently be
ptepated by one of two methods:

(1) teaction of the corresponding thiols of formula A' and B" with a 2-X'-ethyl
phosphorodiamidate (whete X' is Cl, Bt, or an alkane- or atenesulfonyloxy group such as
methanesulfonyloxy, benzenesulfonyloxy, ot 4-toluenesulfonyloxy), as follows:

—19—
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prepared by one of two nethods: (1) reaction of the
corresponding thiols of formula A and B with a
wWQ@206sAetehy|  phosphor odi ami date (where X' is QPCT/B82009017880
an al kane- or, arenesul fonyl oxy group_sych as
nethanesulfoﬁ?ﬁgxy, benzenesulf%ﬁ§ﬁgxf#$or
4-t ol uenesul fAnyl oxy), as fol | ows: B'19 WD 2005/ 118601
PCT/ US2005/ 017880 R1-SH HS-R2-SH Al Bl R NR (r)=P I
RNR R,RRNRRRRR-S,, ~(r)FP N=0 0=P-(r)S R~
P=O R NR R RN, R_AA BR afd (2) (a) reaction of
the thiols of{fornmula A" and B with a 2-X1-ethano
(where X1 is , Br,R’%iLG al kanesu| f onyl oxy,
hal o- C1. 6 al kpnesul f onyl oxy, or bengenesul f onyl oxy
optionally substituted with up to three substituents
sel ected fromMhg|# C1_Fg|-Ryl, halo-Cl_3 afkylR 5
Cl_3 aRkyphoxy, _qgrz(gal 0- GL3 arkyb X Sha g sh=¢ orm
t he correspon&? -hydronyethyl thiols of fbrrmula A2
and B2, follo Ty (b) meagti on of the 2-hgdrexyet hyl
thiols with a phosphorodi am dyl haljde or al kane- or
arenesul fonat A X2 is d, Br, ClL 6 kanesul f ony| gy,
hal o- C1_6 al kanesul f onyl oxy, or benzenesul fonyl o

(2) Gpteacival dfithe thials pf formulavi' whd Bpwith a2hK eethangl Gehere %?e/’ﬁt@ By,
SRR ol LBk ey
sub¥p, 20 %5¢h Q.+ PGB st 5416k dBROm Halo, 8H, HiSA R2ldSE, AllkyB1

C. A igiony. o5 halo-C allcloxs to Hekt Fosmn the coresporiiing 2hydroxyedy ] thidls of
formula A? and B?, followed by (b) reaction of the 2-hydroxyethyl thiols with a
phosphotodiamidyl halide or alkane- ot atenesulfonate (X2 is Cl, Br, C, 4 alkanesulfonyloxy,
halo-C, ; alkanesulfonyloxy, ot benzenesulfonyloxy optionally substituted with up to three
substituents selected from halo, C, , alkyl, halo-C, ; alkyl, C, , alkyloxy, or halo-C, ; alkyloxy),

as follows:
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1 X2-P=O I RINRRNRRNRRNR RL-S--0OP=0
0=1P-0 "/ S-R2-S"~O-P=0 RINR R NR RINR AA BB

WO 0@80a)s6The direct conversion of thiols of forpCl/ES205/017880
and B to the t1h| oethyl  phosphor odi agiglat es of
formul a AA andR?BB"may be perfornme y any of the
met hods known iin the art for alkylggion of thiols. A
typi cal pr ocedﬁre i nvol ves dissolving the thiol of 5
formula A° or B}, in a polar solvent guch as water, an
al cohol , di met hyl f or mani dew_o¥' tetradhydrofuran, then
treating it witly a base such as a hydroxi de, al koxi de,
fluoride, or tertiary amne or am de base to formthe
thi ol ate anion, followed by adding the
phosphor odi g4igat Thi ol at e_displsxere t he
| eavi ng groaipn_i\/e\ot'he 2- 30+ hy phoma ani dat e
gives the conpaunds of formula AA add BB. 10 [0061]
Alternatively, the thiol R ofRformula A and B may be
treated with etHanol 2-substituted with a, Br, CL 6
al kanesul f onyl o%z, hal o-@I_L(_?OaI kanesu| f onyl oxy, or
benzenesul f onyl gxy optiona substituted with up to
t hree substituents sel ect ed rom hal o, C1_3 al kyl,
hal o-C1_3 al kyl ,R R3 al kyFRq}icﬁi or hal o Cl _3Ra k‘§'l oxy,
e.g. 2-chlgro ha under flt e
previ ous pa&ﬁ\éb ,"t% gi véj'ché) 2- hydr oxyet hyf3 |§I
conpounds of forgNg 15 Ag'\!anp(d B2, whi ch na)Rff“hlen be
converted to the conpounds of for rrul a AA and BB,
typically by reaging the conpounds BB fornmula A2 and
B2 with a phosphoroeliam dyl halide or al kane- or

[0GB0F 52 W £ @B R didh SNhRIN SHebAmEOAY 8t B'stdahe fifoethyl
rahydr of uran, toluene, or dichl oromet hane %n th%hods

p pﬁphemdcaefndn‘tesanf fomada Adcmd B may bt Refqraed by 2pBpt iy
kn(AW? g}rths 61% Eo o laglegso/f gi-&gl? R@W @M@é%ssgﬁ%%e thiol of

iona prote t e conmpounds of fornula
forAlAN L B ritre bala B lvemy slad as Wamb;canadceholb Shrrga}zlmlﬁopgpmde ot

nmet hods knownper. se, .as .di scussed. | ater i
sy BT, FS SRODET e BB BOOAUS ER R AP Hoplgpde, or tetary
an&%%%ﬂh&’é"ﬁa!sé’ tPfoBR IR E thide BnibMToBd W Wﬂﬂ)@&héphdsphoto&amldate
Ich 2,2"-thiodiethanol is reacted Wit h

Thinldze éisplame@nef thie deamtimg guPSt ﬂpqw%éipﬁt%%la*r%ﬁlilwfhmsdate gives the
hal i d Qr aIuEam 8rBBarenesquonate in an aprotic
cowgp e presence of a base such as an al koxi de

th h :
ol %ﬁ“e?%avyﬁaﬁh"%‘%ad@ SERAPER Y By B8 pliq R kRl
2-RBasRRkewdi @AY, mnlegiﬂfoayloa;} kalbeS, ; alicaeselfewidsf.omat e,

again in an a rOtIC
bengenesulfonyloxy op%onally substituted with up to three substituents selected from halo,

C,, alkyl, halo-C, ; alkyl, C, ; alkyloxy, ot halo-C, ; alkyloxy, e.g. 2-chloroethanol, under the
conditions of the previous paragraph to give the 2-hydroxyethylthiol compounds of formula

A? and B, which may then be converted to the compounds of formula AA and BB, typically
by reacting the compounds of formula A? and B? with a phosphorodiamidyl halide or alkane-
or atenesulfonate in an aprotic solvent such as tetrahydrofuran, toluene, ot dichloromethane

in the presence of an base such as an alkoxide or tertiary amine.

_21—



10

15

20

solvent in the presence of a base such as an al koxi de,
to give the bis-phosphorodi am date ester, as foll ows:
WO200R1IB6M R . NR RO RRNR > NP-N | ~ Il sPCT/ES1005017880
I

[(l()(g]_| %%ﬁ%@gﬁnl\sh E@Nrﬂg)éé:l%f %ﬁRcagrﬁ%&gds( i%fo?xablé L'%IA ﬁiﬂorp}naa Iﬁ\B%nay be

elabBRACIBLS Hibie 6 GOEPRSIsH MRS, Arkbcaded R id s HPli{aH0H5]
The second and fifth aspects of this invention are

[0043) A HER & ofGBARAS CU R0 SonveRaR SikfiePbEORROHES sydithesis, in
the first or fourth aspect of this invention and .

whigip2,2 ethisidieghaaol ip krarted sty sehistojchipraeige ampunteof ¢iphoathorodiamidyl
.15 [ 0066] The caonpoun : Ik st r h

hatid bRl e ineE TR Ty Bl tt i B Dgoe such oo an

alkoxiiette ghvd itfieatabso-phospherogishjided edoej gl thateateed therdrebdted with an

nature of the subj.ect:.s condition. Routes of. . .
exceif T AP OB AR T A PG P AL 6By e rBgicin g aprotc
solvieRCih Y PidsdnBd HEYBROYSh as hALIkBRAE, itd @R @e bis-phosphorodiamidate

i ntramuscul ar, and subcut aneous i njection, by
estet,mafdlowsosal or transdermal delivery, through topical

appl i cations, nasal spray, suppository and the |ike or
may be 20 administered orally. Formul gtiond nfly R

optionally be Ii | Ror Rul at i onsyn~enul sNofrsi,
fornul ati ons desigied t o pdﬂFﬂlsteﬁLﬁh@ drRg acrBss
mucosal megbranes t r aRsder n&l f ofjul at i oKs.

adm nistragion may—be found, for exarple, 18

Sui t abl e formul atR"ong f or a%ch of ®RAesk net hods of
Reningtong The Sci ence andsPractice of Phariacy, 20th
/

ed., A naro, ed., -22 2005/ 118601

PCT/ US2 017880 Lippincott WIliams &WPkiRs,
Phi | adel phi a, Pennsyl vanida, U.S.A. Typi cak—P—N
fornmul ations will be either oral or soldtiénékfor

i ntravenous infusion. Typical dosage forns will be
tablets or capsules for oral admnistrationgc
solutions for intravenous infusion, and |yophilized

[ooﬁ’zﬁv‘ﬁf?a&&aceﬁlﬁéal E@ﬁg&g&n@n% gﬁ% %g%@%uﬁ%dﬂ i ons for

Iftravenous 1n oS /] Depending on the
[OOQQL’glgegsleeg?% nzgned & z%gggtﬂ)fsﬁafs%\;egﬁon L&%hQMcgﬁﬁa%%lsiﬁons
comprising a compound of the first ot fourth aspect of this invention and optionally a

pharmaceutically acceptable excipient.

[0066] The compounds of the first and foutth aspects of this invention may be administered
by any route suitable to the subject being treated and the nature of the subject's condition.
Routes of administration include administration by injection, including intravenous,
intrapetitoneal, intramuscular, and subcutaneous injection, by transmucosal or transdermal
delivery, through topical applications, nasal spray, suppository and the like or may be
administered orally. Formulations may optionally be liposomal formulations, emulsions,
formulations designed to administer the drug across mucosal membranes ot transdermal
formulations. Suitable formulations for each of these methods of administration may be

found, for example, in Remingion: The Science and Practice of Pharmagy, 20th ed., A. Gennato, ed,,
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may be in the formof solid, sem-solid or liquid
dosage forms, preferably in unit dosage form suitable
Wo oros4aisegl e admi ni stration of a precise dosagePCT/nszoos/onsso

Li addi t to ef i a b
LR L S BP0 L8 o
cithBh LI BB bR dr Yt 68k alfh o XGpiehletvb e foind xtmdilblegablets or
adjuvants which facilitate processing.of th ac Y,

e
capgesfonprabadmrinistratian, prlatnes Aon R RATCATER, ed powders
for pelgg{ls li’]Fa{s %glluklé.{ns foP RanhPaGeUlredld Y acceptabl e

ent ers to an eXC|p|ent or m xture of

al
[00@?%% ehg e o the E}\! g{%& %% logg i sﬁgg?%%ﬂaﬁﬁaﬁeutéc compositions
ma@6d intRe foi0T &tobdts¢a)-scdidar mlmd dosage faytnst mfecabﬂwnme dosage form

host to ich is _adm ni ere
suitgly Fr&assm#%égnma%mrﬂf it 398 1 a385R ks § TG bt Shnount of the
actif& AR dfent Bhﬁfe@@ﬁl%bl&h&ﬁ' may]c@n&hﬁﬁﬁt&ble@h&mﬁﬁédtﬂhlly—acceptable

| actose, st ar ch, nesi um stearate, sodi um saccharin,
excipadngs, m@@dmg adg@ants dacdlitats pEQesBing "rféb‘h@é‘l"ﬁ gempounds ifito

preé%:ﬁmﬁls at}&c}bﬁaﬂ%etuhgd ﬂaﬁ%ﬂce{ﬂ% d‘PH%]ﬁ{ l#gglc@é}ltzlb}'e excipient”

SItlIons can
refdds eV @dipht o Sibmhre iof gxcxpimtpwhsh dges rgfc@ntetfcan withtthe effectiveness

conpound_ as, descri bed here t.i.onal
of tbﬁ Riokegacel aqtizay Oétﬁi'f By ‘E‘b‘?‘éﬁt‘“’t i o fhe host to which
itid AmiS¥@ryl e, water, saline, aqueous dextrose,

gl ycerol, et hanol , and the like, to thereby forma 20

[ooﬁgm&! Q)ﬂd%[)m?Hﬁge S&&Rendofnalde%abfeﬁe indti®, RRAKIBEIE YHaRdceutical

osition adm ni st ered may also contaln m nor
graéﬂmflmhéﬁmﬂbl hm@xtmhamxgﬂ@wt@mﬁ,ppewaeﬂbeﬂn dalc, cellulose,

. sif t f
glu(éqea SPH%S‘? Irn%%nrrgsﬁ%)%l Qe/riznlgdt? a9s 1&1 \BH 1§tﬁa@&o?%£{;)taamnnstrable

ate

rﬁpm;lo@u kM, Gor exhinpR] tkap\.ej)z&éﬂ h}edlsmdinmglﬂﬁp&kmg,&,tc an active

tr| et hanol ani ne ol eat e, [ 0069

s erwebehnczenand sho PruHAgolFe GURGIR inyn Exgient such 5
for egﬁn}glg rxpa.t&f sdfind Qigllé)tus géxtrogt,s giRasl e@andr aﬂct thBBYe, BSthafkby form a

us or “nonaqueous sol utlon suspenS|on or syrup.
solﬂ'ﬁtbi etsasgpension da ﬂsmeéshapbarplﬁ@éﬁqi eempesifion to be administered may
adm ni stration for Tabl e san e oL Ak
alscaI gentain Ir?mobaé)ﬁ%%ﬁ P pontoxica ﬁﬁtg r%‘géhc% r‘?‘?rg&r fae ués1fy1ng
ag@XC A ifefing h@ﬁtsﬂﬁdk@&]ﬂ&ﬁ&at amﬂnpl@ sodisinaicetate, sorb1tan monolaurate
STubricatin agent s, such as nesi um stearate, are

trieghanolamyjng ORIy 2GEHR diethgne Fade eEFuspensl ons are

used, the active agent may be conbi ned with

[0088) i blytl mpiaivtratiars frerrgmpgsigen wXtssprielt wke e faga pf pipblet or
capgg%e T(:: 'r?rll E{J&F‘ﬁs (%rhq)/nt ue:&‘.’t‘%e itﬁﬁhn&sﬁtgﬁﬁh%r WRYp Peiblets and

0 excl pl e
capsﬁléﬁﬁzﬁ@&abﬂrwoﬂahidmmumoal fofupr Fablets iaod capsulesfre oral use will

reservaltil ves, spendi ents, hi.ckeni.n ent s
Bk TR0 o St GUBBO0R PILGOE BT USS 0L G Bgp sach
LuLQQA%Q% %erﬁltse GiBDL GnabREsk atdrRa s Ao BpicRilyefided dVhen liquid

conve onal forns, either as |iqui sol utj ons %)
su@asq@)@nsalt@md rée mtryefammag b cepbigcd mithsaimyiog 2a¢ fespending

ns.i
e G R TETST b e PEAC bhcrdgpLAghy o ad  v
Oth8y Gsoakll excibhBUbaint@pomtiyn ingd swofsbfcamslagen inelude preservatives,
i nj ectabl e glul ution oE a%is%]sr%gny on in a nontoxic
suspSPERE agSRES {hickepiog AT ®nt or sol vent. Anpng
t he acceptabl e vehicles and sol vents that may be

enpl oyed are
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water, Ringer's solution and isotonic sodium chloride
solution. In addition, sterile, fixed oils, fatty
w@gioensseor pol yol s are conventional |y enpl oyedP@sUsS2005/017880

| .vent r endi nedi a,. [0071]. T . —_
oo et Bl B P e DY o drnsy it ge i
solfliBnd OF fiheakiBs, a8lid foy:ap Riitabled6r sluMibator of suppdneioh e Aduid prior to

_adm ni stration. Powders may be reconsgitute béﬁﬁl )
injeqiéfd, oF esremulgonsforigpwmab forpriigpns d e sigaleiygst ufatigp, may
furt her dil X | IoHERC Ald fRdraltyoacb§fRabl
alsoﬁ?ea 1 qffjl & C%%r%rjrsﬁwg%ﬁ 8?1121 ?%ébgglgsﬁienﬁggld; Ha bc fer erd ,YOAC ©
diluefair@alivent. Affoagtis sodpuhilovehides angbasenss thetinppbé employed are

diluents are isotonic sgline.solutjon 5%.dextrose id.q.;
et KO S P U PRI LAVRL AP e, ld ofs,
fatty aledth bPﬁelyﬁ@%@ﬁ@ﬂlﬁbﬁ%ﬁlly lejtrpBsy 6@ i sableftsSRIstighending hgdiad

exci pients may be added to enhance or stabilize the
[OO?Q %M%eugéal ESnpSeonk bR iRV @Ridh aldyQRoQe fbfttulated as

conposition. 15 [0072] Typically, a pharmaceuti cal ..
lyodlined potvilem f@fp%dméerplmés?éﬁ%ﬂalﬁﬁvé%ﬂdéﬁ may hesicrepyEpisdprspddition

container with a l.abel ' | Qp; - BRL ; _
o § 570 Bl B L B AL MBAI08, BBt pior e
Thd B@id foRALEREH is@bnaalycauffeld)iE3jonEhsypbar svhtient Exatples of suitable

_conposition nmay addi ti |1y contain one _pr r.e ot her .
dilyspig peelesPBIG ST A |S§_u5%i5\%3%‘§éﬁ‘i 8 et _ﬁfgeﬁe‘{r%dﬁlm of AThmonIEm
aceROIRAHRG. ﬁiarﬂa@éeﬁd&ﬂl}/ 88deh@Ble sdIRESSiqRAICHxip@AB] maybk added to

active agents will typically be useful in treating,
enhaacro@rstabgize fhgrcogposition.my te freilitatepteptrptionel the sprappsipp.

conmpounds of this invention. [0074] Uses of the _
[00E2jPepiculy,  f107AB}cetiie] conpoited of gfe Hrhrent invertioarigipscbeged in 2

aspect, of this.invention.have act. Vit ' n
corgaE Rl R kR e it iy o a pi b PR
corh}gbslﬂo‘ﬁ(in Beardbescebawer. and are 25 therefore

consi dered to be useful as human cancer ‘
[ooﬁbﬁﬁ!‘ﬁé BRENEA 89854iSon e 2ddiR nhile@nERbne Of mbérdalie

ca

cers. [0076] Thus, the third and sixth aspects of ..
phariizsolpgicalip et agened igaddiver Fovsorapoundeos thip venirie A hesegdditional

humans by admni.sterin ' '
ceefiagr ol URThEHERI Ao B IBLARE VLIS TpbncRle BE Hkltent of
carlchil Iy domypRhdsf, thisinvenfibrar maceut i cal conposition of the
second or fifth aspect 30 of this invention, to the
[omul]@géscﬁfﬁ}jeédiﬁpd@asof conmpounds of the first and
fourth aspects of this invention in the manufacture
[O(ﬁg] Tedt&d of e ﬂr&%nﬂrf&ﬁﬂfﬂ%géct of tiaineaitionhalie/aiNEy against
-24 WD 2005/ 118601 PCT/ US2005/017880 Optionally, the
humet brodenrsl) liiess asdamansirgied inche fragtoiang 7 He %W&F?S%FIP
anot her . | cancer NELARY, - I Weeatment
I v
of banigeemcéhat are particularly treatable by the nethod
of this invention are cancers with sensitivity to
[0076] U%as, Shothird ROPEQEI Spectist thib irevesfracintiudabeshodhobgeating cancer

~ cancers that express or,, 5 particularly, _ overexpre

in s oy SO OB Sl AR PO ST IgATB of e frt o

fo@ﬁ"%gétﬁ of A invE&HRLeGS: HarBYRLEAPERSFOsRIR oFithdWREEN or fifth aspect
glu

ione S-transferase isoenzynes when treated with
of this invention, to the human; and the use of compounds of the first and fourth aspects of

, and ate

this invention in the manufacture of medicaments for the treatment of cancer in humans.
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ot her anticancer conpounds or conbi nati on cancer
chenot herapy regi nens are especially treatable by the
woreiokoeof this invention. Such cancers i ncl udeCTHSIEH/617880
of the brain, breast, bladder. cgrvix, colo :
O sl e B Sovchs AP RAT RBURS Ty St g PP pericancer
the@¥fl¥eh 244G tﬁaa%r 8RSy n0edtRhnel fonthd cai@pBahg thaeken as
such as ALL, AM, R\’I\/I\/L CLL, CM, CWM, and hairy
[ooml ta £l KM, 2 pa'fmglhz BreSalBlB @F RRNnEREE KT hisintantph arBancers with
sotheliomas,” nultiple nyelom; and sarconas of bone
sengitidtystofidducers figpopGasire srdmptersprefially fipse angers shas cERretIs
met hod of this invention i. ( i | @Rncers that
P et o e T hafr S AR hoer A, Songers that
expldd€oPBRMAD e ohd6r raorphititHiont Stthesfissboaryheuwhin treated with
aspect of this invention that is, 15 admnistered to .
othet @ tiRANFaRCARIURET OAogHRRAGPT CRRSERCRFEIPLRqIRPY tegfmgns ate especially
treatsd ik 'n%:%&i‘ of it iRREAAH SQ¢h cahtd:t hcREP siceRfof Y Isain, breast,
Invention) should be a therapeutically effective
bladdepwetvisnkelon asé tecainy peophrgy agd gk, Kideemh fupgcliiebpvatys :
wi th the another anticancer ther :MJ{ NIRITC eROENE . CMML.
Pa“&feaf’ﬂi’éosf'"ft?’gf‘a Stroma?}(l)’&?l%ﬁm%g S%Ctélta%og this ’il%went’ i@g]r%’ is T
andPichidly REIS e Bk @6la;i Mo dpRinf siind o H odgldn’ sdpraplenasamesatheliogras, multiple
therapy); and simlarly E‘tthe a:ﬁ)unt of .t he, anot I%%b the method
myglprpcadcaicorRsRRpe FRGEOT SSHem Pt BIE 1Y RLbEPy the me
of ﬁg'mﬁénﬁ&h fnchdaE pRANPOHREN Qoldrbt@alf dnbSon @nafl Qull lubg asees!
of this invention is admnistered in conjunction wth
[ooa}ﬁlg‘rﬁé? LmBl! %%C&??ﬂolﬂ.ﬁa AP fﬁ&%lf&rgﬁasﬁect of this invention that is
therapeutically efflective anmount when used in
adB@i}diettol thahwnih(cithe abowpoimdreckudllidn hicogpogtion efthe gecond ot

spect .this.invention. . Howeve h
6 AR AR GO gARNE PO & BTt < ERg pmppy when veed slone or
whEQHRAUN dorPindiBR with(BE atthdrQufidaiceraiq@gst (ifahe tdrhsound of the first or
i nvention and the anmount of the another anticancer

fourtherspeny ofviisineapiiP issadappigiered i FOHAYPR I GROESHEY cancet
Shel e et n i istered to the
me\%%‘gfgkgg&%?%ye@g%gﬁtaﬁ%ﬂﬁ LE5BertRARntHOn AIRLRE: WRiERistered to th

cally effective if delivered to .
maldieal (il iRrcoatponad of the ifisst 0o fovorh dspect ahthésinydnsira fadministered in

t.hough, .to use the maxi,mumt ol erated, dose .of, t
o e
whieR X ih ¥oRfindof Withehapbaponiast the fifgpbefotithhipent aff this freention.

toxicity of one therapy by another., Because

[ f the
Hdvawkr, 8fc therepeytiealls ieffecive emeﬂnkcéﬁftb%ff%?ﬁ%EEOWro%é%ﬁ*ﬁT g fourth
with 30.se P&Jlﬁ idafcR USR5 wiRidGdministered
a0t ts(gtrﬂg‘\S éifvieég&?%ngﬁtgggﬁg I ni gg y se\g/g%dgﬁ% OXi ci%%wf e
in eapisiaidi snid shdnastkerapy mby erich &k llogs Ben eheeanh@mw}d;ll@gﬁ'f@éql be
toxicity, it is expected, that c ounds of the fj
thegpReuperly Fﬁe‘%}‘é’ﬁéfé]?ﬁ%fe ithe PR AP n T preogpgn i Gackd ditsapy,
tha%lﬁ St babhsiBtmesRad st ¥f thBek readmmr?;mwaa ré@ction only
2005/ 118601 PCT/ US2005/ 017880 _tolerate dg e as a
besiungblecompen toxisityl ofBrerteseiies wAd PhPRtRIAEAR @ ﬁieémelFVeof one
anot.her anticancer ] o8 midD @k kample, with
g RSB RRE b P s ] e i R mple v
sev il @B, cheofheapreagtits and its oalpivs lack ohslingfally pryere toxicity,

es > egﬁ; g%gfqg%é‘!t]% 2% &% gmgtfo}?gﬂ?g% )Iclcr[.]i ggfmlr e?x%ﬁctgéu g)ﬁl{ pol{ﬁpounds of
thi ERALATERurth R BOHH this Sdvehfifgwil Hehdhagatiblecalesgntially their maximum

effective anount of the chosen conmpound or

conposition. Therapeutically effective anmounts of
conpounds of the
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invention are in the range of 10 - 10,000 ng/n2, for
exanple, 30 - 3000 ng/n2 or 100 - 1000 ng/nR. Dosing
woreapsheseat 1 - 35 day intervals; for exanple, BODUS2088017880
coleipeccgong S e Ssal i o PEHPidA i thY BB RERREIBhleY afticancer
therhpPRlERGE@srednCl udi ng as frequently as once/day for
several (e.g. 5 or 7) days, with the dosing repeated
[00) EfNe Bmpoundd oAhWERK Snd Rfurth ARSEcRIS thininvehtiyh, bOphadmaceutical
period of 6 - 72 hours, also with the dosing repeated )
conppeitignof the sespnd anifth 2spseip PABIEINHERIRg e By vawkle treat cancer In

frequenci e ¥ 1 ' ivPShS@HE of th
IS, St L sy bty st o
choSéti ddmpandd bhtempekitinl Thernpeutibidly effacveptmbhis of compounds of the

. toxicologjcal effect e expected when.c ungs. of
invqien 55 FAVCHEROR - DA B ePb g I So8or URHEE T T
1001 NB0PERFRAIDbMLERLY Kbt 1[-BB8AY inTit 418 Bbeexa@plelghduer t he

ot her anticancer then;&i (i f .the conmpound of_theaIlrst )
5000r100@mer " 2tk peBeekointervilss epagatat dres Psot s Week iptervals, or at higher

o . . . ; - '
PRI AL 5518 04 Mt oo
tepiaiiseretyi 25 B ok 4 weqharaagoapmt i8si6] for Sipetiod 086 ng2 heutsi dsp with the

dos&ggllffgﬁgle%f%gg (]tr g)e“r’q%gsy 88%%%6 c?q);?ﬁé:gg lalg% désgei e)%lltng:?eis g&ﬂ be readily

detMREIDIOLYy za;lﬂgsol-l yreRn sl il ik iafi Havitp sypasl © thAQRNaRd RO

ng/ day orally) is dosed daily, rituximb is dosed
disclesaie &o uracteptableapxicalameal effquts 3vg FRgecied hes cerpetds of the

. - 100 . t | ee weeks,
invagb ded Hielhior BlaTa QORERUEGHE e eSUBl¥edbEo? IPVS o
e hough t he,dose. I
00 5B B 8 SRR e s Bfffgundof o st cn o
aspédtloy Had inRentR@Esised $niedmisisativa) wilbhd the dasiag dosdylesablished for that

RO S
vmﬁ%fvﬁ;&;}r %Fg%agl] érikéy&) I eQamBBRhpRItalleS @g@('ﬁll'r%¢ﬁp Biafi§)as sbed twice

erson of ordinary ski in the art
dailpffocamesks onhed dpyeekiff] inpnhishesylets é@%@réogimg/alay orally) is dosed

.t her apeut.i ¢cal ffective u f
R ERFES -Gl PR R i L/ oS RO 10 )
are TdE&fd&rz)& it6 8bdry tiéd wedks, cerbaphtin (4d06 Ir@ﬁmﬂ_hl];ﬁhlé sntdsehomerevery 3

t her ap or .a given 30 cancer .and stage o I.sease.
or 4 e oLRE B3sery R TP PO AR TR PEYPAHEH Cpitrosoures

i 868d Ji 2:6QSHHS 20bndehtivSry 6 weeks.

an‘ﬁ%%%%g%%tf o e BRI abut 017880
Radi6o82by Gapbk adhindtereherisagirenslyi an steglle (arteme withindkatispli into

m.ni strati.an of, .a,conpound of the first aspect of
“ngﬂfgoyﬁV%ﬁFpgﬂaﬁFFﬁbi pl ati num conpound such as
rhopl atin or. ci atin, tionally in further .
006 eseratt ooty SR et Bl P aleivll A Glascemins
dae@a%@@ﬁéﬁ;%ff&ﬁv@ﬁﬁ&ﬂﬂt 3K Ble;compolihd GEMNE ifkR b Bpndvbdpactaof this
taxane;  with an anthracycline such as doxoruhicin _or .
inventosodel theaprer isflestve smornt Jheapihst rticancep e 413given
cancl: Jd LR fil (0L Rk b@Rnlthd &E‘é&B@t‘ghﬁcﬁp:ldﬂ% Qfiance upon personal
¥F Y nd wi't Foa

uor ouraci eucovorin; a gentitabine o

kndpbladdernnthtiodipdesnet: ofithis aggicegarbopl atin or cispl atin,
in further conbination with a vinca al kal oid such as
vi nor el bi ne.
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[ 0083] Exanples [0084] The foll ow ng exanpl es
illustrate the preparation of compounds of this
w0 pooentseon, and 10 their acti VI ty i n predictiREI/Us2005/017880

and.in, vivo an cer 8 |
[00@ (][ﬁﬂm am{“(fb%?mslﬂgfuéﬁﬂ]ﬁ ?{?%%%n@lenn&/ﬁé duﬁd of the
ﬁxsﬂ% QA6 LGy GRIBY Y aofnainume&dalqﬂﬁma fudy ganiboplatin or clsplatln
m stry. See, for exanple,_ Larock, "Conprehensive

opﬁ@m@bnn furthey n@;@b}pﬁ@q Hits gemwplé9 ovd;qxan %iitﬂcetamr paclitaxel;

Yor k Bisin B YipBmal
st P AT S E S b

dox@flﬁiﬂ:ﬁlﬁ it oxalipliin, ohtietrati yi furdhed carabibation wigh eapgsitaking ot

ocep e EosyineHesi So i BeF e OF B Ty T g curboplata o
c13p$%sm fufew cx%aﬂbﬁ WAt QlKaca LIk oA sudlngs ﬁﬁﬂ&ﬁnht[hd s of
hls invention can be synthesized, generally
[ooﬁﬂ pEn% the synthetic schenmes illustrated earlier in
IS a ication, as shown in the follow ng exanples
IIDMS BE&Sinvention, and
ool S FREk by b S e 00
theif Betivity i pretliciveikaivp hed 7yeb owicstonasgitpounds where R in
formulae A, B, C, BB, and CC are all 2-chloroethyl.
[0085] Synlﬂlenbﬁxamph:sent that compounds where R is ot her
than 2-chl oroet hyl nmay be produced by parall el

8]t TRd&sm %&fnd@ g2t ﬁvenﬂlaﬁ aﬁ:qmnmms/ aneergioRali rgethods of organic
2 b r onoet may be

Cheml‘éj(yzs?ﬁ %&WF’)L&?H?%“ e eacgdlgmc Tansfoapaioqsy doter- Vet

Neb& R %‘é{&g ofk, W@Aoﬁys%h{wasés &bl (g2olisanRdirpduced and later
phosphorodiani date, esterifying to an appropriate
renmy‘scﬂ cﬁuaatde psittetiye gnmgpuﬁqr ngnqohbydrpwl,amﬁyprgwp@yl gtqyps are described in

GtefeaFﬁjT- ‘Eﬁh rgtg%v% upg i r A [S%lr{théﬁz .’angédoqk)@f ?%ﬂp{z(lﬂgﬂpand Sons,

NeGOYGRUNES YORENES.R. TEe Corfigounids bhihisl mvep)noethybe syathekiged, generally
made by using 30 bis(2-hydro yethyla I nst ead. followin
follopisigshe syithsie seheyea fusizyted errhiss So"é’é’ %a P 9@5&%%@ orowing
cﬂgm {8155 meaRdknotvh those of ordin
exa&ﬁ% /Of%g%’ggl C%?%S%%O ?g% g%% ? conmpounds where the w
skiRingheups are not identical (e. g where one R on each
amne is 2-chloroethyl and the other is hydrogen)
[008g] The eydayetid zkagpledisclap phowpcompcamdﬂwhere(PemgformulaeA B, , BB,

2-chl oroet hyl a n the of
and e gentlor cpaeial §0 N PeRPoRE R 2ppoa e e o fer than
2- c@hofréé aZ be PAYARE] FEBAKIR] In@thbbatfoﬁéﬁbﬂnbleand this 5
|scI osur in preparing conpounds where R, is_other

@) tchmpo@mcb twhstedR istbronfesbiay be pipflq breagingbisiphprassthy)amine,

e f
e US40 £ P B0 e e i Rl ©
ph@dphupsliantitiat, esfeefmpgoan ppprvpsiat eulfinatsest,edd using that to alkylate
ﬂqegq%top?qgé'e @?tt@ gré %13 pé}%f’ Fﬂugglgtsngel ab s at 'éhe cor%]i)owc% &Fformulae AA,

BB, and CC;

(b) compounds where R is 2-(Z-sulfonyloxy)ethyl may be made by using
bis(2-hydroxyethylamine) instead of bis(2-bromoethylamine) in the process of (a) above, then

forming the sulfonate esters; and
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thi ol stage (el aboration of the R group of fornula A
or of the R2 group of fornmula B'), or at 10 the
wao hiosetdsyl phosphor odi am date stage (el abor at i PCT/U820051€17880

R gro f foryrul a AA or of is
© sampbegit sfer 18 CePahge Bon St s ah AR g GO P
2-cHIGoRIMOT Aldi B0t is hii@oftn) gia? bp neile bpusing eheAppropoihitetabrane (e.g.
R2 group of formula B). Al such el aborations may be
2-chienobbylaminehip the REasessi ¥ @ePABds known per se. A person
A porfsm? LEL a8l %h]l ih lthfi’]z{}t Hl1haRE ho Wﬁ&d@%ﬁiﬂ%@egagd td inatMidlyand this
ﬁaV|ng regard to that skill and thi's disclosure, in
disci)saepmatrépaginRcomapondd® vwiemb s dthathaps2-ciHowsthybadi | y
avail able to prepare the fullrange of the conpounds of
[0088]i & wilhalesbé QiparchDBBOFhérothe B grqubef foond Yo itdgR” group of

o LRSS RISIEE TR B DL o

to pRodTRE GBRE BaREds axtisleliBbtaths oFlthy/RdraR® gebiigs nday take place at the
phosphor odi am dat e _such as

thiod stage ekbembemotihe & gfoelﬁyqf @g@g})ulzeth% of the R? group of formula B), or at
; | ] b { %82 AA or of the
the (‘Ehgﬁ%tg‘g("} :?gés%)shg)pc%chénggétg Y13 PRESBAALOHE ALTRAE Supl SF £8i¥fa AA or of th

Cc
R ghob 3¢ EkiATI {2t o ooy phosiophosgi: iyt dolapogation of
| i 9] aceti¢ acid. i s e 0xi di;ze ‘ons R
the -ﬁ%p[cffﬁ?@[%éez-oé%e&’r c%?‘mn@f%?ﬁl %} ‘%Sélg‘ﬁ F%@?*]a%xy]ﬁé”tyb
perfOHnkd %’F' Lot has8d ds knderh Ger & AMRGISACH oddidury Thik iithiedrt will have no
~may, either before or after oxidation, be regct %ZWI th ;
diffemltphiavieg tegardte thatskillned thindisdosyzes & %ﬂ@f@@@éﬁ iﬂﬁg groups irom
t. to f | iFentiBe
Ry LR AT S e e
| bed | y d reparation o
100BE3 it e al s RERY R ef S S iy Bl prepuraton of
whish M ill@¥ira &P SpEiclERabipl: 1 belge): 2eadtuproacetivaicismigeheavdletated
_the carboxy group and _the sul fonyl oup, .e,
with 8 photherEmudse S%%S@#ﬁ“&%@ob%%ﬁs‘gEO%gﬁﬁ?Bﬁ&hs 53A to
teﬂ%ﬁ%—éﬂﬁ%o 1)%58%%?61114%&&5 & gﬂr@&) . bduhds such as
- pl OnNi d

rcapt opr c acid and sinmlar thio-acids.

2-[Beffhisflsis (ﬁ’fcillosmwl)aynh;o]mi@splﬁéﬁwathm!}th@%ﬁq 19 dihisgnay be oxidized
to FHBERG ¢ FySirhba s Sl TR AR RAISEARGe, qompound

148U bicidah B30 bepsk b zifeg oxidnibndepeatted tvithgn amiedmshe presence
the preparation of reverse anmdes. Al O3 star{,i 21% %nv\%lh
of pbsps ped prerdng emstrtdAdoEt ?(%/T“H{dqen o Pl Cf.ukgbe PSS Ways
tho'ﬁhﬁ iths r%eb%r@ém&?ﬁ%%e& Bl owadtd co&rti%uﬁ&ﬁfgﬁ(tb 24A are
gf(g an be €

oup Ified to give reverse esters.
exaSipits afcompabotsabitomy heamdodhinmdp Siirrgempows)s PrE6e Jonger carbon

PCT/ US2005/ 017880 f d erivatives
Rt P S SR TFRUBIABAE]. Ao od e
sudhOfIROMPBESnds 53AA BOA 1hSfDe prdplardd bstiaing eithrigmetreptopropionic acid

reparati on of conpounds such as npoulggs .14 L0 10 startin

amgsmal)tr. thjcogrily] Exters teay applogly eeﬁ??f&é?’ﬁ’ (TR BB ar Wy ersey» Starting

i | | C @) a i sglhur atom,
w0 R8P RAIREND 1803 16,0 A 81 iy 86t
oxﬂlizg.tggﬁ afd aaps@tbdtmgza;uom drqubMTtéO@rffmﬁﬂepﬁq agyides s p.ciayting Hith

i 0] - Nt en oxycarbaonyl - .L- al ani

2Rk TR B AE BB BT S BB o Pomppung 164, and
thé¥yfdRosf brédp A be (ebtificibdol givel rvepseaes) Siintilanelatapatatos can be made

sol vent™ (e.g. dichloronethane + di nethylformamde) in
t he
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presence of a coupling reagent (e.g. HBTU). That
al ani nam de may then be oxidized to a 10 conpound of
wo eoosisa0A by any of the OXI dati on net hods despPCT/DsmN5/017880

e B ELE AbOEpo pa ion
154.@%@ P& £Farl 14@R"(?N’i‘ﬁ%ﬁh RadpafiEiyn bEcomstendhschwayompounds 142A

Al'ternatively, the al aninanm de may be deprotected at
to 16A8).am ne and reacted W|th for exanple, an al kane- or

arenesul fonyl chloride %%pl cally in excess) .in an
[0020 r ot egarspl;ymmsldﬁﬂngtﬁl?ﬁ’om’f M@S\g 59 Cogiﬁp%’f‘égﬁﬁdd’lﬁé’é@af@on of
ndi syl f\gnam de a e al ani ne
Whlﬁhltsg%‘ﬁgtﬁte& fégae?A i a conpound of fornul a
(a) ﬁH ﬂb}jsﬁﬁﬂ%hl\bﬁiemyl)hﬂﬂgmﬁﬂ;ﬁ@pmﬁyl]mzﬂ etﬁlyll]tﬁio]-iﬁ‘éteo‘ah\ltmq@dbonyl—
ol en_depr ot ect 1o 2nd tesendlglg bar at gatret e sul fone.
alapige 2y £ APYG A CPTEEH PN URURST 8% *BFTorpoiingd™

(typtlélF% i B¥ess DR afBGRHE Q(Bl%ﬂﬁ@é’ daihtrEinethble Atiasth forﬁi‘armde) in the
2-[[bi's[ bi s(2-chl or oet | ) am no] phosphl ny ] ox%{lzet h
pregeinte ofvi oiupliGg fageah(e. go&mc‘é has glayinaimide rag; th edtoa

cong PRt SRR bY doe AL Bk .glptﬁoas\/%%masmw 4 ﬁa@fbe

el ne ester convert ed
dephbrectsdibif e ailﬁhﬂas aéscﬁhﬁl mlS&mnhatsc Fidnngg 2rCompovehds ﬂ"é&q to 89A are

OX|d|zedtoformac of f rmul a A
exarnples (0 CEPRORHIIS ﬂ%t&ﬁ*ps %61%1%‘6’% tﬁﬂ?“i’ﬂ%tthfi?g@ ay be
depttgt]ecc‘te&\@yme Bﬁﬁleeﬁﬁl ?éa%teﬂ%thbﬁ)r Ry.dh %E,Y(ﬁ@ﬂ{ah@ (ﬂlay&eﬁﬂlfenyl chloride
correspondi ng acids. Con'poun s 103A to 105A are

(tyr&wﬂyrpi @sesf m@mpmsm delvertian thegyessace ofginpighaia s tafgyn the

o B U O B Yt o i o

forﬁlt;\ﬁg‘e Alf00%it¢ly Casioinclmap firsEbe ﬁxiﬂiaedkthe{nﬂi}@ﬂjteci‘gd} tibthien

elatp@rﬁt@ti lﬁse/qhg:- ZuchErg s?a[gglt%(g%és Eﬂ’ 97& Wlejiamples of compounds that may

| ] oxy] ethyl]sulfonyl]acetam de,
be mn%g%sﬁ‘g%%/%o [ 0093]

(b) bl mrrbthof] 3-[2-{[pi2 Eﬁﬁs&ﬁacld@@p@ylzm@np]@h@mhﬁyﬂ yamthdltRbs phi ny
N- g% g}%%?%‘%’%l IE 3l peﬁffe} %x%%g Eée{ygre? g%g{a g)otﬂe %Intlgersfé $h&dhe

cor@é%?é{&iﬂ%lﬁ-cystez& 302Dl LB TR The IS0 TE 38&@ alamne nitrogen,
hano

gooled 1nan | ge gggnu}?vgsq&g%gedﬁ%?% to 81A are examples
of g‘(lrﬁ LMl'dS tlﬁlt any\lgg nﬁﬁe hewAdaht bo&s afay B0 hdsoBBEY @I @kéSthe

ene and 2-(4-brono benzenesul fonyl 0 éc) eth I
cotresp madhng {Qdsc ﬁbmpomds)ll()&zfs t@ é%@r@(@i&w@%‘? Oﬂ?&“ﬂd%qbafdPaY be
Iut quen
maﬁsg}ﬁ Withi térr{a euelgger I Bg e\ie,sﬂéM‘a fp?o'cected and then

elag@ﬂafealaaglefsmfom 30 mn, the react| on m xture becane
a white slurry. I't was stlrred at 5Cto room

[odﬁpmlgjdaﬁgs et LG M anal ysis indicated all
the starting material, N-nmethyl- 2-nercaptoacetam de,

[OO‘EF SEARSHEL 1 tﬂl@gnag%hro@gi\f ﬁfeagugi[[zvmﬁs [rslqzxmmr@&h;a)-

product.” The xt ure was |tered and the

anﬁnd]phc&pbnYWbﬁﬂﬂeﬂﬂonﬁlﬂeﬁamfﬂhecmuééé 3as partitioned
bet ween dii sopropyl acetate and brine. The aqueous

[00953 SE-nvetisy]-Re[[2t [ftesbieRtchlroatliyhaintitp] phosphinyl]oxy]ethyl]thio]acetamide.
To a solution of crushed sodium hydroxide pellets, 2.28 g (57 mmol), in 20 mL anhydrous
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10 dii sopropyl acetate three tinmes, and the conbi ned
"organi ¢ phases were dried (MgSO4) and evaporated to
w@eoos/114se1 cr ude product, which was purified byPCDUS2UN5/017880

hr omat ogr aphy ,on a sj/li cgl [ : o
TIOR8 S50 BB Mt 3235 )
slovﬁﬁ't fr(])ﬁf}&r%d E) gﬁﬁi%'iﬁr[l Ef 2(2 r2nL arrlllhydxoust tolul.e)ne and 2—(4—F]t0m0—.

ne - Z- - IS |1 S -C or.oe am. no S |
benm}%iohylpg P ta%@?%%-ﬁhla@e’é’g1>léhqu€%“Pdlﬁ9’é$alt‘lo {?04% i“ﬁ? O%MgM

889 Yh&! tai e 4 - @PlekdMAfte
s B S v
stiri@ngdér fut 2bhmin, 2h& Badtihn 1Biurd becathe 2 te shery7 B v(amsttqq:q} at 5°C to
roobHs5, 2BECl LUMALCI ) LALEZ, 490, SHALRGRMERRE Nt

2R L Bk cearhilie s Rbsdulied (Ad el desieet frptiydrian 6drpled ap himjdr product.
oxy] et hyl ] sul fonyl ] acet am de. . ..
TheNpreirh jas TrFQ 21 e @tﬁ}tgwas concentrated. The residue was partitioned

&Gl . i i et extracted wi
R sk e e
diiseprogjlchétoreahet Hees, and tie Goabinedrasgandt phasesorare ReekMagft) and

the 20 solution was cool.ed in at e o1 ona
cubt51%0 3 SO s B D FEARGELL ooty on
silic@RL HRALkh Y 2 dBkak A Paco@E/ Bikeihan6lts alutiEsdloentoomfford

tenperature overnight. LC M5 analysis 1¥§ﬂ££fted EPe liht
N-methptd- B [habisbrppacdyhperobostaptirrge agptamide as a ig
yellby o, 19 g”&g;/lggld? ok OL¥ Rl et and dherpisl7y (@, 8H),

resi due rtitioned between isopropyl dcetate an

R e
stvwﬁzféaﬁgé’?zﬁﬁgkﬁ§ﬁ§#§3§§%%§§§fEd to give the
IR T SN T T
NI AR L et g camio 14

‘ i gh vacuumto give the
(156G madol) pw@dij@pl,vecﬂ@qﬁg(rﬁ,ydlchloromethane m a 50-mL round-bottom flask, and the

2-[[2-[[bjsl.bis¢2:chl o - am San lowl

B Y

and B rfdclibi aii-auivacas St etiati00C tb atoan temprerftivcatvmught. HRI-IS analysis

_ coupled wth ELSD 3? (Evaporative Light Scatt th& ¢ was

indite8 Eh t5AYORASFSBIeST iR BO NATIE Rt L R e e £ e

evabordte as par@ioadd bhsreed i profyladethtdiand kjueous sodium
P d(%“'d @@%%%ﬁlom AT (me §EK . -30. V\é!;

bic200bAE THE0EsRETHUS2 BaGoh7sephed Wil aqepougpdium bicgtbnate and

Bl ARkl et T P o o
caus?}_éd[ﬂ Fg,jﬁi[rfdg?lgiigiligf gjvfﬁle R?ﬁgﬁ};]ﬁ}i iwgirnn _ccor:]ifgcted (l))g ﬁi]tjcart]ioln, virashed with 2 small
amoxy ] efeHyl Pt Fskfrier Spdeghigh ‘f)%éz‘mﬁ 6%%% 3 ﬂ%f *_gtﬁ;s},’%_&lé“i Ngoethyl-
z[?%ﬁ%ﬁp% {;29&1!1 gf?gmjagﬁ%%bl]é@]e&l{y%sul{'dn?]?ie{ahﬁ&, compound 13A,

oet hosphi nyl'] oxy] ethyl] .
5.37hy (63 %N Therfilisatt oxy saebimjdter putifFaionnEPLEqupled Vi il
hydr oxi de [lets, 1, 2. . . 0
RGeS g DA fush) i TR drodBshledhppeiy proove
'HANKIR! (@D aT)*$ 652 (5] 1), b3 it 2H), BI96 (s GHD LM6HipdrlEK),ded7 (m, 8H),
had di ssolved. The solution was then cooled to 5C, and
N-test butoxycarbonyl-L-cysteine, 3 g (13.6 mol),
and 2- (4-bronobenzenesul f onyl oxy) et hyl
tetraki s(2-chloroethyl) 10 phosphorodi am date, 8.25 nL

of 1 Msolution in toluene (8.25 mmvl ), were added
whi | e —-30-
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mai ntai ning the tenperature at 5C or |ess. The
reaction m xture was stirred under nitrogen for 2
wheowsa18ab1 room t enperature, and after about 40Pei/Ns10e3017880

2o RIS, SRR TCH 5 ) M NG 3
hl hyl
! {? &Hg]sh%m N%?Eﬁﬁﬂy] ot ﬁ;ent ] %/hl) o] -N
[OO%Qr%nE‘HeEQ 1*2@“124 Lmé!)@@f 31f2- [[Bisfp¥é(d-8hloroethyl)amino]phosphinyl]-

ent ycar - L- cystl ne, and no remai ni ng
oxy]?eﬂ(}ﬂl]stldfmm]}b@immempmyu7@Aya)sgtsﬁy[itochlonde salt.
t et raki s(2-chl oroet hyl ) phosphor odi am date. The pH of
[0096]e3 [1?29EI!B11H[tﬁ (%hloa@hthsé)hwotlphoﬁplﬁn)ﬂwﬂeiilymhpﬂd%ﬁﬁdmt@cycarbonyl-

aci d, m. xt.ure, was .c Lat ed,under
L-ala%a Lﬁﬂ;%d ao%ﬁ‘i‘&héldifoé%dﬁ ets q?rcgzg.() 8 n]jlﬁﬁlg I ggﬁlo d-mé gfpethanol wete
add@a 5591 ORAL :BuRDbSRkoMEL Y, 2@ Nthe \f@ﬁﬂ&&ﬂkﬂmeﬂ hmﬁDthHhodatmd hszromde

| tat Th
hachiishiva THE “DGDF By 1A CODR B Hioa thD LB B g L stine, 3 5
(13%] ! uﬁ,.lzﬁl%%lj-(g%trggof)&zgné%ﬁ ?&%@%ﬂe&am (PRARROIIC

yers were sepa d the isopropyl
ph@pﬁ&r@ﬂﬁnﬁcﬁyﬁa B.26 eilabNEN solitionay tdews (3.3 eymala were added while

tracted t t
e b S Pl RO AL S Ak o
for0holesht Podth tergpexat&& Sadlf)er ol 40 @tioeed, datsethtion becant gwhite

Slm;;ﬁﬁ}ngb;;gggﬁﬁq rggé%)[é{{%%qbl ?)(y% &E' [ 088 W] s 2-chioroethy)-
} ogil. 5.60
am SRR BRA AR iR Fertb i1 MdROUIA| .+ D 00

di- ;ar @ubmbyycajfboﬁﬂ 138¢stideiaNMR reBaainifs2-14-b®ngahenzespsulfpnylgxy)ethyl

G HEX G MW T

1 Mgﬁos%hongac?d 288 12 mBewd wadéontenthrdediinddBhigh vaA@m#h todAvldte residue,
31.9, 31.8, 28.1, 25.4, ZlSBlP% ;,gmL

9.2¢g, ThePesidtwas dgselred il %/Wazefagé veebrd g BB

1so§ﬂoﬁ7]za7cgt%f§ 'f'[%cbacgl% us[l%g? z/]as w1th 38 mL isopropyl acetate and the pH of

| or oet am no] phosphi‘nyl ] oxy] eth
theyhixngt hdjosnd fo N3-220 whhﬂd\)iynbamhony heidl.-THedwjietsavere separated and the
[ bis

1S°P?P§}ﬁcﬁﬁa@éi‘51’?gfefaé‘i‘ﬁdna‘f) HEERR lﬁ%‘ff 8% %traﬁ?d tTnce mote with isopropyl

acétzma %a Mhid SdptopHhQXME fhRRWonbirRtARished with Svager (21 X315 mL,
, was dissolved in 15 m, isopro

2 &m@smmrop@nfrwsg Oodiztavhn s P phloroetyD:

angéo:fglgos ggn ]% %ﬁ%_\o%g@?r{_ftﬁh? }érgz{rygﬂy? ﬂ—a%ﬁle%@glcﬁgr Fi&oukeil, 5.60 g
GWe)d,) H\HSC agtded, of alncptbtect sleevwdd eqvurm' af QW?YOM&NMR rred

a
5 bW P I 1-h s D30 L0520 Ben Py PG (o iR £ 84 o, 150,

27%*1& | BR0Yd QIVETI7ABE1 MER 19858k, 06.9,63WbeL, 132, X8.6, @4 42.3,32.8,
, agueous sodglumS ggldrosulflte (6.5 nmL of 1 I\/p
314803l &g’annzw,m Swal &FMR25 K7-6 (5 1 Massrpectr&®pr opy!|

”Z&%g%i(;%{ﬁgyﬁro Ptse ec}ﬁ]gggt ive for peroxides with

ne papér was concentrated under high

[0@5 L%E% ﬁ%’fs@f"é‘?gt ?rtogﬂg'g\rlget h’hf) yr)oﬂl?w l]pﬁlf )7 ] oxy] et h

N¥rdsuibdyenpbihyl-LMldn@1et 31at] Mﬁﬁf(ﬁ-bhhyde&lyl)aﬂnm]pi@splgnﬂ]oxy ethyl]-

gl N GBS Do 41y PV OB AT R S opropl

7.29-7.38 (m 11-1), 4.43 (m 1H), 10 4.29 (m 2H),
3.71 (m 8H), 3.57 (m 4H), 3.34 (m 8H), 1.39 (s,
9H). "C NVR 8 171.9, 171.2-31-
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155.1, 78.6, 66.9, 58.0, 54.2, 53.6, 53.5, 48.3, 48.3,
42.3, 28.1, 21.6, 21.0, 21.0.31P NWVR 8 17.4 (s, 1P).
W(l\/BlES/lmeI:t rum rri Z 624 [Cl8H34C14N308PS - H PCT/PS198917880

aceta?ﬁ F)f[h?ﬁ c{ o hf!la%fc 9%k EH&J[ % g-m[ ?Qv}a@ Qgél@@ L dwed, @éﬁﬂ:&{c@cid

2.2% ﬁLGﬁBQ hﬂ% toyd g amam:]npt)pmmddw pok ;liee:tzttylb)]l mixture was stirred for
ul fonyl ] - N-tent but EJS g/ 1rh15 L-al ani ne, We%z Oetartin
7.5 hourg ot Qi jAfteadiogtss PEhRTeagHM PIIEE P ATE nieeee

mattaﬁalt'hﬁesreg'éﬁoﬂtrﬁ&ﬁré’% wadatwin dneeenx ¢hY A1), dgueols Jo'ﬁltﬁ‘i;

M solution in diethyl ether (3.5 mml); and the

hydmslﬂt«t {6rfgmbiof fl ie anxt 4gainediithyweter (2nt HHggln The ppiioghtacepte layer

t P f
TS e A e

vac@l[tﬁd d)k#a_h)ght &Ogih | &I’Bd E[ﬁ-@bfs | tﬂ)sf@:lchlofheﬂlyg ammd fihesplanydibxy] ethyl] sulfonyl]-
rogen _c ori.de so ut.i.on S.a

R 9ET N 20 i SO 1B L o
the #)Pocfulaﬁsﬂ‘o%regﬁ;)hﬁf} dT06avs MUNMR: S5PLE 7a8aky SHS, 4043 )@F),

eaction ture showed 99. 7% pr oduct and O

4.2% (rar2AFDng 7 hée.ciad.57 Fhettd) B3¢ ymydld. 139 (ePEY ' &HMR 6171.9,171.2,
1550 tiégg{;é} 54 S%Le%s%ti}s 5‘3%3'48953%5?{ ?E% ﬂh 0,84 oUnBIRAVR:

hit ours ta

8 112G WP M dpptha 4/ %ﬂ%ﬂﬁﬁﬁaﬂhwa@sﬂsﬂﬁl hyl ]

sul fonyl ] - L-al ani ne, corrpound 70A, as the

bgds e-BRkrdeth K@ phiatljctylethyBSilfgn(lp5%anine.
[0098] %;mﬁ“f% R yeSIS o phiajl] dkylethyBéhlfgnfIpbUanin

| d
5 [y G hbooc b BREl GGy PR Nt Dufpsyessbony

al%Hi]ne ;% g é ﬁ%n&?’f?nmﬂsssoﬁccpﬁ 18- n%Z efh?l actl,ﬂeg ar?d tZ)Qh}g s&gnon was
addsd h@drogéh dhlorids31.75 md 2 M4Blugon Wdlg_dly]@h@ (35_ merJ(Ran@ the

res%l m%%e &R%&ﬁ@_r'_ %&E % T ﬁ’x]a/ L Cf ecgn%er%l)l(téa HFLCfnalysm of the

reaB{c[%Fﬁﬁcﬁr% ‘s'l[b[vlg:fd tl(lat thehlieactlon “|7an ln;complete]: (2|2 8% Eroduct) so an additional

I S[ bi s(2-chl orqethy pspl

0. 9@x9dyéfrﬁ§/ Pf lideoash phiprde splven ‘Eﬁrf‘ﬂéﬁﬂ?‘&l ik 8;@?“‘[“}6/11%6‘]““ stitred for
' hipd bosy kakho

o {4 s o ol shosmiiol eyt

nuxm sHowsINED pm@utﬂﬁldrﬂ_3%etahimgihatnMeTh%httrYd@@rﬁlf&ted under

/ / /
DGR EFHEE SR ST bR SE O T A (BT s
3- [P Pidbis (PaSL cﬁ@éﬂl@ﬂbmﬁfdhﬁ{ospﬂﬁﬁyl]cﬁ&}]uﬂiyl]ﬁgonﬂ]—x-blaﬁﬁe yaasapound 70A,

stlrred for

as the Md@p]@lgﬁmkgﬁégr@}tp g)(ﬂ.&d}, g.??,géﬁr{y pield). HPL.C analysis of the product
{ oI 0
A Gt e andotg i, 0
3, 9Si3t9f7r(mn GF),A. 70k 680 (oo, LAER, 3o (ve 6HM 1%G1NM11 oG8 %% é8 @f57t9h 83.8, 53.7,

ifi i nue Anal ysi s of
55 a!h% %éggtﬁﬁﬂg’%\?t é{WéV\f]SS @hﬁi&%?ﬁgfc € reaction
/WBS6 [EALL 0N @IPS etigy. and stirring was continued
over ni ght6 at room tenperature. Analysis then showed
[06952‘5 ﬁtB@uJ Eﬁ?ﬂ %ch%‘ PAES ABHRE QLR [tﬁ{[&s@tdmarbagyl)mﬁn Aphosphmyl]
e reaction mxture allowed to stan
oxy]hhyﬂ]sﬁﬂfbtyélt@democmmvé 128 precipitated sodi um
4- br onobenzenesul fonate. The nethanol was renoved

[0100D - [QhEBlfs fblst2- aﬂ@obtwmmpo]phoapbmy&w]qﬂné]ﬂnewgw Sdium
hycgtg) % (llgg élg'rg?lg g Fﬂ‘ folve%omqey L1aGe & artlcﬁ Iaqntt%%an at room

'on Was Was
sodi um

—32_
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hydroxi de (100 nmL of 1 M, water (100 nL), and brine
(100 nL), and was then dried over anhydrous sodi um
waeiosatssoand filtered. The i sopr opyI acet at e WaGT/US2005/017880

r enoved vacu r Q. dive I Rul
tempRratuyy PR X %33%gg%$§tag overnﬂ@ B%?ér%%&n%& sging
mixRire was stirred for 5 minutes, 2-(4- bxomobenzenesulfonyloxy)ethyl

ctogA (Wt Earebass A RS 1 P |5 DR e (0.
was aa%%eac? WfH;/ %r?mg 6&?{% BP L‘t@f I\/RdX%Hﬁ?n g%m%@:g é)@ ?%da'dg%boﬁ NRWeHrring was

confin@ll: AnflGsi{ off th kactidh aﬂbr ehouidhows] 80t Bedsiction waH)eatly

congi)lof?%[? ?%fl[dsr%i i '_%ntmueg ove(rmgh at rooxLQemeratuxe Analysis then showed

that(he %E@J@@LM&@&& nall phesp ki.o o gedydnat thy tdactinal thixnyt pllowed to

t ol uene.

stand qodzher] BraspdiosepornibsPerimiien anTiHE bREESIRCRAPF Xy PEEH e
me%{ll 1]101%{ I Q%ntgv%ldg%ﬂ? m]:_hegﬁl@atg bf Je%a or B a)nd tﬂ@ﬁesﬁggwas dissolved in

concentrated acetic acid in a
250100 1sasprcrp@maﬂtatno The rsppﬂogsuacetan dolutien wa$ washed “@b@lﬁl@@uﬁ godium

hydanrits 100 Shi Shees gRutb i Btali0hiry hadips Heoried over

nl{ygfi‘)‘ﬁg 5 QRudTIsAIFE EndElEert]. TRVRED %yMétﬁtetvﬁas rraﬁmed by vacuum
enperature and stirred for hour s nd was.then 404 o of
evapontentq gived eihadich e deied “’Ea‘ik’ég%ﬂ’r“@ #i#0% C ppetgight giving 404 g o

oc-[[gﬁ@)gg? 3e Llo&ge &%ﬁ%ﬁ)&? oﬁ#% d Kl&ﬁ)&&ﬂdenx\@ssan orange oil

codigning e&1dmabtohﬂd&e M PIZ5amglyvis nfthe p:rn)cﬂqcy showede peituef Wrb7e-

m A B T 942 el BT 30T aEs R Mk
33@@qb%g.gg Q(@ xgﬁzs (3 X 50 nL) then dried under
hi gh vacuun1for 18 hours to give

[0191][ L% [[Lﬁl [Bls 2L H ZoEhy1) AHRGH RO hRD 519 wmnglj’ﬂolueﬁeyl

on | ]t ol uene, as a whi e so 15.5

al EiF[fBls[bﬁg@@llzlqreﬂbﬁ)aﬁﬁlﬂh]pjl%nhmyl@@]eéffyllﬂﬁ‘dtolmﬂ@d%%g( fotREWD, was

f 96.4% 1H NVR48 % (
dlsiogx?e%ﬂ&?f “@o o&c%aﬁe%e 24,3162]% }Og%;%i 3H-8(tr?]ﬁ{_%al—s|%{ ’A%rngélil%i solution
codltd to239C, PE&adfic 3cid47.¢ ML 1R .wt23 B NYR7.Bmir®]), s 4ided @ropwise over
128.8, 59.6, 58.9, 49.0, 43.0, 40.8, 39.6. 31PNNRd8df
20 yymnges; The yopytionymeae Faz pllase! fagn Sogpom tempetature and stiired for
16 %gaf%’%é%% NeDARRC "htt!?aﬂed under33dMdel %%&fré éﬁ@@étmzr evaportator to give 2

005/017880 [0102] S nthetic Exanple
yellerweq@h Tht od wae flissolved m 100 mL. chlorornethane and 300 mL hexanes was added,

‘?Nﬂé?z»rm[‘l*’z%% b é{ubl Sv(,}f% IQQVLSO:{H%%%H ¥ 33 R2h8 hours. The solution was

vacidhi %&Xédbﬁﬁec%& Iw}nzt&_sdﬁilaee@tdl?lm mmel_;edomﬂ’ﬁbamniesj(s,x 50 9L Fen dried
s s s B R B
thgh dﬁf%ﬁélﬁ a Waie Qﬂhasm 5 Rk, b6 %IEIM ). I @dRlysis of the
sodt um 5 ydrOX|de

2. m. of 25 solutlon 56°
pravivot shovadd pbeityndf 9t/ aH@ﬁMRe% g-48ddedm, BB, ‘oed Pb:

AR R A s 0. Jyp  92

128/8559.4158.0/49.0) 45.0) 4(28)89 62669 NMR)S 10.3 (3, BR)i Massrgectama 78 g 529
further 20 ni rethanol. A white precipitate forned
[CiHnetNPdSy Hind a further 30 nL nethanol was added to
enabl e easy stirring overnight. The solid was
filtered, and an additional 2 nL of the sodium
hydr oxi de 10 solution added to the filtrate and

stirred for 2 hours. The basi?@—sol uti on was washed
with ethyl
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acetate, then hydrochloric acid added until the
sol ution becane cloudy. This solution was extracted
wo boosa1gedtres with et hyl acetate, and the conbi PEDYUSL00YD17880

O SHRHR R e
salfeny! Ntphehdsanithg cginpeudd BA.g of
2 [f%maﬁﬁgf'b|s(épgﬂﬁzrgg?ﬁgl)a&?ng?ghosphlngl?oxy]
[01@]] hz/[ [hR[Hid- emfdamyga@ﬁlb}bmsp}aﬁm]axﬂeﬂlﬂmmmbmucfa BEbthyl

andi ng. The identity was verified 1H N
2-me@aptppceipte, 2 6 mL (28.5 mmol), %vas dissolved in 10 mL Xty metha'}/1§1 and sodium

hydi?}%c[e][) ? ZL %RIO ig %g?(sﬁ uﬁg{z ?5"6‘1%51'8]5 %na Anfongl, RReSRB @&Je]ag@ﬂl followed

phenylal ani ne. L-Phenyl al ani ne
by Z—Gﬂl‘ﬁrobidbyﬁzeﬁsshﬁbnjhty}drii@b;h kesrakid@; chloneth@)p(k@s@mm)ndam%G mL of

1 MR R e LG e Pk A PR § SRl A e

prea- pﬂt:fte Yiafed Qﬂﬁl@dﬁt@l and a further 30 mL methanol was added to enable easy

2-[[2-[[Db b 2-chl t hyl h I th,
AT DR TN

soh?%&édéec{% tg% EELQLPE{ ;?ﬁys @Ydr@rﬂoﬂfs e Qa%@ﬂdﬂoﬁ%s wakilddwith ethyl

e mxture was stirred for
aceR6y &ea hyoulilsriatcid @@indmnbéﬁ atlutien becTine clujudy. G?hes Swi%lon was

filtered ed th diu Xl de
B R e
with wate& URILRAGAEJRlofE held] Wateh St iR hee dtie &aed Nalyz@nd

t he tent- butyl ester. The mixture was the
conpentoent, tagied’-bbg gf ¢dl2-[[bisbis(2- chloroethyl)annnO]phOSthYl]OXY] ethyl]-

thidefi baidid (iDL SAmENL R LASANY MR TARLADAIRBGERY by 'H KR
o’ Rz ﬁ%b%lﬁﬁyrsiﬁ%ﬁ%%fﬂﬂﬁ% clgbosehinslloxlethrlthiplacerrly, |

L—phyﬂ YadankrepD @AYyl At e Ve - bﬂ'ﬂjﬂeester hydrochlonde 1.2 mg (4 5 mmol), was

ot ol ot ool prosily vl ol
bnﬂ@%heglcﬁlg@ 'ﬂﬁ@wﬁ%d%@d g2 ﬁkmwlsﬂ%%@%ﬁbﬁ)eﬁﬁgaﬁﬁoﬁ%%myl foxy]ethyl]—

usi ng 32% peracetic acld using the procedure
thiGjyeetih e¢1d d. E@ﬁrﬂ rempl) nlowed b rtﬂgdltSﬁEm@V]ﬁsthas@le 80 mmol) and
t e t m t
fE s 6 Rty B R RN e Sy e
Thfélﬁﬂxt%ﬁl&vafs lﬁdﬁéfed omshemhh n ad sodiﬁmﬂi/yéﬂbxmiei potesivarniobylf2gnand brine;
yophi li zed to give |, 05 8601
thep@ppt@émf e)gpfblgg)ac?@c afﬁl V\ﬁt ortf»rtl g t&hgd{oéyzg ﬁlreoff%butyl estet.
tLJ? e vHTHNR] cRBQRRNAY glve ‘N»)[i 1Y f(BiéEm (Slehloespyyl )ammo]phosphmyl]
acet - L- phenyl al ani n % yield),
xﬂhhﬂhhs@kﬂﬂuladmmwkhmms verlfled [ 0106] Synthetlc

Exanpl e 5. Preparation of

[0185] [N2{3-[[D{[bis[piistZ-2hlokiedryhetinglphasibimiphdebilisnifoyllacetyl} -

B IR B S50 L P OBE -

L—p(h%nﬁzmrﬂﬁé)ﬁ%f%&a AHBvE Q2P BRSEdRY D) e ydtkfl hydtite hhd ])xldtzé‘chﬁsbng 3 ml,

oxyt ol uene. Thlonethylgben20|c aC|d was pr

32‘f’°rp§’—mcnm md usmg(téﬁ orasadieh 9f Yisehesis Framplsiln éffteﬁ‘éfas tﬁe ethyl

%’E‘cg (s: %]%ﬁ h &BsulEéé Jvate ﬁn:’t)he R%g@ dﬁ@@ concentrated,
reac on mnf?] Urea i h et hano b

chivpehtairasics, a0fl thdacishecormbitt, aiuauith stb@lmqlmnd lyophilized to give
hydr oxi de). 4-(Thi omet hyl ) benzoic acid, 2 g, was
al kyl ated wth 2-(4-bronobenzenesul f onyl oxy) et hyl
tetraki s(2-chloroethyl) 10 phosphorodi am date, 15.8 nL

- of 0.83 M in 10 nL nethanol and 6.25 nL of 4 M sodi um
hydroxi de i n methanol. The té&8ulting product after
filtration and concentrati on was a pal e
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yellow oil, which was dissolved in saturated aqueous
sodi um bi car bonate and washed twice wth 100 nL

W(i)samplﬂmpsyi acetate. The aqueous extracts were E@rmsmﬂonsso

di Wi t ' envlala

N- Gl B G bl S Feg S oo PR g0 phenvialaniae,
1.5 2% $iely, @.p){lwhﬂtéscaﬁepaxﬁ@u}aayeif&dmere conbi ned, dried

over ?}g filtered, and concentrated under vacuumto
[0 (91] V§ynthef1<t:) Ex'iurgple (52Pre TlrauOn <t)f o- FZ [2-[[bis[bis(2- I?]hloroﬁthyl)?mmo |phosphinyl]-

i s[bls chl or oe m no] phosphi n
omddtqyl]s o l-4-{fHrpsegstlsesiy %@nspcwe? S ERRLEY ?uryd]slefiA
g, wWith product identity verified LC-Ms. [0108

[omsq [ ¢- 22l (&cbkomwmvﬂﬂwwwmls%%mlﬁwaf‘zﬁz‘yﬂoéteﬁe

ipegbReyesis S TRHRIERYTS SmBeyb o pe B lbenegrs wing the
1”“)?5":({‘1&@2"jI ORI L. Yok B) mige 86hfréaction wih thig@rea in ethanol, followed by

B Y oot b ol et oo e A 1 2,
uq%éc? oRy! *b%rﬁé/ﬁe%%ﬂ%@d ?10%8(: ylﬂ@uﬁidgatbhleﬁie&fyl) 212 g,

sol ut'i on was cool ed and HBTU, 317

2
phasphmodamrgatq‘ 5. Bt ofeD- S, il mathanol g @20 mheof 4 M sodium

hyd?‘l%)gé? inine h tl 31:118 9:3“\3/’2 It tg%ﬁg&cmﬂegtﬂ%@aﬁghgﬁ#‘g%%tgi%ﬁ evm% pale

yellblesil, waiheds disédhrdn witbdatedl alyhdvps B@Ihllithdwqatboalauedtpd Syashed twice
tines with saturat 25 aqueous sodi um

with AQ) BTRCEORIPI 4574t dl e PSSR GEHACE TRy 70 S GRARRN By st ~1 wi
sulfBOEd, anﬁ'ﬂa&l@é@cte@ Rgicé Qfﬁ:h $b V005, ESQTEMe chﬂdfiéi €he 1sopropyl

vacuumto give a- bi s[ bi s(2-chl or o€t hyl ) am nog]

acepiolbpins Wyﬂelcom}v]n@ﬂ e]itowﬁﬂd]/fgﬂoi £198; &pa‘eﬁﬁmffépﬁghr)vgﬁqum to

oSSBT 8 e Bt e i

yeldwl dil 5 4 [gbivith ptcsauct identity verified by LC-MS.
(2- chl or oet hyI ) am no] phosphi nyl Joxy] ethyl] sul fonyl]

djol Th
[016@][ ééiz([ﬁbl s[ [ s( 2- chlm %/clﬁ%3’211mﬂpﬁ:ﬂaﬂm]‘h:l o uene. ©

TesgypeminpcpPRrBitoiede be ﬁdlzyﬂ;%ef[bsé?y‘mtpﬁmwol

[ @0¥as added
ﬁ%&@%@%&@ﬁ@“ﬁ%.}éﬁ%ﬂ%@ﬁﬁ mﬁ“"ﬂ%aﬁﬁéfmt Mo
40@@11 didstipebbpriehylintihe 4iielydine328gl peemadEl fng. Hie sglution ieas gppled to 0°C

bed h t ft
el ST A R PSSR Bl A B e v
allRAASB R 80 b Boonh Blakpekdtsdd] waduoﬁdl((ﬁtd’l@xgychhtdd&ﬂyﬁ rret hy
| ) am nocar bonyl ]t ol uene was i sol at

|
cclsgomghups BunowsA<dcrtpry b G sedridy  fmpagid satbrsced
aqtiy;ous so ‘-?11 tB}f: ? %? (anﬁ oklgé‘gvﬁﬂl HRYE e ol %ﬁnﬁ‘@y@pkﬁs @ed ovet MgSO,,

reparatron o anesul fonyl) bi s[ bi s
filtérddy thld@h@&tl*mks)rammmﬂ phies pivunm| th gwy]otdtﬂﬁ&bq is(2-chlotoethyl)amino)-

oh [s)ul fo Y| ]] Yl]%na]n j ?(g oy met %on}%n}e Yl)ammo{:rao gony?]toqgé%e as a clear oil,

41%{4 %R&LQH&&%@J}J&&@FMWMBM no] phosphi nyl ] oxy] et h
hi o] - L- al ani ne net hyl ester 3-[[2-[[Bi s

[OIOBL%(@Z-[TBL L eRtYbi R mha?a&hkﬂg}qéﬂygﬂyﬂ]@nhﬂymx hi o] - N

rbonyl ani ne 8.4 nmol)

[@ﬂ&pweuozeyémthylﬁmmmowlmm dhe o[ Reltbitibis Gl hypamino]-
d ene, mg, was
oy B DS FTES ih foab 6 B 1

fol | owed by 80 mL met hanol. Wth continued Stll‘l‘lng
the m xture was allowed to warmto

—35_
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roomtenperature, then stirred overnight. The sol vents
were then renoved under vacuumto give a light yellow
wo@ri05/1T880s was di ssol ved |n et hyl acetate and PCT/US2005/017880

i Lpitate y solution as
T
des§:tl‘t[ﬁ[1|%1 {){ebioﬁl; syrfiﬁeleccﬁammetméxl)mmm nqpteuﬂ?qp;aqzmqmemnamm]

e al anj ne ne e 0
phoppitiny L) sulfpayll-f-iemerTsp: i Y@gféﬁnéﬁ’d‘g isolated
L a8 Ve e -
asa c%b%n es l?fl gf Pf’o(q%)c&g@[ F}?lt%%abl ELSE'[Q%%%](11121N‘(Z:hI o?%gtbgylf% g/lrrsl noj
oL hy ! t

Olgﬂ[ %phfe[ngéxf%%s( 2{%%}1%?%12% ?ﬁ%ﬁﬂgﬁhosph?/nyﬁ]soi;] et h

3- [[Z-I[I])Is[blﬂiachloﬂde&ﬁ’ﬂ)mmumﬁﬁmnﬁnﬁmloxﬁglfnglﬁsulfd@;@] -Irgjatgife Brethyl ester,

g@s di ssolved in 4 nL anhydrous
Con't‘%ﬂnﬁﬁ? ofuran, and 550 L (3.2 nmol)

[Olfillélt 1%1—0 %Q%y%jo&?ﬁ %gtg ?I%-g)ff o lll%zi:\l\%%d—\%%] L—a.}eﬁaéne methyl ester.

LGSR 058 P g e ettt

L-aumns,cﬁm o3+ el areprred ag méﬁyntheil@@araw RowdsiRjssp T HedS mL

iR i el s LB e TR el a8 bR

follB{vL:& bABE nfViaplaedl W ith Gomtingaé stirringthe mioteowms apwidtg wérm to

th | f 1) 3-
roo%rgnfegmaegl;,%ég,t ga{] %/tg) [@fgﬁ%%{ﬁ] ﬁ%ﬁr]s%ti Yiets tﬁﬁx Temoved under vacuum to

givk Bl ?‘% A BRI YRl ES eyl 3%fatiBad prRUipitdtyd WAS diethyl ether.
vertti'e vvlth ELSDandldentlty verified with 1H and
FiltgdtHenNhR. co{u@hﬂ@}onl\d)f the filtrate gave two fractions of 3-[[2- [[bls[b1s(2-chloroethy1)

a’“’éﬁ‘fwﬁg‘ﬁ qﬁé’fﬂf’g@y% thly P"%”He?“ VP ]egt%lz ?qgﬁlgu%ré;?{ﬁg‘t?@@m and

1deﬁ%2©&rete Wrified by ELSD and LC-MS (/5 508 (M+2+H)").
t hanesul fonyl )-3-[[2-[[ bi s[bis(2-chl oroethyl)am no]

[oﬁébjg Bh@@&mtﬁydﬂo%? Baphyidbibi2adhidzo @hylpintio] piedsplinylfsdyfethyl] thio] -

was di ssol ved i

ahtemeaméhﬂﬁﬁe@fh[Er[ﬁ’éﬂb\%ﬁthl?l%e@ﬂ)agéﬁfelblé?sgk’@tﬂf“&‘yé@fygﬂnﬂ -L-alanine
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492 495 (M+2+H+) 6A 492 TA *# 492 493 (MrH+) B8A #
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Sv%%%efﬁ% iR d8 g it st s DS g aminel-

L#al&ﬁﬁ et esed Lofnbiidid 79 AL &As Homtedths a clear
21 524 (M+2+H+) O 18A N 728

oﬂ%%% n?g\iamM P“Pq?tS#W o Rt 3T B ey verer wi A NS/ 618
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[0114] Other compounds of formula A as shown in the tables below wete ptepared by similar
methods. Note that the largest peak in the mass spectrum for compounds of formula A is at 2
greater than the peak corresponding to the exact mass (the mass determined based on the
most common isotopes of the atoms making up the molecule) because of the presence of 4
chlotine atoms in the molecule: the intensities of the three largest peaks ate 3:4:2 at M, M+2,
and M+4.

[0115] The following compounds of formula A were ptepated:

Compound | Structure Exact mass | MS

1A g 464

2A A 462 463 (M+H"
3A Ny 478 479 (M+H"
4A >—# 478

5A NN 492 495 (M+2+H"
6A i 492

7A —>—# 492 | 493 (M+HY

8A # 506

T
9A o 506

10A Q—# 504
11A Q-# 518

12A NN 548 549 (M+H"
H
13A A e 507 508 (M-+H")
0o
14A Hooc™ ¢ 494

—37_



21A F
( MeH)

% N y# 682 683 (M-H+)
OH 23A N -

WOBISTG6BT 1 ( MrH¢)
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O,N ©
\NK/
22A N 576 577 (M+H")
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PCT/ US2005/ 017880 Conpound Structure Exact nmass Ms C

WA Q®A1186B1 . NC(r)O—I 697 698 +2-H) " 02 = ~ 1 P@T/]IISIMS/OUSSO
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1
182A Ejfj/A\# 543 544 M+HY
=

— 51~
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15

formula SO2 attached to the rest of the nol ecule at
the sulfur atom t-BOC represents the ter-

W eaosA yssar bonyl| group [01161 AII of these conmﬂnslmomlmso

'FLI"M Ll A A vwora amal oA

ofrth—a& VWCT T aAliTAryzZCU l O L.UIII?I L 1 UCIILI lYMSIIU

Gompoupd @éﬂ?jlfFIPLC for purity, |dntrbmess | More of

nmass spec},&é{g}r#and NVR (1H, 23C, and/or} 31P) for
hdentity, d_lere confirned to (hg-,the expeg

1%?%duct [ ng purity. O her qg%pounds af :8 nupl(gn A
may be silmi | &% PHprepared. 5 [0117] Conpounds of

For mul a ES@Qnd Fo mJI a B. [0118] Synt heti G Exanple 7:

par at ijon
1§?§-di [[2-[ s(2-ch| or oet hy &ni nop - | 604 M)
phosphi nyl ] OXYdy iyl ] sul fonyl Jinapht hal ene (conpound

res% me%ee feg%et%wewmpmmmwﬁwﬁw the

] et hy bn@p_h,t | ene 1, 5- Napht hal enedi t hi ol , 194
ny (1 009 r:r was di ssolved in 10 nL net hanol and
sodi um/—]!O ide, 2 nL of 2 Msolution in nethanol

(4 mol) - €4- br onobenzenesul f onyl oxy) - et hyl
t et r aki s( chI or oet hyl ) phosphor odi am date, 1.86 niL of
farnddlsol ut i%9a i n t ohttiehed {olth8 Geshavbthy nwiesulrcid gt sulfineatom.
HBEAC kdp@ésedits XicitEbi@dsycathonylgdodt. room tenperature, and
after about 30 mnutes a white precipitate had
rmed. The m xture vvas red overnight, _then the
l01561eé\ﬂlmftt%a«5@c<fmpwdé Rl w1 ' GHRE K AR Spb P

usﬁ% Sk ot ta,a%d WB6E ﬁlo\é@éf BXs % ghetPLRd KRRy °C, and/or

etate a shed wth N aqueous SOdI um hydroxi de
Pt eientlarndldw¢rn eonfiriyed tol bc &t cxpeated prnfiyal Fogredmugite S1then

Corgﬁl f%ﬁgffoé eﬂgn}gybggWEIYP%areaemved under vacuum

o et et Gl 1 ey e
o M" ey raepaner o b ebmmerpy sl

P &?g&?q&éﬂ al%l[}[@uzlfo[n lrllag%lglla{c,e?ez(cgmpglr%cetz%y)l )am no] -52 WO
[Oﬁﬂggg’ﬁﬁ@q?" Siigfret hyl ]t %1]%%% hos e¥1le0 X{]eth %Oé%aph&lélg)ne

1 SM@Mhdlerg&ﬂnylel%mg 6i. (D09 Iymel)dwzsoﬁsmﬂged 4ol nwthdmol and sodium

o SRl PN R B Lo DY LS B Mo

th%ptl&&ﬂls (2-chloroethy. hos horodiamidate, 1.86 mL of 1 M solution in toluene

(1. ?@mﬁgﬂ)][\x[ré @Eé o3 ﬁ? ;éﬁfﬂq%g.]lxg%g Svtash %jl.t%e%lrgt ?ooo]rrrl) Pe(r)r?p%?e{u?r%l a:tln(()ixafter about
F

30 fmé‘.hg% J]&ﬁlti L %ﬁﬁﬁ{%ﬁg&g Zzgetnt}xmé\mmlm geamv%gv Il ke

pradip&sxalﬁhefédland ﬂﬂe fittrate tchydentrated &t escdﬂdentbml whllctl wag extragEd mto

in an ice bath. .To hi s was ,ad era
ety a2y Tt N oSl A B st NaBheR Brad g dred
ov@ftanh@muﬁgagfegmé sQIBALE., THeh@iy1 adekAveek feﬁmwed mdee Vﬁcﬁmﬁfﬂ, and the
nperature and allowed to stand. oqver n|

cruldeéc5r¢ﬂ2r[[hissbes&%elﬂm§ﬂwabeeeplpéasnhﬁly89 Ehthélﬁ’?fF was
TS R g Pt e

aceaune)/ Hewdreend 160% ediyt frewmed) eThe fithab1,64dH[{2- [[las[blts @t ablogesthyl)amino]-
renoved under vacuum and the residue suspended in
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di ethyl ether and sonicated for 30 m nutes, then the

et her poured off, with this procedure repeated once
WOren0s/1186he PCT/US2005/017880

1,5-dj[[25 i s[ bi. -chl or in. i vl
I e
(42965 Qb {8ddas idenvilyi dndl paityivalrifidBBy HBLCwintl NYIR oBlasstspadram: 7/ 937

i dentity and }%url ty verified by HPLC and NVR. Mass
[CsEh&ddV:GhP-5: T 17 1001 [ C30H46CIBNACBP2S2 + 4 + HI .

[0121] O her: d f f I d
R R WAL T e R TERE R SR
1.5 e b AR o b BRI AT R gl hid S HIRAe, 324 me
(0.348 Eidltld);lﬁ’ﬁb dissohved Mpﬁhgﬁl&ﬂqﬂ adetateraricheaglegliid Of-oF ¥aihan@g)bath. To
is a reater. t di
e e e R R BB 751 SR DB M

0 3OS 1 RodrN@eARRFMIt6 walih €0 tdvhe tedipel@sie ahd hlteved to stand
| ar gest peaks are 4:9:10:6 at

. ; . ME2, M4, M#6.
ovepggpTherteactios) RiHte F2E HHobEH &é""\%ﬂ ALY %%Q%@raéem layer

I a ; ; ' . R )
oS PR 150, S A o
moRGHIUG200 /1R £ B cet:Bowpoumdvédorvet vaceBB, $rdithe F@Bug sgspended in

diegl?lBeﬂ?eE%ng son]icactEF fo% 30 %nir}l%cgsl,gﬂle}l%l?eBetﬁet/po\uté% ofE hth this procedure
repeated once mote. The 1,5-di[[2-[[bis [bis(2-chloroethyl)amino]phosphinyljoxy]ethyl]-
sulfonyl]naphthalene, compound 23B, was isolated as a white solid, 260 mg, with product
identity and purity verified by HPLC and NMR. Mass spectrum: 7/ 1001

[CooH CLN,O.P,S, + 4 -+ H'].

[0121] Other compounds of formula BB and formula B as shown in the tables below were
prepared by similar methods. Note that the largest peak in the mass spectrum for compounds
of formula B and formula BB (and also for compounds of formula C and formula CC) is at 4
greater than the peak corresponding to the exact mass because of the presence of 8 chlorine
atoms in the molecule: the intensities of the 4 largest peaks are 4:9:10:6 at M, M+2, M-+4, and
M+6.

[0122] The following compounds of formula BB were prepared:

Compound Formula
1BB N %
3BB $7 "8
4BB g8
OH
5BB $/\:/K/$
OH
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13BB $ 14BB $ 15BB $ $ 16BB o2N/ $ $ 17BB H2N /
\' $ 18BB HOOCHN O$ 19BB HZN, HN/ o $ $ 20BB -N

woD005/11860t i O $

Conpound Fotfuta—$—24BBHNHN-S$—522BB—NH
$ $ repregémupeypd | Formula
bi s[ bi s( 2- ¢lglpey oet hyl ) lagn el phosphi nyl ] oxy] et
group of the—C€—C—O T NP—N P
8BB $/\/O\/\$
9BB g O
$
10BB @[
$
$
11BB @ .
12BB $-©—$
3 $
13BB ‘%;g’
$
. Qg
$
$
15BB @—x
$
$
16BB oznd
$
$
17BB H?_N«Cg
$
$
18BB HOOC HN
—\_ﬂ% S
$
A d
0 $
$
/
"20BB —N_ HN
0 $

—54_
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hyl] thio



odr
nmol ecul e at

I

t he sul fur

atom [0123] Al

fornula S attached to the rest of the
of these

w@eopowsds of formula BB were anal yzed to confPCNUS2005/017880

(W]

identity and

or nore of

e+
upPorroy

PQ tr

Hoetr o LIDI A £~ AR IR AV
US| Ilg rnmee 1 Ul 'Jul LI A

31P) for id
expected pr
compounds d
For mul a Ex3

entity, and
oduct in go
21B8r nul a

ct mass M
H=# 040 942

e

Waand NMR (H, 13C
were confirpmed to be {
od purity.

% Conpo
B 2B % 926 929
78 089 985 8B 042 9

W

and one
and/ or
he

ind

3B 912

4B 926 6B
(Mr4+H+) 9
CC# -55 WO
For mul a EXxa
# # 946 951
979 ( M+4+Hn
1024 ( Mr4+H
H N 1089 10
HN 1074 107

B 986 991 (

%@%%/118601

mass MS
( MH4+H+)

Mrd+H+) 946 O5% ( M4+
PCT/ USR0

ity

1 74,979

951 (M4
4+H+)

158974
H) # 17B H
@3B 19B H

9 (MH4+HH)

N §=X046 1051 (Mrd+Ht
Y, (

ENIFAFHFY
¢ OB9s 994 (Mra+HH)

17

) 10B
17880 Compound
FH)
14B 974
1687021 1019

12B

18B Hooc
20B -N

$ represents the bis[bis(2-chloroethyl)amino]phosphinyljoxy]ethyl]thio group of the

CI\—\N
Cl/__/

formula S

o)

B_Mh4p|
; \_“m

attached to the rest of the molecule at the sulfur atom

[0123] All of these compounds of formula BB were analyzed to confirm identity and putity,

using HPLC for purity, and one ot more of mass specttometry and NMR (‘H, “°C, and/or

*'P) for identity, and were confirmed to be the expected product in good purity.

[0124] The following compounds of formula B were prepared:

Compound Formula Exact mass | MS

1B g~ 898

2B #/l\T/# | 926 929

3B NN 912

4B g N 926

6B #NTN TN 940 942

7B FNSNSNA 982 985

8B Oy 942 947 (M-+4+H"

9B # O 986 991 (M+4+H")
#

10B [::]: 946 951 (M+4-+H")
#
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~0 # 21B HN HN 1100 1105 ( Mr4+HH+)
1099 ( Mr4+H+)

# 22BN

HN 1094

-56 WD 2005/118601 PCT/ US2005/ 017880
w@oopowssdl For nul a Exact nmass M5 23B 996 1001 (RGrEEE20D5/617880

Sogmauady_ ch| ’o?‘b‘é‘?‘ﬂ?l ) ani_no] phosp

hEHYFtraess]

oMY | ]

sul fonyl gro ¢ C C O 1

Uip#
(r) ttached to the
at the sul fur! at

~ 11 N-P-

st of t

these com

N Cl /- - O+
hes Indletitile
ounds of

€1B formul a
[0125] All of
mul a B werle

ay zed to confir
purity, usi ng#gr purity, a

10

nd one or

entity

g@/ngH*)

nmass Spectr oneg d; NVR (H I3
hgentity,
product [

8: Preparation
hl or oet hyl ) am n
onpound 1C. [012

and/ or

ﬁpe expeg
her conpoun

d Fornul a

0
p§7|51hosphi n
0]

BIP) T Of
%@)d%+4+}1 )

ed 5

C. [0128]
777 OB

N, N, NN fTetra#is -chtoroethyl ) p
gk ori de. Bi s(t hyl)- am
7.68 g (86 ), ad phosphoryl

trichlorid

hosphor odi
ne74hydr och

rrdoyT
H
i
after

nmol ), were |10 suspenged in 150
whi ch triethy 12.6 nL (90
36Bri nut es. Th

tenperature f
additional al

ni
*his(2-chl

on m xture wad)i18tirred
trogen,

nL t ol uene
nmol ), was

t

oet hvl)amn
7J 7

19 (@lﬁr4+

e, m (
added over
H24r(Norfr-H)

hen

ne

#and trieth

hydrochloridi

yl am ne,

12.6 m,

e added. Th ting mxture s heate e
hel d at tih t erature for %@hours. A?%(MJ“IJFHQS
cool i ng, the |precipi iltered and the filtrate
concentrated under 15 VacUuulL O TENDVE votratTes:
Crude
ABBNN , N -t et rlakdsd-2- chAl hogphor odi amgodoy|
chl ori de was [obtain d as a dark brown
oil, 15.45 g.| The crude nate #al was purifjed by
flash col umm |chr omat ogr ap 5 - 10% et hyl
acet at e/ di chl{or onet ha t, and the fure N
Bictions col|l @t e ved, gianldytg+H)
total of 8.33 g >
#
20B ——N/ HN 1074 1079 (M+4+H"
% #
#
21B mN 1100 1105 (M+4+H")
o) #
#
22B /N \ HN 1094 1099 (M+4+H")
- o) #
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N, N, N, N -t etrakis(2-chl oroet hyl ) phosphor odi am doy!l
chloride as a light yellowoil, with 20 identity

woegosfiissol by 1H and 31P NVR [ 0130] PCT/US2005/017880

5- Hvdroxy-3-thiapentyvl-
y Y= A-apertyH

Spddpiund! -t et W"Q?CN or oet hyl ) ;ﬁ?@ﬁbﬁ%é&i% dat e,

N, N, N, N -Tet rfaki - chl or oet hyl ) phosphor odilani doyl

chl ori de, 636 745 mol ), arn -57 WO /

81/ Us2005/ 017888 \pi s( 2- hydr oxyes)ﬁ% )sul i ﬁ@g?ﬁ%ﬁ%
r

(9.67 mol ), (we I ssolved in 8 |nl anhydrgus
et ranydr.pf 1 : o5 685 of the
Ly ot e i (Vi o

in tetr}ab.;(drcljpf n (1.8 nmol), was added over a 10

m nute perji-eeiN and the reaction mxture kept at O -
5C for andther ‘36 _mi nutes. The reaction mxture was
allowed to war ntt o roomtenperature and stirred at
roomtenpegature for 18 hours. It was then diluted
factilact hy| S3tcet at e;2 hledttﬁéhf'elteﬁfﬁfﬂa%@fﬂf‘ff e phhg sulfur atom

separ ated, washed with 1 M hydrochloric acid and

[012%];[‘1? ﬁg Ehréfe%nglc%éao%gldg Y For RO QY andIPRE ¢S ESHB:RMBE AR and purity,

€ cetate renoved under vacuum Thle ¢rude
usify HYUC dxiypdity,hihd paabyore of mass spectrometry and NMR (‘H, ®C, and/ot

N, N N -tetraki s{2-chl oroget hyl) -, phosphor odi ami dat e
“P)fes 50T 1B e o ?&ﬁ%ﬁ#@&&ﬁ@gﬁ SEEe e
eluting with 25% 10 et hyl acet at e/ hexane an 00%
[012¢]hfPtherqsrpagmds a@@rﬁﬁhﬁﬁ%’& fta"sm 2 BIPBTS é‘&ﬂ%ﬁﬁ’fepﬁé%l'
ng (42.6% vyield), identified ba/ HPLC and 1H and 31P
[01RRIRCofnpeads of Formula CC and Formula C.

[oll%][s éyrgﬂ[ag:{s%@% %ép%a%ﬁ; E??f/lg%gzﬂ)i;n%ls?zr]?}f’lgﬂe%{)gn?ﬁgfpﬁw hinyl]-
N, N, -t et r aki s(;2- chl or oet hyl ) phosphor odi am dat e,
OXﬂ@fBIyd‘\?lﬁlIﬁ(r&’ %Cg’?Pcr’ﬁ%% 1)%j and

N -tetraki -chl oroet hvl osphaor odi g | chloroethyl)-
(02 NN b Gl o AR LA, B chloggerty
amile IFARYELANS 768y @b YIRS, uhdPhepHogDRicRIdLidg 40nt. (HCnimol), were

an ice-water bath. _Pot assw]r;% ent-iﬁltﬁ%&%, 0.14 nmL g(fid or
suspendedn 130 o tPhepe pftemyRiFbFg fﬁmeIEF - Vel agded o
5 r%.\t/lgi{es.afh%geicﬁ e Eas Qﬁtrtécpg’m&ﬁ%rﬁﬁ@aﬁ%t: 1 9Holds %h&dr&itrogen,

ept at - or another 30 m nutes under nitrogen,
thehhdditiead hliqrotsdKitis(-ehlvase tghhoie dy o chlatide, e Srap apd tiethylamine,

tenperatu dstirred at r t t ature
B
fthlN)d}js. X frel @b 511 ik Dréehpitarcanis itkkphad fedilage anbaosthted under

Cc

| oride were added over the next 4 days to drive the
vagumaTiol temoyovalaiipt Gruds N NN teiralis@: G Phashfefiansidoyl

c é)éi)ét Whso %ecgj;vlaé‘l&gcginec‘{'%t 148t BwnGe 1 2y BRA GRS AEM bas

ate layer separated, washed w th wafer and brine
putifehby flish ediueredhramirpgmplsusiefine $0%rethylipdetate/ dichipgompibane as

et hyl acetatge renoved unde uum The . cr o
B R e Rl i G Mg
NN, RUN-{88kis @301 FBethyhobphotdli2Bidpt chibiiel adwlight yellow oil, with

preparative HPLC, and the product fractions conbined
identity veyifiphby 1B eed “HNMRg

di [ 2-[[ bi s[ bi s(2-chl oroet hyl ) am no] phosphi nyl ] oxy] et.h
[0130§ LB-Hydtoxy-3 chippantyd M&i}fﬁlﬁ}s/teaﬂ@%i%%p&eéhﬂ)ehwp e’eﬂﬁ%ﬂﬂﬂ%&

AR e S5 i i 0
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[0132]
Di[2-[[ bi s[ bi s(2-chl oroet hyl )am no] phosphi nyl ] oxy] et hy
wo k@aliissne. The 30 PCT/US2005/017880

bis b okl BNk aha 3 P (S5 ER N ) AT ALPALSRNL DX fryleet Y

tetrfly8foFhMB dnd eool&l 10 esmh addetdite lafd Poasdied #ob@oxid§C.8 mL of
in an i ce-water b“aa acetl cid, 45 L (0.214

1Mm?mnpn Wa’aﬂﬂd@%‘m &b ressedfehon 20 muswe paiod 2pd the
reac%h Y\Q RO 41 Mermgeﬁ{e(}da@g& midtuftOs allowed to
to warmto roomtenperature and held for

wargh tlwcruom ttmper@tmrm idestitad at Iroear:uempnratufh orrl8denisolt was then diluted
mtléeté%d:ﬁrcgta%’é’a a5 dae gt&gl arcgaw#egayg} p et Qh&a W%ﬁq I%I h?d.t%%ﬂ%hc acid

a n V\BS E‘ Wwce W
andHRE, Wkd Hﬁéd Mcagniedtisis aoghesiont sdlhike) and the eﬂ‘ryﬁ adewm:]&moved undet

Vac&g{gﬁnm c:rgde\éﬁvai;g{xsxy-[hfhl%erd%d NSRS es S SBd, fnder
phﬂq ﬂ&PglecﬁLeb&%a%nﬁm B LakAY | hRAMAT I RINIBA, lemug ShYsve

one

as a colorless oil
ethfl 92etGey hexedecing 1008ty a@datbyamb@lm@s EHOMESSEIP%Rg (42.6%
sl ¥t PG S TP N gaoa] The f ol T‘OL E";,’
o PRt <o ﬁai;“e Pl odes bt oS Hiom-

3-tHifPea 11084 kidIRLORB e hospBbdodlaiidse, |1m4 Migt(0.087 mmol), and
ﬂg}é e resu?\as ar eﬂconsn dgi?gg p?edl ctive of effl cacy

NINAV M’ﬁmk@@weldvroeﬂ@%h%eh@rs giamidovhehieride, 3 mg {35l mthol), were
dis D H %%&drgud Qﬁ?@@%imﬁ Qe hoynsntyi a?%l%hex bath.

AR human cancer cell Iines
Potisud ze(ﬂbﬁt(mchpﬂ) dimladehdtaihiondmestsahydBpan( (@Homnat) ewas added

carC|n and 3 (avari.an carci no
i Rt PR TR AT T E B T BT Fmtyer g minses
88 ThYirEQHBh dhixtlbeSyA allowdihokar®Qo (10 di’htdre and surred at
ytic |l eukema), MX-1 (breast carcinom), P388,
rooanterr%@@p@@rf%dmurmédmn@mrasseamé@fr byterdes 41t e,

N, lggﬁ %-tft%%hsl(%/%ﬂé%)%ggg%]%gbs% dj%ﬁﬁdb?g‘l:}ﬁdﬁdé AvinQQ %d’de\dmv@ the next

i gna- Al drich
4 d@&&md_ﬁaé &ﬁ@maay to Gtmplétaumi 4 ftetd.§ dopsy the rddcSonmixFime was diluted

,CeIITlter-GI kit was obtaipned,fro Pr one
Wltb@ﬂ}ﬂb?’%’fafe@ ﬁn ag\gzﬁetaw layes ﬁgqa}:f.tecﬁwgsh'&d mn%hn%at?tﬁélg%me then
dri& LI h ALy ARNA n%h QRh Kilfatel QRIS SceReagaidlvedhiidd: kafum. The

Roche Di agnostl cs Cor por ation, |ndi an»léol IS, I ndi ana,

crude SI[A[Wls[ba(ﬂodéo@mYDmnglpbamm]Pw&)«?ﬁl wiigh g mg was twice
p | a?%fzpdxr %Ve&-i %&Hﬁd&bhﬁcu FJ s Dorbbine@Ath lyo hilized, glvmg

T om ec u Eugene, ego
di[J[[BisBis (ZTHﬂoﬂa%@gtnﬁbﬁ;huq)hiﬁyl] ox;x]mhyl}siﬂﬁde, menllpbum:hi Qg en:olorless

oiLIRIoBE Yotor e S POR-iagond & PPLR g gy PR Mass

4t l[ifornia, US A Al 25
spé?elrm%ctf&is}l @N%P@ ¥+ Gal

were used i n accordance with manufacturer's
[ cate
lm%J P This Gl Snd PRANT ‘?ﬁgﬁ%ﬁf A el
di[ZFi(bis @axa(wﬂomfe&wmmmglpmmmmsymxns §de $bang, rom the previous
per cent age, 0 e rom4th ent
it S B8R kR SR N SR b
PetaBitichicld] $NuBEBEZM- mmol), was added and the reaction mixture held at 0 - 5°C for
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[0137] Log-phase cells were trypsinized, collected by
centrifugation, and resuspended in a 30 snall volune
wo@Rooknesm medi um and the density of viable cePdBHUSEES/017880

det erm ned fol | T Bl
1 heyye thgredlopigd £9 @%q%nwwgfgwﬁl %B%’J%%E{aeﬁ@ H}i'@q%&rs WOTPW%K%
reac\éQn Z’Ptgéfe;éd%g%xag W hSBRRY Pl 8BA acdat¥, 2hAIhE &hiSkfthe €
1, and 6 X 103 cells/nm for LNCap ceIIs) t he test

sepgc@mj@?qhdﬁshe@mt; athrveatsr conse ethviddrrqaeons gadiupghthignite, and twice
i SS0 L
moff i e 148 PP sk BBAGL TR ah ) Y@ L ef

reve a 11 na concentr I on of

dl[quﬁg['%ls?%ﬂbrbhﬁyl}iﬂﬁﬂﬂp&s@h&y@ﬁ@ﬂ&dlyﬂkulfbﬁe cobiponedl LCt 13 a colotless

oil 3 a6 Vet iden e o and 52 ped ¥ RNtk MU ety

Id It ied for a
C IN PSS Lyl th pproxi mately three doubling
(Z e ?% %ays for>e MX-1 and 4 days for DLD-1 and

1},1{3'(3?,9& The gell's were then col |l ected by
[0 cen rﬁ‘”ué{%tg on, and 100 L of the culture supernatant
[0% S'E% S\ O:l%a)c &d £ F tgllg eﬂhgs% ate:r 1!11% % add Q1 L8RVE e sﬂ%&rﬁfetharl

room fenperature
h&b%@dﬂﬁﬁdﬁ@a&ry\bﬁ ﬂhlsand'eﬂﬂbﬂﬂ mgmtsehumath canuerivell ligds i vitro. These

npounds of f mul a_BB and ound re t
resfi AR F e pr S Of Flagd % BUBE e bemp Py « SR
ntfe! %@P&g@ﬁ% t%é&nftﬁ)éé@ Gssh Oﬁ Hage SOwRnEBincéSacavity i hanfet. ent
than ‘tanf osfam de. 138] Conpounds of formula A

[0].?%;8@%@&“% EQlLwh ﬂﬂesqgﬂbvl' (cHlokdRtal meﬁoéfréﬁé(ma), o~ gﬁﬁds‘cate

M1Cs9 (DLD-1), M1C50 (LNCap), |
cardifiofa)dard OVCAR-3 fovrigh dardndio® vere Glptained frogy the domagicany Aype

o el 555, Yty el s,

métﬁ)/ebrust fardindmd P POSS, AAAPIBADR fidmldhe NatibRA Cbdc@ IBsthute, Bethesda,

13A 11.
Mag}@rqzl @@Ad:aﬂg_mzu{é g}?cgl?]gclééaﬁ@%elén }al vgerg ggtamed 1'1: ..gtlgma-Ald.tlch

Chemical Company, St. Louis, Missouti, U.S.A. The CellTiter-Glo assay kit was obtained from

Promega Corpotation, Madison, Wisconsin, U.S.A., and the Cellular DNA Cytometric
Analysis Reagent Kit from Roche Diagnostics Corporation, Indianapolis, Indiana, U.S.A.
Lambda DNA was obtained from New England Biolabs, Bevetly, Massachusetts, U.S.A., and
SYBR-Gold from Moleculatr Probes, Inc., Eugene, Otegon, U.S.A. The DNeasy Tissue Kit
was obtained from Qiagen Inc., Valencia, California, U.S.A., and AmpliTaq Gold DNA
polymerase and PCR reagents from Applied Biosystems, Foster City, California, US.A All
products were used in accordance with manufacturer’s ditections. All assays wete conducted
in triplicate wells, with dimethyl sulfoxide (DMSO) solvent control. The extent of cell growth

was expressed as a percentage of the signal from the solvent control wells.
[0136] I #itro Example 1: Cytotoxicity/growth inhibition assay.

[0137] Log-phase cells were trypsinized, collected by centrifugation, and resuspended ina
small volume of fresh medium, and the density of viable cells was determined following

Ttypan Blue staining. Cells wete diluted in fresh media (3 X 10° cells/mL for MX-1,
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17A 6.3 4.2 13.9 18A 7.6 10.6 23.8 19A 14.8 8.1 17.8
20A 4.3 2.8 3.6 21A 4.2 2.8 6.3 -60 WO 2005/118601
WEMDSWEB005/ 017880 Conpound |1 C50 (MX-1), M | GBOTI/US2005/017880

3 %35 e/ i LD Sl el i o 07 g cqfapncs
(co&gﬁfx%%n%b%w%gg 6.18nd é(b’(hﬁg &is%é&dlélgi\?@&@ 1.)Qd8edlindBedately after

31A 83.7 11.
diluf@mtotachievd 4 ﬁsalﬂ?MS® cagggmtragors of0.5Ygtheg ﬂl%WAP@lS{?ﬂHgQ?d at

: SA 6. . :

AP oD SS9 Ay i e e
of 28iBerOnt AMATERY cels MkrScul e fér @p&oﬁmaﬂé&ﬁthﬂee Zioﬁblﬁlg tﬁﬂe@\ (3 days for

34.8 11.1 45A 7.3 8.4 6/—1121 4 8. 47 %
MX-1 and 4 days for DLD-1 and LNCap). The cells wete then co. ected y centrlfugahon
and 100 pL of the culture supernatant was replaced by the Cell Titer-Glo reagent. After
incubation for 15 minutes at room temperature, and the plate was read with a lnminometer. A
numbet of compounds of formula BB and compound 1CC wete tested in this assay and

found to be active. Many compounds wete found to be as potent as or more potent than

canfosfamide.

[0138] Compounds of formula A showed the following activity in this assay:

Compound | IC, (MX-1), yM | IC;, (DLD-1), pM | ICy, (LNCap), pM
1A 16.9 9.1 57.1
2A 3.2 1.4 105.3
3A 11.4 9.2 67.6
4A 24.0 12.7 67.8
5A 143 6.6 42.8
6A 4.6 6.8 17.7
7A 20.6 21.8 164.7
8A 17.5 7.0 40.9
9A 5.8 5.9 17.3
10A 14.4 7.7 43.0
11A 10.4 4.0 18.1
12A 13.9 3.5 14.1
13A 11.7 7.1 53.5
14A 62.2 17.6 200.0
15A 23.6 13.7 200.0
16A 13.0 9.6 36.4
17A 6.3 4.2 13.9
18A 7.6 10.6 23.8
19A 14.8 8.1 17.8
20A 43 2.8 3.6
21A 4.2 2.8 6.3
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48A 4.4 15.5 49A 29.0 11.6 50A 17.1 11.9 51A 6.9
6.7 52A 15.6 10.2 53A 11.3 8.4 54A 9.3 7.4 ©55A
wQa2003/118011 56A 19.3 8.2 -61 WO 2005/ 118601 PCT/U82005/017880

PCT/ US2005.017880—Compoeuhd—HE50—( 1 M-HE50
( DGoamound MCaHX-Onedb)  1GARED )80 | 16Cs CRIGep) Y
179 ,B9A 25. 4 15547 60A[11.3 7.4 61A 30.9 20.985 62A
15—0—16-5—H3A10- 0172 6AA 37322016 :
66A 294 18/8 6782.8 1/9 68A %% 7 18 LﬁQA@%G
13;\1,\2‘74‘9&3?“7}0”273’* 29.6 18.9573.2 |74A 46.12.27. 2
AR TN 8 U AP PR X
10.7 B@A 2 29 4 8.4 76.8

27A 62 3.6 15.5

28A 9.0 5.1 352

29A 23.0 11.5 66.4

30A 9.1 6.5 13.2

31A 83.7 11.3

32A 412 11.3 177.0

33A 20.6 8.6 98.6

34A 9.0 12.0 97.2

35A 6.6 5.0 24.8

36A 12.3 5.4 200.0

37A 8.0 8.0 28.9

38A 8.0 7.6 | 233

39A 30.8 13.3

40A 32.0 13.0

41A 293 10.8

A2A 7.6 47

43A 72 3.9

A4A 34.8 11.1

45A 7.3 8.4

46A 21.4 8.8

47A 15.9 9.3

48A 44 15.5

49A 29.0 11.6

50A 17.1 11.9

51A 6.9 6.7

52A 15.6 10.2

53A 11.3 8.4

54A 9.3 7.4

55A 14.7 10.1

56A 19.3 8.2
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81A 33.3 6.9 86.6 82A 27.9 7.7 59.8 83A 12.9 6.7
27.8 84A 10.6 6.0 29.6 85A 11.8 8.8 41.1 86A 25.1
waenosvsrb 87A 19.5 9.7 136.3 88A 17.9 9.5 1PGI1/8S52089¢17880

2T Cmrundy R QIR ICaADLT 101 TS G INCad)
2005/ B¥8601 [PCT/ USR@05/ 01]7880 @Gortpound | C50 (MX-1), M
R VUG S N 8 I e
57.8 598A 27.9 9. @5M44. 5 | 99A 1652 6.4 3B.5 100A 16.2
7|7 6%A IUIA 14..847-2 97.0 1074 19.9 9.2 81.6 103A
1§-2-14-5-150-8—104A 2513260200 0—H05A-31-6-23%
200. 0 61806A |4. 2 3.39-918.3 | 107A 209 1.6 18.1 108A 3.3
2.3 6.¢2a 109A 1.1 8,6 7.7 110A1357 1.3 0.5 111A 1.3
0.16720%:% 10.0 17.2

64A 37.3 22.0

65A 31.8 21.4

66A 29.1 18.8

67A 2.8 1.9

68A 36.7 18.0

69A 34.6 14.1

70A 36.7 10.7

73A 29.6 18.0 73.2

T4A 46.7 27.2 200.0

75A 33.1 7.6 184.7

76A 23.2 6.6 99.7

77A 21.3 8.0 139.7

78A 18.8 6.3 200.0

79A 88.0 26.6

80A 27.1 10.7 80.2

81A 33.3 6.9 86.6

82A 27.9 7.7 59.8

83A 12.9 6.7 27.8

84A 10.6 6.0 29.6

85A 11.8 8.8 41.1

86A 25.1 10.3 73.5

87A 19.5 9.7 136.3

88A 17.9 9.5 125.8

89A 22.2 8.5 140.5

90A 23.8 10.4 200.0

91A 10.7 4.8 33.3

924 14.7 7.3 36.1

93A 19.3 13.2 59.1
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112A°'1.0 0.8 6.3 113A 10.9 2.2 18.4 114A 4.7 1.9 8.2
115A 5.3 4.1 18.5 116A 3.1 2.2 6.6 117A 4.1 4.0 16.3

wai®sgssoe 10.9 200.0 119A 32.5 9.8 189.0 1Z2PAT/VS005/017880
3.612.2 121A 2.6.1.2 8 5 122A 4.3.3.1 23 0 _123A

9.|0Cempopsd 1| 1IQ20MX71) 20, |0 1€, (PLD-ARAM 2| 517, @.MGap), pM
126A 3 6.17 1258 5 1274 15. 2 578 200 0| 128Axfa5 3.2
- §3WO—2005/11 8601 PCTH-US2005/-01£380—Cofpound HC50
(N&- 1)°58M | d50_(DIAB3L) . 1M 1Cs0%9 (LNCap). M 196K 7.1
5.4 188 130A 6. 505 1220 1314652 3.6 6.9 "338A
D TR I T S N W T
138A DBAS 1.8 12. ®7.9139A [25.3 9.8982.1 [140A 114955.9
23.3 9§§&1A Tj7. 3 121@ 459 1472A (4).41.7 18 113 533_5
100A 16.2 7.4 61.4
101A 14.8 7.2 57.0
102A 19.9 9.2 81.6
103A 18.2 14.5 150.8
104A 253 20.0 200.0
105A 31.6 23.1 200.0
106A 42 3.7 18.3
107A 2.5 1.6 18.1
108A 3.3 2.3 6.4
109A 11 0.6 7.7
110A 2.7 13 20.5
111A 13 0.6 20.1
112A 1.0 0.8 6.3
113A 10.9 22 184
114A 4.7 19 8.2
115A 5.3 4.1 18.5
116A 3.1 | 2.2 6.6
117A 41 4.0 16.3
118A 37.2 10.9 200.0
119A 32.5 9.8 189.0
120A 7.1 3.6 12.2
121A 2.6 1.2 8.5
122A 43 3.1 23.0
123A 9.0 5.9 25.1
124A 7.2 6.0 15.5
125A 22.5 7.8 45.1
126A 20.3 6.7 125.8
127A 15.2 5.8 200.0
128A 4.5 32
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143A 15.9 10.9 110.2 144A 5.7 4.0 17.9 145A 7.4 6.9
15.5 146A 5.1 5.6 14.2 147A 12.2 11.1 63.9 148A
wQo®s01800. 0 149A 94.3 7.5 200 0 150A 31.3 7.BCTUS2085/017880

1A 20 -~ 1. . 100 1 110 ACAOA A N 41 O
o §ompmmns| £Cs (M5B, pXL ) cieay (DD, ) Ko {GNRRI M
3[5 394 157A 3. .172.3 29.6 158M 35.4 17.5 85.%8.3 150A
ThonB0h 4§ sy binza fon s Bk & kel 2O
2305/1]51.8601 PCT/ U82Q05/0L7880 Goamound IC50 (M&9), M
b ok O P CsarL M TeAA 10, L2 S 2
61.013158A 7.9 5. 72?4.2 169A 346 7.6 144.4 1F8A
i .Qil\ 1%,211802 g.g I73A 6.1 6.1 2747 172A 4.8 6. 4 B1.6
TU35A° 1T 35 0.6 19.1
136A 2.8 1.7 21.4
137A 1.7 0.8 22.3
138A 16.8 1.8 12.0
139A 25.3 9.3 82.1
140A 11.9 5.9 23.3
141A 17.3 12.9 45.9
142A 22.5 18.1 113.5
143A 15.9 10.9 110.2
144A 5.7 4.0 17.9
145A 7.4 6.9 15.5
146A 5.1 5.6 14.2
147A 12.2 11.1 63.9
148A 200.0 200.0
149A 94.3 7.5 200.0
150A 31.3 7.6 1182
151A 28.6 6.1 158.1
152A 37.6 9.3 108.0
153A 3.0 1.8 6.9
154A 5.5 5.8 26.2
155A 2.6 10.7 42.4
156A 4.8 3.5 31.4
157A 3.1 2.3 29.6
158A 35.4 17.5 85.2
159A 5.3 3.5 24.4
160A 33.2 13.9 103.9
161A 7.4 3.7 11.7
162A 7.1 4.7 55.1
163A 4.8 4.8 28.5

— 64—




174A 18.8 14.3 55.8 175A 18.2 10.9 65.1 176A 6.4 4.9
29.0 177A 8.8 4.5 21.1 178A 4.9 7.5 47.7 179A 7.2
wOo2®528661 180A 9.3 4.9 16.8 181A 8.4 7 4 26 BCT/U82AS/017880

N 7 1 1029 A 10 A oO_A9 10Q4A

[ b Tpewith LR MR 1V ICB2LBrla kb A GRIGED: v

af\Llhvlg\A,ysl ILE this aggay: ConPounSlsl C50 (Mz(— 1) 489 C50

oo 105 v | g o Bhoa ah 12 8015 o lob 6 0lbg 0

11.6 1688 1.9 1. 5 905 8B|10.9 6.6328.0 |9B 6.0 0.2

R aonss 1 23801 ot ue00blorrend conmotkl

| ¢50 (4% 1),| M | C58.9(DLD{1), M I&Z, (LI\IC‘ap), (LAM-13B

411:5 ﬁé@ﬁin éﬁ %43 gﬂLﬁZUS Z BlSBéla. 7 'g%g' 411@. é °

3|8 5pI0g 314 10.8 200.0
171A 6.1 6.1 27.7
172A 48 6.1 31.6
173A 104.3 37.9
174A 18.8 » 14.3 55.8
175A 18.2 10.9 65.1
176A 6.4 49 29.0
177A 8.8 45 21.1
178A 4.9 7.5 477
179A 7.2 7.6 25.6
180A 9.3 4.9 16.8
181A 8.4 7.4 26.4
182A 8.0 7.1 22.3
183A 18.4 49 42.1
184A 28.9 5.3 94.8

[0139] Compounds of formula B showed the following activity in this assay:

Compound | IC;, (MX-1), M | IC,, (DLD-1), M | IC;, (LNCap), pM
1B 4.0 2.5 5.1
2B 200 | 0.3 10.9
3B 7.4 43 14.8
4B 41 2.9 11.5
6B 6.9 0.8 11.6
7B 1.9 15 9.5
8B 109 6.5 28.0
9B 6.0 ' 6.1 25.5
10B 10.8 6.1 19
11B 3.0 2.1 45
12B 43 1.9 7.1
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20B 5.1 4.0 33.3 21B 14.9 4.1 131.9 22B 7.0 2.5 40.8
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mel phal an, both conpounds 70A and 128A i nduced a G/ M

f Nl lnunrl hy,
AAMEBAVA') Ty

CYLChalilodnt | 1] MX-1)288EY 1CHBED-HO IR lrid:§0 ENCa) R
A lang oyar=u| Were st H+—t 1 S—aSSay- TO [ UI&o]
In viti6 Exampl e 393DNA d mage as3ay. rc144L Lahfda

DNA (1 Lg in 20 tiL phosphate-buffered saline) was
i bat I npounds (concentrations of
[01438%/? %%Qﬁ@e g‘g‘g%ﬂ%gl n DVBO) at room -66 WO

/ 11 2005/ 01 r ¢
(O3] TR e st I R e oo stow et
attfhhRht, Qlidthé 563&!(1@ ﬂensi‘.ty chosph 86 thaadeayll Ulﬂtdiigwbﬁlld be less than 80%
DNA + 200 i

SYBR- Gol d L d
SRR L e e
dnlabdiP b% 1 EBieve h RE 1AL TR0 cAabok S@@ €N SncPRE cellshBen

rimers 57>¢cg act ggc acc get tt-3' and 5'-cag gcc
mcabztedaﬁuthac fproat asi twcwlayh B@@é&mgmmbamﬂ@ 0913590"61& atfyesied by

29 Cé/nfﬁe%f %f %t%’? ﬁlquff'l fanol n(-c:l stoiad Ste20°(t7 1%2%& tl?e]r a&ﬂlySIS To

| ng the anpl e
det@Rainy SieScellWREDRER gt weich tededs ﬂ]léa:elil tjichi sedud yhet fixed cells were

same SYBR- (ol d assa Slmlarl toc f os i de, .and
waphed <wise padPhosphest %iirﬁﬂlnafo%l ?fg %ﬁ“a‘%a 3??3%{1&5 at

3780 q\f@? w@fél HeABEGLDFeh %&%@gﬁlﬁu?@ﬁﬂoﬁdﬁxﬁn ldal&ehfoﬂoged by FACS

assay" her conpounds of A and for mil
analpsiseott zeEtce«zh Dirkinsprs FAESGylibua sy temm Symibinly e danderfymidegnd in

cor?tgagy to melp{lalan both compounds 70A and 128A induced a G2/M cycle block in this

assay. Other compounds of formula A and formula B were tested in this assay.

[0143] Ix vitro Example 3: DNA damage assay.

[0144] Lambda DNA (1 pg in 20 pL phosphate-buffered saline) was incubated with the test
compounds (concentrations of 100 uM and 300 uM, dissolved in DMSO) at room
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Randrit A B misees OIS FROSE By rns PHp g hppgied from similas mice
maggagdlﬁgrm&%bi Bheh Bn¥h¥ed BXETRL Rl WasoD Rpp @Rl F110glays after

adm’ni strati on of conmpounds 13A and_ 70A. G oups
tunofr tahspdaniwion, whenthe dumpt weigls s aproxirsyeln $0-5¢) mgohe mige were

300, mo/ Kg, or conmpound 7OA 0 013A. 15A
sssiggl g Hep st g Gty Gipief reielteqset 3t liborie BRUSA, 154,
23,000 039, 1TLATOI72.41 Mk 180ANI 1 60 tiz (kg hpsntrpasonedin@tidayace/day

25 after the start. of treatnent. Both coppoungds vere .. ...
for e 00 44 iyt With veldls SOuFRl AL HERAHIGR HOre ASPEHEARE “F oy

oI il o i cRRlds 8% RosBsendiENaNdeanI% (c d
& F@E{:@%?ﬁc g@?&l}pn%?%%}r%?m&ﬁ&bet vv(gen963% (5%?(79/ KQ) (aorfrapoun
13A))04h (B3B0Ocorpdls conpgreliast 80%ehmer growihirhikigrm bitfmpounds 134,

0A ed a.dose-dependent. i-nhibit i % ,
L e S G i
defadéddS2005h RbFBBOComP 3t 13Anwas tegedxalbpbl o8 10MHTELKS for 5 or
9 d?%g%ﬁmrsa biston beaeen '1{2;%&2?11)@ Drii 5 iy 4dY9% (100 me/Kg

( 0| 548501 100, A0t 850 F6c 3NR A0 FhYs, causi
for SR P! %1‘?&(%/7(;% gwfgs?tgsﬁﬁ@w th 20-30 m%?ﬁ% oS of HCTL e
tur6r ifthibitien betyteon 16%r{B@ mg/KederoT dﬂ@r”ﬁé@ﬁé‘d@ﬁ? g/ Kigrtpt L days).

m ce that had previously been inplanted with the HCT1
[0158] 3 tiurFxamphysh MXilnebegryft 7ss1)0 ot ydmimistration- unor

transpl antati on, when the tunor wei ght was _

[0BEBP 0t d¥Bdirallyt t56ha2 Aesciibed inHe vimi Banwdy Bwaspérgrradd ugng oral

R BRI B T
’ ) ou a
| ¥ mol/Rlo! 3PBEMDABRIZA0AI A2]106;t150,R00N6ET50ayg Ky by gavage
13%%9%%3%&93\&3&1:1 éﬁ;itgbl e co%t rol. Tunor n%;ﬂng h i nhibiti

10
onve/slayrasidnpd(with whigl cahtred. Fumorgrowth igffbitpa FefsEsoA 13 days
t hr ee conpounds r.e_acti in.thi-s. 10 andMy! se-
SR TER RSP B bl R aad st o
depQIHRAS t@fhok bttt Iempoaadhii ndisdBAdcuEpagledgihibition of tumor

hi bi t | d 7 i ng. 26% i nhj bi tion,
sy ntearecn G3angD o1 BanLHIL: CIRER B, bt 1 pisioiad
coag,%{lﬁc?%ﬁ ERmd A &ésgfdﬁgwdeﬁﬁﬁm\moh by A 6YC@NTIDUAE) Kg) and 96%

mni stration an asurenent 21 days after start of
(230rmall¥®nt, gave simlar results.
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15 [0156] In vivo Exanple 4: M aPaCa-2 xenograft
assay, intraperitoneal administration. [0157] Male
wmzmm&sonu/nu m ce, 6-8 weeks ol d (approxi mat BCHURD05/017880

[Olga dne @ﬁiﬁwlr@ﬁ? Q—EI)E’?‘I 16;}|;e§§§taﬁn S%%‘%?gégt"%‘ga? ﬁﬁ#}%ﬁé&aﬁﬂﬁ.e
o R St ety Goer i TrpEn B 2 B v ef ighlifed,

sub&utfousARRLE iﬁgﬁf%ﬁ' flank vAd Zmaﬁlﬁnglﬁieed’s df H@I116 (human colon cancer)
transplantatio when the tunmpr 2

wmabbmﬁ%ﬁf@wmbr e thef,hatl I’ﬁ’ée"i*ﬁ"é]é(%ﬁé‘? Jénpggfgs!%w@a thed1CT116
tumg){ {ni% X@gfrbsdf(g%%%{%g; traﬂgkg Ra¥i64, Grllch @R %ﬁldﬁ"v;ebght was

und by i'ntraperitoneal
apprmmﬁthy 60-200 mgeﬂﬂagacé werebsmmylso treattrienygrhves. Grewnstof ghice were
omﬁh [ asured 15 S er

e ol Db P R R R B0y

mu&ﬂyﬂ%xﬁﬁlmmdm dnlde ﬁﬁﬁmmndﬂag(ss AutthaHﬁle REnESYTimbi fotvilomhibition
of tunor growth conpared to vehicle and conmpound 70A. .

wasea@smm@ 13 daysatiss thp swrtaf sisatopent 3l thyes compgupslsayF actiye in this

assay) @{ﬁégané %9%%2&1 FOABbRLA ot aﬁmrrgté&&%h@amd&@ Ya9ke,

ar to ¢t scribed In"n vivo Exanple
cordhouhdtl SALS:mEBglgGﬁ% madmﬂcm, siid ariprvnd f/0Acewsieg s inbditeme sinilar

0A at 200 R 7 .days n1|ar resul t
stud PRGBS . OB SEIAE A UoP S D v
¥ adiididdra GO RS shibfn @Y B H4YE 28&%rdrnbl thdathait, @fve Sithilar
tunDr growt h and conmpound 70A causing 27% i nhi bition.
1ﬁ$ﬂ@160] Al'l conpounds tested were safe at the doses
tested. -69 WO 2005/118601 PCT/ US2005/017880 . [0161]
[015%] r mtiva ExempladoMidReCaBearogsals s insgpeyepe] admintstration.
Formul ati on Exanple 1. Fornul ation for oral
[0157] nMalesﬂthyauc on 7 pE6 6P weekodld darfporrimptalyi2ie).fste prplinted

oSSR By PSR ST 08 L P

candds® Alndlt@allei¥ WoW sitDllalreibe Qxa@?/@d@ﬂdhously been implanted with the
droxypropylnethylcellulose 1.0%

MisfGeeryet b need o (ARG 59 SRR e s
weléﬁii E)%{ﬁﬁgflt 50266 Mot AR ln%EeSWQ:E agsﬁglnle@ & &E‘}tﬁieﬁ%gups Gtoups of

capsul'es cont& ning, 10 for exa
midfwedrd &eamdmm]m neinpdundHi3d. ¢niAPdritil8hmeTKigbe mﬁm@alytopeal injection

onqe?ﬁ fg{)}%{iwg,evglgsre\gf?u b%olntrgg ;P%-T %rowtlsl %Rbeﬁgﬂ Q8 as%red 15 days

aftdYEK QXY BY @R BRY Byﬂlcc@kﬂ L8EEYsre aftivg i s z(sﬁ@[ we}x aoqﬁpemd 13A
titani um di oxi de), and plast|C|zer for

cavging 7R YA mlpth@moémor gpwth (@rmpatRg to ek F Prrd 6y B buiid T0A causing
v ion of the solvent. [0164] Formul ati on Exanpl e
38&1&@§?§%Iatlon for IV admnistration. 15 [0165] A

[Olggé zillJ ZI’ZVI Haam eq.ir N}J\f’a%d@ In?é]j%lgtajssgﬂ o!tﬁ a2 aﬁgn.by A

Rg & conpound
[0159] A study similar to that desctibed in I# vizo Bxample 4, but using oral administration of

compounds 13A and 70A at 200 mg/Kg for 7 days, gave similar results to iz v Example 4.
Both compounds were active in this assay, with compound 13A causing 82% inhibition of

tumor growth and compound 70A causing 27% inhibition.

[0160] All compounds tested wete safe at the doses tested.
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i nvention, for exanple as a pharmaceutically
acceptable salt, to a concentration of 1 %wv in
w@bwspisabe- buf f ered saline; and the sol ution iBCT/US2005/017880

il oo P oG 2 e 1 ratton, and

Onital ners cont ai ni ng, for exanple,

0163 ?Fga%@%e%ﬁ%%n”ﬁl%?ﬂ%%ﬁﬁ%%ﬁ SRR b epar ec
' ing. ) is 20 | ion, [ .
0168} A e SRR MIEBrFa § praRetsiy AT e (joving

Co%o%&hh@%@inb%{&lr, foms ooxame e the phosphate buffer
t he phosphat e-buffered saline nentioned above,

Magzeswin|steafatgy t he sol ut9-8% vafW di spensing it into
uitable sterile vials,d hilizing the solution to
Star? nove the water, andz'gé%‘?}iavr]]g the vials. The

Hydrb’?@i?dﬂylrﬁ&ﬂylédﬂhl’d&blé ati on0¥sw/fveconstituted by the

.addition of sterile water, and the reconstituted
Micegqarystallis CRtloSe f urt hgﬁ'sﬁl“’m"ed for admi nistration

and%hd BisRud S SRAHEdQDSHER ta3ctDoDfIcd Gllo R CEHAh! @fsules containing,

i ntravenous i nfusion or 5% dextrose intravenous

for exaingdé, 3P0 mgOf B comimmuag ef thivingsasiep! Eablethmen pg cogtedqif desired, by
ds .of thi-s i t] 1Slose
oA Dy YSSLL (PASA A SO s,

pigth&ft i @Rampls, titadhirh dicgidey, add phbtiduee (foustanpley diettgDphthalate), and
mnutes to a patient suffering fromnetastatic ovarian
drying thefilay byorraparetiofof the 8952 dose of 100 ng/n2; and this

dose is_increased to 250 ng/ n2. 500 ng/ n2, 750 ny/nL,
[0164] oF argrtieg Hrpmpiere Fesppetmdor Evég"ﬁ’r“ﬂr%%éf‘%‘f'ed at 1-week

intervals. -70 WD 2005/118601 PCT/ US2005/ 017880 B%Qe .
(0163 v forsrdatisndat B rdspinjsgation Rreppisrdy digpolying 4 fampo :
. interyals t t | ' I8, -
B 0 R T S R S e
phdsphatebjfiered saine;intl hesypbaiohiicsteriiizodifopnemplerty sterile filtration, and
exanples, it wll be apparent -t erson of ord} nar. .
sealeg i frerie coHBINGEE ORI RBRG: PRGERS 1P e CORPPPad gf iR ivention.
this disclosure, that equivalents of the ecificall .
(016615 Reraaireiint b AR R RIT B P e IS o compount] of i
- | cahl | R o BRI B0 s RO V/RbEBIE Buflref
v G 6: Lokl & o INARIL TIPS following claims, ..
example HWOPROPhALE beEeofFET pluspbus o fifFEe ealinpancaiighed abpye, gterilizing

conpound, of formul.a A . fornouka . .k %Sld%} ?Iﬁoth
ORI B it T P R Sy o ol
watbk, BndNsealing the vials. The lyophilized formulation is reconstituted by the addition of
sterile water, and the teconstituted solution may be futther diluted for administration with a
solution such as 0.9% sodium chloride intravenous infusion or 5% dextrose inttavenous

infusion.
[0167] Therapeutic Example. Thetapy with compounds of this invention.

[0168] A compound of this invention, diluted in 5% dextrose intravenous infusion, is
administered intravenously over 30 minutes to a patient suffering from metastatic ovatian
carcinoma at an initial dose of 100 mg/ m? and this dose is increased to 250 mg/m?,

500 mg/m? 750 mg/m? and 1000 mg/ m”. The compound is administered at 1-week intervals.
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R(r) "R'"'S®2 ®RS/RR SO2 RLiS(r)2 ROR 01 RI R

RN-1 NR / NRABC where: 5 each Ris independently
whyasogsm CL 6 al kyl, or -CH2CH2X, where eachp&I/US2005/017880

i nde ende 1 Su ¥¥h tents suff

Thepgapg @T‘%“%F%ﬁﬁ?@ Skr%gig,gl&gggnze%%%%l onyl bxy oo ering
&Orgg{elsgﬁalclnycer_substltut ed wwth up to three substituents

selected fromhalo, Cl1L 3 alkyl, halo-Cl.3 al kyl, C1_3

[Ol@l Wﬂhs iQ¥enkigh BadHecs d@éciﬁh‘écpﬁﬁ)bon}ﬁhaﬂﬂrﬁﬁﬁh tpeaific atnbodjments and
two R s in each phosphorodi ani date _group

exampjlelg @m ‘be appaRAntite a pptsp ARPIdRas] Tt inith & h&m& Fegal‘d to that skill
aII bst.i ods will
wnd G 8B 1B0L A AAE R BENGIAR e 300 hERZ i et
alsoQRldpf ]il@,ble)to shibpivedtitneshdwetle ecqlavaylfdn,ts ae ingpidedhabé yﬂcluded within
substlt ted heteroaralkyl; and R2 is optionally
al kanedi yl , optlonally substituted
heteroalkanediyl, optionally substituted arenediyl,
optionally substituted arenedi al kyl, optionally
substituted 15 heteroarenediyl, or optionally
substituted heteroarenedial kyl, or its salt. 2. The
compound of claim1l where each Ris -CH2CH2X. 3. The
conmpound of claim2 where each Xis d, Br
nmet hanesul fonyl oxy, trifluoronethanesul f onyl oxy,
benzenesul f onyl oxy, or 4-tol uenesul fonyl oxy. 20 4. The
compound of claim3 where each Xis d. 5. The
conmpound of any one of clains 1 to 4 that is a
conpound of formula A or its salt. -72 WD 2005/118601
PCT/ US2005/ 017880 6. The conpound of claim5 where R
IS substituted with one or nore groups that enhance
the solubility of the conpound over a conpound that is
not so substituted. 7. The conpound of claim5 where
R is optionally substituted al kyl. 8. The conpound of
claim5 where R1 is the residue of an optionally
protected thiol- 5 amno acid, or an el aborated
thiol-amno acid, preferably the residue of a
thiol-amino acid. 9. The conmpound of claim5 where R
is an optionally el aborated 2-nercaptoacetic acid
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or 3-nercaptopropionic acid, preferably the residue of

an optionally el aborated 2-nercaptoacetam de. 10. The
w@orvpowsdl of claimb5 or 6 where RL is optional PGI/US2005/017880

substituted aral kyl. 10 11. The conpound of claim 10
‘Wk%ﬂﬁﬁe Rl is optionally substituted benzyl. 12. The

conpound of claim1 that is selected from [2-[[bis

[ bi s(2- chI xy] et hyl ]
1 Lo RSB aom g AR R Bt oY

(2- chloroethyl) am no] phosphiryl® oxy] ethyl] 9

sul fonyl] acetam de, N N—P—N R R

{2-[[2-[[bis[bis(2-chloroet hyk) afi no] phosphu,'}H;)TT \oxy]

et hyl ] sulf@pyhﬂacetyl} L- phenyl al anine 1

\- [ 2- (4~ mghol | no) et hyl ]-2- [ [7-[ [ bi S[bi s d‘)

(2- chlormetdylyan1no]phosphlqybbpxy]ethyl] S Ifonyl]

acet am de, [[2-[[bis [

(2- chloroegﬁyl)anlno]phosp i nyl ] oxy] et hyl ]

sul fonyl ] -d4o,al ani ne u- 2- [[bis [bIS

(2- chloﬁéethyl)an1no]thqspngnyl] oxy] h%l]

sul fonyl] tol uene, \

a-[[2-[[bis[bis(2-chlgf e%h}{)anlno]pho§ph@hyﬁ]oxy]eth

yl'] sulfonyl]-4- {[4-(2-thenoyl)- 20 1

- pi per azi nyj] carbonyl } tolueng, a-[[2-[[bis C

[ bi s(2-chl oroet hyl)am no] phosphi nyl ] oxy] et hyl ] sul f onyl
whéted- [(ethoxycarbonylnethyl) an1nocarbony|]to|uene

d 2- 2- [[b b | ' )
eacg%hlis n}ﬁpg[)e[nggg%y[ehyﬁsﬁl Saer[l,sﬁtlﬁ 1}’ij n@t[ltg;?gj am ng]ls B@%&eadcnﬂy Cl
o nl n o 1
Br’%f%ﬂ;?n%gh P&l %’?bl S[%1I68 2- cﬁ?or oe ’ﬁ& Kb %]1{% 168 opthonblly

yl ) am no] -

&ammag tocthlye]e sdtsluyde}ltse:elleﬂqh §rbin haboe Camiliid, halot C, s,

ound .0 12 that >
STl i TP B P AR S LB ﬁaﬁwﬁwsgﬁmdmd“e
gbeggﬁykgg wyl ] -L- alanlne or its salt. -73 WO
05/ 11860 PCT/U82005/017880 15, The mpowin b any 4 .l
R’ optiotally pefistigerl alyLoprinaglysebsintedhrtneg Bt onton pituted ary,
]Tbg. Mﬁﬂ suB&nthﬁd
OPgUHQXQ?%@h%daﬂ$ﬁi ﬁgg%glﬁgggﬂg?%%ﬁgbt enhance t he
hetshtalkyl; pbd/ of the conpound over a conpound that is not

,S0 sub i t.ut.ed e co o n
R°§ pgoomly et s ABROR LY BRrstets e By
subkBrutdd RARBFBEBHEAOR Eukﬁﬂm@@lsdr&ﬂeﬂﬁlk@b pptidmlingibatimedpound
of any one'of claims 1 to 17. ﬂ&ge use of a
hetersaproedinl, of opsiepallyrfebytuted BFtﬁ’é’man‘H in the
orﬂasﬂfacture of a nedicament for the treatnent of
cancer. 20. A nmethod of treating cancer in a human
conprising admnistering to the human a conpound of
2. any Thaeompowddadfivrith ltwhetdeash Rais phikEHeRUt i cal
conp05|t|on of claim18. 10 21. A nmethod of preparing

ac %%g&goggd (];fo a8 |2a WhAére LRyl &, %r il thaﬁgsm'f!)@}d&y,
tnﬂuoromethanesulfonyloxy, benzenesulfonyloxy, ot 4-toluenesulfonyloxy.

4. The compound of claim 3 where each X is Cl.

5. The compound of any one of claims 1 to 4 that is a compound of formula A or its salt.
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R (r) RROR NP -NR~NP-NN OR1I0OR RIlI OR
NNP-N2"S(r)2S RO\R~-R®2 0O02S RlI-S®2 | RO1 R
w@2osi118801 R Np-NR N-P- 11 / 11 R O NR A B ET/vkm0#&017880

6. € %ﬁ){%o\?ﬁcﬁj &P 8% Eﬂ&rkg]:e Ry %rsgg&ﬁuteg:lmtﬁ Ak kY h‘lorcogrrou s that

ere eac I's 1ndependently O, Br
enhaldeanesilitflanyt tieyompatol Gkt 6 catnpawebibhfio nyt amabsttsmea
benzenesul f onyl oxy optl onal ly 15 substituted with up

ree substijtuen select e 3 al kyl,
7. ha|'lg“eéfn8’°éﬂl f clagayd %’haﬁe S‘%qualg’sﬁ ?%9“‘“61 al kyl oxy,
provi ded t hat at | east tvvo R s in each
8. phoBph@hgduadbeldie 5 gheiR' & the +SHREHRG oIRioﬂ'aﬁy protected thiol-

optional I'y subst.ituted alk aII sti.tute .
seniga i GARR PO B BT ipo s FA D Fase Sgp gk acid
substituted aral kyl, optionally substit ut ed

9. h et'ﬁ{eoc%rrﬁﬂoun@ bf ARtk 5’%13&)111 sesdptiouh la%@rated 2-mercaptoacetic acid
het eroaral kyl ; and -74 WO 2005/1186

ot Wcusgmxomcm@opreﬁ@zablg thspesidisetiog ogewﬂv flabergted

—m%llfctlé(l?tr(])géjlt de. optional |y substituted heteroal kanedi yl,

onal ‘'substituted al enediyl, optionally
subst i tut ed ar enedi al kyl , opt| onal |y substituted

10. het Bioangradi pf claior 5 opé el B yis eptivsnilyt sybsttfuted aralkyl.
het eroarenedi al kyl, or its salt,

11.  The compound of claim 10 where R is optionally substituted benzyl.

12.  The compound of claim 1 that is selected from:
[2-[[bis[bis(2-chloroethyl)amino]phosphinyljoxy]ethyllsulfonylbutane,
N-methyl-2-[[2-[[bis[bis(2-chloroethyl)amino]phosphinyljoxy]ethy]] sulfonyljacetamide,
IN-{2-[[2-[[bis[bis(2-chloroethyl) amino]phosphinyl]oxylethyl]sulfonyl]acetyl}-L-phenylalanine
N-[2-(4-motpholino)ethyl]-2-[[2-[[bis[bis(2-chloroethyl)amino]phosphinyl]oxy] ethyl]sulfonyl]-
acetamide,

3-[[2-[[bis[bis(2-chloroethyl)amino]phosphinyljoxy]ethyl]sulfonyl]-L-alanine,
a-[[2-[[bis[bis(2-chloroethyl)amino]phosphinyljoxylethyljsulfonyl]toluene,
o-[[2-][bis[bis(2-chlotoethyl)amino] pho§phinyl] oxy]ethyl]sulfonyl]-4-{[4-(2-thenoyl)-
1-piperazinyljcatbonyl} toluene,
a-[[2-[[bis[bis(2-chloroethyl)amino]phosphinyljoxy]ethyl]sulfonyl]-4- [(ethoxycarbonylmethyl)-
aminocatbonyl|toluene, and
2-[[[2-[[bis[bis(2-chlotoethyl)amino]phosphinyl]oxylethyl]sulfonyljmethyl]thiophene,

and their salts. |

13.  The compound of claim 12 that is N-methyl-2-[[2-[[bis[bis (2-chloroethyl)amino]-
phosphinyljoxy]ethyl]sulfonyljacetamide.

14.  The compound of claim 12 that is 3-[[2-[[bis[bis(2-chloroethyljamino]phosphinyljoxy]-
ethyl]sulfonyl)-L-alanine or its salt.
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5 conprising: (a) oxidation of the corresponding
conmpound of forrmula AA, fornmula BB, or formula CC. R
w@eosRIFRO R N-P-N\ Il RI RNP-NORO R PE®/US$1008017880

R Ml N ol O RE e it cRirns' B offokmbla B or its salt.
15. oy KYegORPoRRA P R ok e 4 Rty ComBlorh foficlmala B o s sa
in R or R2 protected agai nst oxidation if necessary;
16. 10 THY dogiptubyt of elhiovieethéry RO iseubstitured witbfone phjnore groups that

deprotection of a protected conpound,of. fornul a A
enbgeierit sPMBLE O fsRIPAES OYES COBRORILITBRS B P bpyuted
groups of a conpound of formula A, fornula B, or

17. f or it @upouhBoP 2@t RN RIghOURSS tat kardpoahdef formula C or its salt.
conmpound of formila A, forrmula B, or formula C, (d)

el aboration of the R, group.of a conmpoynd of formila
5 18.or Aphammcgitisehrogosifien i‘gn%ﬁ‘iﬁ)%?ﬂin&p“n#&? A %neBDflb"‘;y”mS fro17.
synt heti ¢ net hods known peg- se to form anot her
19.C Or‘??é'l&g 2t cofnBERRYH & Ay Qhe bPEMsA 1817 (€IhefrRiniBicthe8 04
a salt of a conpound 0?7 formula A, fornula B, or
medicanmant forGhe treatrentsifoanest- a salt of a conpound of
formula A, fornmula B, or fornula C to another salt of
forpul a, A, fornul Qar rein @A el na
20.¢ onéé’?%?%dnoétfeagn 3 gaint%erolﬁ ae{lﬁjg%ﬁn%%%ﬁ g"%? for rr&l&]gé,&o ﬂl'e huma
corhstuiMlof affy o off Al & 7 b10a phanonceusiedl tothpesitianf oftcém 18.
conpound of forrmula A, formula B, or formula C. -75 WD

0 o O AREDS T LR0nk OB 20 € GATRPH S

]
\N—P—N/ R\ cl? /R
K LR N—P—N
? K & R
R Q R
. N—P—N
K & R SO
(o] R2/ 2 SOZ
0,8” H
R1/SO2 ‘) R Q@ R
R\ ? /R /N_ﬁ_N\
/N—‘IDI_N\ R O R
R o0 R
A B C

where:
each R is independently hydrogen, C, ¢ alkyl, ot -CH,CH,X, where each X is independently Cl,
Bt, C, alkanesulfonyloxy, halo-C, ¢ alkanesulfonyloxy, ot benzenesulfonyloxy optionally

15  substituted with up to three substituents selected from halo, Cy, alkyl, halo-C, ; alkyl,
C,, alkyloxy, ot halo-C, ; alkyloxy, provided that at least two R’s in each phosphorodiamidate
group are —~CH,CH,X;
R! is optionally substituted alkyl, optionally substituted heteroalkyl, optionally substituted atyl,
optionally substituted aralkyl, optionally substituted heteroaryl, ot optionally substituted

20  heteroaralkyl; and
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\I1Ij VR T 0, NPNRORNPN ROR ,S SRz
SHHROR RRNI NP-N i NP-NRIt RO'R OR
wBBEC186wher e: each R i s independently hydr ogePCT/C32085/017880

I : -
R oo g R R B ed AERARARIG K Snaly
subditlad efeuk&ylmﬁt@nyuy sobsthend meednilkybmpuoxgﬂy@pbaﬁ@naql |y

subst ted w to three subst ents
e s el B e ESRR ™ & %8 St
ori@fathal 0- C1_3 al kyl oxy, provided that at least two R s

i n éach phosphorodi ami date group are - CH2CHZX; and R2
compslgmtgtl onal | y subst i : t ut ed aI kanedi yl, optionally

substit.ute

subsf?éh{11 %‘é)g arcé)%eesg)% Fﬁg ona &fogﬂgétf%t lf(t;%alﬂa BB, or formula
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- CH2CH2X. 24. The compound of /'?,lTal'H?‘ZS wher eNeré,c,hi Xis
d, Br, nethanesul fonyl oxy, 15 ¢ K & R

4-1 ol ueneéb‘[‘ﬁ‘_d‘h | oxy. 25. The donpound of cl a'm 24
wher e each ®Xis d. 26. The _gotrpound of any ene of
clains 22 to 25 that is a%ljorrpound of formula BB or

trifl uor Setihafesul fonyl oxy, benzenesul f onyl ?, or

its salt.[27. The comnpou

t. 4 of any one of aims 22 to
25 t hat di8°a compound of

ormul a CC or iRtscI>2®z salt.
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with any reactive moiety in R' or R® protected against oxidation if necessaty;

optionally followed by one or mote of:

(b) deprotection of a protected compound of formula A, formula B, ot formula C;

(© conversion of the R groups of a compound of formula A, formula B, ot formula C
into other R groups to form another compound of formula A, formula B, ot formula C;

(d  elaboration of the R' group of a compound of formula A or the R? group of the
compound of formula B by synthetic methods known per se to form another compound of
formula A or formula B;

() formation of a salt of 2 compound of formula A, formula B, ot formula C;

® conversion of a salt of a compound of formula A, formula B, or formula C to another
salt of formula A, formula B, or formula C; and

(® convetsion of a salt of 2 compound of formula A, formula B, or formula C to a non-

salt form of the compound of formula A, formula B, or formula C.
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28. A pharmaceutical conposition conprising a conmpound

of any one of clains 22 to 27. -76 WO 2005/118601
wEODSUEBO05/ 017880 29. The use of a conmpound PET/ESZ005/017880

one of cI a| inuf acture of a
22 A (?gf%% e tqu}%gli% ot “cancer. 30. A nethod

of treatl ng cancer in & h@rmn conpri sing adm ni stering

to the human a corrpound f—Nany one Bf §l aRns 22 to 27

or a pharmaceutical corRpogitRron of cl,ﬁl FrTQS -77
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where:

each R is independently hydrogen, C, ; alkyl, ot ~CH,CH,X, whete each X is independently Cl,
Bt, C, ¢ alkanesulfonyloxy, halo-C, ¢ alkanesulfonyloxy, or benzenesulfonyloxy optionally
substituted with up to three substituents selected from halo, C, ; alkyl, halo-C, ; alkyl,

C, alkyloxy, or halo-C, , alkyloxy, provided that at least two R’s in each phosphorodiamidate
group are —-CH,CH,X; and

R?is optionally substituted alkanediyl, optionally substituted heteroalkanediyl, optionally
substituted arenediyl, optionally substituted arenedialkyl, optionally substituted
heteroarenediyl, or optionally substituted heteroarenedialkyl,

ot its salt.
23. The compound of claim 22 where each R is -CH,CH,X.

24, The compound of claim 23 where each X is Cl, Br, methanesulfonyloxy,
trifluoromethanesulfonyloxy, benzenesulfonyloxy, ot 4-toluenesulfonyloxy.

25.  The compound of claim 24 where each X is Cl.

26.  The compound of any one of claims 22 to 25 that is a compound of formula BB or its

salt. (

27.  The compound of any one of claims 22 to 25 that is a compound of formula CC or its

salt.

28. A pharmaceutical composition comprising a compound of any one of claims 22 to 27.
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29.  The use of a compound of any one of claims 22 to 27 in the manufacture of a

medicament for the treatment of cancet.

30. A method of treating cancer in a human comprising administering to the human a

compound of any one of claims 22 to 27 or a pharmaceutical composition of claim 28.
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