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Bl OLOG CNYQ ¥/0¥836VE PI PERAZI NES FI ELD OF THE | NVENTI ON 5PqﬂU§03:r’Q’Wént i on
relates to the field of processes for preparing N-aryl piperazines and

I nternmedi ates therefor. BACKGROUND OF THE | NVENTI ON Pi perazines of formula
AR Ar- NN-CH-CH2 N\ ON 10 QA wherein Ris a lower alkyl, Ar is an

unsubstitu t ag,_ n_Net gen,
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center are P@H@éﬁi USE'ITNA'HEES‘éNII'HEStS OFi BIOLORICALLY ACTIVERIPERAKINESS, 127, 357
15 teaches piperazine derivatives that are useful in the treatnment of
Central Nervous System (CNS) disorders. Enantionmers of such piperazi nes
can display di ffer net  bi ndi FRERDIQH THE$NVEN7§@A recepll;orz f]'cl'her eI or\emD

t heir potency, lectivity, Ic_effects may be differen
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i mproved 5Id§ﬂa%irimsmd\dmgemﬁe‘dla1e§ thepdter. bi oavai l ability. 20 Therefore; an
efficient, operationally facile, inexpensive and safe alternative process
for making the optically preferred piperazines is desirable. W 9533725
teaches a nethod for synt BASIKZBRIQUND@FQ'HEHNIVEWN&ZI nes of formula A by
al kyl ati on of he corr O(s&?o 1-aryl-piperazine w th enantionerically
pure 2-(5-met hyl'peéazﬂ"e&l r al1 2, 3- oxat hi azol i di n-3-yl ) pyridi ne. WO 9533725
al so 25 teaches nucl eophilic ring openings of sulf dates with _ _
1-aryl - pi perazine and opening with various pri secondary amnes is
known formL. T. Boulton, J. _Chem g goc., Perkin{Trangl 1, 1999, 1421-1429.
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wherein R is a lower alkyl, Ar is an unsubstituted or substituted aryl or heteroaryl,
and Q is a hydrogen, CO-(lower) alkyl, CO-cycloaklyl, or CO-aryl, and * indicates a
chiral center are potent 5HT44 receptor binding agents. U.S. Patent No. 6,127,357
15  teaches piperazine derivatives that are useful in the treatment of Central Nervous
System (CNS) disorders. Enantiomers of such piperazines can display differnet
binding abilities to SHT.a receptors. Therefore, their potency, selectivity, and
metabolic effects may be different. WO 9703982 teaches that certain enantiomers of
such piperazines display improved 5HT;s binding affinity and bioavailability.
20  Therefore, an efficient, operationally facile, inexpensive and safe alternative process
for making the optically preferred piperazines is desirable.

WO 9533725 teaches a method for synthesizing some chiral piperazines of
formulé A by alkylation of the corresponding 1-aryl-piperazine with enantiomerically
pure 2-(5-methyl-2,2-dioxido-1,2,3-oxathiazolidin-3-yl)pyridine. WO 9533725 also

25 teaches nucleophilic ring openings of sulfamidates with 1-aryl-piperazine and
opening with various primary and secondary amines is known form L. T. Boulton, J.
Chem. Soc., Perkin Trans. 1, 1999, 1421-1429.

WO 97/37655 and Cignarella et al.,, Farmaco Ed. Sci.; 31; 1976; 194, 196

discuss preparation and reaction of N1-(2'pyridyl)-1,2-propane-diamine.
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WO 97/ 37655 and Cignarella et al., Farmaco Ed. Sci.; 31; 1976; 194, 196

di scuss preparation and reaction of NL-(2 pyridyl)-1, 2- proQ) d?@n ne. -1-
~~Lrrrererrerererrerererrrrrrt~rrerrrrrrererrrrrrerrrrrrrrr *@0002* 0 9
OCT 2006 SUMVARY OF THE | NVENTI ON The present invention is a process for
making an N 1-(2' -pyridyl)-1,2- al kanediam ne sulfamc acid of fornula II
conprising reacting a conpound of fornmula | wth NHZR NH2R - N N 0=5-0

HO3S/ RHN O5 1 Il wherein R.is ClCSaIkI and R is selected fromthe
group consisting of H Cl1-C6 S |, C2-C7 acyl, C5-C10
aryl C6-C' aroyl Thé @ﬁt)lﬁVéHt@ﬁ'lé(y (o@ess foP hitlklrgl an 1H (4 BFri 13213' oal kyl

-(C, -C6)al kyl, (C5b- g%g yl (C gl kyl , and I(;?é (G5 -( -@2)(39?%/ - Co) al kyl .

The inventi éﬁaf“%ﬁ'i‘rﬁ@ﬁ %Bﬁpl@@sOfthé‘“ﬂ%Hﬁeﬁ‘ﬁﬂs'W rqa&F'ﬂ%PéoT‘”‘Ip°“rl®°fefﬁH“‘dﬁt| cal
i soners theygfh NHIRe invention also includes processes that conprise one or

nore of the follow ng reacti on steps: The corrpound of formula Il may be
hydr ogenated to conv to if it is ady H, and then
hydr ol yzed usi ng an Cld to formthe und of f mJIa [1l NNHR 15
1l NH2 Either the c f Q@ or ,khe conpound of
formula I, may
HO3S R'HN
O
5 | I

wherein R is C4-C; alkyl, and R’ is selected from the group consisting of H, C;-C¢

alkyl, Cs-C; cycloalkyl, C,-C; acyl, Cs-C aryl Cs-C4; aroyl, (C3-C;)cycloalkyl(C4-

Ce)alkyl, di-(C3-C;)cycloalkyl -(C4-Cs)alkyl, (Cs-Cyg)aryl(C4-Ce)alkyl, and di-(Cs-

C1o)aryl-('C1-C6)aIkyI. The invention further comprises the compound of formula Il
10  and optical isomers thereof.

The invention also includes processes that comprise one or more of the
following reaction steps:

The compound of formula Il may be hydrogenated to convert R’ to H, if it is

not already H, and then hydrolyzed using an acid to form the compound of formula Ill

5 I Ru,

Either the compound of formula Il where R’ = H, or the compound of formula Ill, may

be reacted with the compound of formula IV to form the compound of formula V

o O

Ar
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be reacted with the conpound of formula IV to formthe corrgg odes f or nul a
VLL/\R\/ NA-Nr+1111111 Ar NHIV V -2 9 COCT 211 WO 03/078396
PCT/ USO3NY 22@8%eer ei n Ar is a di hydrobenzodi oxi nyl or bePGHUSGHOTMS , or
phenyl optionally substituted with up to three substituents independently
sel ected from hal ogen, nethoxy, hal onethyl, dihal onethyl and
trihalomethyl, and L is a suitable group such as halo (especially chloro 4
or brono I onpp u X &, conpoun
o forml SRR A de  FeaIAOEReaRRLO TP Do oy IR bprgfiiur oy
chl ori de, S@hﬁbwte%r\/ﬁ'ﬁh te tantireg @ylbstatnmialrlndl@endmtb/haelpcteeeﬁ!me ldlogerhase, to
forma co y rein
Aryl reprgqségﬁ{*sg @Io%@ﬁ”hﬂal})ﬂ#ﬁeﬁyi gngdguﬂ!)onq?tﬁ%hé?q N"’L%S@E‘?\@ r%BWIW? up to
t hree sub§$| Palenfespeaiabpanipent ory bg@rlne);t mylfata)nmeaxda@r ®appooTsoEttengly of
hal ogeg | kyl, al koxy, al koxycarbonyl, nitro, am no, alkylam no,
di al kyI am no 'ﬁa?oal kyI di hal oal kyl, tri hal oaI kyl, nitrile and am do
substituents edbé cn@oowgi ofdommiie Vithanbs tneated caritraray mompolsd selected an .
obj ect of [ 0 onpoun
o fJ ot il g&:ﬁ%r@@%ﬁ{ﬁﬁ? né}gfl;b:r)%rﬁ@re]ga%ﬂ_pir laqlﬂ}/%}g%a‘ﬁetl'\e gpés%%rg gt 2b8se, §S

form a compound of formula V1

Py

zg
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Zuum
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VI
10 wherein Aryl represents a Cq-Cq2 aromatic group optionally substituted with up to
three substituents independently selected from the group consisting of halogen
atoms, alkyl, alkoxy, alkoxycarbonyl, nitro, amino, alkylamino, dialkylamino, haloalkyl,
dihaloalkyl, trihaloalkyl, nitrile and amido substituents each having no more than six.
carbon atoms.
15 It is an object of the present invention to provide a novel intermediate
compound of formula Il useful in preparing N-aryl piperazines.
It is a further object of this invention to provide a novel process for making N-
aryl piperazines and intermediates therefor. ,
It is another object of the invention to provide a novel process for making a
20  compound of formula Il.
Other objects and advantages of the present invention will be apparent to
those skilled in the art from consideration of the detailed description of the invention
provided herein, and from the appended claims.

25



It is a further object of this invention to provide a nov e cmg for
maki ng N- aryl piperazines and internedi ates therefor. g nother obj ect
of the i NN@AYI8H6t o provi de a novel process for maki ng a PODUSBMHIRINd of
formula I'l. Oher objects and advantages of the present invention will be
apparent to those skilled in the art from consideration of the detailed
description of the invention provided herein, and fromthe appended

clains. 25 -3 9 OCT 2Q{}6r %@% !‘iﬁi gﬂﬂ% DETAI LED DESCRI PTI ON
OF THE | NVENTI ON A pr AL_ siig ol HfEdon on IS a new process
for preparing RN-prafeyledmnendimenied toisiimgniin {2a neyrirdgass-for prapadpgiNedi ami ne
sul fam ¢ g&4 d; ' N oot Q8 TR th . : l._pi Zi ne
W th T or naft s POEPEAes IR N erBy EF 20 e e g SLAIS R eePleRR o e
of the prt&sé@nmathacof | praparingaNearylc pipsradner withkfangula VI where Aryl is 4-
N1-(2'zPYR =l 20 a2 | ' Cl ; . e to_isolate
solid ?nt é¥%§h?’%’ﬂytla oro ﬁﬁﬂg%g%@{)earga bigg'nHeng ﬁifrger é/'%s%rﬁﬂ@\%\é’?{)?iésssﬁ%%%ﬁovel
deri vat i vios making Nof(2'viridyl)-h2erapanedinstifielsulfamic hid, pnepsr eddydo istlaté- ar yl
pi perazi ngs: ' [ L roces. resent .invention
contain o%@rd %@%%Wﬁ ggrcbgé%égﬁt'&é{] §me ég)rglvﬁlﬁg'%izﬁé% %rtcg]egﬁ\éeﬁt |e(5'i‘r%t'rvf53 forns
of the cothsmaiadich arejatso usefubter thedeesanabon phidiaryl pperaziresst i on enconpasses
t he enanti omer r | adi ) ) o nou .paossessi ng
basic nitr ogen&ggﬁﬁf %@dgﬁ%ﬁ;@% p&éct%ggéyn%fngn%b%%rﬁe'ﬂ&g@ﬁcfrs&g%brgf)ﬂepr otic
and ndh- pespioRptrichasbdnnatemt gyimgaisedoianahtichasric facoe pf tiel @rsgdundé.oltiis f or ned
fromthe Lt | L L b el i i ; ani.c_acids.
| nor gani c&gg‘% -28’%&@%&3&#&%?@%@{0&(%rig:%a@ ?gg% E]@P)e?]aﬁ@%’r}%gﬁﬁ e 'QSIF ng( HBr ) ,
hydr oi odi tacgoiieimixiunes. Sampournids passdssinghbasit aitiogeacad fonm tompleaes ditar e
useful as | & r i chis: .S 3 | craci: pRikoni c. aci d,
citric acPSWn%ﬁg?gpggpg,@oﬁaF %Z'Ca%:% ,naﬁg?z?(gzﬁ.i cT'geci"g/,enpéi'?ﬁgioi tncg’ °a,
succi ni ¢ aedeptabietshidrferms famed Bendhe addition reaction with either inorganic or
16  organic acids. Inorganic acids such as hydrochloric acid (HCI), hydrobromic acid

(HBr), hydroiodic acid (HI), sulfuric acid, phosphoric acid, nitric acid are useful as

well as organic acids such as acetic acid, propionic acid, citric acid, maleic acid,

malic acid, tartaric acid, phthalic acid, succinic acid, methanesulfonic acid,

toluenesulfonic acid, napthalenesulfonic acid, camphorsulfonic acid, benzenesulfonic

20 acid are useful.
In one preferred embodiment of this invention, a compound of formuia' \Y]
where Ar is dihydrobenzodioxinyl is prepared by dialkylation of an aniline in the
presence of excess chloroethanol followed by conversion of the resulting hydroxyl

moiety to a suitable leaving group, e.g., Cl, Br, mesylate, or tosylate:
NH, 1 J/ SN Y \L J/ y2N
~ o
@)

el ve)
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t ol uenesul foni ¢ aci d, napthal enesul fonic acid, canphorsul fgrynﬁ flczlﬁ
benzenesulfonic 20 acid are useful. In one preferred enbodi & this

i nvent i oAVO 83/¢783¢ound of fornmula IV where Ar is di hydr obREEESBMR28y| s
prepared by dial kylation of an aniline in the presence of excess

chl or oet hanol foll owed by conversion of the resulting hydroxyl npiety to a
sui tabl e | eaving group, e.g. , Br nesyl ate, or tosylate: HOOH 0 O\ ~O
O-ij NH2 C e 0 9 OCT
2006 WD o3/ 07 asnyaal 8’03‘?0&3 r?ke‘@nlyt }"'\Bg'i% Ap'sbamgdmag&ﬁog%&%%a IV
where Ar iPseR#red, by diskiaben @&ammneswmpalbxﬂ@a@@c@ytmm@d byt feduction. an ani | i ne
with al kyl hal oacetate followed by reduction. NH2 Et 02CNCO2Et HO\ ~ N~
/OH 0 base O [H O EtO0 611-;111, 60 5 In a preferred enbodi nent of the
present invembi on, a conpou Qf/\){m:rl’é\l her QWdeHWth

anmoni a, W tlh inversion of t ezsterecenter to give

riayl) - 292 pr opajags di ani ne ulfa@c acid_as an eas
@ er ' te_oLLo,_er ;

ily isolated

am nes suf benzyl ne or ¢ amne to gi v§ e’Jcorre}pondi ng
sul fam c as § re ) CONQ hen be hyd ogen under
hydr ogenation condition to give famoC acid. One suth-e nt is

z

as
illustgated below. NH2R | I N, ,MNN~ NN

In a preferred embodiment of the present invention, a compound of formula |
where R = CHj; is opened with ammonia, with inversion of the stereocenter, to give
N1-(2'-pyridyl)-1,2-propane-diamine sulfamic acid as an easily isolated solid. In

10  other embodiments, the sulfamidate of formula | is opened with amines such as
benzyl amine or benzhydryl amine to give the corresponding sulfamic acids. The

resulting compound can then be hydrogenated under hydrogenation condition to give
a sulfamic acid. One such embodiment is illustrated below:

® L (A
Z />|\\\\ e N - N N/Y

N '\{ N /N hydrogenation HO S/
—c_ HO3S L, 3 HoN
O—S“ 0o 3 RHN 2
O

15  where R’ is benzhydryl or benzyl.

In another preferred aspect of this invention, N1-(2-pyridyl)-1,2-propane-
diamine sulfamic acid is coupled with a dimesylate to form a piperazine:

”Ifw IN/m
(A ®

where * indicates an asymmetric carbon stereocenter.

-5-



aN hydrogenation n H3S H2N 0=S O HO3S R HN 0 15 where %gl S benzhydryl
or benzyl. In another preferred aspect of this invention, T 2006

N1- (2' - pyY@ 8/97B3%, 2- propane- diamine sulfamc acid is coumﬁﬂswﬂtnﬂsa
dinmesylate to forma piperazine: 0 CS 0 OGAS\ \OQi NN aN NH N +
0 CSO3H HZNNOO O where * indicates an asymetric carbon
stereocenter. -5 0 9 OCT 2006 WD 03/078396 PCT/US03/07228 The sulfamc

i d i et I r | (o] unl i ng step
M th the d mmonl ot atai Sl o8, fep Al Finliy #on b Bolrel qratBf 8
pi per azi nECWWiRBOTAR Withifiendimesylate to rfomghemlperaaneynTIrr@tthralﬁxecpidhee Thi s

| nvent | OnpRERARSSTbdE (&RSg R tﬁ}lauélﬁouPWestdy hetid seguehgpane-di am ne 5

sul fam ¢ aci use eS|s of optically active
N, N - disubstifl b@elathpérmwdmaumogesgnle;sm éb -(2pydddet dipeenane aiamide

conver Senku AR kg, 1H40 il 881 WhoiF ) BN\ sl St oo R 21 1es

have act|V|tg erotonin) Trece ago
disubstituted plperazmes in a one-step, stereoselectlve and convergent manner.

The optically active N.N'-disubstituted piperazines have activity as 5-HT1A\(seroton|n)
receptor antagonists.
In the compound of formula IV, L may be any suitable leaving group. Those
10 skilled in the art will readily be able to determine which groups are suitable in the
practice of the invention. Examples of such suitable leaving groups include chloro,
bromo, mesylate, tosylate and p-bromophenylsulfonyloxy groups.
Where the presence of an acid, base, or solvent is needed in a reaction of
the present invention, any suitable acid, base or solvent known in the art may be
15 used. Those skilled in the art will readily be able to identify suitable solvents, acids
and bases to use in the practice of this invention.

The following examples are presented to illustrate certain embodiments of
the present invention, but should not be construed as limiting the scope of this
20  invention. The reagents and solvents for the individual step are given for illustrative

purposes only and may be replaced by reagents and solvents known to those skilled
in the art.

EXAMPLE 1: Benzhydrylamine Opening of Sulfamidate

25 Vi
To a solution of sulfamidate of formula I (R = methyl) (8.0 g, 37 mmol) in acetonitrile

(64 mL), aminodiphenylmethane (8.1 g, 44 mmol) is added. The reaction mixture is

-6-



In the conpound of formula IV, L may be any suitable Ieavi¢gﬁﬁroup. Those
10 skilled in the art will readily be able to determ ne wh @rﬂﬂ@s are
sui t abl e W O83%pr acti ce of the invention. Exanples of sREHUSWHOT22S| e

| eavi ng groups include chloro, brono, nesylate, tosylate and

p- br onophenyl sul f onyl oxy groups. Were the presence of an acid, base, or

solvent is needed in a reaction of the present i nvention, any suitable

id, b h ' d i
the art wifed 0aHBRh KHiabft LGOS o2 0RE, ufeh #8009 e gL an Ty
bases to addtignal tBHmLps adhe gesultingt hrispensioreist filtened, Wesheod Mitb ity @) (4x empl es are
present ed?&g atr—drféattégﬁ\% ?E”@b?gl e %HE\% éorﬂ;g%%ntdhﬁ%Fﬁ@%%lﬂég\éﬁpyﬁ?n’ but

shoul d no € constr e scope The
reagent s white s@ldvents for the individual step are given for illustrative

pur posgs ced by reagents and sol vents known to those
ski,l | e% %ﬁ the art lé?&%ﬁéhi Benzhydryl am ne Openi ng of Sul fam date

HO3S HN 284 WMMR (tmse)sm U7 e 16 Q)| T ABigd@a(e, 03HY GrmeBam, 16R 5:8medyl ) (8.0
Py adoq. WPy EED AH) a0 2 s BEVTEH BBRY U 03/ 07ba0s O T )
vt o 1 éﬁmgmmsw L onal P e e
filter ed, 1&5%@%&%@3%%&% %1)26 3HAd8 % 11418i &t -Fidve. §qu%82% of the
%Zg}lg%ﬂg%g)m)% %/%w%:\/:%)s‘?" SoRs 72%@1 gésése vhed, %3)%8'2%0 53@% 1Feg ﬁtﬁglo 1

6.7-6.8 (M74 W83 cE'8l (bs, 1H NH) 4143 (m 2H, 3.4 (m 2H, 1.3 (d,
J=4.8 HZ ?@(c gcgﬁé&h@ 65 o 1595, ciBobsertady ¢ 63588 47470 4o, 129- 3,

129. 2,
MP 203.5-208 °C.

15 EXAMPLE 2: Hydrogenation to Sulfamic Acid
AN

l Z
ol
HoN
Vil

A mixture of benzhydryl protected sulfamic acid of formula VII (5.0 g, 12
mmol), 10% Pd/C (2.1 g) in EtOH (100 mL) is stirred at ambient temperature under a
balloon of H,. After 2 days, the reaction mixture is filtered through a bed of celite,
20  washed with hot EtOH (100 mL) and concentrated in vacuo to provide 1.98 g (72%)
of the compound of formula Vili as an off-white solid. 'H NMR (DMSO) & 8.17 (d,
J=3 Hz, 1H), 7.5-7.9 (m, 5H), 6.82 (t, J=4.5 Hz, 1H), 4.03 (dd, J=10.8 Hz, 3.6 Hz,
1H), 3.94 (dd, J=10.8 Hz, 5.7 Hz, 1H), 3.4-3.6 (m, 1H) 1.18 (d, J=5.1 Hz, 3H); °C
NMR (DMSO) 5 156.1, 146.8, 136.9, 115.7, 114.6, 50.1, 47.9, 16.7; IR (KBr): Upax
25 3426, 3137, 3073, 2980, 2518, 1629, 1588, 1520, 1465, 1432, 1366, 1286, 1234,
1197, 1146, 1117, 1'063, 1042 cm™; CHN (calculated) C 41.6 H 5.62 N 18.2, CHN

(observed) C 41.1 H5.49 N 17.7; MP = 175.5-179 °C




128.1, 127.8, 127.7, 127.5, 127.5, 126.3, 116.0, 114.8, 6:2%41, g?. 3, 53.2,
50.1, 14.4; 10 IR (KBr): umax 3432, 3057, 3010, 2931, 283 ,05 6@03 2508,
2330, 159900368896 1500, 1474, 1433 cm; CHN (cal cul at ed) PCI/E80348228 5. 79 N
10. 57, CHN (observed) C 63.38 H 5.74 N 10.52; WM = 203.5-208 C. 15 EXAMPLE
2: Hydrogenation to Sulfamc Acid N N SG3H H2ZN VIII A m xture of
benzhydryl protected sulfamc acid of formula VI1 (5.0 g, 12 nmol ), 10%

Pd/C (2.1 g) in EtEOH N LT, ,c]aquerature under a

bal | oon of H2. After pEs; Anribhia ith %Fg’}lgg{“s | tered through a bed
of celite, 20 washed with hot (100 nL) and concentrat ed in vacuo to
provide 1.98 g (729 of the conpoun@l of fornula VIII as an off-white solid.
1H NV\R (DVMSO) 8 8.17 (d, J=3 , , .5-79(m 5H), 6.82 (t, J=4.5 Hz,
1H), 4.03 (dd, J=10.8 Hz, 3.6 HzN 151)‘1 (dd, J=10.8 Hz, 5.7 Hz, 1H),
3.4-3.6 (m 1H) 1.18 (d, J=5.1 HAOH) 3cC NVR (DMSO 8 156.1, 146.8,
136.9, 115.7, 114.6, 50.1, 47.9, 16 7; f* R (KBr): Umax 25 3426, 3137, 3073,
2980, 2518, 1629, 1588, 1520, 1465, 1432, 1366, 1286, 1234, 1197, 1146,

1117, 1063, 1042 cm1; CHN (calcul at®d) C 41.6 H 5.62 N 18.2, CHN
(observed) C 4A. dhixtdr§ of Sulbrbidai; ofMBrruld A5REieliy 132279, 0. 6t maB0ia6a 2D

03/ 078396 PCT/ USD3/ 07228 ni.ng of . Syl al ~~N
HO3S H2N ammoniaainFIQH, seiutipn é%/%éﬂh &a%bf B%Fgﬂq e %’%{%’%ﬂ&g g, 0.11
ol ) & aygddY NABPRAags. | ThiEhBturRas tenawdntadtfated to ﬂltﬂ;aﬂlgmal yolurse sfrher ed at

anbi ent temrlrgl?rrealtsl#lrltered washed with E,O (50 mL) and air-dried to give 17 g (72 %) of

sulfamic acid of formula VIl as an off-white solid.

10 - EXAMPLE 4: Hydrolysis of Sulfamic Acid
X
/ “\\\\\
N N/\|
H
X NH,

A solution of sulfamic acid of formula VIl (0.97 g, 4.2 mmol) in 3 N HCI (10

mL) is stirred at ambient temperature for 18 h. After this time, the reaction mixture is

basified to pH 13-14 with 6 N NaOH (5 mL) and extracted with Et,O (3 x 40 mL).

15 The combined organic layers is dried over Na,SO,, filtered and concentrated in

vacuo to give 0.49 g (78%) of N1-(2'-pyridyl)-1,2-propanediamine as a yellow oil. H
NMR (CD;OD) & 7.8-8.0 (m, 2H), 7.3-7.5 (m, 2H), 6.5-6.7 (m, 2H), 3.0-3.4 (m, 3H).



5 under N2 for 2 days. This mxture is then concentrated hg Its original
volunme. The mxture is filtered, washed with Et20 (50 nl) nfTai2M6dried to
give 17 §VQuP0M§%of sulfamic acid of formula VII1 as an RETUSKIKR8s0l i d.
10 EXAMPLE 4: Hydrolysis of Sulfamic Acid N H ix N-12 A solution of
sulfamc acid of formula VIII (0.97 g, 4.2 mmol) in 3 NHG (10 nl) is
stirred at anbient tenperature for 18 h. After this tinme, the reaction

mxture is basifiedimpiisloddid bsbrdi Ao bilndikiext ract ed wi th
Et20 (3 x 40 ). € conbi ned organi c ver Na2SO4,
filtered and concentrated in vacuo to gi VFI ) 9_|g (Iﬁ% Nﬁ/]lc? (CCBOD) 8
N1-(2'-pyridyl)-1, 2- propanedi am ng as a yel jow pi | . N

7.8-8.0 (m 2H), 7208 8 5-6.7 (MN2 NeE3.4 (m 3H). -8 19

OCT 2006 V\DOB/O? %&953///%\7\228 EXAI\/PLE 5: Hooupling of Sulfamic Acid
and Dimesylate QOA'O @ \ OHO fo ON(N ON EN To a sol ution of

<

di nesylate of fornmula X (30.5 g, 84 mmol) in anhydripus |IDMF (240 nl), are

added sul famc acid VIII 70 nmol ), potassi um“carbonate (31.0 g, 5
224 mol ) and [ithium br 8g, 147 mmol ). The reagtion mixture is
heated in an 80-83C oil 18 h under N2 th l'ed to room

tenperature, and then poured nto a mxture of 3 (400 nm.) and CHCI 3

(200 m). This mxture is sgirred at anbient ter’r%era ur® for 1 h before
the two | ayers are separated. The
0 a solution of dimesylate of formula X (30.5 g, 84 mmol) in anhydrous DMF (240

mL), are added sulfamic acid VIl (16.2 g, 70 mmol), potassium carbonate (31.0 g,

5 224 mmol) and lithium bromide (12.8 g, 147 mmol). The reaction mixture is heated
in an 80-83°C oil-bath for 18 h under N, then cooled to room temperature, and then
poured into a mixture of 3 N HCI (400 mL) and CHCI; (200 mL). This mixture is
stirred at ambient temperature for 1 h before the two layers are separated. The
aqueous layer is washed with CHCl; (2 x 75 mL) to remove the less polar impurities,

70 then basified to pH ~14 with 5 N NaOH (250 mL). The basic aqueous layer is then
extracted with CHCIl; (3 x 150 mL). The combined organic layers are dried over
Na,SO,, filtered, concentrated in vacuo to give 23 g (92%) of the compound of
formula Xl as a brown syrup.

_ 15 EXAMPLE 6: Formation of A Piperazine Compound

To a solution of dimesylate of formula X (57 mg, 0.14 mmol) in anhydrous
acetonitrile (1 mL) is added aminopyridine (20 mg, 0.13 mmol), potassium carbonate
(52 mg, 0.38 mmol) and lithium bromide (26 mg, 0.30 mmol). The reaction mixture
is heated to reflux for 15 h under N, then cooled to room temperature before filtering
20  through a pad of celite. The pad is then washed with acetonitrile. The combined
organic layers are dried over Na,SOQ,, filtered, and concentrated in vacuo to give 52
g (105%) of piperazine Xl as a yellow oil (92% area% by GC/MS).



aqueous | ayer is washed with CHO3 (2 x 75 nlL) to renove totya é,{s_s})'ﬁpgpol ar
inpurities, 10 then basified to pH-14 with 5 N NaOH (250 rrLS]. basi c
aqueous MYYOBH6t hen extracted with CHCI3 (3 x 150 niL).POGHESB@®MI8ned
organic layers are dried over Na2SO4, filtered, concentrated in vacuo to
give 23 g (92% of the conpound of fornula XI as a brown syrup. 15 EXAMPLE
6: Formation of A Piperazine Conpound To a solution of dinesylate of
formula X (57 ny, @xhfaplEY) Férationyst Mpéraziradingiiddnisridel m.) is added

am nopyridine (20 g, O. 13 nmmol ), potassium carbonate (52 ng, 0.38 mol)
and lithiumbromde (26 ng, P739 Mol ). The reaction mxture is heated to
reflux for 15 h under N2 the pled to foomtenperature before filtering
20 through a pad of celite. ¢ pad” i 5yt hen washed with acetonitrile. The
combi ned organic layers are driediovef; Na2SO4, filtered, and concentrated
in vacuo to give 52 g (105% of pipefazine XI as a yellow oil (92% area%
by GOMS). -9 0 9 OCT 2006 WD 03/078396) PCT/3d3/ 07228 EXAMPLE 7:
Formati on of Piperazine D hydrochloridggaN NHNC ~ . 2HCL O To

pi perazine XI (23 g, 65 mvol), a 1 Msplutjon of HC in EtOH (125 nL, 125
mmol) is added. This m xture is conce A eﬁi n vacuo, then redissolved in

5 CH3OH (25 nl). Et20 (15 nl) is addg After 18 h at anbi ent

tenmperature, off-white solids form THe sofid is filtered, washed with
cold EtOH (5 ) and air- ied.to provi 4.6 .9 of i ori de of
conmpound Xi arsﬂT SrP"b‘?r?Z'%?(tlgﬁigl P{:ﬂ _erqlﬁea Sr[eerFé)FUt'gp @&ﬂaﬁgﬁgﬁqég?%— After
an addi ti epgimfolay 2dde®r eTH Inixtufeoisneoncehtrated sn vatid, ehen redigsohed ini t h col d
EtOH (5 mi, dair-drie ive addi ti qnal 7 f
i by Bk BREEBMOG g0 48 L) Soedifadpuy, ARE: 82y Sblent Rinpetdlure,

off-white solids form. The solid is filtered, washed with cold EtOH (5 mL) and air-

dried to provide 4.6 g of the dihydrochloride of compound Xl as an off-white solid.

The mother liquor is set aside. After an additional 5 days, more solid forms. This is

filtered, washed with cold EtOH (5 mL) and air-dried to give an additional 3.7 g of the

10  dihydrochloride of compound Xl as an off-white solid.

EXAMPLE 8: Acylation of A Piperazine Compound
(L
P
N N/Y
° N
E ™
\ N/
NC | \/Oj
Z o
Xil
15 To a solution of potassium carbonate (3.4 g, 24.6 mmol) in H;O (5 mL), is
added the dihydrochloride made in Example 7 (3.0 g, 7.0 mmol), followed by EtOAc

(17 mL). The mixture is stirred in a 0-5 °C ice-bath for 15 min before the addition of

4-cyanobenzoyl chloride (1.3 g, 7.9 mmol) in EtOAc (3.5 mL) is added slowly. After

-10 -



EXAMPLE 8: Acyl ation of A Piperazine Conpound N NON i /Ughh&g 0 O XII
15 To a solution of potassiumcarbonate (3.4 g, 24.6 mmol )

is addedV® WPy drochl oride made in Exanple 7 (3.0 g, 7P(€)T/Hﬁ‘b"l’0)7228fol I ovved
by EtOAc (17 nL). The mixture is stirred in a 0-5 Cice-bath for 15 mn
before the addition of 4-cyanobenzoyl chloride (1.3 g, 7.9 mol) in Et OAc
(3.5 m) is added slowy. After -10 0 9 OCT 2006 WD 03/078396

PCT/ US03/ 0T 228LL indicale€ 4 @Mbﬁla:hmgﬁofsﬁahlh aﬁﬂeoﬂéél OAdcﬁﬁcﬁwraI“Sir&ga Vgﬁi‘é@t S an
ri de

Rdai 1 onal cforie PRBTRE0Y 60, Mimeh s riged 7 ﬂfaertanoaqi@wwag aheHER 610 mldds The

organic | aadﬁedl s T@etfvﬁcﬂ@érs}/\ﬁa?& s@ araRiur ahedofyakic I%? sl gﬂrefcge% mtngl) HZO (10

t ted th 2 x 10
Conbi ned oA NYEESPE APiw. oit (RRebdor Thei aduenea Joveonetn batk cd | n

vacuo t® gextec&dOWQh 6% (@fx t1bandPWﬁé%nﬂﬁnﬁd‘;gfg'gHicala%rE S dicd YvePW foam
i oxane

10 EXAMPLE 9: ation of Benzo X

Et 020/ \ N/ \E'&fa‘d' %fﬁ InfREnEater Beiesaite aivee 34ho| (BR%) (. the @Ongumﬂmf)

et hyl bronfosnabadiead 4 ySiioWfoa®3 mmol), Hunig's base (12.5 nl, 72 mwol) and
Nal (0.3 g, 2.0 mmol) in toluene (30 mnL) was heated to reflux. After 23,
h, the reaction m xture was cooled to rt. Water

10 EXAMPLE 9: Alkylation of Benzodioxane Aniline to Diester

EtO, c COzEt

0

A mixture of benzodioxane aniline (3.0 g, 20 mmol), ethyl bromoacetate (7.5 mL, 68
mmol), Hunig's base (12.5 mL, 72 mmol) and Nal (0.3 g, 2.0 mmol) in toluene (30
mL) was heated to reflux. After 23 h, the reaction mixture was cooled to rt. Water

16 (25 mL) was added. The two layers were separated. The aqueous layer was
extracted with toluene (25 mL). The combined organic layers were dried over
Na,SO,, filtered and concentrated in vacuo to give 6.5 g (100%) yield of the diester
as brown oil. '"H NMR (CDCls) § 6.70 (t, J=8.1 Hz, 1H), 6.3-6.6 (m, 2H), 4.1-4.3 (m,
12H) 1.2-1.3 (m, 6H).

20

EXAMPLE 10: Reduction of Benzodioxane Diester to Diol
/\/OH |

-11 -



15 (25 m-) was added. The two | ayers were separated. The Qus Iayer was
extracted with toluene (25 nlL). The conbi ned organic Iayerzﬂq%&c B ed over
Na2so4, M9 PHP86and concentrated in vacuo to give 6.5 ¢ ’CQUE%MW?@I d of
the diester as brown oil. "HNW (CDCI3) 8 6.70 (t, J=8.1 Hz, 1H), 6.3-6.6
(m 2H), 4.1-4.3 (m 12H), 1.2-1.3 (m 6H). 20 EXAWMPLE 10: Reduction of
Benzodi oxane Diester to Diol HO- OH N O O -11 0 9 OCT 2006 WO

03/ 078396 PCT/ US03/07228 A m xture of diester (24 g, 74.3 nmol) in THE (240

m-) was goaled t lo dded
0 ont y- w2l ki dsRn A GRS o IPRly B hE oot BB ¢ g 2dde
addi ti on oAHLphllets h©.c @ol 260y nradih was addedveldwly aude smiainta'initgg weactioont i nued
at rt overn| ter t t | ed
Fo 05C 1 nietptuss peRwEG Alardhe Ehitdh of LBy FRtasife Bt rontiRal e ur e
sl owl ys f ahl eteigyasidttiaced étqﬂbwrnn@wrmerdm hia:f)strrtmg the castidrem@de ni) .
The resulted m xture was stirred for E@n@i Itegﬂ%leHThe S JIdS wer e

washed wiwas cagled B0 in ff’B{e'C?/fFH Pathe 9 4eadoNo give

14.5-9 (8%|xﬁ.|ré3§lov14@l ?BIIBWe@beIf‘@Mhasdd\ﬁrﬁ%_}/HMxﬁi@ (QDQﬁL) z§hd th%r gﬁ) RS a%
(LC M) purl ty. CDCI 3) (f H)l' %ﬁ
3.54 (t, Jhe "?S‘Qﬁﬁi mmhsre was) gfirad fo 38 minghen Tiltered E?(&QW_SEW?LT w |~EF’kyI ation

of Benzodiygangr Mud e The filiatd wa®cokddnttedOn vHRuo to give 14.5 g (81 %) of
10  diol of formula IV as thick clear oil of 98 area% (LC-MS) purity. 'H NMR (CDCl3) &
6.88-6.70 (m, 3H), 4.34-4.22 (m, 4H), 3.54 (t, J = 7.5Hz, 4H), 3.18 (1, J = 7.5Hz, 4H).

EXAMPLE 11: Dialkylation of Benzodioxane Aniline to Diol

RN NP T

C[O:I

(o)

A mixture of benzodioxane aniline with 2-chloroethano! (210 mL, 3.1 mol) and
Hunigs base (105 mL, 0.6 mol) was heated to 120 °C. After 12.5 h, heating was
stopped and allowed the reaction mixture to cool to rt. Ethyl acetate (300 mL) is

added and the solution is washed with diluted brine (1 X 250 mL.) followed by brine (2
20 X 75 mL). All aqueous layers are combined, the pH adjusted to 7 with K,CO;3, and

15

solution is back-washed with ethyl acetate (2 X 100 mL). All organic layers are then
combined and extracted with 2N HCI (3 X 150 mL). The resulting aqueous solution
is neutralized with solid K,CO3; to pH 7 and extracted with ethyl acetate (3 X 100 mL).
The organic phase is dried with MgSQ,, concentrated and chased with toluene (2 X

25 50 mL) to remove residual chloroethanol to give 39.6 g (80%) of crude product as a
dark oil of 94 area % (LC-MS) purity. 'H NMR (CDCls) 5 6.88-6.70 (m, 3H), 4.34-
4.22 (m, 4H), 3.54 (t, J = 7.5Hz, 4H), 3.18 (t, J = 7.5Hz, 4H).

-12-



A m xture of benzodi oxane aniline with 2-chl oroethanol (leépk 3.1 nol)
and Hunigs base (105 nL, 0.6 nol) was heated to 120 C. Af Qﬁlﬂmﬁh,
heati ng Wgs03/98¥6ped and al l owed the reaction m xture to RJOVS8H7328. Et hyl
acetate (300 m-) is added and the solution is washed with diluted brine
(1 X250 m-) followed by brine (2 20 X 75 nL). Al aqueous |ayers are
conbi ned, the pH adjusted to 7 with K2CO3, and solution is back-washed
with ethyl acetate (2 X 100 nL). Al organic |layers are then conbined and
extracted with 2N HCl .(.3 X nL). The resulting aqueous solution 1is
neutral i zed wi tﬁ‘a%l"? f@é&i’ﬁﬁﬁ P;S%‘&ef‘ Agnien P%‘c'ﬂ‘gﬁ E&?q he@mpill eessr dee (3 X
100 nl). fhbse skijediirc tEhage Tie grasest WvértioNtiSObt uﬁﬁt@eqatthéte%o%me dased

with tol ue 5 50 ve residua | or oet hanol glve 39.6
g (80% of ﬂ‘gsrt'ége aB&ﬁﬁS?begsp‘%{e'"dQPEDB‘quRﬂsséﬁa&rt@% sypiectormttyr wtﬂnmtﬂye 1H NVR
(CDCl 3)5 6 $:0p8-obthetappend@diaimk @ eqhivd®ntdhedddr, 3-54 (t, J = 7.5Hz, 4H),
3.18 (t, J = 7.5Hz, 4H). -12 OCT 2006 WO 03/078396 PCT/ US03/ 07228 Nhny

variations of the present invention not illustrated herein will occur to
those skilled in the art. The present invention is not limted to the
enbodi ments illustrate and descri bed herein, but enconpasses all the

subject matter within the 5 scope of the appended clai ns and equi val ents
thereof. -13 0 9 OCT 2006 CLAIMS 1. A process for making an

N1-(2' -pyridyl)-1,2-al kanediam ne sulfamc acid of fornula Il conprising
reacting a conmpound of formula I with NHZR NH2R aN ~- N' .-% R aNN'
0=S-0 HOBS RHN 0 51 11

-13 -~



wherein Ris Cl1-C3 alkyl, and R is selected fromthe group consisting of
H Cl-06 alkyl, C3-C7 cycloal kyl, C2-C7 acyl, C5-Cl10 aryl @8-az'T afpy!
(C3-C7)cycl oal kyl (C, - C6)al kyl, di-(C3-C7)cycloal kyl -(C,-C6)al kyl,
(C5-C,0)aryl (C,-C6)al kyl, and di-(C5- C,o)aryl-(C,-C6)al kyl. 10 2. The
process of claim1 wherein Ris nethyl. 3. The process of claim1 further
conprising the steps of: a) where R iC?.ADﬂI g H hydrogenating the conmpound
of formula Il to convert R 15 to H; . b) acid hydrolysis of the
compound of formula Il in which R is H to forma conpound of fornula |11
QN\H RJ NH2 Il ,20 4., A process_f.or _convertin ohpound of formula I
aN N~ R HaBS RIEN P §robesy T gakidg a §1A2 puribin 2 Ak Reetiamips S&'ﬁ‘?&'fi and R
i s sel ect edatidaffdrimailagit canpprising featiintgga odmpbur@lof@@rmudad kyith NB3R'C7 cycl oal kyl ,
C2-C7 acyl, C5-Cl10 aryl -C' aroyl, (C3-C7)cycloal kyl (C,- ©6)al kyl,

di - (C3-C7) cycl oal kyl - (C,=6)al kyl, (C5-C, 0) , - C6) al kyl, and di- (C5-
C,o)aryl-(Cl-Co6)al kyl, |lto c?(g%und ORNHjrOr NNH R} 5 N-12 |I]

sai d process conprising tnhe st'epsf —a s n R, hydrogenating
t he conpound of fornula IIOt;o\Sgg vert R HO3S” mn

\
O

5 I
wherein R is C4-C; alkyl, and R’ is selected from the group consisting of H, C;-Cg
alkyl, C5-C; cycloalkyl, C,-C; acyl, Cs-Cyo aryl Cs-Cyq aroyl, (C5-C;)cycloalkyl(C;-
Ce)alkyl, di-(C5-C7)cycloalkyl -(C4-Cg)alkyl, (Cs-Cqp)aryl(C4-Cg)alkyl, and di-(Cs-
Cio)aryl-(C4-Cg)alkyl.

10
2. The process of claim 1 wherein R is methyl.
3. The process of claim 1 further comprising the steps of:
a) where R’ is not H, hydrogenating the compound of formula Il to convert R’
15 to H; and,
b) acid hydrolysis of the compound of formula Il in which R’ is H, to form a
compound of formula Il
| X
Z
N NH
R
NHy i
20 4. A process for converting a compound of formula Il
l AN
Z
N /N/YR

-14 -



to H and, 10 b) acid hydrolysis of the conmpound of formula Il in which R
is H toforma conpound of formula IIl. 5. The process ofl $D&T r@0d or
claim4 further conprising reacting the conpound of fornula Il with a
conpound of forrmula IV to forma conpound of 15 formula VL L Ar-N R N NH
N A IVV wherein Ar is a dihydrobenzodi oxi nyl or benzodi oxi nyl, or
phenyl opti Spbst Lt ut ' | pdependent |y
Sel oot ed fr SAASRISERE, ehif S B el b Shigd O E Ry £

t ri hal onet hglkyl, @mﬁh ydlealisyl.sCi-€abdyd Ose(avaers-m1 gmdufﬁs %)CYTtwlkpt(Gcess of

I 1f i S) kN _wherein RL
st CRBE R A RIRRTC G (D ERA, B RMARCE CodiG B 1G 10 6
OCT 2006 L Cho)@YyAC1Tehalkyl, X0 2cOmpRungHof farmulg’ I/ wherein Ar is a

di hydr obenzodi oxi nyl or benzodi oxi nyl _or phenyl optionally substituted
wWith up to three substituents indepﬁfﬁ?}i}y sel ected from hal ogen,

S
N NH

)

)]
2
I

N

said process comprising the steps of:
a) where R’ is not H, hydrogenating the compound of formuia Il to convert R’
to H; and,
10 b) acid hydrolysis of the compound of formula Il in which R’ is H, to form a

compound of formula lIl.

5. The process of claim 3 or claim 4 further comprising reacting the

compound of formula |1l with a compound of formula IV to form a compound of

o P

Ar
v v
wherein Ar is a dihydrobenzodioxinyl or benzodioxinyl, or phenyl optionally

15  formula V

substituted with up to three substituents independently selected from halogen,
methoxy, halomethyl, dihalomethyl and trihalomethyl, and L is a suitable leaving
20  group.

6. The process of claim 1 further comprising reacting the compound of
formula Il wherein R is H with a compound of formula IV to form a compound of
formula V

-15 -



met hoxy, hal onet hyl, dihalonmethyl and trihalomethyl, and L is a suitable

|l eaving 5 group. 7. A process conprising reacting the conpdihdcpfyydgor nul a
Il with a conpound of fornmula IV to forma conpound of formula VL L RNP
NNRNA-NN..... +1 f H®BS RHNI - \--/ NH Ar 101l IV V wherein R
iIs H Ris Cl-C3 alkyl; Ar is a dihydrobenzodi oxi nyl or benzodi oxinyl, or
phenyl optionally SubS]:_I tuted wjh up to three substi ts independently
sel ected from hal ogen, t hoxyy” hal onet hyl , di hal omethyl Yand 15
trihalonmethyl; and L is sui tfabl e | eavi/ﬁg—g\r oup,R8.NThe grocess of any one
of clainms 5 to 7 further I sSi ngat+aat i ng pekdle co d of fornmula V
with an aroyl conpound sel eg¢ted from arb\whl orNde, /7 aroyl brom de and
aroyl anhydride, in the pregence of a base, to f or m M conmpound of 20
formula VI -16090CT2006|VR, \' NN 0)-" Aryl NC- N | A

wherein Ar is a dihydrobenzodioxinyl or benzodioxinyl, or phenyl optionally

substituted with up to three substituents independently selected from halogen,

methoxy, halomethyl, dihalomethyl and trihalomethyl, and L is a suitable leaving
5 group.

7. A process comprising reacting the compound of formula Il with a

compound of formula IV to form a compound of formula V

R Lt P

10 I v Vv

wherein R’ is H; R is C4-Cs alkyl; Ar is a dihydrobenzodioxiny! or
benzodioxinyl, or phenyl optionally substituted with up to three substituents
independently selected from halogen, methoxy, halomethyl, dihalomethyl and

15  trihalomethyl; and L is a suitable leaving group.

8. The process of any one of claims 5 to 7 further comprising treating
the compound of formula V with an aroyl compound selected from aroyl chloride,
aroyl bromide and aroyl anhydride, in the presence of a base, to form a compound of

20 formula VI

-16 -



VI wherein Aryl represents a C6-Cl2 aromatic group optionally substituted
with up to three substituents independently selected from theg@epupgs

consi sting of halogen atons, al kyl, al koxy, al koxycarbonyl, nitro, an no,
al kyl am no, di al kyl am no, hal oal kyl, 5 di hal oal kyl, tri hal oal kyl, nitrile
and am do substituents each having no nore than six carbon atons. 9. The

process of claim8 wherein Aryl is 4-cyanoph |. 10 10. A conpound of
formula Il NN~ R a/ HOBS RHN 11 wherei is C1-C3 alkyl, and R is
selected fromthe group consisti n'?g\o/f/H\ - al kyl, C3-C7 cycl oal kyl ,
C2-C7 acyl, C5-Cl10 aryl C6-Cil1 aroyE - C7) cycl oal kyI (C1- Ce6)al kyl,

-(C3-C7) cycl oal kyl -(C1-Co) al kyl O)aryl (C1-C6)al kyl, and di-(C5 15
Cl0) aryl - (C1-C6)al kyl ; and acceptigl éhlts”ﬂhereof 11. The conpound of
claim10 wherein R is selected f he group consisting of H benzyl and
benzhydryl . -17

\
wherein Aryl represents a C¢-C1, aromatic group optionally substituted with up to
three substituents independently selected from the group consisting of halogen
atoms, alkyl, alkoxy, alkoxycarbonyl, nitro, amino, alkylamino, dialkylamino, haloalkyl,
5 dihaloalkyl, trihaloalkyl, nitrile and amido substituents each having no more than six
carbon atoms.

9. The process of claim 8 wherein Aryl is 4-cyanophenyl.
10 10. A compound of formula Il
| AN
/
N /N/YR

Il
wherein R is C4-C; alkyl, and R’ is selected from the group consisting of H, C,-Cg
alkyl, C;5-C; cycloalkyl, C,-C; acyl, Cs-Cq aryl C-C4 aroyl, (C3-Cy)cycloalkyl(C;-
Ce)alkyl, di-(C3-Cy)cycloalkyl -(C4-Cg)alkyl, (Cs-Cqo)aryl(C4-Cg)alkyl, and di-(Cs-
15 Cyp)aryl-(C-Ce)alkyl;

and acceptable salts thereof.

11.  The compound of claim 10 wherein R’ is selected from the

group consisting of H, benzyl and benzhydryl.
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