IMPROVED PROCESSES FOR MAKING HYDRAZIDES FIELD OF INVENTION [0001] The present
invention relates to an improved synthetic method for preparing hydrazides from hydrazine and acyl
chlorides. The hydrazide products have a protected thiol group which is used to link calicheamicin to
monoclonal antibodies. BACKGROUND OF THE INVENTION [00021 MYLOTARG(r) (gemtuzumab
0zogamicin), also referred to as CM A-676 or just CMA, consists of a monoclonal antibody against
CD33 that is bound to calicheamicin by means of an acid-hydrolyzable linker. When the derivatized
calicheamicin binds to the DNA minor groove, it disrupts DNA progression and eventually causes
cancer cell death. The cOMARONA P BE Ot BRI HQBtatAdSI e HsDRwEdNESargeted
chemotherapeutic agent under the name MYLOTARG(r) and is currently approved for the treatment of
acute myeloid leukemia (AML) in elderly patiep e @Q03NMemRers of the potent family of antibacterial
and antitumor agents, known collectively as the calicheamicins or the LL-E33288 complex are
described in h‘#@l ents Nos. 4 9&81%%%5’?39 244 and,5 Ozg 233. emtbers of the family can be

n

t1nye /) hef M ~ .
used to form ther pelft%rgﬁflnuls%‘fu mmunoco%ﬂjgg% S Wi hs%or?dgllgﬁa AntbodBE B carriers. The

antibody maﬁlb@_‘@id@ﬁ@@ﬂ@@ramib@dﬁ ée_yg gW%)ThﬁMdmﬁmmméa grp@c_fsdﬂ), an
anti-Lewis Y @fi‘&bg?g%(%}gchc?sl&%)i AiARR A ARHRRY S Re1biR) AR ABICD20 antibody (e.g.,

rituxirnab). The member of the calicheamicin family is preferably an N-acyl calicheamicin,
advantageously, N-acetyl gamma calicheamicin. Members of the ealicheamicin family contain a
methyltrisulfide that can be react@AIKGIPIGRDADEF tHIGIS N VENTIGNIfides, at the same time
introducing a hydrazide functional group that is useful in attaching a calicheamicin derivative to a

canier. Examﬁr@%pﬁ&?ﬁ%@@%@@ UL GRICORRMIGES AS.IMERdA I - Fdh 95 5,(n3,394. The

calicheamicin razide derivative Is attached via hydrazone formation to the monoclonal antibody.
For instance, fontisiiathomeopdragiinibadusesia GEvatokls Brundde eiskanisdndmivodies is

described in fhedndMgKeany-aldlol RSl Rat: Whed b 4808 dSaRateMach BARLHs directed to a
process for preparing targeted forms of disulfide compounds of the LL-E33288 comaglﬁx. A linker,
eahVE‘,

4-(4-acetyl-pIEHO T GERISHE ALith STURS HAEh QLT th & e ST B SRS e

preferably calibheamioircNH paeiytoam markiénetyythbdsaztieo ty-affged dndeadiieytiendcid-hydrazone
which is further feated win NiyroxyseaRimids to Give e, 05t esier (N sucainimidyiony) which i
ready for conjtigation with 4 chosen biomacromolecule. The calichearnicing COnain ah enediyne
warhead thataigiteotiyakeid lsylredisctioMbf theldse Bpdtientd. causing breaks in double-stranded DNA.

Thus monoagylatad hydrazineswhere e acylaraun coniping AMEreaRIo.fnglion,are useful for

linking calicheamicins to monoclonal antibodies. 3-Methy1-3- mercaptobutanoic acid hydrazide, also

called DMH Ifskisetigele ps3boonghpanigieterdd hefebsts: complimseedeseysgdraife for the

purpose.for lipkingsaalie hepmicin ta monaglgnak antbadisgdavnalie dernsianes teerRdyzmab
o0zogamicin or inotuzumab ozogamicin The elerjvatized calieheamicin is then activated for conjugation
with a humarfi P88 HeEHSERIAAY 2GR0 AP 1 B e A 76D Blnenap2 IR MRy BE prepared
through a 5-step ieaedBMmpIPeess wiai oo intetntediate 0 hetToRy be aay i hatibydrazide, 5.

pmethony b IE . R SER e & aCbGILE by BISBHAHE (EHUMoA N Kaation
p-methyoxybERRltmabdW el 5402313, By difhe tingtabey b€ theichlicheamicin family is preferably

an N-acyl calicheamicin, advantageously, N-acetyl gamma calicheamicin. Members of

the calicheamicin family contain a methyltrisulfide that can be reacted with appropriate

thiols to form disulfides, at the same time introducing a hydrazide functional group that is

useful in attaching a calicheamicin derivative to a carrier. Examples of this reaction with

the calicheamicins are given in U.S. Pat. No. 5,053,394. The calicheamicin hydrazide

derivative is attached via hydrazone formation to the monoclonal antibody. For instance,

a general method for attaching hydrazide derivatives of drugs to oxidized antibodies is



MW= 100.12 1 p-methyoxybenzylthioether acid MW = 254.3.5 [00041 The resulting thioether acid (1)
reacts with oxalyl chloride in methylene chloride to form p-methoxybenzylthioether acid chloride (2)
(Equation Il) Equation 11 2 p-methyoxybenzylthioether acid MW = 254.35 p-methyoxybenzylthioether
acid chloride MW = 272.79 Acid chloride (2) is slowly added to a mixture of hydrazine/methylene
chloride (in a ratio of about 28%, v/v) at low temperature (-70 C). The corresponding
pmethoxybdesyitisidatied Hyldkedde €8l fomnis $n Ravore 7498 lyndidl (EcidtivnND) SEqUatibes|l

directed to a process for preparing targeted forms of disulfide compounds of the LL-
E33288 complex. A linker, 4-(4-acetyl-phenoxy)butanoic acid, is condensed with the
calicheamicin hydrazide derivative, preferably calicheamicin N-acetyl gamma dimethyl
hydrazide, to afford the carboxylic acid-hydrazone which is further treated with N-
hydroxysuccinimide to give the OSu ester (N-succinimidyloxy) which is ready for
conjugation with a chosen biomacromolecule. The calicheamicins contain an enediyne
warhead that is activated by reduction of the -S- S- bond causing breaks in double-
stranded DNA. Thus monoacylated hydrazines where the acyl group contains a mercapto
function are useful for linking calicheamicins to monoclonal antibodies. 3-Methyl-3-
mercaptobutanoic acid hydrazide, also called DMH linker, or CL.-332258, is a preferred
mercapto-containing N-acylhydrazine for the purpose.for linking calicheamicin to
monoclonal antibodies to make, for instance, gemtuzumab ozogamicin or

inotuzumab ozogamicin . The derivatized calicheamicin is then activated for conjugation
with a humanized monoclonal antibody to give CMA-676. Currently, DMH linker may
be prepared through a 5-step reaction process via the intermediate, p-
methoxybenzylthioether hydrazide, 5. (Equations I-V). In the present manufacturing
process carried out in the USA, a Michael addition of p-methoxy-benzylthiol to 3, 3
dimethylacrylic acid is assisted by piperidine, (Equation I).

Equation I
O
0\ s A~ piperidine U\ S><)J\OH
- + Y\ﬂ/ B
(0) O \O
p-methyoxybenzy]thiol 3,3—dimethylacrylic acid 1
MW = 154.23 MW =100.12

p-methyoxybenzylthioether acid
MW = 254.35

[0004] The resulting thioether acid (1) reacts with oxalyl chloride in methylene chloride
to form p-methoxybenzylthioether acid chloride (2) (Equation II).
Equation I




p-methyoxybenzylthioether acid chloride, MW = 272.79 p-methyoxybenzylthioether hydrazide MW =
268.38 [00051 However, the desired product p-methoxybenzylthioether hydrazide (3) typically
contains about 20% of an undesired by-product, bis-methoxybenzylthioether hydrazide (see Equation
VI below). Removing the benzyl protecting group under acidic conditions (Equation (TV), followed by
neutralization of the acid salt and purification (Equation V) provides 3-inethy1-3-mercaptobutanoic acid
hydrazide (5) in 45% yiel guation IV p-methyoxybenzylthioether hy%roxide MW = 268.38 2) anion
exchange resin =184.6 OH

~o ©/\s><)l\m
COCl
( )2 \O

1
2

P -methyo&}@egzg;glgo; ther acid p-methyoxybenzylthioether
e acid chloride MW = 272,79

Acid chloride (2) is slowly added to a mixture of hydrazine/methylene chloride (in a ratio
of about 28%, v/v) at low temperature (-70 °C). The corresponding p-
methoxybenzylthioether hydrazide (3) forms in about 74% yield (Equation III):

Equation III

)
g\ S></‘\C' S></J\NHNH2
e ~ OQ\

hydrazine/CH,Cl,
2 - 3

p-methyoxybenzylthioether P -methyoxybenyzylthiaether
acid chloride MW = 272.79 hydrazide MW = 268.38

[0605] However, the desired product p-methoxybenzylthioether hydrazide (3) typically
contains about 20% of an undesired by-product, bis-methoxybenzylthioether hydrazide
(see Equation VI below). Removing the benzyl protecting group under acidic conditions
(Equation (IV), followed by neutralization of the acid salt and purification (Equation V)
provides 3-methyl-3-mercaptobutanoic acid hydrazide (5) in 45% yield.

Equation IV
></l?\ O
§ NHNH, ></U\
~ 1) CF;S03H HS NHNH,HCI
© CF5CO,H
3 . ‘
p-methyoxybenzylthioether 2) anion exchange resin _
hydrazide MW = 268.38 MW = 184.69
Equation V
S 0
S NHNH,HCI anion exchange resin HS NHINH,
4 5
MW = 184.69 MW = 148.23




Equation V 0 anion exchang resinHSXANHNH2 5 MW= 148.23 [00061 An undesired by-product,
his-methoxybenzylthioether hydrazide (6) is generated from the reaction of the product
p-methoxybenzylthioether hydrazide with the starting material p-methoxybenzylthioether acid chloride
(Equation VI) The generation of this by-product results in lower yield and quality. Equation VI
xeyit%><,20c NHNH2sCI 32 p-metryoxybenzyithioeiher hydrazide MW = 268.38
p-methyoxybearylthioctlicr acid chloride MW = 272.79

[0006] An undesired by-product, bis-methoxybenzylthioether hydrazide (6) is generated
from the reaction of the product p-methoxybenzylthioether hydrazide with the starting
material p-methoxybenzylthioether acid chloride (Equation VI). The generation of this

by-product results in lower yield and quality.

Equation VI
O O
©/\S></KNHNH2 @/\Q()\Ci
~0 + ~o0 mm——————
3 2
p—methyoxybcnzyimioether p-methyoxybenzylthioether
hydrazide MW = 268.38 acid chloride MW =272.79

/<]/\s></‘Ok NHNHMS/\@
~0 o
6
bis p-methyoxybenzylthioether Hydrazide

[0007] Using original process procedures, the bis-methoxybenzylthioether hydrazide (6),
is generated in amounts of about 20%. The presence of this level or greater of undesired
by-product from Equation III is clearly undesirable. The present invention describes
techniques which overcome this problem and decrease the yield of the undesired by-
product.

DESCRIPTION OF THE DRAWINGS
FIGURE 1 is a process schematic for preparing p-Methoxybenzylthioether Acid (1).
FIGURE 2 is a process schematic for preparing p-Methoxybenzylthioether Acid Chloride
(2) and p-Methoxybenzylthioether Acid Hydrazide (3).
FIGURE 3 is a process schematic for preparing DMH LINKER (5).

SUMMARY OF THE INVENTION
[0008] Certain embodiments of the present invention provide processes for synthesizing
hydrazides (e.g., 3-methyl-3-mercaptobutanoic acid hydrazide (4) ) while reducing the
level of the by-product bis-methoxybenzylthioether hydrazide (e.g., (6)) from about 20%




6 his p-methyoxybonzylthiocther Hydrazide [00071 Using original process procedures, the
his-methoxybenzylthioether hydrazide (6), is generated in amounts of about 20%. The presence of this
level or greater of undesired by-product from Equation Hl is clearly undesirable. The present invention
describes techniques which overcome this problem and decrease the yield of the undesired byproduct.
DESCRIPTION OF THE DRAWINGS FIGURE I is a process schematic for preparing
p-Methoxybéenaydthid ett5ét. Alnidn BmBiGivRE &f ihaiprovess scheaticedoryphépahigcid
pMetoLERHRIPRUSL A Chigste 8 s sdisondienitiRetier A vgate O
FIGURE 3 is a proc tsgbgg 1ematgufc for preparing SR (5). SUMMARY c@@ﬁE INVENTION
[00081 Certalfrefilyeiingatigtof the predshpiavesites prolites mivreddés ibrbyntRdkizing hydrazides
(e.g., 3-methyb3cmercapighutanpicadd hyslazide (Blunhilededuaingdhes1avslalthe Ry-product

bis-methoxybenzylthioether hydrazide (e.g., (6)) from about 20% to about 3 to 5%. In an embodiment
of the invenfiBHioAahetRERHSS TR Beid eIy 4y soitidtieesrried W ¥ iired
hydrazine/matidepedhtorige mixicnawvhiabtis merentifite thanthat et heearigioapesess (e.9.,
volume ratio =14% vs. apout 24% t0.32%.\TN in the original process)..A preferred volyme ratio for
ciuion s aBBUESOR N BHE ARPE RE ARSI A B SR e L hdfogenated
solvents insteédddoffoefinred mbaination fvithhmédtindelventhiocldéermapdetatsetiritike embodiments of the
invention deggrhedherainindaimiheydiagine mbure @ whieh headidehioride s added. Preferred
examples of such other sblvents include carbon tetrachloride, chioro orm, eﬁ%ylene ichloride and

ehIorobenzafam?hx%m@ﬂeﬁﬂ%dfm%mwQhéi@gﬁ@?}ﬁﬁféf’?ﬂ@th{fiéh@%hI@E@i@%mtbm@@m]ding inert
solvent) is dgblad.sigpificantyreduanaiie ﬁc}?lﬁr}:f!@ﬁ&f wowaARd Rissmysiagide.y-product. In certain
¢

embodiments, the methoxybenzylthioether aci oride solution is added to the hydrazine/methylene

chloride slurFtsrtbtsyERjogdhsr ead aypaide valiiandsaddsarohshedarinenaiiibodiments, the
addition rate;iscadiisie) i mRain steattiary lerperaiieobe8iia wike. Onliefaiiain embodiments, an
agitation speed between 300 tg 400 rpm in. a roynd-bottom flask or 270 rpm in a ton-type flask is
e, ConafTHRIEH oR e HUERAER RATE A0 A A SIRTEIE P hyGrirde () i
91.1% strengitidh 8b8ryieldmilitidiaizaut, 4u784i ofithe st inethexyiivnayitiiopth ér dwdrazide (6) formed.
[0110911n %%?t%he%%%gt%(r)g' ent of thlgfin en ion,d't as fo%n tﬁ%&%@@%ﬁ tggtﬁrgprov%r&ent afforded

. 111} N a viorion- € '11dSK.1S uSe nventr .
by using the more e me hQ/gene chloride %Pstem, it was still necessary 10 scrape frozen crystallized

hydrazine oﬁ%ﬁﬁbmthmé@ﬂbﬁéﬁmmsééh @h@ﬁhh_&faﬁ%ﬁﬁné%q’i@@viously been to
cool the me@%ﬁ%@ﬂ?f%’%ﬁ){g@5%%&8#%‘8&%?&%&{9@9&%'(@ {¥,efO C. This resulted in a

significant portion of the hydrazine crystallizing and precipitating on the sides of the vessel. To ensure

that all the 8P inenpschaiadiasal pé haibentivadtnesdesarthat serape e material from the walls

of the vesseligalavciiterfaaaia stiableskioy dRteyRithitissthatian splealternativgiprocedure as
part of certain embodiments qof the present invention Wag€f evised. This alternative procedure involves

the chilling SFTETRERYRETRS ANBTIE YE 265 %0 LA A ETEYaBRI 70 BLCrOMSHeL € drop wise
addition of hysrakzimhdattheaeostaetb Weher-ehlarbeterfosroal wfereth gletiey. This new procedure
achieves the formation of a mych more yniform hydrazine slurry, which minimizes crystallized
hydrazine fo%ﬁ’ﬂ%&%%?ﬁ@?ﬁ#@?%f@%ﬁ%ﬁ@ ?’é‘ﬁ}?tre&ﬁzgs%r ﬁ?gfgﬁﬁ%aneed to scrape the
flask. This atignisidhe pasiced tthnounirefiny dresuibziogadysitatiletiop veatticidenvbiichehelps reduce the
formation of the pispetho%yglegzlxlggi etherhgdrazide.é%)lt, ]f0010l Cert:ilin embodimepts of the

. . VESSCL. 10 ensur a .ine drazi was aval €101 reaction,, 1l was necessary (o . .
invention prowae a'method mvolving the continuous addition or a methoxy%enzyﬁ%rl%ether acid chloride
(2) solution terapeciepaattive iyodilthe (rdsotfitbeparspdotalpwfitie foriorptocads sang.stirable chilled
hydrazine/meifiane slerde RSIRLAARNe BHR dIHIE R eiRabl aios AdCLagpe concentration of

approximately 14%). The methoxybenzylthioether acid chloride solution is added to the
hydrazine/nisgsghé i ebieridasignpebniipia slismatatcam asppredrvatesy Sesilingettimer than portion

wise. The a%%!%&ﬁ@%iéﬂ@f@ﬁ%@'voa_el’iy%‘%%&amigﬁﬁén@ reaGiRD B‘g"@@ﬁﬁ@t&&r&kﬂ%és to-75C. An

agitation speed between 300 - 400 rpm in a round-bottom flask or 270 rpm in a Morton-type flask is

preferred. Thdifinsroleripoee ss e spkbmaihvimbeliimdnta brme wmilanchiredutkitmevevel of the
by-product, hisrgthoxhanzyitbipethardavdraziden@b-fremxha RIgMoHslyIaehiougehlevel of about 20%
to about 3 to 5% or lower. The improved synthesis of intermediate 1 improves the efficiency of the
overall process of synthesizing gemtuzumab ozogamicin. 100111 Certain embodiments of the
invention provide a method of preparing a hydrazide from hydrazine and an acyl chloride comprising
the steps of: (a) preparing a stirred substantially uniform slurry comprising hydrazine and an inert
solvent; and (b) adding an acyl chloride continuously to said slurry. In another aspect of this
embodiment, the acyl chloride is added substantiafly drop wise to the slurry in the addition step (b).



100121 Certain embodiments of the invention provide methods of preparing hydrazides from acyl
halides and hydrazines. In one embodiment, the preparation is accomplished via a chemical reaction
between an electrophilic acyl carbonyl of the acyl chloride and a nucleophilic nitrogen of hydrazine.
The particular substituents attached to the acyl carbonyl which are suitable for the invention can be
any moiety which does not interfere with hydrazide bond formation, including such moieties which

incorporate Br&tetHHEIsUpscHhIvidarns Fravaitiieisnecriih ¢fyliedlide prhwduseiston. The use

and removalphRIAteeHAdQRURE I daschibed mMeIieHR WIsriNteratPsiirgRRicde hemistry,
Plenum Press, NY, 1973, and Greene and Wuts, Protecting Groups in Organic Synthesis, 4nct Ed.,

John Wiley 878050 Ea5Rss VEBHSel TSR UAT B AT RIBSdIRe RS of the invention, an acyl halide
comprises anphtesteadhitliobkanpi@ade(@tected thiols include but are not limited to benzyl

thioethers. &?01[] @ notQI%Ba ect of ft@%invention. a%glchlori ea have a stﬂ.llctur%: Cl, wherein P is a

thiol protecting g ou%,% and RISre 8a é‘éﬁ%‘é?é’a rom %ra?od)p %:%Vr?s‘igﬁ‘ghg of -B‘éogﬁwl, andLis

an alkylene H&ddép.n@iamplbsmbaﬂgyﬂéﬁwmkemﬂsﬁmad@ba@laté)mm limitephtativdly di#)-, where n is
an integer | 1 an MEFHIRANAAADEAT ARG B AiE-I0E SRME SUGD AR IRER(RIAN R, are both

the same Ct-05 alkyl. Examples of CI-Cs alkyl include but are not limited to metryl, gthyl, propyl, butyl,
pentyl, inclueiijiBolisRFREsReas BrafendordeaidydinmeshEampcswrHialiprstecting groups include

but are not ligyitediteRipanzy. oraumm R BaRNGRY foRietisRRIAnAIY; sHaslifuier. Examples of

optional substituents include but are not limited to an alkoxy, such as methoxy, ethoxy and the like.
Accordingly MR EREBUITRE ARG et T BRIy F e SRR HAR Y Siibtirte 'dRsCei 0 100141
Another emigosiipensohise Presemitveniion isddasihadiefal eparingamhydmigide from hydrazine and

an acyl chloride comprising a first step,of preparing a stirred sufystantially uniform slurry comprising
hydrazine a#&n gﬁr?r%%if:ﬂggeﬁ%' r% aéle‘ot[fq‘rérg %1225160& %fe ﬁ%?éeé‘ryn e%?%r%’ér?@%fﬂéﬁ%&?%ﬁt is methylene
chloride. 00t6ttoAndtbierelib opliment Mbthe-pypsdatknyentfomesd dlnethpo ofdprepessagad hyclrazide

rom hychazine Ancho Y. SDISFIE | ANEHIES ASAECH AL ATRSRITER. g Pychazice product has

the structure: NHNH2, wherein P Is a thiol protecting group an anéish.', may be as stated

above. In yengthexvbergspbiscdichhy dnvduimerenPths proapusiygdip edpaohaiptubefiteted on the
phenyl ring. 4n,8pQthes 85p&CiWdNisHRMRILVEE Hin SR SREHRANEERZY ARYP-ap R1 and R2 are

each selected from the group consisting of CI-05 alkyl and L is an alkylene Linker. Examples of
alkylene link&rsriauabthbeesrehatarmite ot g ZemgHad RBRRMSHY, RI and ft. are each

independenihpmeiukakO8hbdafnatharrenshodintented e PIaseot ipvsRigmareliyeaaikle products
prepared acgorcing to metfiods o1 1S, RIERSTS INvRntion. .90e e(nPadiment, 3 desyed hydrazide has
a structure:

substantially uniform slurry comprising hydrazine and an inert solvent; and (b) adding an

acyl chloride continuously to said slurry. In another aspect of this embodiment, the acy!

chloride is added substantially drop wise to the slurry in the addition step (b).

[0012] Certain embodiments of the invention provide methods of preparing hydrazides

from acyl halides and hydrazines. In one embodiment, the preparation is accomplished

via a chemical reaction between an electrophilic acyl carbony! of the acyl chloride and a

nucleophilic nitrogen of hydrazine. The particular substituents attached to the acyl

carbonyl which are suitable for the invention can be any moiety which does not interfere

with hydrazide bond formation, including such moieties which incorporate protecting

groups in order to prevent interference with hydrazide bond formation. The use and

removal of protecting groups is described in McOmie, Protecting Groups in Organic

Chemistry, Plenum Press, NY, 1973, and Greene and Wuts, Protecting Groups in Organic




,7cmcc, NHNH2 or a salt thereof In yet another embodiment of the invention, the hydrazide is
3-methy1-3- mercaptobutanoic acid hydrazide. 100171 In another aspect of the invention, the desired
hydrazide product contains less than 5% of a his-hydrazide by-product having the structure: 00 NHNH
wherein R and R' are optionally substituted alkyl, hcteroalkyl, or heteroalkaryl groups. 10018) In
another aspect of this embodiment, R and R' moieties in a bis-hydrazide b>g)(oduct are each in which

P is a thiol protdNty groubIri AR e S Sk FBRPIRRR)Foli EBAisting of CI-05 alkyl, and

L is an alkylemedinkentExpimpiascatiatkylens/linkars cémirtitidepoicaid aablimiedirs6f2-. hi another
aspect of this embodiment, Ri and R2 are each independently methyl. In another aspect of this
embodimenfrﬁt?g?%% 11%%/1“98%%?%% ?8ﬁlg@lg%g%ﬁﬁ%e%%ﬁq%t%%«%nyl ring; examples include but are
not limited td0R13] poretbtoxy barzy b foupvi00t dchindtoedenbboe insenttofehe invention is a method of
preparing a hydrazide from hydrazine and an acyhghloﬁgedlvherein the hydrazide product contains
less than 53bo of a bis-hydrazide by-product pavin%(stru ture: 100201 Another embodiment of the
present invention is a method of preparing a hy\a“rsa ide~from hyydrazine and an acyl chloride comprising
a first step of prepatring a stirred substantially_unifQrm slurry comprisjng hydrazine and an inert solvent,
and second ¥ eeﬁ%’f ?Hgﬁ iR 5 g&?%r%ea%%é%ﬁﬂ%%%& %@%ﬁtgd;%gf%g]%gg%‘fher aspect of this
embodiment;cisGogtifidous; atiditiandof &cid diideicelinbhutiBraiseelustad Wiemabinitadn ieaction
temperature. ofla ut.-65C to about -75C. | t.another aspect of this embediment, the hydrazine
slurry is subg%%ﬁﬁgﬁﬁtuaﬁﬁg?ﬁn%%%iol rllsafr%%%ﬁciﬁ%% iment of { % ﬁ%ﬁ%igh%ﬁyg}gzide linkage is

prepared aceohditigneots, &%@&n%ﬁ%m@%@@t@@g’bﬁ{(&y @Eﬁbﬂmg@b_@@dﬁéﬁa&_’@%%%mprising a
stirred inert §ﬁ§/ﬁ@&5&9}9§§f@9—¢% MR&IRREE: SR RAHRSYEraZRe! @, FORUBYRYSfashion to said
reaction vessel thereby

preparing a stirred substantially uniform slurry comprisingthe hydrazine and

the inert solEREY(draedtg ot dBIErE ANS uaogb ehitp BT {IRT o b SamibisCfARINbALotRE#BBY forming a
hydrazide linkagss iltianethignaspadtafitiisambedingnk, thadnaitisopratisdeethyiene chloride.
100221 In another embodiment of the invention, a h %razine slurry js prepared by a method
comprising TRVSTELY BB AT AT KT & EEHDE ST AR B RS St 75 C, anc
(b) adding hyittrazinadissaheticbiy atthioertaso erikdrofpcaisdinglihé ealdeinbodsabre ot the another aspect
of this embolg]ivmrclatpothtgg igelrtI'ispll)l/gengzi%gbneetp%lc%pr%chloride. In still another aspect of this embodiment,
the hydrazine sﬁurry’ls siffed at a spee of about 270 to about 400 rpm. 10023] Another embodiment
of the invention is a method of preparing an i munoco% member of the family
ofcalicheamicins with a monoclonal antibo yarrie®; which cnprises preparing a monoacylated
hydrazine where the acyl group contains & ptected mercapto function, according to a method of
the invention, removing the protecting-gsoup~afd using the resultant hydrazide for preparing said

immunoconjuu%ate. Anagther embodiment of the invention is.a method oft preparing
[0014] Another embodiment of the present invention 1s a method of preparing a

hydrazide from hydrazine and an acyl chloride comprising a first step of preparing a
stirred substantially uniform slurry comprising hydrazine and an inert solvent. In another
aspect of this embodiment, an inert solvent is methylene chloride.

[0015] Another embodiment of the present invention is a method of preparing a
hydrazide from hydrazine and an acyl chloride. In another aspect of this embodiment, a

hydrazide product has the structure:
R: Ri g

K
s L/kNHNHg,

wherein P is a thiol protecting group and L and R, and Ry, may be as stated above. In yet
another aspect of this embodiment, P is a benzyl group, optionally substituted on the




gemtuzumab ozogamicin or inotuzumab ozogamicin, comprising the steps of prepari the linker
3-methyl-3-mercaptobutanoic acid hydrazide according to a method of the invention and using said
linker to make gemtuzumab ozogamicin or inotuzumab ozogamicin. DETAILED
DESCRIPTION OF THE INVENTION 100241p-Methoxybenzylthiol undergoes a Michael addition with
3, 3-dimethylacrylic acid in piperidine. The quantities of reagents affect the outcome of the reaction. In
one embodiRSAY! ﬂﬁﬁq%@ﬁﬁ%fﬁi?ﬁ%‘tﬁgﬁvbéﬁ’?ﬁﬁﬁﬁiPFQT@%WQP‘E%&%“B\P@&%],
3-dimethylaghdir AgidleatGRIaadhersange pliapwaskBaSsACRS ang)) and0i3824ey(2:35 mol). If the
amount is belqw this ra e;#h subsequent.reaction may be incomplete. If the amount is above this
range, the ei@é?s%%@@%ﬁ a@(ggﬁﬂf) %gfésd% Sy I’?@Q&%@Eﬁiﬁ&ﬂ? iS'héat8l, taking care not
to exceed abombb8Bndnt fEr andiRirmereadh ablepéddhibuisiybrder to avoid the excessive formation of

impurities. T, 8 iperidine is remove l%ydilutign ith meth Ierple hloride and. washing,with aqueous
yarochioric e B S T A B O e

necessary bafersiagdoduethgdhef dudiensofiMtentooavividsrevipititiegtthalesaedibrdprodect. The
reaction is fyrtheg.cooled and then extracted with methylene chloride as directed in the experimental

section. 100251 The amounts of solvents used are proportional to the scale of the reaction for
. " .

optimum results and purification. ‘ g CH2C19 product solution is dried with magnesium
sulfate, clarified, concentrated under v

0, thensdiluted.with hepiane to precipitate the crude
intermediate, which is filtered and washed with™heptang, Puriification is accomplished by redissolving

the crude material in methylene chloride and precipitatin aggin with heptane. The purified
p-methoxybenazytihihetbei BRCidt(hhistsotatbodbydiltketine invasied thithydepidaésansdhgcdunder
vacuum. 10%26%5{)-%%tthog%bae%gltgggzet ler acid (1) is converted to the corresponding acid chloride
using oxalyl cﬁiorﬁﬁe With meﬁ1y ene Ghicride as the solvent, Oxalyl chloride should be present in molar
excess with 857 ét toeteqrsnethoidploenyyitiiogtiveteatind fodoomdp iptedrsbctinainadidsdhioride product
is isolated bX"/%Q)@%qﬁg[ﬁ‘y@r@ﬁwﬁﬁﬁm{%ﬁ%ﬁ@h%@é%ﬁ@ylene chloride/excess oxalyl chloride to an
oil. The resulting oil is diluted with ‘methylene chloride and added slowly over time for about 3 to 5
hours at a temperature range of 65 to 75 C tgja diluted jnixture of hydrazine and methylene chloride.
[0027] One aspect of the present inventior1s thedQuMatiomof a uniform slurry comprising hydrazine
and an inert solvent such as methylene chloride. According to one embodiment of the invention, a
uniform sluryEBPb AR b HPERRA B SHREed dlb ASF AR diSTRR A Y STRYRSne chloride
which had bpén re-ahitied sepabosft thB tenbidiGiemrelenably nfbidepios bis¢gmamsdictyg the addition of
hydrazine. eBp\;O%ngra%gt ccgoling a premixed solution of hydrazine in methylene chloride to the same
temperature results in fie' less favorable formation of a crystalline hydrazine which collects on the
sides of the reaction vessel. Without being bound t62h , it is believed that the slow, drop wise
addition of hydrazine to the pre-chilled methylefe chletide ard control of the maximum concentration
of hydrazine in the methylene chloride results in tha formhtion’of smaller, more uniform crystals of
hydrazine whiethignrainastizpenstedtiiy the ke daiiRiuie efdnetiytenérehlaiidg@nd substantially do
not freeze to(’ghe allstoét_ v s?el. dF rlmatio q;eg ﬁ%l?(stalg%iall lléglif?l’ll’lp( ﬁlurn{.nr&%eelgsﬁo ensure that
hydrazine rémans 1n Contact with the stirréa et yFene hicTide and IS avaiable Tor reaction with the
incoming aciocbhietidieasohotibmifedrimatitn- ofraannifermsptatof Shviatde dienedd todBrape the inside of
the reaction flask as required [ it hi ‘ t sired amount of
rycrasine i S g R hn, thioether
hydrazide (6)pférnabizl spher8ted pre the mbenttatien exdiyplesinsduis idwiylapidistifedidefaffects the amount
of bismethoy&g&@ggﬂg@@gﬁpydrazide (6) that is formed as a by-product. In prior processes, the

concentration of hydrazine/methylene chloride was about 24 to 320/D v/v. Halvin%€tThe ratio of

hydrazine/m@tbAaodkiorabadiarataifibs Hyarisms) agabet ol prevarEm A Jers 381y about 14%

viv, resultechipypslactaass inihentmasnhef dndrsitecihismetiaxybenayieether sudrazide (6) formed
(see Table 1). T@IISLE 1 PRO&ESS RESULTS AFTER IMPROVEMENT Exp. No. Strength of
hydrazide* 3%/’05)134 R LY LAY SRR £ @Ry cture:




Corrected Hydrazide Yield (%) 91.61 9.69 85.4 1.2 95.08 5.76 87.7 1.3 96.16 4.13 89.6 1.4 93.76

A o<
S NHNHWS

[0020] Another embodiment of the present invention is a method of preparing a
hydrazide from hydrazine and an acyl chloride comprising a first step of preparing a
stirred substantially uniform slurry comprising hydrazine and an inert solvent, and second
step of then adding an acyl chloride continuously to the slurry. In another aspect of this
embodiment, the continuous addition of acid chloride solution is adjusted to maintain
reaction temperature of about -68 °C to about -75°C. In yet another aspect of this
embodiment, the hydrazine shurry is substantially uniform.

[0021] In another embodiment of the invention, a hydrazide linkage is prepared
according to a method comprising the steps of: (a) cooling a reaction vessel comprising a
stirred inert solvent to a desired low temperature; (b) adding hydrazine in a continuous
fashion to said reaction vessel thereby preparing a stirred substantially uniform sturry
comprising the hydrazine and the inert solvent; (c) adding an acid chloride to said slurry
in a continuous fashion, thereby forming a hydrazide linkage. In another aspect of this
embodiment, the inert solvent is methylene chloride.

[0022] In another embodiment of the invention, a hydrazine slurry is prepared by a
method comprising the steps of: (a) chilling an inert solvent to a temperature of about —68
°C to about ~75 °C, and (b) adding hydrazine dissolved in an inert solvent drop wise to
the cold inert solvent. In another aspect of this embodiment, the inert solvent is
methylene chloride. In still another aspect of this embodiment, the hydrazine slurry is
stirred at a speed of about 270 to about 400 rpm.

[6023] Another embodiment of the invention is a method of preparing an
immunoconjugate of a member of the family of calicheamicins with 2 monoclonal
antibody as carrier, which comprises preparing a monoacylated hydrazine where the acyl
group contains an S-protected mercapto function. according to a method of the invention,
removing the protecting group. and using the resultant hydrazide for preparing said

immunoconjugate. Another embodiment of the invention is a method of preparing




7.36 85.7 as deted by high pressure liquid chromatography 100291 In certain embodiments of the
invention, the acid chloride solution is added to the hydrazine/methylene chloride slurry continuously,
at a steady rate rather than portion wise. The amount of added acid chloride and rate of its addition
both affect the yield of desired methoxybenzylthioether (3). If too little acid chloride is added, excessive
amounts of bis-methoxybenzylthioether hydrazide (6) by-product may foam. Also, if the addition time
of acid chlorfiB AR RNEASIRLE R HEIAIRRE, BREAULHR SBUIStRS PR SRS AERIBETS Ithioether
hydrazide (Gh&yirkepdugkingy:farencapbud adaiio aciateyisatjustedrtinpaintaistisotosttion temperature
of-68 to -75 'C. Ift.the r%actiorn 'gemp%rat re rises tothi hegtem erature§me>§cessi\6e amounts of the
bis-metboxy%‘eﬁ%ﬁ/?ﬁﬁ&tﬁ%?ﬁ/d razide rrrhaaf“/ 5180 Tonm AR allfgﬁglnospeoe%%]tz\i/veen 300 to 400 rpm
in a round-bott@amiiaisk or 270 rpm in a Morton-type flask is preferably used to stir the hydrazine slush.
Both aspects of the improved process, use of a more dilute hydrazine/methylene chloride mixture and
the formation of a uniform slurry, reduce the level of the by-product, bismethoxybenzylthioether

hydrazide (6), from about 2084 tolhB&LPE.%S-BIA TIEEN @B ¥t I Y ESSEISBDs of forming the hydrazine
improves thepaygy alhedficiepsnefiavioihesigingthavinkes anethylitmercapiewiangigacid hydrazide

and therefore also improves the overall efficiency of preparing MYLOTAR '0(r) (gcmtuzumab

ozogamicin)2{E0BFIRIPER e AbGsmABHIF Sl srrapsetedidhe miearecietdbheasidie i Mfer vacuum and
the residue isnireatednyithempeihaR ol sadile wdrox iR (alautidHionaia).ck bisssolettids 3s concentrated
under vacuum,.dilyted with methylene chloride, washed wi ater, dried over, nesjum sulfate,
clarified, an 'éiéfﬁ%l@ﬁ%?ﬁ%h gt ég%%cﬁsutr%et%w§%8%8tr¥fﬁg eg%éréf ér%%ﬁc?%%ﬁgkgéﬁ%o&u lgesuﬂ‘icient
mag ne_sium wiolate tbe@mnmpigﬁelymwnﬁl@ pmgiugthcswﬂseqeeis;_md@achyd&iﬁo@m_pmteﬁmence with
hstalral o LIRSS AR SIEe Sisk, TR T SANCEAELe i tiyled with mettiene

chloride in an amount of 1.33 times the weight of p-methoxybenzylthioether acid (1), and this solution
is added to areetiphanietiniaheatadunkioR zaaimb tiese ijiorod b-mdonexylremupitafiebtvér acid (1). An

aliphatic hyd{rg)ﬁg{,ps% §R1¥P!3ta%%‘ 88 HRRIRE BEXaNG: %@B@r&’é&?(’rﬂ%%ﬁdﬁ{@f@amy heptgne, in
an amount of 1.83 times the weight of p-methoxybenzglthloether acid (1) is added to the resulting

slurry to confipfféteethy GiBEipRatihmPHE sahER HBSHER Agdrazey 5y 5el%iated by
filtration, wagfiediithehepieneKansKlrigd wWagrtaacuibavd 6038)pdviethexyberzylthioether hydrazide
(3) is treated with triflugromethanesulfoniq acid in presence of anisole, using trifiuoroacetic acid as
o Sonvent. CRFETTI A ERRH ity IRALAATON M S AL TP HEE o xcecd o
reaction tempedatur&lef raboiona® Gutherdesltd awbditldhexiorretionhohuhdkesicetlimpeanties. After
cleavage of (tlhrefpédrr}et{g]oe)% enz eln;g?[lot%&gig}g group is complete, the reaction mixture is quenched into
methanol and i tered to remove soli y-products. The filtrates are concentrated under vacuum,
dissolved in MRl Thesmeuniit! @&%ﬁ@@hﬁgmmoﬁmﬁ%ﬁé@l .wi-’dﬁ aﬁﬂaﬁrﬁ@?ﬁﬂémange resin to
give 3-methylsg-me| capipbiiapeifagdydrRzidea Eh?d@?%&%é@@&‘{i%ﬂ Rusfiitgatign and then

io

aqueous hydrochloric acid is added to the crude product solution to form the HG] salt. The batch is

concentratedagtepaselfits; eidBrreqoncertiakidivefsrinacriir ettty o RedAtfdRd under

vacuum. ThF@&ﬁ@ﬁ@%@dﬁ@iw@&wﬁme@moﬂqm&@r@mM&me&rmdu&@%@.vacuum- Again, the
residue is diluted with ethyl acetate tkalg'n isolagc(fd by filtration. The ?X\Aet cake is heated with ethyl acetate
to about 48 tHBERI W AR AN EHOMRA . OTHIE BVt RSO RBHSRS the free
base by treajreapititla agnianiom hexehanUrepsitisd paiehokheeresithisatenavrid byifiltration and the
filtrates are conce gatge%g under vacu mtthpe conce(?gat IS éjissolved in ethanol, concentrated under
vacuum, slufiied in’di r)a/pg (‘af[r?saﬁ Vg%)ncgﬁ%?g ed Under VAcuu i A a Final purification,
3-methy1-3-[0e2cppidbtitemdienagithivptdrazidd (5) is dissotee thithenstiryiemaloid eddeshitarified by
filtration, and freated %ﬁéﬂbceawm{%Qtﬁ%&%%%g%%?&?é’ J&H@%@%J@%g@%&g@ HIQFYEEIN solution is

isolated by concentrdtion under vacuunt. in a preferred purification m , demonstrated in Example
15, 3-methyb@senéioapebis seeassicradideayerasithe (smglissetvar i atheateid{ongcimsihylene
chloride at 2Q6e3,C. Sl e ABPRIES Addilieras) JRedrsibng =R IR teairdwith 0.7 - 1 part

(w/w vs crude linker) silica gel, stirred 30 minutes, filtered, and concentrated to dryness on a rotary
evaporator. TREYEEEIEHG EbTier ROt A1 Gt A 1A e ihe TSP 1eEMEHRShBAERY ¥Ehin vacuo,
3-methyl-3- mercaptobutanoic acid hydrazide (5) is obtained as a free flowing solid in approximately a
76% vyield. [0032] One aspect of the present invention is a process that provides
p-methoxybenzylthioether hydrazide with less than 5% of the undesired by-product,
bis-methoxybenzylthioether hydrazide (6). This improved process comprises a modified method for the
coupling of thioether acid chloride with hydrazine to form p-methoxybenzylthioether hydrazide. The
process steps are shown schematically in Equatidfl I. The undesired byproduct,
bis-methoxybenzylthioether hydrazide (6), is generated from the coupling of the
productsp-methoxybenzylthioether hydrazide (3), with the starting material., p-methoxybenzylthioether
acid chloride (2). The generation of undesired bismethoxybenzylthiothioether hydrazide (6) results in

lower quality and yield. [0033[ In another aspect of the present invention, the process disclosure may
he caoncentiiallvy 1indercetond 10 encomnace hroader annlicatinne The enecifir reactinn cadlieance




NIHNH2 P is thiot protecting group RI, R2 is alkyl L s alkylene linker 100341 Where a material is
described as added continuously in a process step, such addition is meant to occur steadily for a
period of time rather than portion wise or all at once. Drop wise addition of a liquid or addition of a
liquid through a steady stream are examples of continuous addition. In certain embodiments,
continuous addition is accomplished by controlling the rate of addition of a material which reacts

exothermalljedtsacpsteblgsifcand idrod Yaahtansa raa feh AR e Je o S/t ai FFAREHHIR temperature

range. 1003gh@luirgas vused herainderrsione somaiaation el selidrpe digyidighases that are
intimately mixed t(gé;ether and tépically chilled to a tﬁ_rg eratyre which supports the presence of both

solid and ligPphH88 SR UL HRETRIN ARSI A d’éﬂ“jmé mperatures. Slurry is
sometimes usedianigierdiazanmixiling ofea salvddiguitt mixtetiglohthdlsaide gubstdingasueh as an
ice/water mixture, in which.the ice is relatively finely divided and intimately.mixed with, the liquid water.
I the conteat ot B o SR L o 4 T T A mbincon o
two materiald bgeld Asdiydnezinmethglensshiendsudichban bteplprrecbfloditeatnu Chitteds
hydrazine/methylane ghloride siuey. e lighistahase ishelieyed e contain Amixuye of methylene
chloride and hydrazine ‘while the solid phase is believed to primarily be hydrazine. [00361 The term
"alkyl" inclugeRliaseaigmitidmelnereatAkgrasagiymebutlonsserdstnie SAm L FRPEREIS/| having | to 5
DUty N oy SO T e e Hotyl FopeyL hepty isoheptyl
ert-butyl, n-pentyl, isopentyl, neopentyl, tert-pentyl, 2-methylbutyl, n-hexyl, isohexyl, heptyl, isoheptyl,
octyl, isoocHRAHIE HRE AR 1RATAFH PRI o BRIk REHEVHSHEES S8%ight and
branched didagliceis: afidikali s hadtngnonette ff-cathansstghmschietidyl ene piitdPe) tethylene
(CH2CH2- ), prapylenc, butylene. and pentylens. 100371 Ihe et heteroalioryefers fo an alky
group as defined Reréin where one of more carbon a oms are rep aced y a eferoa om (an oxygen,
sulfur, nitrogésmetphosphoni® atom)stitcofitnyopticraigtcsmain sdpitidedimhiesbatms. The term

heteroalkanh it pasietealivimelalasdaacibad aRaERULMYGHIR Birthetapstiuted with an

aryl moiety wherein such aryl moiety may be optiondlly substituted. Optionally substituted aryl includes
phenyl and KoBsttgree grsabsientediypsatorac praialrs feeaiibedhahhyeéapneranaimstituents may

substitute foy,Rydiqganmansarenktirinenaed haisitated aithne Retaa.ansy QripaR to the methylene
group of the benzyl carbon (or other point of attachment). In Example 1, a methoxy group is situated

palm to the MRS U e Hfting SREMES HIBEIHSNEY PR (RsnResh Blude, CI-05 alkyl,
C1-05 alkoxyripeladbihadiaalkiile cdaOBohdlaal ke xyquideeiaithéeibyphagen atodsomatiacied to the alkyl or

alkoxy carbons ma ellz)te re é@{:g l:I)XOha o%%n toms, as fqéb%( mple in -CE n%g(%gﬁiéés‘rhe following

utit of. %r&%\WE Of readtion, whic

non-Iimitinge&%%mp S fﬁﬁs FALS tHe hvent ngma?éi‘-t}repara ion'o
p-Alethavbethzytinoetio€ bideicHip1,0088Y Witht hefdneincado(Bgvatied L a 51 round bottomed flask,
equipped wi rmocouple,.me ical stirrer, reflux condens d wi inlet, and 250 mL
pressure eq@gﬁz' g g 8?%%%%%%?%%%@%%%35@%%1(80 g, 4%%%%%%%%%%3?3?%%5&%.
3,3-dimethyfaethicybeidyidusethor hyduaniaias thefde oport @ asepintie- siriadPEIrorsaetion flask. The

reaction wag,vigaously SHried HRAER % AR ICaRiPRISIPAAINES Wapmaintaingd g #ess than 35 to
40 C during the addition (Note: strong exothenn, i.e., off gassing). p-Methoxyhenz;lthlol (386 g, 323

mL, 2.32 métiatensges methrsas Ghlosde ATy Huaitsisanabi R iR e ikto the (5-L)
reaction flagk.fh@Rkdoie asheatadital 82 1adetee iwithe stivng bnaeleNdTHhe reaction temperature
was maintaine%s range for 15 minuges, l%ﬂote: xothgr ic, The clear yellow mixture was heated to
92 to 95 C WitH Bzé'%’é)re F déaﬁﬁ#‘?iz% %Ffésﬁ% ?g?%l).[ mL sample was removed for HPLC
analysis. The reaction was deemed complete when less than 3% by area of the 3,3-dimethylacplic
acid remained. The reaction was cooled to 70 to 75 C by removing the heating mantle. 100391 3M
hydrochloric acid solution (1,900 mL, 2,090g) was added via a 1-L pressure equalizing addition funnel
to the stirred yellow solution while maintaining the temperature to less than 90 C. The final
temperature was 70 to 75 C. The mixture was cooled to 20 to 25 C. by applying a cool water bath.
Methylene chloride (1,600 g, 1,210 mL) was charged to the heterogeneous mixture. The mixture was
stirred for 5 minutes. The pH of the upper aqueous layer in the flask was checked and 3M HCL was
added as necessary until the aqueous layer had pH less than 2. The entire contents of the 5-L reaction
flask was transferred to a 4-L separatory funnel The two layers were allowed to separate for a
minimum of 10 minutes. The organic (bottom) layer was transferred from the separatory funnel back
into the 5-L reaction flask. The aqueous (top) layer was transferred from the separators: funnel into a

(4-L) Erlenmeyer flask. 3M hydrochloric y




acid solution (1,050 ml." 1,154 g) was charged via 1,000 mL pressure equalizing addition funnel to the
methylene chloride solution in the 5-h vessel over 10 minutes. The pH of the upper agueous layer in
the flask was checked and 3M Het was added as necessary until the aqueous layer pH was less than
2. The entire contents of the 5-1, reaction flask was transferred to a 4-L separatory funnel. The
combined volume was recorded. The two layers were allowed to separate for a minimum of 10
minutes, ThEABgdhic (bAROYESSRESY AR SIETERIHYIRRE@\SeMETAIBry funnel into a clean 4-h
Erlenmeyer flask. The aqueous (top) layer was transferred from the separatory flume' into a clean 4-L
ErlenmeyerbtasRiothe potiesnsdafbrdinafs ‘cambimetthitera gef YeactioRomeesked 00401 Methylene
chloride (305 InL, 400 g) was chagged into the aqueoyﬁ)ggéygm obtaiﬁqqumm@méﬂpus step. The
mixture was stirred for ja minimum of 5 minutes. The entire contents of the 5-L flask was transferred to
a 6-h. separatory funnel and the combined volume was recorded. The t\gx/d)layers were allgwed to
settle for }Iea&t‘ﬁ minutes. Thearganic (bottam) layer wasptransferred from thgsseparatory funnel into
I

the 4-L Er y methylen . plution-was-v 1.000-
mixture was stirred thoroughly fogrgldtgo 2 minutes and theﬁ'%ﬁlowed to settle forgﬁrﬁinimum of 10
minutes. The aqueousilayer wasvsegarated. The pH of thielaqueous layer in thédlask was measured.
The aquedus-tayers-were-combined-and-discarded-Anrhydrousmaghrestum-suifate(110-¢g) was added
to the methylene chloride solution and stirred for at least 15 minutes. A (5-L) redction flask was
pre-marked at 800, 900 &nddbo0imed bevels singesiptidrhthesteoapimixture was filtered through a
15 cm Buchner funnel with filter paper (Whatman #1) into a 5-L reaction flask. The flask and filter cake

were rinsedj¥a;30Q MbinA0Ra FhinRiRgREFRIRrdeE s Melaiens, Rhloride. el g mpas

concentrated as tollows: The 5-L round-bottomed flask was equipped with a mechanical stirrer and a
Claisen stilllezFifteeehilue il rmdcuprecoriauwi Mgt Wad¥saisdatad thea BULSH simple
condenser, aid tTacondensaruas atrcmsii aneesiveriadadidonbiahaffes filtedandtbra 1-L flask

cooled in an,ice bath. The receiver adaptor was connected to an ice cold trap. The cold trap was
connected 875 é’&%Pﬁ’&?ﬁf&y%t%@F %ﬂ:@ff‘éor?eﬂgt%oaﬁl ecpr%’ SRR as%gﬁ%i’oeﬁ(?ﬁsﬁﬁ‘é%i flask was
distilled at aatesopwrafbienthbd:tpbshzYithincdbenacuamtienliba potivolume fofabdus@00tmh was
attained. The, distillate was discarded..T [ . -h reggtion flask was
adjusted to ?rd(? r]rt? %%Ec%) 62%‘%‘5 y ﬁgﬁ%gq“né% (52%22 %rﬁﬁ ?f %%%()%%gih%%%%%%?ﬁ%%%?ggsﬁ%équalizing

addition funmethoxtiensailitbiv ebeickriraruls thitipmodeetanaiifenunt bf adbien cininateesiad precipitate
formed afteg addifiom of RpRIXINANENO00.58 (S84 aheptapee.LhENELFIOIRREAVS Rixture was

cooled with stirring to a temperature of from 0 to 5 C over a minimum of 20 minutes and held at that

temperaturdf8ea [TRFRIHECSf SOsHTGEaCTHe ddhtdrtanstipnevbensddunehordursids tilered through
a 30 cm Bughrenfonaal with.Yaabnapedi btkeepapete kbe fitiateawameoligeiadiiriaos-L suction flask.
The 5-L reagtion flask was rinsed tq the filter cake with 2 x 3"&)%[%_ 2 X 212 gaog%h?éptane. The filter
cake was dﬁgQW%EM8ﬁo%WP8§?§ SRR M s g SReRs P SR YR minimum of 25
minutes. Thasfitey ciike hepghtadascabaut R famofhéifiteh pakeineéighiiyias allotiti601 g. The filtrate
was discarded. The cake was transferred into g 5-L round hot flask equi ith thermocouple,
a mechanical's wﬁ%??ﬁ?l ng)?rﬂ%{ and & &gﬁop%ggu geqSgﬁ%ﬁgggﬁg?t%lﬁef%ﬁa&&%?ﬁ%ene chloride
(750 la, 990 lwasbehaylibidétiter thelBidec@dtivrmflalbkua el sterdrburititafi®solills idigsoteéd (about 10
minutes). Heps ?&épg%?mlmizg%%wgzﬁtmﬁ%v'@&ﬁ@svéfmr@@ﬁ#m{,'a%y&i%@g%tgfggeneous
solution was cooled to 0 to 5 C using an ice bath over a minimum of 15 minutes and then stirred for at
least 30 mirliress. JAmREK Hetetsgainbotads RS §p sabEr citie BontBMe ¥HtHE 5-L reaction flask
were filtereq)@}aﬁcg%ggg;m%ggmeé Wm@/{h@l@@ﬂ?@%{fg&gﬁ@g@%ﬁﬁg@yme was collected in a 4-L
suction flask. The 5-L reaction flask was rinsed to the filter cake with 2 x 310 mL, 2 x 212 g heptane.
The filter c dried with suction until essentially ng mare filtrate was collected (a minimum of 20
minutes). Ta#e%éllﬁz?jgg%eﬁ%tfﬁﬁtc\?vrg %%%nmt Ame }é\é | rgrl%gﬂréc\?\?e%tﬁ \1/1\/%83@% Ul 251%1 The filtrate
was discardie réhimistcaied wih tatisferiedddmorahgryingddisthothé tdryiny disk sdmiaining the
p-meihoxybenz Irgui ether acig as c it fil e drjed in a vacuum
oven at 38 t%)ﬁ% rfgﬁé %%V 0 &@h %\E/ﬁa%vl% n%l %ﬁ%%%&%&%gg ’h%%gsdlg;eﬁhﬁ%éa%%ﬁriginal
PreparationosEpaMehoxybaniajithibethed. Acic @ifofided 2ndg0sR Wt refersprigate Kdiation
11,p-hilethoxybenzylthioether acid (400 g, 1.57 mol) was charged into a 5-L round bottomed flask
equipped with a thermocouple, a mechanical stirrer, a reflux condenser topped with N2 inlet, and a
0.5-L pressure equalizing addition funnel. Methylene chloride (1,600 g, 1,212 mL) was charged into
the 5-L reaction flask. The clear solution was heated to 20 to 25 C. Methylene chloride (300 g) and
oxalyl chloride (110 g, 78 mL) were charged into f#e 0.5-L pressure equalizing addition fume!. 350 int,
of oxalylchtoridehnethylene chloride solution were added via the addition funnel while maintaining the
reaction temperature at 20 to 30 t. The clear yellow solution was stirred at 20 to 25 C for a minimum of
30 minutes until bubbling subsided. Addition of oxalyl chloride was repeated. 350 ml of oxalyl

chloride/methylene chloride solution were added via the pressure equalizing addition funnel to the
reaaction flaclk while maintainina reactinn tfeamnaratiirea at 20 to R0 C (Addition fime ahoiit AR mintitac)

nmaver-flaclk The.methuviane-chlordae soliitionwaswashad awith - 1-000..ml...of \a ater The
TImrre T TTUAY mTrre T o’ o UTITrT eI ) T v VAOTTOUTWVVTLT T UTv .




100451 The acid chloride solution was added drop wise to the 5-1- reaction flask via the 0.5-L
pressure equalizing addition funnel, maintnning a reaction temperature of-68 to 72C, It was important
to adjust the addition rate of methylbenzylthioether acid chloride solution to the stirred
hydrazine/methylene chloride slurry at a rate that ensured a reaction temperature of less than -67 C.
Addition was complete after about 3 hours. The stirred reaction was held at -68 to- 72C for a minimum

of 30 min. Ashenld Saiafsre paesesribreat foerPE LRSS Teaniekitichtzanimiaet® to room
temperature {20:tQ 30 feddRmenipgitherice bathi Qe dThg Seactirnoikiie wesiansferred into a

tared 3-L round bottom flask. The reaction solution was concentrated in vacuo by rotary evaporator.

The bath terﬁ}ﬁ‘gpgﬁfrét?ﬁas’rg&ﬁ&f‘b‘?’l’ﬁe@g@é%‘éf‘ﬁf%%%%r%‘qg% Epride inap IR Slvere removed.
The final weight vwasski#90eTzh: ang-thetnel baighthnvamne3ig of citdeniselithiponaligxdbenzylthioether
hydrazide T istillate was discarde 0471 Methanol (1,25 580 mL) was ad to crude
iAot oS e R S S S
round-bottonmﬁlaékfati@&:{dr@&mc{msmm of Ethmtésmnﬁl @talefams'@hﬁiqrawas obtaineq. The
crude pmet x’é¥épa%'g§)é@09{8‘?éﬂﬁraﬁya‘{jﬁ%‘?%ﬁ%?ﬁﬂx@g%ﬁé%&@h‘@’@%&%@ﬁ&%gn P aikreaction flask.

[00481 1,312 g of 4% sodium hydroxide/methanol solution were charged into the 5L reaction flask at
28 to 34 C otef §hninedded hberearinsdlreiasynnisl Sie3z@mBi©Torl 20 minutes. A light
precipitate f %@%o%?@é&kﬁﬁ%é%ﬁ?&tﬁ %aﬁfdﬂ\%)'ié—isr&%ﬁ%% ﬁﬂ%&%@ﬂ'ﬁ@ﬂ%@%@g@ﬁé}m Buchner
funnel with |Iterﬁ%a§per (Whatman ti 1). The (5-L) reaction flask was rinsed with 200 mL, 158 g of
methanol. THBHAFE RARE HetHERrred into a tared 3-L round bottom flask. The reaction solution was
concentrated in vacua, by rotary evaporator. The bath temperature was set at 36 to 40 C. and
pressure 25 (8028] ipeh tHgAbaoidties iverbydmaole@) Tedimbviteigiivowas dtd8sgléamicthe net
weight was G2 7,901 sede. pppeihonyaengy iReihe diag e selit e disilafg g, fiscarded.

The solid was dissolved in a 700 g, 530 mL"of methylene chioride, The heterogeneous mixture was
mixed in the deriag tes agi i A GUbaeUHEN Y cat BB tHBe O fercieifhurarefantempeateyrandl clear

solution was,gptained: $00%Q1J heorpIHligWAR S ORGRILIALRC I YRGHO RitdOtany syapeiator. The bath
temperature was set at 36 to 40 'C with a pressure of 28 to 30 inch Hg. All volatiles were removed. The

final weight WA R eongYL REP e RE ERRGH COMAR B2l GeattignaExsifthexs bk yitioether
hydrazide sqligihihe digtitlatecwasreiscardeil Thersolicyvaneimsabeedrwitha@ddlunder 72 g of
methylene chloride. The pegfro%e?eous i(§<tur1§ Wagt}g]ixetéﬁt 20 to 25 tho a.tminimum‘ofS minutes
until a clear $8ftiBh WHE SBtdth 8.6_%1\6&%1]% Ay e R S
methylene chictigtezs odstion, gvdlthetnyktHeavaststintetbford diouitakidin@ s Uthergsthesyellow mixture
was filtered thro Buc funnel with filt gAY, n#1).in SrL reaction flask.
The flask anff?ljl{t%grelacgﬁlf&?grlg x%i%%%%? %1\/1“ q%e(%\glrﬁgc%gé}gggfg %é%?f%&r%q &%eri%fgg %[?ec%{l trgte was
transferred inedvsicatedo3n theutdl Bottoidlhakh Theosetutiad g eoncuwtiatéss iy $hituo, by rotary
evaporator. T hath IRRRAIRHIRIGS 351 AderiPiAn Gt RIRSSUTRAT2Ade:2R4TEN Ho. Al volatiles

were removed. The final weight was 1,090 g and the net weight was 643 g of

cnidep-methGkys8 nairRIBE RS Hy apdaRcsarated MadsrstrE WS ais s dusos £1¥€ solid was
diSSOflved Wi%ﬂl@@h?llac&%& thef m?ﬂwzﬁaeﬁm!lﬂﬁﬂ.e @BwM&ggm@@usm&iﬁ@mﬂ wRamed atf35 rt10
40C for minimum of 5 minutes untjl a clear yellow solution was qbtaingd. 4,260 m1 , 3,040 g of ether
was charged?8% 1% %uﬁd%ﬁ)‘ﬁénﬁéﬁr g’s‘?‘ dﬂ'ﬁ&‘ﬁ&dlﬁ}ﬂgh E%%ﬂ?%@g(lﬁﬁgt 15 GRBYALE 4 stirrer, an
N2 inlet, andig Zde pEesHiyrecagualizing addition dunoeln Jhestiirwuas chaleekin theddvedlask to 0 to
-10C using brin tand ice. Tt e\?/ﬁll wg-methox%btegz I(rihioether h razid%m(?rtl’%lene chloride solution
(prepared a gvigl)r\?\}éosngagede £ Sreesssrﬁrcec%{ﬁe&aﬁz?ng HGation hnel 16 the l?a[a)ldffj stirred 300 - 400
rpm ether Wﬂilﬁmmt@iamwhedemmmuem @aouub @rﬂg@?ﬂdﬁﬂibﬂ&ﬂlgrmmbptane was charged_.
The heterogg&%%%!%a&%ﬁ“%‘? %’va_%u%%ﬁfeﬂsaé Qnt%fﬁ L4047 %%@ﬁg%&%ﬁ‘&%ﬂ&ﬁ?{&?&{l-Z'L) reaction

flask were filtered throug a83 cm Buchner funnel with filter paper atman # 1). The filtrate was

collected in &yiazisigdfo s fidssk] VEA éngriethedatiot vaisie. ks et i e b aiod Wigicd o7 mL, 732 g of
heptane. Thefiltrale, was discatdeded laf ﬁﬂ%‘éﬁkmgH@@%ﬁ%ﬁé&&ﬁ%ﬁhiﬁ!ﬂﬁﬂ@ﬂﬂm}pf 50 minutes
e

until essentially no more filtrate was collected. The filter cake height was 15 mm. Filter cake weight
was 429 g. TRECRIETAIRSDASE YAsHER B i%%&?ﬂﬁ@@ﬁ%?ﬂ%@%ﬁ%ﬁ@%t@é?ﬁéﬁhing the
methoxybenzylthioether acid was covered with clean filter paper. The product was dried in a vacuum
oven at 38 to 40 C and 28 to 30 inch Hg vacuum lbr at least 18 hours. 100521 Results for typical batch
reactions using the methods of Examples 1-3 are gathered in Table 2. TABLE 2 TYPICAL BATCHES

BEFORE PROCESS IMPROVEMENTS WERE ADDED Batch No Strength of Hydrazide
13




Bis-hydrazide by- Corrected hydraz de (%) product Yield (%) (%) 2.1 78.522.1 67.82.278.4

Example 15, 3-methyl-3-mercaptobutanoic acid hydrazide (5) is dissolved in 50 parts
(v/w) of methylene chloride at 20 °C + 3 °C, stirred 30 minutes and filtered. The
resulting solution is treated with 0.7 - 1 part (w/w vs crude linker) silica gel, stirred 30
minutes, filtered, and concentrated to dryness on a rotary evaporator. The resulting solid
is triturated with n-heptane. After isolation and drying in vacuo, 3-methyl-3-
mercaptobutanoic acid hydrazide (5) is obtained as a free flowing solid in approximately

a 76% yield.

[0032] One aspect of the present invention is a process that provides p-methoxybenzyl-
thioether hydrazide with less than 5% of the undesired by-product, bis-methoxybenzyi-
thioether hydrazide (6). This improved process comprises a modified method for the
coupling of thioether acid chloride with hydrazine to form p-methoxybenzylthioether
hydrazide. The process steps are shown schematically in Equation I. The undesired by-
product, bis-methoxybenzylthioether hydrazide (6), is generated from the coupling of the
product, p-methoxybenzylthioether hydrazide (3), with the starting material, p-methoxy-
benzylthioether acid chloride (2). The generation of undesired bis-
methoxybenzylthiothioether hydrazide (6) results in lower quality and vield.
[0033] In another aspect of the present invention, the process disclosure may be
conceptually understood to encompass broader applications. The specific reaction
sequence (Equation II1) may be generalized in terms of Equation VIL:
Equation VII

R, Ry O NH,NH,/CH,Cl, sturry R Ry O

P~ L cl g Ps L NHNH,

P is thiol protecting group
R;, Rz .XS alkyl
L is alkylene linker

[0034] Where a material is described as added continuously in a process step, such
addition is meant to occur steadily for a period of time rather than portion wise or all at
once. Drop wise addition of a liquid or addition of a liquid through a steady stream are
examples of continuous addition. In certain embodiments, continuous addition is

accomplished by controlling the rate of addition of a material which reacts exothermally
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19.3 74.8 EXAMPLE 4 Mod(fied Preparation of p-Methoxybenzyttitioetner Hydrazide (3) 100531 In
order to reduce the level of the by-product, bis-methoxybenzylthioether hydrazide (6), the reaction
parameter(s) that influence the formation of this by-product in the isolated product,
p-methoxybenzylthiocther hydrazide were investigated. The procedure of Example 3 was repeated. At
-78C the hydrazinelCH2C12 solution is an unstirrable frozen mixture. Gummy lumps stuck to the
reaction flask witite sioe stiriigh ol spaninds spsirmtinytimiteeabire Xidolutcartinivenhretuacid
chIoride/CHg&%e‘was added drop wise to this frozen mixture of hydrazine/CH,Cli (28% v/v), while
keeping the temperature at about -72 C. HPLC analysis at the end of the addition (temperature was -

72 C) showd80Rledteaydsisschisiriad deritan combiaabepadtishanhtiauns ahrsse (B3icin. This could he
due to lack ehfRRsy Mixdagdgethe: racipralPeniacaaly LRreRGIRGELAGURRURPSI ewas allowed to
warm. When the temperature reached about - 50 C, a stirrable heterogeneous mixture developed,
followed by Qr?§%186&%§ﬁfagﬁ‘?$’ﬁ1%‘?%%gﬁ PRE T @@t&%ﬁ%@ﬁt@‘}‘ggfg RETGIK SR reaction color
changed froamyeitovetpatftuvbiteSihig ilechioctheepostdlatiefe thatingiieetive anvliadioadld lead to
localized reacti(g‘rl]réhz%\ttfavored ttg)et z%eneragon of é%z drazide. WaSElh ing to. rogm tefnperature and

iX hie same substance Juch as v&p it%_rhxﬁm Te 14 wWhic th‘he ce 18 relatiye
work-up of the reaction as in xample 3 provuﬁ% e bis- yéLrlam e as the major pro ict (82%, HPI,C

area %). Thisnidywiirokadighémtimntehennypidal itn thedidd ewedrofi2 086 chintexs @ohcduded that the
solution of agdedhthiasheresicleblavide. (RYECHAGHER akpsliealebnsiihibediagen lumps of

hydrazine. EXAMPLE 5 Temperature Effects an the Preparation of p-!\/lethoxybe&ﬁzgylthioether
Hydrazide (3)4065syeharhpieesingsadtesrinesatrl soastivhens Exarste 1, 1ehleds carried at 0 C,

rather than akaheiHefethGlete 2nldtian ShtRioathen AChedlerslaltEd (el 2 namandeguetep wise to a
stirrable, homo{g& Pous olution of hydrazine/ CH2C12 (28% v/v). In thjs case, 39% (HPLC area%) of

the bis-hydr8%i Sﬁﬁgﬂnﬁ(@% SR R SRASP {8 s fe RSt R%g are factors that
affect the fohy@tiomnof undesired by-product. The results of Examples 3.1 and 3.2 are gathered in

Table 3. TA R PAIR Tl 1N E P-MET. XrYbBaE ZX'.—{[;W%ELHl%%']'E{CDaﬁ)%%'DE AS A _
FUNCTION %‘?Eq?é%li%%ﬁhf%@ %&ﬁﬁﬁ% flect ol\tlfycﬁa in& Concentration on the Preparation
of p-Methorythenayidrdetve aidydnayioe (3) 5 carbon atoms is preferable. For example, methyl,

ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl,

neopentyl, tert-pentyl, 2-methylbutyl, n-hexyl, isohexyl, heptyl, isoheptyl, octyl, isooctyl,

nonyl, decyl and the like are included. The term ““alkylene” includes straight and

branched diradicals of alkanes having one to 10 carbons such as methylene (-CH,-),

ethylene (-CH,CHp-), propylene, butylene, and pentylene.

[0037] The term “heteroalky!” refers to an alky!l group as defined herein where one or

more carbon atoms are replaced by a heteroatom (an oxygen, sulfur, nitrogen, or

phosphorus atom) and may optionally contain additional heteroatoms. The term

heteroalkaryl refers to a heteroalkyl moiety as described above but which is further

substituted with an aryl moiety wherein such aryl moiety may be optionally substituted.

Optionally substituted aryl includes phenyl and substituted phenyl. In substituted phenyl,

one, two or three optional substituents may substitute for hydrogen on a phenyl ring and

be situated ortho, meta, and/or para to the methylene group of the benzyl carbon (or

other point of attachment). In Example 1, a methoxy group is situated para to the

methylene group. Non-limiting examples of optional aryl substituents include, C;-Cs

alkyl, C,-C;s alkoxy, C,-Cs haloalkyl, C;-Cs haloalkoxy, wherein the hydrogen atoms
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100551 The effect of using a lower concentration of hydrazine at low temperature was then examined.
The results are gathered in Table 4 below. A stirrable, heterogeneous mixture of hydrazine/CH2C12 at
-65 to -72C was prepared by diluting the hydrazine/CF12C12 to concentrations of 5% and 19% vs
28% (v/v). Experiments 4.1 and 4.2 in Table 4 carried out at hydrazine/C1-12C12 concentrations of
19% and 5%, respectively, provided a stirrable, heterogenequs mixture that was reacted with thioether
acid ch|oridea%@%ma&aéﬁiwéarmléaaxfwﬁ%i@-%a%&é@%ﬂaﬂ%wmwé% and 5%,
respectively cRepgatingdre aamecaction using less hydrazine (Experiment 4.3 in Table 4 using 5 vs
10 mol equivalents)gﬁelp?gated onl%g% of the bi gsyl%a%rl e, Thl?1 ngpti,cal amount of hydrazine is 5 mol

equivalents versus foether atid. Dou tl‘l%efhaéngmoun of ﬁ)t/h razine 1010 mol equivalents (Table 4:

Experiments 4.1 and 4.2) did not significantly affect the level of bis-bydrazide in the final product.
100561 Adding the acid chloride at a faster raég(gq{qﬁﬁgelriments 4.4 and 4.5 in Table 4, which used 1
vs 0.25 mlimin.) to the dilute hydrazine/CH2C12 heterogeneous mixture (5% and 19%) generated

his-hydrazid@agies/etsearavicams Do etespéenvdtiiortherdieistiddrop in the level of the bis-hydrazicle

(from 82% to 3%g cf. experiment 3.1 in Table 3 above and experiment 4.4 in Table 4) could be
attributed to B98% MHIGEEET ERes ANIBIIAL Rk fors- TRHP APARIRS I dbsEeFAPRRSA, "iRdunt of hydrazine,
addition ratetrsehaixipg, eehQtichisthydrazide geremte b Wixparmen! 416 180kable 4 could be

caused by initial ineffective stirrj g, TABLE 4 PREPARATI OF4P-M Tgl XY ZYLTHIOETHER
Y DRAZIDE GRDER UAAIBOL BIEU HE B AINERCHECE  EUSOND. 15 g Scale) b
Hydrazine (Eppvidioktidr3 witectinylamipliy btig@azime/IC ridnRasatide@py Biswideaide (%) Comments
4.110 0'2513i14red 5-L reaction flask. The reaction was vigorously stirred under N,. The reaction

temperature was maintained to less than 35 to 40 °C during the addition (Note: strong

exotherm, i.e., off gassing). p-Methoxybenzylthiol (386 g, 323 mL, 2.32 mol) was

charged via pressure equalizing addition funnel over 15 minutes into the (5-L) reaction

flask. The mixture was heated to 82 to 88 °C, with stirring under N, The reaction

temperature was maintained in this range for 15 minutes. Note: exothermic. The clear

yellow mixture was heated to 92 to 95 °C with stirring under N; for 2 minimum of 15

hours. A 1 mL sample was removed for HPLC analysis. The reaction was deemed

complete when less than 3% by area of the 3,3-dimethylacrylic acid remained. The

reaction was cooled to 70 to 75 °C by removing the heating mantle.

[0039] 3M hydrochloric acid solution (1,900 mL, 2,090g) was added via a 1-L pressure
equalizing addition funnel to the stirred yellow solution while maintaining the
temperature to less than 90 °C. The final temperature was 70 to 75 °C. The mixture was
cooled to 20 to 25 °C by applying a cool water bath. Methylene chloride (1,600 g, 1,210
mL) was charged to the heterogeneous mixture. The mixture was stirred for 5 minutes.
The pH of the upper aqueous layer in the flask was checked and 3M HCL was added as
necessary until the aqueous layer had pH less than 2. The entire contents of the 5-L
reaction flask was transferred to a 4-L separatory funnel. The two layers were allowed to
separate for a minimum of 10 minutes. The organic (bottom) layer was transferred from
the separatory funnel back into the 5-L reaction flask. The aqueous (top) layer was
transferred from the separatory funnel into a (4-L) Erlenmeyer flask. 3M hydrochloric
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Stirred slurry 4.2 10 0.155 5 Stirred slurry 4.3 5 0.255 3 Stirred slurry 4.451.05 3

acid solution (1,050 mL, 1,154 g) was charged via 1,000 mL pressure equalizing addition
funnel to the methylene chloride solution in the 5-L vessel over 10 minutes. The pH of
the upper aqueous layer in the flask was checked and 3M HCL was added as necessary
until the aqueous layer pH was less than 2. The entire contents of the 5-L reaction flask
was transferred to a 4-L separatory funnel. The combined volume was recorded. The two
layers were allowed to separate for a minimum of 10 minutes. The organic (bottom)
layer was transferred from the separatory funnel into a clean 4-L Erlenmeyer flask. The
aqueous (top) layer was transferred from the separatory funnel into a clean 4-L

Erlenmeyer flask. The aqueous layers were combined into a 5-L reaction flask.

[0040] Methylene chloride (305 mL, 400 g) was charged into the aqueous solution
obtained in the previous step. The mixture was stirred for a minimum of 5 minutes. The
entire contents of the 5-L flask was transferred to a 6-L separatory funnel and the
combined volume was recorded. The two layers were allowed to settle for at least 5
minutes. The organic (bottom) layer was transferred from the separatory funnel into the
4-L Erlenmeyer flask. The methylene chloride solution was washed with 1,000 mL of
water. The mixture was stirred thoroughly for 1 to 2 minutes and then allowed to settle
for a minimum of 10 minutes. The aqueous layer was separated. The pH of the aqueous
layer in the flask was measured. The aqueous layers were combined and discarded.
Anhydrous magnesium sulfate (110 g) was added to the methylene chloride solution and
stirred for at least 15 minutes. A (5-L) reaction flask was pre-marked at 800, 900 and
1,000 mL levels. Using suction, the yellow mixture was filtered through a 15 cm Buchner
funnel with filter paper (Whatman #1) into a 5-L reaction flask. The flask and filter cake
were rinsed with 300 mL, 400 g of methylene chloride. The methylene chloride solution
was concentrated as follows: The 5-L round-bottomed flask was equipped with a
mechanical stirrer and a Claisen still head fitted with a thermocouple. The still head was
connected to a 30-cm simple condenser, and the condenser was attached to a receiver
adaptor which was fitted with a 1-L flask cooled in an ice bath. The receiver adaptor was

connected to an ice cold trap. The cold trap was connected t0 a vacuum pump.

[0041] Methylene chloride from the solution in the 5-L flask was distilled at a
temperature of 15 to 35 °C, under vacuum, until a pot volume of about 900 mL was

attained. The distillate was discarded. The temperature of the contents of the 5-L reaction
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Stirred slurry 4.55 1.0 19 9 at -68 to -73 C. Started as non-stirred slurry The reaction temperature
during the addition wasmaintained EXAMPLE 7 Effect of Temperature on the Preparation of
p-Methavbenzylthioether Hydrazide (3) 100571 The effect of temperature on the level of bis-hydrazide
in the product was examined in Table 5. In experiments where the thioether acid chloride was added
to a stirred mixture of hydrazine/CH2C12 (19% Wv) at -20 and -72C (Table 5: Experiment 5.1 and
5.2), bis-hydfashdsasedisedrtomat 16085 6f Devioan 4% lspetTh el SislifEsd i were

observed in gxReIMENLSAny abditos flaRleDhelderabaurdesiisdndicate e lpwealisaastion
temperature (- -70 C) is necessary to obtfain Iowa%r levels. (3 - 5%) of the bis-hydrazjde. TABLE 5 THE

EFFECT OFIEMISERATIRE BRATIRS (E V] B 19 R SHYDRAABEFIRMBD O &

heptane. The heterogeneous mixture was cooled with stirring to a temperature of from 0
to 5 °C over a minimum of 20 minutes and held at that temperature for a minimum of 30
minutes. The contents of the 5-L reaction flask were filtered through a 30 cm Buchner
funnel with Whatman # 1 filter paper. The filtrate was collected in a 4-L suction flask.
The 5-L reaction flask was rinsed to the filter cake with 2 x 310 mL, 2 x 212 gof
heptane. The filter cake was dried with suction until essentially no more filtrate was
collected and for a minimum of 25 minutes. The filter cake height was about 20 mm.
The filter cake weight was about 601 g. The filtrate was discarded. The cake was
transferred into a 5-L round bottomed flask equipped with thermocouple, a mechanical
stirrer, an Nj inlet and a 1-L pressure equalizing addition funnel. Methylene chloride (750
mL, 990 g) was charged into the 5-L reaction flask and stirred until all solids dissolved
(about 10 minutes). Heptane (1,060 mL, 725 g) was charged into the 5-L reaction flask.
The heterogeneous solution was cooled to 0 to 5 °C using an ice bath over a minimum of
15 minutes and then stirred for at least 30 minutes. A thick heterogeneous solution was
observed. The contents of the 5-L reaction flask were filtered on 30 cm Buchner funnel
with Whatman # 1 filter paper. The filtrate was collected in a 4-L suction flask. The 5-L
reaction flask was rinsed to the filter cake with 2 x 310 mL, 2 x 212 g heptane. The filter
cake was dried with suction until essentially no more filtrate was collected (a minimum
of 20 minutes). The filter cake height was about 20 mm. The filter cake weight was
about 632 g. The filtrate was discarded. The wet cake was transferred into a drying dish.
The drying dish containing the p-methoxybenzylthioether acid was covered with clean
filter paper. The product was dried in a vacuum oven at 38 to 40 °C and 28 to 30 inch Hg

vacuum for at about 20 hours.
EXAMPLE 2
Original Preparation of p-Methoxybenzylthioether Acid Chloride (2)

[0042] With reference to Equation II, p-Methoxybenzylthioether acid (400 g, 1.57 mol)

was charged into a 5-L round bottomed flask equipped with a thermocouple, a
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Experiment? (5 g Scale) Hydrazine/CH2C12 (v/v) (%) Temp (C) Bis-hydrazide (%) Comments 5.1 19
-20 28 stirred shiny 5.2 19 -72 41 stirred slurry 5.3

mechanical stirrer, a reflux condenser topped with Ny inlet, and a 0.5-L pressure
equalizing addition funnel. Methylene chloride (1,600 g, 1,212 mL) was charged into the
5-L reaction flask. The clear solution was heated to 20 to 25 °C. Methylene chloride
(300 g) and oxalyl chloride (110 g, 78 mL) were charged into the 0.5-L pressure
equalizing addition funnel. 350 mL of oxalyl chloride/methylene chloride solution were
added via the addition funnel while maintaining the reaction temperature at 20 to 30 °C.
The clear yellow solution was stirred at 20 to 25 °C for a minimum of 30 minutes until
bubbling subsided. Addition of oxalyl chloride was repeated. 350 ml of oxalyl
chloride/methylene chloride solution were added via the pressure equalizing addition
funnel to the reaction flask while maintaining reaction temperature at 20 to 30 °C
(Addition time about 45 minutes). The reaction mixture was heated to about 32 to 38 °C.
The stirred solution was held in this temperature range for a minimum of 1 hour. A 1 mL
sample was removed for HPLC analysis. The reaction was deemed complete when less
than 3% by area of the methoxylbenzylthioether acid starting material remained. The
reaction was cooled to from 23 to 28 °C over a minimum of 5 minutes. The solution was
transferred to a tared 3-L round bottom flask. The reaction flask was rinsed to the 3-L
flask with 100 ml, 132 g methylene chloride. The reaction solution was concentrated
solution in vacuo, by rotary evaporator with bath temperature set at 33 to 36 °C and a
pressure of 25 to 28 inch Hg, until no volatiles remained. The final weight was 1,367 g
and the net weight was 500.3 g of p-methoxybenzylthioether acid chloride. Distillate was
discarded.

EXAMPLE 3
Original Preparation of p-Methoxybenzylthioether Hydrazide (3)

[0043] With reference to Equation 111, a 5-L Morton type round bottomed flask was
equipped with a thermocouple, a mechanical stirrer, a reflux condenser topped with N
inlet, and a 0.5-L pressure equalizing addition funnel. p-methoxylbenzylthioether acid
chloride was dissolved in 500 ml, 660 g of methylene chloride. The solution was
transferred into a 2-L Erlenmeyer flask. 500 ml methylene chloride were added to make

up a total volume of 1,300 mL solution.
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5 -38 16 stirred slurry 5.4 5 -72 3 stirred slurry a. The above experiments were carried out using 5 eq.
of hydrazine. EXAMPLE 8 Effect of Hydrazine Concentration on the Preparation of
p-Methoxyhenzyther Hydrazide 63) 100581 Examining the experiments in Table 4 revealed that an
addition temperature of around -70C and a concentration of hydrazine/C1-12C12 at either 19% or 5%
(v/v) produced comparable results. This observation was further examined in Table 6. In experiments

6.1, 6.2 and [8U4hmabid e\ererctine winetheitund SatbriiEvadiadaed Yoaheeretirgssneous mixture
of hydrazineiGhiag 2% cancenigalions ot 40/95and 4006, (npdis digaide i generated af

levels of 6%, 13% and 4%, respectively. The reaction volume, flask size and agitation speed were kept
constant, THEREiS gﬁ‘éf\?&?é‘&ethglﬂ%@f%%mﬁ?é Sféﬁ?ftﬁﬂ?ﬁe\%@%é‘?ﬁi‘}a%%rezf@ fRarddiedont 06

concentratioglurne fyerdzine/ Gd 2CI zooesnisationceiddnavas repeated at 30 g scale (Experiment
6.3 in Table 6) to provide the desired product contaminated with only 3% bis-hydrazide. The higher
level of bis-Hyttakitle imciExgbérirde ol isvattridded ditopimitialtfatheddbitront ohatiskctifottide that caused

the reaction JeMRGAAFE IQRKRLREH FuREIARMWAR I IR RADHSE D ature of -68 to -
72 °C. It was important to adjust the addition rate of methylbenzylthioether acid chloride
solution to the stirred hydrazine/methylene chloride slurry at a rate that ensured a reaction
temperature of less than -67 °C. Addition was complete after about 3 hours. The stirred
reaction was held at -68 to- 72 °C for a minimum of 30 min. A 1 mL sample was
removed for HPLC analysis. The solution was warmed to room temperature (20 to 30

°C) by removing the ice bath.

[0046] The reaction mixture was transferred into a tared 3-L round bottom flask. The
reaction solution was concentrated in vacuo by rotary evaporator. The bath temperature
was set at 32 to 36 °C and pressure 25 to 28 inch Hg. All volatiles were removed. The
final weight was 1,490.7 g and the net weight was 630 g of crude, solid p-
methoxylbenzylthioether hydrazide. The distillate was discarded.

[0047] Methanol (1,250 g, 1,580 mL) was added to crude p-methoxylbenzylthioether
hydrazide solid and the heterogeneous mixture was mixed in a 5-L round-bottom flask at
33 to 36 °C for minimum of 5 minutes until a clear solution was obtained. The crude p-
methoxylbenzylthioether hydrazide/methanol solution was transferred into a 5-L reaction

flask.

[0048] 1,312 g of 4% sodium hydroxide/methanol solution were charged into the 5L
reaction flask at 28 to 34 “C over 8 minutes. The clear mixture was stirred at 33 to 36 °C

for 20 minutes. A light precipitate formed.

[0049] The contents of the 5-L reaction flask were filtered on a 30-cm Buchner funnel
with filter paper (Whatman # 1). The (5-L) reaction flask was rinsed with 200 mL, 158 g
of methanol. The filtrate was transferred into a tared 3-L round bottom flask. The
reaction solution was concentrated in vacuo, by rotary evaporator. The bath temperature

was set at 36 to 40 °C and pressure 25 to 28 inch Hg. All volatiles were removed. The
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TABLE 6 THE EFFECT OF HYDRAZINE/012CL2 CONCENTRATION ON THE LEVEL OF THE
BIS-HXDRAZIDE FORMED Exp No. a (Scale) Hydrazine/ CH2C12 (v/v) (%) Temp (C) Bis-hydrazide
(%) Comments (Lig. yell 12.12.F size) 6.1 19 -68 to -70 6 20 mL/1.00 ml

final weight was 1,484 g and the net weight was 622.7 g of crude p-
methoxybenzylthioether hydrazide solid. The distillate was discarded. The solid was
dissolved in a 700 g, 530 mL of methylene chloride. The heterogeneous mixture was
mixed in the rotary evaporator (no vacuum), at 33 to 36 °C for minimum of 10 minutes

until clear solution was obtained.

[0050] The solution was concentrated in vacuo by rotary evaporator. The bath
temperature was set at 36 to 40 °C with a pressure of 28 to 30 inch Hg. All volatiles were
removed. The final weight was 1,494.2 g and the net weight was 632.5 g of crude p-
methoxybenzylthioether hydrazide solid. The distillate was discarded. The solid was
dissolved with 2,100 mL, 2,772 g of methylene chloride. The heterogeneous mixture was
mixed at 20 to 25 °C for a minimum of 5 minutes until a clear solution was obtained. 110
g of anhydrous magnesium sulfate was added to the methylene chloride solution, and the
mixture was stirred for 1 hour. Using suction, the yellow mixture was filtered through a
15-cm Buchner funnel with filter paper (Whatman # 1) into a 5-L reaction flask. The
flask and filter cake were rinsed with 500 mL, 660 g of methylene chloride. The filtrate
was transferred into a tared 3-L round-bottom flask. The solution was concentrated in
vacuo, by rotary evaporator. The bath temperature was set at 32 to 35 °C with pressure of
20 to 25 inch Hg. All volatiles were removed. The final weight was 1,090 g and the net
weight was 643 g of crude p-methoxybenzylthioether hydrazide solid. The distillate was

discarded.

[0051] The solid was dissolved with 400 mL, 528 g of methylene chloride. The
heterogeneous mixture was mixed at 35 to 40 °C for minimum of 5 minutes until a clear
yellow solution was obtained. 4,260 mL, 3,040 g of ether was charged to a 12-L round
bottomed flask equipped with a thermocouple, a mechanical stirrer, an N; inlet, and a 2-L
pressure equalizing addition funnel. The ether was cooled in the 12-L flask to 0 to -10 °C
using brine and ice. The yellow p-methoxybenzylthioether hydrazide/methylene chloride
solution (prepared above) was added via pressure equalizing addition funnel to the
rapidly stirred 300 - 400 rpm ether while maintaining the temperature at 0 to -10 °C.
1,070 mL, 732 g of heptane was charged. The heterogeneous mixture was stirred at 0 to -
5 °C for 20 minutes. The contents of the (12-L) reaction flask were filtered through a 30-

c¢m Buchner funnel with filter paper (Whatman # 1). The filtrate was collected in a 4-L

21




(509)

6.2 14 -57 to -65 13 (Initial fast add.) (4.2 g) |

suction flask. The 5-L reaction flask was rinsed to the cake with 1,070 mL, 732 g of
heptane. The filtrate was discarded. The filter cake was dried with suction for a
minimum of 50 minutes until essentially no more filtrate was collected. The filter cake
height was 15 mm. Filter cake weight was 429 g. The wet cake was transferred into a
drying dish. The drying dish containing the methoxybenzylthioether acid was covered
with clean filter paper. The product was dried in a vacuum oven at 38 to 40 °C and 28 to

30 inch Hg vacuum for at least 18 hours.

[0052) Results for typical batch reactions using the methods of Examples 1-3 are
gathered in Table 2.

TABLE 2 TYPICAL BATCHES BEFORE PROCESS IMPROVEMENTS

WERE ADDED
Batch No Strength of Hydrazide Bis-hydrazide by- Corrected hydrazide
(%) product Yield (%)
(%)
2.1 78.5 22.1 67.8
2.2 78.4 19.3 74.8

EXAMPLE 4
Modified Preparation of p-Methoxybenzylthioether Hydrazide (3)

[0053] In order to reduce the level of the by-product, bis-methoxybenzylthioether
hydrazide (6), the reaction parameter(s) that influence the formation of this by-product in
the isolated product, p-methoxybenzylthioether hydrazide were investigated.

The procedure of Example 3 was repeated. At -78 °C the hydrazine/CH,Cl, solution is an
unstirrable frozen mixture. Gummy lumps stuck to the reaction flask while the stirring
blade was spinning in the air. A solution of thioether acid chloride/CH,Cl, was added
drop wise to this frozen mixture of hydrazine/CH,Cl, (28% v/v), while keeping the
temperature at about -72 °C. HPLC analysis at the end of the addition (temperature was -
72 °C) showed little reaction. This was contrary to the expectation that it is a fast
reaction. This could be due to lack of proper mixing in the reaction. The largely

unreacted reaction mixture was allowed to warm. When the temperature reached about -
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20 mL/100 ml 6.3 14 -68 to -71 3 140 mL/500 mL (30g) 6.4

50 °C, a stirrable heterogeneous mixture developed, followed by a rapid exotherm that
pushed the temperature instantly to -28 °C where the reaction color changed from yellow
to off-white. This led to the postulation that ineffective mixing could lead to localized
reaction that favored the generation of the bis-hydrazide. Warming to room temperature
and work-up of the reaction as in Example 3 provided the bis-hydrazide as the major
product (82%, HPLC area %). This is much higher than the typical undesired level of
20%. It was concluded that the solution of added thioetheracid chloride (2)/CH,Cl, did

not mix effectively with the frozen lumps of hydrazine.

EXAMPLE 5
Temperature Effects on the Preparation of p-Methoxybenzylthioether Hydrazide (3)
[0054] Example 5 repeated the same reaction of Example 4, but was carried at 0 °C,
rather than at about -72 °C. A solution of thioether acid chloride/CH,Cl, was added drop
wise to a stirrable, homogenous solution of hydrazine/ CH,Cl, (28% v/v). In this case,
39% (HPLC area%) of the bis-hydrazide formed. These conditions imply that lower
temperature and stirring are factors that affect the formation of undesired by-product.

The results of Examples 3.1 and 3.2 are gathered in Table 3.

TABLE 3 PREPARATION OF P-METHOXYBENZYLTHIOETHER
HYDRAZIDE AS A FUNCTION OF TEMPERATURE

Example No. j Hydrazine | Hydrazine/CH,Cl, | Temp | Bis- Comments
Ea) | () (%) CR
3.1 5 28 ~-72 82 Poorly stirred
3.2 5 28 ~0 39 Stirred slurry
a. The acid chloride was added to the hydrazine/CH,Cly mixture at rate of 0.25 mL/min.
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10-61to-684 20 mida 00 ml (2.9 g) a he above experiments were carried out using 5 equivalents
of hydrazine EXAMPLE 9 Effect of Mixing Speed on Preparation of p-Metharybenzylthioether
flydrazide (3) [0059] The effect of mixing was examined (Table 7). Experiments 7.2 and 7.1 showed
that faster mixing (400 rpm vs 200 rpm) produced lesser his-hydrazide (22% vs 40%). The higher than
usual level of bis-hydrazide in both experiments could be caused by ineffective mixing considering the
initial liquid level (36 mL) of hydrazine/ CH2CI*MMA&E®mid flask compared to 20 mid liquid in | 00-m
L, flask in Tafle8./ThidrmerrcothatimadadibionioPtapespestop ptve rixitgnivereastor geometry and

liquid level %g;ak%%g?g}sidered.

[0055] The effect of using a lower concentration of hydrazine at low temperature was
then examined. The results are gathered in Table 4 below. A stirrable, heterogeneous
mixture of hydrazine/CH,Cl, at -65 to -72 °C was prepared by diluting the
hydrazine/CH,Cl, to concentrations of 5% and 19% vs 28% (v/v). Experiments 4.1 and
4.2 in Table 4 carried out at hydrazine/CH,Cl, concentrations of 19% and 5%,
respectively, provided a stirrable, heterogeneous mixture that was reacted with thioether
acid chloride to provide desired product with bis-hydrazide by-product levels of 3% and
5%, respectively. Repeating the same reaction using less hydrazine (Experiment 4.3 in
Table 4 using 5 vs 10 mol equivalents) generated only 3% of the bis-hydrazide. The
typical amount of hydrazine is 5 mol equivalents versus thioether acid. Doubling the
amount of hydrazine to 10 mol equivalents (Table 4: Experiments 4.1 and 4.2) did not
significantly affect the level of bis-hydrazide in the final product.

[0056] Adding the acid chloride at a faster rate (cf, experiments 4.4 and 4.5 in Table 4,
which used 1 vs 0.25 mL/min.) to the dilute hydrazine/CH,Cl, heterogeneous mixture
(5% and 19%) generated bis-hydrazide at levels of 3% and 9%, respectively. The drastic
drop in the level of the bis-hydrazide (from 82% to 3%, cf. experiment 3.1 in Table 3
above and experiment 4.4 in Table 4) could be attributed to one or more of the following
factors: Temperature, concentration, amount of hydrazine, addition rate and mixing. The
9% bis-hydrazide generated from Experiment 4.5 in Table 4 could be caused by initial

ineffective stirring.
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TABLE 7 THE EFFECT OF MIXING ON THE LEVEL OF THE BISHYDRAZIDE FORMED Experiment
(5 g scale) Hydrazine!Temp CH2C12' (v/v) ( %)(C) s-_. Irazide (%) Add rate (mid/min.) Mixing a e
(rpm) 7.119-60 40 1

TABLE 4 PREPARATION OF P-METHOXYBENZYLTHIOETHER
HYDRAZIDE UNDER VARIOUS DILUTIONS OF HYDRAZINE/

CH,CL,
Exp. No. Hydrazine | Addition rate | Hydrazine/ Bis-hydrazide | Comments
(5 gScale) | (Eq) ‘ CH,Cl, (%)
(mL/min.) (v/v) (%)
4.1 10 0.25 19 4 Stirred shurry
42 10 0.25 5 5 Stirred shurry
4.3 5 0.25 5 3 Stirred slurry
4.4 5 1.0 5 3 Stirred slurry
4.5 5 1.0 19 9 Started as
non-stirred
| sharry
The reaction temperature during the addition was maintained at -68 to -73 °C.

EXAMPLE 7

Effect of Temperature on the Preparation of p-Methoxybenzylthioether Hydrazide (3)
[0057] The effect of temperature on the level of bis-hydrazide in the product was
examined in Table 5. In experiments where the thioether acid chloride was added to a
stirred mixture of hydrazine/CH,Cl, (19% v/v) at -20 and -72 °C (Table 5: Experiment
5.1 and 5.2), bis-hydrazide was generated at levels of 28% and 4%, respectively. Similar
results were observed in experiments 5.3 and 5.4 (Table 5). The above results indicate a
lower reaction temperature (~ -70 °C) is necessary to obtain lower levels (3 - 5%) of the

bis-hydrazide.
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200 9 -65 271 400 a. The final liquid volume/reactor size was 72%. EXAMPLE 10 Seale-Lip Effects
on Preparation atlifydrazide (3) 100601 Preparing p-methoxybenzylthioether hydrazidc at either
concentration of hydrazine/041C2 of 19% or 5% (vi'.) produced comparable results. While the 19%
concentration of hydrazine/CH2C12 is usually a stirrable mixture at -70 C, there is a risk that it could
become a poorly mixed frozen mixture. If a manufacturing scale batch (400 g) were run at 5%
concentratiop Qg hycy azipgl GIHEE 6 e0F genveao (2R E URrMomEyEY eeuiroepeneised. However, if
the process is run at 14% concentration of hydrazine/CH2C1-2, the reaction can be carried out using a
glass reactor, 5-L MortBr¥ %g{f%%)d flask. When the process was run at 14% v/v
concentratiog-of-hydrazine/CH2C€ 12 at 20 -g-scale-(Experti v %able@?{rhe-isplated product,
mothoxyben B RRISTGr My A G e ated it I VA b CARSA0R) of byproduct
his-methoxytemSyithjoethetiydtazide. Repeatifiyy the| dove condition (concentration of
hydrazine/CHZC 12 was 1#%) at mgnufacturing Sgafetup CoRgitions 1 -2 in Table 8)
produced p-methoxybenzylthioether hydrazige contaminated with 4.2% (HPLC areg"/0) of by-product,
his-methoxyberiz§hioether hydraZitie. TABLE 8 BREPARATION OFstirred slurry
P-METHOXYBENZYLTHIOETHER HYDRAZIDEAT YURMINE/L.IQMZSW\ILE:NTRATION WAS
14% Exp. No. (Scale) Flask size (mL) Initial Lig. levelf reactor size

5.4 5 =72 3 stirred slurry

a. The above experiments were carried out using 5 eq. of hydrazine.

EXAMPLE 8
Effect of Hydrazine Concentration on the Preparation of p-Methoxybenzylthioether
Hydrazide (3)

[0058] Examining the experiments in Table 4 revealed that an addition temperature of
around -70 °C and a concentration of hydrazine/CH,Cl; at either 19% or 5% (v/v)
produced comparable results. This observation was further examined in Table 6. In
experiments 6.1, 6.2 and 6.4 in Table 6 where the thioether acid chloride was added to the
heterogeneous mixture of hydrazine/CH,Cl, at concentrations of 19%, 14% and 10%, the
bis-hydrazide was generated at levels of 6%, 13% and 4%, respectively. The reaction
volume, flask size and agitation speed were kept constant. The results showed that at
19%, the reaction was comparable to the results at 10% concentration. The
hydrazine/CH,Cl, concentration of 14% was repeated at 30 g scale (Experiment 6.3 in
Table 6) to provide the desired product contaminated with only 3% bis-hydrazide. The
higher level of bis-hydrazide in Experiment 6.2 is attributed to initial fast addition of acid
chloride that caused the reaction temperature to spike to -57 °C before it was quickly

adjusted.
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TABLE ¢ THE EFFECT OF HYDRAZINE/CH,CL, CONCENTRATION ON

THE LEVEL OF THE BIS-HYDRAZIDE FORMED

(%) Bis-hydrazide HPLC area% (%) 8.1a 250 39 4.4 (20 F)  8.20 5000 390 4.2 (400 g) (Morton)

ExpNo.? | Hydrazine/ Temp Bis-hydrazide | Comments
CH,Cl, (%) (Lig. vol/ RBF size)
(Scale) (v/v) (%) °C)
6.1 19 -68 to -70 6 20 mL/100 ml ]
)
6.2 14 -57 to -65 13 (Initial fast add.)
429 20 mL/100 ml
6.3 14 -68 to-71 3 140 mL/500 mL
(30g
6.4 10 -61 to -68 4 20 mL/100 ml
29g

a. the above experiments were carried out using 5 equivalents of hydrazine

EXAMPLE 9

Effect of Mixing Speed on Preparation of p-Methoxybenzylthioether Hydrazide (3)

[0059] The effect of mixing was examined (Table 7). Experiments 7.2 and 7.1 showed

that faster mixing (400 rpm vs 200 rpm) produced lesser bis-hydrazide (22% vs 40%).

The higher than usual level of bis-hydrazide in both experiments could be caused by

ineffective mixing considering the initial liquid level (36 mL) of hydrazine/ CH,Cl, in the

50-mL flask compared to 20 mL liquid in 100-mL flask in Table 8. This means that in

addition to the speed of the mixing, the reactor geometry and liquid level must be

considered.

TABLE 7 THE EFFECT OF MIXING ON THE LEVEL OF THE BIS-

HYDRAZIDE FORMED
Experiment | Hydrazine/ | Temp | Bis-hydrazide | Add rate | Mixing rate
(5 gscale) | CH,Ch
(v/Iv) ( %) (°C) (%) (mL/min.) | (rpm)
7.1 19 -00 40 1 200
7.1 19 -65 22 1 400

a. The final liquid volume/reactor size was 72%.
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a. The concentration of hydrazMe/C112C12 mixture is 14% (vh,r) b. The concentration of
hydrazlne/CFI2C1, mixture is 14% (v/v). c. The initial volume reactor size = 39%. Final liquid
volume/reactor size = 64%. 10061] The original process (Table 9, experiment 9.1), provided the
product, pmethoxybenzyithioother hydrazide, in 78.4% strength that contained 19.3% of byproduct,
bis-hydrazide. The modified process in Experimﬁgable 9, used continuous addition of a
inethoxybenzylthioether acid chloride solutioff dilute and stirrable hydrazinehnethylene
chloride hetefegedgatigonixiuer{poncentrdtoil avas, Dévbyliier prodhictapdaéihoxybenzylthioether

CoMPARIS O LR D Bt PO R LARE P S kocess For THE
PREPARATO& e METHY ST ENAYY/ PPt ERay BRAZSDE. PYdoésthi¢d88e) Mixing speed
(RPM) FIaSkc&?c%r(&%i)m of hydrazine/CH,Cl, is usually a stirrable mixture at -70 °C, there is a risk

that it could become a poorly mixed frozen mixture. If a manufacturing scale batch (400

g) were run at 5% concentration of hydrazine/CH;Cl,, a larger reactor (20-L Morton

type) could be required. However, if the process is run at 14% concentration of

hydrazine/CH,Cl,, the reaction can be carried out using a glass reactor, 5-L Morton type

round-bottomed flask. When the process was run at 14% v/v concentration of

hydrazine/CH»Cl, at 20 g scale (Experiment 8.1 in Table 8) the isolated product, p-

methoxybenzylthioether hydrazide, was contaminated with 4.4% (HPLC area%) of by-

product, bis-methoxybenzylthioether hydrazide. Repeating the above condition

(concentration of hydrazine/CH,Cl, was 14%) at manufacturing scale-up conditions

(Experiment 8.2 in Table 8) produced p-methoxybenzylthioether hydrazide contaminated

with 4.2% (HPLC area%) of by-product, bis-methoxybenzylthioether hydrazide.

TABLE 8 PREPARATION OF P-METHOXYBENZYLTHIOETHER
HYDRAZIDE AT HYDRAZINE/CH,CL,; CONCENTRATION WAS

14%
Exp. No. Flask size | Initial Liq. level/ Bis-hydrazide
reactor size HPLC area%
(Scale) (mL) (%) (%)
8.1% 250 39° 4.4
(20¢g)
8.2° 5000 39° 4.2
(400 g) (Morton)

a. The concentration of hydrazine/CH,Cl, mixture is 14% (v/v)

b. The concentration of hydrazine/CH,Cl, mixture is 14% (v/v).

¢. The initial volume reactor size = 39%. Final liquid volume/reactor size = 64%.

[0061] The original process (Table 9, experiment 9.1), provided the product, p-
methoxybenzylthioether hydrazide, in 78.4% strength that contained 19.3% of by-

product, bis-hydrazide. The modified process in Experiment 9.2, Table 9, used
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p-Methoxybenzylthioeth hyclrazide (Strength %) B s-hydrazide ( % ) 9.1a nd S 000' .., 78.4 19.3 400 g
(Morton) 9.2 270

continuous addition of a methoxybenzylthioether acid chloride solution to a more dilute
and stirrable hydrazine/methylene chloride heterogeneous mixture (concentration was
14%). The product, p-methoxybenzylthioether hydrazide, was prepared in 91.1%
strength that contained 4.7% of by-product, bis-hydrazide.

TABLE 9 COMPARISON BETWEEN THE MODIFIED PROCESS AND THE
PREVIOUS PROCESS FOR THE PREPARATION OF P-
METHOXYBENZYLTHIOETHER HYDRAZIDE

Process [ Mixing speed | Flask size | p-Methoxybenzylthioether | Bis-hydrazide
hydrazide

(Scale) (RPM) (mL) (Strength %) (%)

9.1% nd 5,000° 78.4 19.3

400 g ‘ (Morton)

9.2° 270 5,000¢ 91.1 4.7

400 g 1 (Morton)

a. The concentration of hydrazine/CH,Cl, mixture is 28% (v/v)

b. The concentration of hydrazine/CH,Cl, mixture is 14% (v/v).

¢. The Initial volume/reactor size was 21%. Final liquid volume/reactor size was 47%.

d. The Initial volume/reactor size was 39%. Final liquid volume/reactor size was 64%.

[0062] The following conditions ensure a low level of the bis-hydrazide by-product is
formed and are recommended for the manufacturing of p-methoxybenzylthioether
hydrazide. These reaction conditions are considered aspects of certain embodiments of

the present invention:

1. Addition rate of methoxybenzylthio acid chloride solution to hydrazine/CH,Cl
mixture adjusted to maintain reaction temperature of -68 to -75 °C.

2. Effective mixing (initial liquid volume of 30 to 40% liquid volume versus reactor size)
at high mixing speed (300 to 400 rpm). Mixing maintained at speed of 260-270 rpm in 5
L Morton-type flask.
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5,0000 91.1 4 400 g (Morton) The concentration of hydrazinelCH2C12mixture is 28% (v/v) b. The
concentration of hydrazine/C1-12C12 mixture is 14% (v/v). c. The initial volume/reactor size was 21%.
Final liquid volume/reactor size was 47%. d. The Initial volume/reactor size was 39%. Final liquid
volume/reactor size was 64%. [0062] The following conditions ensure a low level of the bis-hydrazide
by-product is formed and are recommended for the manufacturing of p-methoxybenzylthioether
hydrazide. Phéserebbctiofaonulitioers afd xbreickerét Glspeutecoirebemirce iisotients ofithe present

invention: 1, Addifign.ate of nsthoxbanayiing,acid chlpride solution to hycirazine/CH2C12 mixture

adjusted to maintain reaction temperature of -68 to -75 ‘C. 2. Effective mixing (initial liquid volume of
30 to 40% Ilﬁulﬂl%lﬂ%d\ié?%@%cr‘é%ﬁ%ia 876\ 9K gRIHIG NG SpeEacta0B%® 400 rpm). Mixing maintained
at speed of 260-270 rpm in 5 L Morton-type flask.

[0063] The following examples 11-15 combine to illustrate a preferred embodiment of

the invention.

EXAMPLE 11

Modified Preparation of the p-Methoxybenzylthioether Acid Intermediate (1)

[0064} A 5-L reaction flask with a condenser, Ny inlet, stirrer, and temperature
probe/controller was set up. Piperidine (0.402 kg) was charged into the vessel under a N,
atmosphere. 3,3-dimethylacrylic acid (0.215 kg) was added portion wise with stirring
followed by p-methoxybenzylthiol (0.358 kg). The reaction mixture was heated
gradually to 82 to 88 °C over a minimum of 15 minutes and that reaction temperature
was maintained until an exotherm was observed. The temperature was not allowed to
exceed 95 °C . When the exotherm was complete, heating was continued to 92 to 98 °C
and maintained for a minimum of 15 hours.

[0065] Three liters of 3 M aqueous HCl were prepared. The heating mantle was removed
and the reaction mixture was allowed to cool to 70 to 75 °C. 1.9 L of the HCl solution
was slowly added. Cooling was continued with a water bath until the flask contents
reached a temperature of 20 to 30 °C. CH,Cl; (1.64 kg) was added and the flask contents
were stirred for a minimum of 5 minutes. The pH was checked and adjusted to < 2 as
needed using the HCI solution. The reaction mixture was transferred to a separatory
funnel, the phases were allowed to separate, and the lower organic product layer was
drained back into the reaction flask. The upper aqueous layer was transferred to a
separate flask. The remaining HCI solution was added to the organic phase and stirred
for a minimum of 5 minutes. The pH was checked and adjusted to < 2 as needed with
fresh 3 M HCl solution.

[0066] The contents of the reaction flask were returned to the separatory funnel and the
layers were allowed to separate for a minimum of five minutes. The lower organic phase

was drained to a clean Erlenmeyer flask and the aqueous layer was drained to the reaction
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3. Stirrable, uniform mixture of hydrazine/CH7C12 (concentration was 5 to 19%, v/v). in one example
the ratio of hydrazine/CH.2C12 was 14%, viv. 4. Initial liquid volume of 30 to 40% liquid volume
versus reactor size. 100631 The following examples 11-15 combine to illustrate a preferred
embodiment of the invention. EXAMPLE 11 Modified Preparation of the p-Methoxybenrytthioethey-
Acid Intermediate (I) 100641 A 5-L reaction flask with a condenser, N2 inlet, stirrer, and temperature

probe/contrdifskwhBessugprsmpessdios (o Ry FaE wisryeasintd sheo Vs sarcting dagk e

gtmosphﬁremg@agl'meml ¢ lxﬁ%%q%ﬁe%&&ga W@gssﬁ%@%p%rﬁmxgaﬁedg@hﬁmf&ggﬁeﬂggv%ﬂ
yp-methoxybenzylthiol (0. 0). The reaction mixture was heated gradually to 82 to 88 'C. over a
minimum of 14 FARELEHY et Henlash Yempers ER WA Th @ﬂﬁ?&%%ﬁﬁ@ﬁﬁswas
observed. Thertestipetdturecypastadiallowec io eXdeedBuEs. Whel the @xathepodyes complete,
heating was O”ti%egoﬁ%b?%EP\%%T%@”%\%%JQE%%G%f%éu@%i mum of 12 hours, 199651 Three liters of
3 M aqueoug were prepgred. € heating mantle was refoved and the réaction mixture was
allowed to cwbt?m?@zt@{?g hE congbined tqedai® solstionavadsioddy addede. Cotiard Miidkgbntinued with
a water bath, it the.flaskqatents waghed ailrmRsaiuts: QL0306 CHa4lA (L b ko) was added

and the flask contents were stirred for a minimum of 5 minutes. The pH was checked and adjusted to <
2 as neededisifgngieradiosbrtimaratere ferdiondiberihesway transasred dosenasepaeatory funnel, the

phases werggliawadiorseraiatesanddhalawes RraanieRradiast lpyerwasdringghback into the

reaction flask. The upper aqueous layer was transferred to a separate flask. The remaining HC1

solution wasAKABENS fs'orGEniG THS BN K ErRETes ASiRiATEm DrEPTEIREL %Rk pH was checked
and adjusteddatior waseredestavithiyeshiSugdds; liselutionnl fR66d hiracoDtenisiaidhe reaction flask
were return tg the separatory funnel and the layers were allowed to separate [or a minimum of five
minutes. The fower organic phase was drained to a clean Erlcruneyer flask and the aqueous layer was
drained to tHéG&€d TienEflaskeThidlaguanuSi phese: frem thegdreniots &xXtraatickedvAsshaddd to the
reaction f'ashﬁij‘{gi&gs%r%gﬂ?%%ggﬂg K9 NG RACHON MAm S ¥ 8G0I25 & inipum of 5 minutes,

then the contents of the reaction k were transferred to the separatory funnel and the layers were
allowed to séqmepenediord werfipsaen i eivanitivsest THE lewer erapthiecprodeietiptsd Sy was combined

with the pre\g@cgﬁgq; Ri Pregughphaseand ransfessed o heseactandlaskedriag £Lombined aqueous
phases were discarded as waste. Water (1.00 kg) was_charged to the reaction flask and stirred for a

minimum of SiiAtee! T e s & fdbabiidierrs s iretdemd andiprunpdic sakeansthses were
allowed to separatgtiae eminimameef fiveppinuiesashenlawebprogust agagikahasenas) drained to a

clean Erlenmeyer flask. The eou ase was discarded as waste. The organic product solution
o e o S TS O e TR SR o 1 el et Ao PR RSB T
Erlenmeyer fleskitandotittertcake ané tectindedtinborttiecsd plenipakech fasknd/ittoChf 2@ 1R2d@:350 kQ).
CH2C12 was _distilled-aff to a pot volume of 900 50 mL. The rature,of the entrate was
alsion 1o 1 B R D e e ooted to
about 5 'C atig stitkedater Brendnirmass of 86 prdduts syaheqrividdsator wastsuictidhdiltEbed and the product
cake rinsed yith hepiane (2 x 0,274 kehJhe Rreduch was.samplecfrlqssen drying analysis (LOD)

and the filtrate sampled for Solids Content Projection. If the filtrate contains >0.110 kg, then it is
concentratechancire LS with lcptaneto précipitaterasatiedd€iop of khespratiydtiastimefore. The
damp product cak,eaés) were weighed and the dry weight calculated using the LOD data. The dry mass
of the produBESHREBYHiVEIE ST A RS HORIAE K (k) > The e D roaa WAL RSB 5-L flask
and dissolverhibeith2@ 2 ubb on Al kg imithinap R AR e Ak ginpakintimdptiaptaperias added (4.56 x A
kg) slowly, initiating. precjpitation. The slurry w oled to 0 to 5.C then aged for a minimum of 30
minutes. Th@'%%%%?% ' aﬁéﬂspﬁ%%rvlv fiavat 13%%%?5%3%3‘%‘5@5%?%%‘ \/S\%?ﬁph%fptane (2 portions, each
0.272 kg). Fillreticn madicortkeued tatis fitrat écflotared demtiallyastopgd ddf lobteetd thaduttecake was

transferred t ared dj i [ the filtyat red to an
e R TS R, e I O 2 1 s

appropriate waste container, The cake rie .
on drying LOBcspa® \shanovgwgsheel SThesahighsswasisipmitdd forcanbiy$ig?e was

met. The sample was submitted for analysis.
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EXAMP I; 12A Preparation of the p-Alethoxybenzylthiocther Acid Chloride (2) 100681 A 5-L. reaction
flask equipped with a condenser, water scrubber, temperature probe, 1-L addition funnel, N2 inlet, and
stirrer was set up. CH2C12 (1.6 kg) was charged under a N2 atmosphere followed
byp-methoxybenzylthioether acid (0.400 kg) with stirring. A solution of oxalyl chloride (0.220 kg) and
CH2C12 (0.600 kg) was prepared in the addition funnel. About half of the oxalyl chloride solution was
added while maintaining a temperature rang€&sAXHPIE3b2¢. (exothermic!). CO2/CO evolution was
observed whpe.stiring.for adpinmnueh ot 30 mineies. Ahanciisigmajning oxalyl chloride solution was
added, while n& intaining the temperature between 20 and 30 C, The reaction was stirred until gas
evolution dinfih éﬁe‘é %érb(‘iiﬁcgﬁnrr%%ﬂf ?ﬂ%ﬁ‘%ﬁ%%ﬁg}ﬁu%‘@%ﬁ{eg@&* 54595 3B temperature was
maintained ferailepiH 6alditioutésurifiNgas @yvaldtsondiminishegd. . THe(ledtiicon Wwes shmgdéd, and HPLC
was used to determine the amount,of acid remaining.. The reaction was j omplete when the
amount of stgﬁ(lgr%%nn%tae%a ® %éen%tl%n\%er%éqmgﬁ %e"%f)?I%’ﬁ%:g?gg’éﬁ(e){ﬁe\fvaag%égt%%gn%ﬁ?e%@then stirring was
continued at 88rtag38\Gditian eldditiohehleode, the?) derple € Hrdl1€1ed) &gaimasTinephesdting mantle was

removed andybg keAGH M, RUXIES Was Alowedda,¢aRl JQRARIh Gval GBI IHIR Was transferred to a

3-1. single-necked flask, then rinsed in with OH2C12. The batch was concentrated on a rotary

evaporator uRMIHBRNSRHEDETATIES WEre BV EScAMPIEIA DB o E 5} stioltismtas
p-Methaxybenwrylihigethes ydrazide ktgrmediate (i RANMHe donerkesd Marmbime reaction flask

with condenser, N2 inlet, thermacouple, stirrer, and 2-L addition funnel was set up. CH2C12 (2.40 kg)
was chargedsﬁxlll(rzl‘giJ & Nféﬁ?&o&/ﬁ*ﬂ&f@%&%&&? f813?§q8‘{%{3&?f?ﬂh%@8?%&9 hydrine (0.252 kg) was

charged to gieecaannifaymiskd pnof fycradineicéinvitibiowut formatiomol) ydrahinestysiatason the
sidewalls of the flask.,The thigether. acid chloride solution was transferred to the addition funnel,
rinsing in Cl?ﬁa(t:eﬁ;%%gntg@egsggrﬁsgﬁ/népglé?o [Ution VO bnrtr?tl-:-mé {Og%ﬂu%%%ees g%% “hloride solution
was added devplutise dimansteeity Tzt ecovermanmnimghado fuld rd € o wres wetitetpritsintaimieththe
temperature RERREY L7 Rt PieraRNoR SIS :A Ao T AlIB R Ao was complete,
the reaction was stirred at -65 to -75 C for a minimum of 30 minutes. The batch was warmed to 20 to
25 C. The re8éfiomweaiesahiieabypp temhe Wedsueeetvitilets st anisuitsitemaining acid
chloride waspat mpisthen 9% ikthe feastiouivasincrmplsieahiia ARintseliringnwascontinued at
20 to 25 "C for a minimum of one hour, then sampled again. The batch in a 3-L flask was concentrated

on the rotaryE0APOFABIETHS FHAROHSHARHRESEPIRN e HEERRAHIeERIta 5995 RefliPet? Fhe
concentrate Wasilited withrhvlgtirt(25 kg)sangetrrostariacktohabrhsiaationflesk@guipped with
stirrer, ther ﬁOEEI , and NI, inlett r('insed in with [\/IeO%i as rtl?edegl. 07131,6%.§0Iuti0n of NaOH (0.0640
kg) in Meom W) E?stwgsc YGRS %W?rét?\ﬁd soﬁﬁgfeméhdn St 180 8 Mifimum of 20 minutes.
The batch wasnalaeified by suction filtration and rinsed as required with MeOH. The filtrate was
transferred to a tared 3-1, flask (rinsed in with MeOH as required) and concentrated on the rotary
evaporator until all of the volatiles were removed, then continued in "acuo for a minimum of 30
minutes. Application of vacuum was discontiféedVBdECHBC12 (0.704 kg) was added. Rotation was
continued to gffect dissqlution ol the, concentiatesthem the.Appcationafvaguum was resumed and

concentrated to a solid résidue. The weight of the residue was obtained and the residue was

transferred 6% aratofyrikae Ny Ereragies Baskyy trrendsdtid\Wilshgitated to give a

solﬁtign- [00?RA&B@?GM&%@@p&u&i%nm&aiw&ﬁ@glmlﬁstwLqprltimszlgf(wa@q&gsmd de f as;ht)). o
Anhydrous MgS04 (0.300 to 0.420 kg) was added to the CH2CI2 solution and swirled for about fifteen
minutes untitHESbIHBPRL R @‘ﬁa%ﬁ@é%ﬁfct%n%i’é’?ﬁﬁgﬁﬂ HO@,;%&%QZ as required.
The filtrate wassteansfertediea taigsh3-$dtaskiandresncetdratesboniarotisy eViayabsator to a solid
residue, The Wei&f]t ofthe r‘f?sid e %% bt jn(%(%é%]nuc)leit W%%‘gigﬁi%lﬁl gsir}uanzglzgog e‘errses(,ithan 0.532
kg). The solfioh Was transfered to a t1, addition funnel that was a ached Yo B4 2 4héCked reaction
flask equipped thithddistirrérptiebmecgupl€Hatt NamlesaBthegi(®.04dkg)was khargéd 16 the flask
under a N2 2iogphere. TG eer AR 6p0led 18 19419, 0041, Then methahegzythiosther

hydrazide solution was a e rapidly stirring ether solvent while maintaining the temperature
between -10itbr e B uadditibrapsviinion vasrnsetistbetiedadk tsing CHRGIZ4EY0660 kg).
Heptane (0.732 kg) was charged to the addition funnel and was added slowly to the thin slurry, again
maintaining the same temperature range. The resulting slurry was stirred at the same temperature for
a minimum of 60 minutes. The batch was suction filtered through paper. The product cake was rinsed
with heptane (2 portions, each 0.366 kg) and suction dried until a wet cake formed. The wet cake was
transferred to tared dishes and the weight of the cake was obtained. The cake was dried in a vacuum
oven (not more than. 38 C) until LOD was not mo#& than 2.0 %. The weight of the dried
p-methoxybenzylthioether hydrazide was obtained and samples were submitted for testing. EXAMPLE
13 Preparation of Thiol-deprotected Intermediate (4,) [0075J Dowex SRB OH anionic exchange resin
was prepared by adding 2.4 kg of the resin to a large Buchner funnel and washing with water (4

portions, each 2.40 kg) then MeOf1 (4 portions, each 1.92 kg). The resin was covered with water in a
haalkar and ecnalked for a minimiiim of one horir then the watar wace filtered off The recin wac




100761 Trifluoromethanesulfonie acid (0.243 kg) was charged to the addition flannel and added to the
reaction mixture, while maintaining the temperature between 0 to 10C. After the addition was
complete, anisole (0.0152 kg) was added. The reaction mixture was stirred at 10 to 15 C. for a
minimum of two hours or until the reaction color was deep red and did not change further. The reaction

was sampled and tested by TLC and judged complete if the reaction mixture contained not more than
o6 startng TEHERLT N2 FeachbH AR BHLTD 40 RN 5 Gunter RGBS efition funnel

was set up. Meddi {@.0 mkginvassEhargedicEh& vessehwas wanted to Wto 3C ahdBErea N2 atmosphere.
The reaction ixtre was [iasieraite Ing addiign funnel andthenadded jo hgichiled vico11 at a
moderate rate, main alnlngpa reaction temperattjjreg’o ((fto%l A'White precipitate formed. The reaction
flask was rindgerigeovisareidditionifunh & dtthe aehditionab Mo R Q 2O Gric) o Mhstiwile whdrry was

stirred for aboyt; I FUPSERS &% 0t Cmihig AW SHGHAN JlerRd SprarofRaRRAaRY the product
cake was rinsed with MeOH (2 portions, each 0.600 kg). After filtrate flow through the cake had

essentially stolppledk ths fiftPaatioied RanFapat yapeatey slherkaRh s sairdRtR Wfetiskas required)

and concentiatedANthed alqi @y apey atoctatseni-anliddesitug (09 (72T he)residue was redissolved
in MeOH (0.600 Eg% and cor_‘g‘:entrated again as bgfor%. The residue was redi %oﬁlved in CH2C12 (0.600
kg), concentfARSEHEAN &d AR AERRE SP R PSR BB AR N Hilesidue was
dissolved in nrateri{lw6 kgy@ndthecdedution was transferred to a 6-1_. separatory funnel. The residue
was washed yi H2C17 (three porti ach e.combi organic phases were
transferred ?L(\{g]r? g%)\psroé%ﬁ%ﬁ% e‘%%%@@%@gfﬁ%‘é{ﬁ%‘%é 5&?[%%% gea%%n?%?in?ﬁ ge%hae%é)roduct was
transferred twa_d@ew@ ragfh sti_medpflsr wagha@jmteﬂ%xﬁi.@t@s 7By Hamhitsd@ﬁadﬂi@ibbl‘/@mrswelled_ resin.
The pH was adiysied with (yoreaselis REOSIIECRRS ML RNGE Ihadasie Rilfangs was achieved,

the slurry was stirred for about 30 minutes, and the pH was checked again, and adjusted if necessary.

The batch waskdaess fierd Madithes Fegiir ofasiraagonit s e Rrparisap@ais Bebo kg). 37%
MCI solution, (018 kelawias wededndhai P WesmrRs wed oapsHrgiiauih wasomnuddditional HQ

was added if necessary. The aqueous solution was transfen-ed to a tared 3-L flask (rinsed in with
water as requRRUPHAY YorCEntratad 15 Lonr felit & dnah Totde) &spdrstbr ket eight of the
residue waswhtasgidudhe gricutswias dissoeddncalsalyadntiid {3pRoakgn andacomaentrated again.
The residue was re-‘(TJI)risIs?s,ol ed in abstql&e EtOiﬂd 1.65 10 2.85 K zt;mgtﬁeate 10 20 10 65 C. The warm
solution was SUCHOR et e it ate Wad tianstered 1 & S A T EiRShol solution
concentratedroirtlz rosatycevaporastamentib distiflatiomyessentialyceHs €Y. (Ei®Nes) (8TA& kg) was charged
in portions al%(gggggagt{l%geﬁgb fare A fourth portion of Et0OAc (2.74 kg) was charged and cooled to
re

20 to 25 C. Reaction was stir or about 15 minutes. The batch was suction filtered and rinsed with

EtOAC (2 polfi8iz] EeeRid: E353(gios retiorianes sortiveeptiamstheTateatd fBkeeasshtially stopped. The
cake was sugfigieried\fes 8baYs GPIINIeR . Thes filiRiewas discerdedudQ0fdilsFheqveight of the

damp product cake was obtained and that mass (kgf) was used in subsequent calculations as a

constant B. Py pidaee riaLst antfdhetpteian s clranctibhbaisrvas sisper fited cosdgnser, stirrer,

N2 inlet, andsiierrRCOURIesntRAC 45 AldlckalwassehrasgedatadarsN2fand 4he slurry heated to 48 to
53 C with stirring. He%ﬁing was discontinued Ué)ogﬁleac ing ’:f'% C. The h?%tinﬁg gantle was removed
and the slurf§PWERESHEE for Y8 T0°PBPEYPhE BAR WAL S ctidh HitERE a0E Fisas With EtoAc (2
portions, eacbttized) dg) it Sustitisolas! coatinaad untikth e fitt(ass Tlbwy. eShe ntialliystepped. The filter
cake was drjed in a.vacuum oven at not more than for a minimum of 12 hoursThe filter cake
weight was ({)%Pas%gg and t{;% f)%gmgtqrgﬁglsesp | aé)‘y?ésqfhl%%gﬂotg ?ggnr%s- aeﬁ%ér\?\?gqsmﬁls%%ﬂfn subsequent
calculations eEXpuetPi h kb frepanationcofF realrbbe ivlytr&tide (B)4 09 7% sTdhergrdde thydrochloride

salt product ﬁ@m%ggﬁg MQS\M&%( AaOMRCKD)-RR 34 4-ngcked reaction flask and stirred to give

a solution. The pH of the Solution was adjusted with the treated resin until a range of 6.5 to 7.5 pH

units was adfEAd Emertriter Warzstiredthsr Brbatidssaiige sy ahelieAdophpagifsivas checked again

and adjustediageadedto ohtain @ ¥alne of & o ShlbisJhe hatehywagsuction filtered and
rinsed with water (3.00 z C kg), then with absolute EtOH (2 portions, each 5.30 x C kg%. Suction

filtration wa*dgHtRabEPURIITIRAE TSN REsERiRIY uib)s %@h@mkilma\%@t ansferred to a
tared 3-L flask and rinsed in with absolute EtOH as required. The batch was concentrated on the rotary
evaporator until distillation essentially stopped. The product residue was re-dissolved in absolute EtOH
(1.58 x C kg) and concentrated as before. The product residue was re-dissolved in anhydrous ether
(2.57 x C kg) and concentrated as before. Once distillation essentially stopped, drying was continued
with high vacuum and evaporation continued for a minimum of two hours. The net weight of the
residue was a constant D. The concentrate was tPansferred to a 12-L reaction flask equipped with a
stirrer assembly, temperature probe, and nitrogen inlet using CH.2C12 (66.3 x D kg). The mixture was
stirred at 15 to 30 C for a minimum of 30 minutes. The batch was filtered, collecting the filtrates in a
second I2-L reaction flask. The first flask was rinsed to the second flask through the filter using
CH2C12 (3.98 x D kg). The second flask containing the batch was equipped with a stirrer assembly,

tamnaeratiirea nrohe and nitronen inlet <ilica aal (O 700 v D ka) wae charaoed with <tirrina and the




EXAMPLE 15 Final Purification of 3-Aiethyl-3-Mercaprobutanoic Acid Hydrazide, 0-332258 (DAIH
Linker) 10082] Methylene chloride (1,000 mL, 1,325 g) was charged to a 2 L, 4-necked reaction flask
equipped with a mechanical stirrer, 1V2 inlet, reflux condenser, and temperature control device. DMA
linker (20 g) was charged to a reaction flask. Under N2, the slurry was stirred at 20 3 C for a minimum
of 30 minutes. The resulting cloudy solution of DMA linker was filtered through a 350 mt., medium

sintered glak®BtrSHHarERhRdherE etz anbnde aldsh dawdutp she hindirgdagitd bottom flask

equipped withaitaigehanicahstireatpdibiiinelzdefiuy eondepsananchiemparature ¢anirol device. The
reaction flask was rins?d to the clean {Iggcti.on flasjfgvgyigh 0mL, 26.5 %'geth%eéne chloride. Silica gel
f

(20 g) was cRARFEHYS SRS FRALE AASTIE FSEaRIHGTEBE MR RT S - 25 C. The

ReSOINIOH Th
slurry was sfitregrethabe cah2vats 201s8dGvifohepraiei (A por tofr8 Ocacin 05 Rjeunbtertgedeeds mixture was

filtered thro o.nji i ' I Suchner, funnel filirate was.collected in a clean
2 L single nﬁ%é%@%%%%ﬁ%%&lﬁ%%%{g %égagﬁigf #ags nv?/%é% ﬁ%%&g {QOE the fi %re ca 159 \!/v?t methylene
chloride (50 th#Lca&6 38 promeetind fikrsitevips singfa e ekadflasierTinet fivetdhwadicdncentrated to

dryness using® roianeeYAPOrRIAn(Balh TRk G AR SEalanicabyBisfaspigtor 15 - 30 mm Hg,
followed by high vacuum (7 - 10 mm Hg). The resulting white solid was cooled to 0 - 511C and dried

under high VALY mrineland HEtHSs Meie pHamd efldoriesties .4 g) was charged to the hard solid
and stirred at room temperature for a minimum of 10 minutes until a uniform suspension was obtained.
[00831 The product was isolated by suction filtration through filter paper (#1 Whatman) on a 15 cm
Buchner funnel. The 2 L flask was rinsed to with the n-heptane mother liquors, followed
by 2 x 50 miPrenrddo2 gfiifieptapeowastids.chhalfitergake was dried with suction at room temperature

for a minim ﬁj minutes..TRhe filtercake was transferred to an amber bottle placed in a. vacuum
desicoator A e S S e W e e BT o ac 20 - 25
C for 3 hoursesiiédd: [azz0 Bigphmsrgosnthentetichiygelith1 8y (4 esttiviethad T AbdtmigHemmit Found

Strength H%ﬁ’%&gﬁegé% @9%@%%]439%MWJSQOH§@§%};&%§% a beaker and

soaked for a minimum of one hour, then the water was filtered off. The resin was
transferred to an appropriate storage container. A 5-L reaction flask equipped with a
stirrer, thermocouple, Nj inlet, and a 250 mL addition funnel was set up. Trifluoroacetic
acid (2.80 kg) was charged under a N, atmosphere and cooled to 5 to 10 °C. Thioether
hydrazide (0.380 kg) was added portion wise (exothermic!), while maintaining the
temperature between 5 and 15 °C. The solution was cooled to 0 to 5 °C.

[0076] Trifluoromethanesulfonic acid (0.243 kg) was charged to the addition funnel and
added to the reaction mixture, while maintaining the temperature between 0 to 10 °C.
After the addition was complete, anisole (0.0152 kg) was added. The reaction mixture
was stirred at 10 to 15 °C for a minimum of two hours or until the reaction color was
deep red and did not change further. The reaction was sampled and tested by TLC and
judged complete if the reaction mixture contained not more than 4 % starting material. A
12-L reaction flask equipped with a stirrer, N> inlet, and 2-L addition funnel was set up.
MeOH (3.01 kg) was charged. The vessel was cooled to 0 to 5 °C under a N,
atmosphere. The reaction mixture was transferred to the addition funnel and then added
to the chilled MeOH at a moderate rate, maintaining a reaction temperature of 0 to 5 °C.

A white precipitate formed. The reaction flask was rinsed into the addition funnel with
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1.34% Largest Single Imp. HP LC, L18284-148 5% 1.03% Melting Point USP TBD 51.5-52 C We
Claim: 1. A method of preparing a hythazide from hydrazine and an acyl chloride comprising the steps
of: (a) preparing a stirred substantially uniform slurry comprising hydrazine and an inert solvent; and
(1)) adding an acyl chloride continuously to said slurry. 2. The method according to claim 1 wherein
the acyt chloride is added substantially drop wise to the slurry. 3. The method according to claim 1 or 2

wherein the #jtiepabNEOHFhETEYrEprishs Wittt avasighred for about 15 minutes at 0 to 5

°C. The batch was suction filtered through paper and the product cake was rinsed with
MeOH (2 portions, each 0.600 kg). After filtrate flow through the cake had essentially
stopped, the filtrate was transferred to a tared 3-L flask (rinsed in with MeOH as
required) and concentrated on the rotary evaporator to a semi-solid residue.

[0077] The residue was redissolved in MeOH (0.600 kg) and concentrated again as
before. The residue was redissolved in CH,Cl, (0.600 kg), concentrated again as before
and the weight of the residue was obtained. The residue was dissolved in water (1.52 kg)
and the solution was transterred to a 6-L separatory funnel. The residue was washed with
CH,Cl; (three portions, each 0.927 kg). The combined organic phases were transferred to
an appropriate waste container. The aqueous phase containing the product was transferred
to a beaker and the pH was adjusted to 6.5 to 7.5 pH units by addition of the swelled
resin. The pH was adjusted with trifluoroacetic acid as necessary. Once the desired pH
range was achieved, the slurry was stirred for about 30 minutes, and the pH was checked
again, and adjusted if necessary. The batch was suction filtered and the resin was rinsed
with water (2 portions, each 0.600 kg). 37 % HCI solution (0.160 kg) was added. The
pH was measured to ensure that it was < 1.5. Additional HCl was added if necessary.
The aqueous solution was transferred to a tared 3-L flask (rinsed in with water as
required) and concenirated to a solid residue on the rotary evaporator. The weight of the
residue was obtained. The residue was dissolved in absolute EtOH (1.20 kg) and
concentrated again. The residue was re-dissolved in absolute EtOH (1.65 to 2.85 kg) and
heated to 50 to 65 °C. The warm solution was suction filtered. The filtrate was
transferred to a tared 3-L flask and the ethanol solution concentrated on a rotary
evaporator until distillation essentially ceased. EtOAc (8.21 kg) was charged in portions
and concentrated as before. A fourth portion of EtOAc (2.74 kg) was charged and cooled
to 20 to 25 °C. Reaction was stirred for about 15 minutes. The batch was suction
filtered and rinsed with EtOAc (2 portions, each 0.135 kg). Suction was continued until
the filtrate flow essentially stopped. The cake was suction dried for about 60 minutes.
The filtrate was discarded.

[0078] The weight of the damp product cake was obtained and that mass (kg) was used in

subsequent calculations as a constant B. The product was transferred to a 12-L reaction
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4. The method according to claim 3 wherein the acyl chloride comprises a benzyl thioether. 5. The
method according to claim 1 or 2 wherein the acyl chloride has the structure: R2 Ri wherein P is a
thiol protecting group; R1 and R1 are each selected from the group consisting of C1-05 alkyl; L is an
alkylene linker. 6. The method according to claim 5 wherein L. is -CI-12-. 7. The method according to
claim 5 or 6 wherein R1 and R2 are each independently methyl. 8. The method according to claim 5 6

or 7 whereintists S9ERK AR 8 SO BHRS Ra i &b Skl GWﬁl?ﬁfB}?éH‘g‘/P‘r‘?n@@‘*FﬁéSrﬁéi%d according to

claim 8 whernginvhisparpethoxybsnzayt groupriOackha mamadsa@@ﬁdmgti@ﬁglrmé&hg wderein the
acyl chloride has the seéructure 1)g 5IO J’@e{ﬂet}bod accor mg%tlgr%n%ve%e o(fi Che ms 1 to 10 wherein the

inert solvent 1 FRAHAYVRNE RRISAE caling mant UITy was
cooled to 20 to 25 °C. The batch was suction filtered and rinsed with EtOAc (2 portions,

each 0.270 kg). Suction was continued until the filtrate flow essentially stopped. The
filter cake was dried in a vacuum oven at not more than 38 °C for a minimum of 12
hours. The filter cake weight was obtained and the product mass (kg), equivalent to a

constant C, was used in subsequent calculations.

EXAMPLE 14
Preparation of Freebase Hydrazide (5)
[0079] The crude hydrochloride salt product (4) was mixed with water (20.0 x Ckg)ina
12-L 4-necked reaction flask and stirred to give a solution. The pH of the solution was
adjusted with the treated resin until a range of 6.5 to 7.5 pH units was achieved. The
batch was stirred for about 15 minutes, then the pH again was checked again and adjusted
as needed to obtain a value of 6.5 to 7.5 pH units. The batch was suction filtered and
rinsed with water (3.00 x C kg), then with absolute EtOH (2 portions, each 5.30 x C kg).
Suction filtration was continued until filtrate flow essentially stopped. The product filtrate
was transferred to a tared 3-L {lask and rinsed in with absolute EtOH as required. The
batch was concentrated on the rotary evaporator until distillation essentially stopped. The
product residue was re-dissolved in absolute EtOH (1.58 x C kg) and concentrated as
before. The product residue was re-dissolved in anhydrous ether (2.57 x C kg) and
concentrated as before. Once distillation essentially stopped, drying was continued with
high vacuum and evaporation continued for a minimum of two hours. The net weight of
the residue was a constant D. The concentrate was transferred to a 12-L reaction flask
equipped with a stirrer assembly, temperature probe, and nitrogen inlet using CH,Cl
(66.3 x D kg). The mixture was stirred at 15 to 30 °C for a minimum of 30 minutes. The
batch was filtered, collecting the filtrates in a second 12-L reaction flask. The first flask
was rinsed to the second flask through the filter using CH,Cl; (3.98 x D kg). The second
flask containing the batch was equipped with a stirrer assembly, temperature probe, and

nitrogen inlet. Silica gel (0.700 x D kg) was charged with stirring and the stirring
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12. The method according to claim 1, 2 or 11 herein said hydrazide product has the ~ NHNH2,;
wherein P is a thiol protecting group; Rl and R2 are each selected from the group consisting of' C1-05
alkyl; L is an alkylene linker. 13. The method according to claim 1.2 wherein L is -CH2-. 14. The
method according to claim 12 wherein R, and 12_2 are each independently methyl. 15. The method

according to claim 12 wherein P is a henﬁgl %r%)up, optionally substituted on the phenyl ring. 16. The
method accEPAIHY 8 Waikrts’minsise IR phaietiky oy e 22¢ hedlisrets v atdrding to claim
12 wherein thighdesired (ystiazde ésch 3.98 x D kg), collecting the combined filtrates in a 10-L

suction flask. The batch was concentrated on a rotary evaporator into a 1-L flask at about
30 °C. The 10-L flask was rinsed to the evaporator as required with CH,Cl,. Distillation
was continued until it essentially stopped. The rotary evaporator was switched to a high
vacuum source and evaporation continued about three hours at 35 to 40 °C.

[6080] The product oil crystallized by adjusting the rotary evaporator bath to 0 to 5 °C
while rotating the flask at the maximum rate. Evaporation was continued for about 30
minutes after the product solidified. The free base product (5) was sampled and tested for
residual methylene chloride and dried until the test for residual solvent was acceptable.
The final weight was obtained, the product packaged in amber glass bottles with caps

having inert liners, and samples submitted for testing.

YIELD

[0081] The overall yield limit for the 5-step process is not less than 33% of theory (0.105
kg) and the difference between the highest and lowest yield must be not greater than
15%. The limit for the former process was 33 to 43% of theory; however, it is expected
that the reduction in by-product formation afforded by the increase in methylene chloride
in the hydrazide formation reaction will cause an increased yield. The actual yields in the

validation batches will be used to define a yield range for production batches.

EXAMPLE 15
Final Purification of 3-Methyl-3-Mercaptobutanoic Acid Hydrazide, CI-332258 (DMH
Linker)
{0082] Methylene chloride (1,000 mL, 1,325 g) was charged to a 2 L, 4-necked reaction
flask equipped with a mechanical stirrer, N» inlet, reflux condenser, and temperature
control device. DMH linker (20 g) was charged to a reaction flask. Under N», the shurry
was stirred at 20 + 3 °C for a minimum of 30 minutes. The resulting cloudy solution of
DMH linker was filtered through a 350 mL, medium sintered glass Buchner funnel. The
filtrate was collected in a clean 2 L, 4-necked round bottom flask equipped with a
mechanical stirrer, N inlet, reflux condenser, and temperature control device. The

reaction flask was rinsed to the clean reaction flask with 20 mL, 26.5 g methylene
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SNHNH2\ 0 or a salt thereof 18. The method according to any one of claims 1 to 16 wherein the
hydraz de contains less than 5% of a bis-hydrazide by-product having the structure: 00 R.ANHNH.,A,
R'wherein R and R' are optionally substituted alkyl, heteroalkyl, or heteroalkaryl groups. 19. The
method according to claim 18 wherein R and R' are R2 R1 L wherein P is a thiot protecting group; R1

and R2 are each selected from the group consisting of C1-05 alkyl; L is an alkylene linker.
chloride. Silica gel (20 g) was charged to the solution in the reaction flask while

maintaining temperature at 15 - 25 °C. The slurry was stirred under Ny at 20 + 3 °C for a
minimum of 30 minutes. The heterogeneous mixture was filtered through a (350 mL,
medium) sintered glass Buchner funnel. The filtrate was collected in a clean 2 L single
necked round bottom flask. The reaction flask was rinsed to the filter cake with
methylene chloride (50 mL, 66.3 g), collecting filtrate in single necked flask. The filtrate
was concentrated to dryness using a rotary evaporator (bath =35+ 5°C)and a
mechanical water aspirator 15 - 30 mm Hg, followed by high vacuum (7 - 10 mm Hg).
The resulting white solid was cooled to 0 - 5 °C and dried under high vacuum at 7 mm
Hg for 2 hours. n-Heptane (100 mL, 68.4 g) was charged to the hard solid and stirred at
room temperature for a minimum of 10 minutes until a uniform suspension was obtained.
[0083] The product was isolated by suction filtration through filter paper (#1 Whatman)
on a 15 cm Buchner funnel. The 2 L flask was rinsed to the filtercake with the n-heptane
mother liquors, followed by 2 x 50 mL, 2 x 34.2 g n-heptane washes. The filtercake was
dried with suction at room temperature for a minimum of 5 minutes. The filtercake was
transferred to an amber bottle placed in a vacuum desiccator and the damp cake was dried
14.34 g to constant weight in vacuo (<10 mum Hg) at 20 - 25 °C for 3 hours. Yield: 14.21
g. 75.9%, theoretical yield: 18.7 g.

Test Method Tentative Limit Found
Strength HPLC, 1.18284-154 95% 102.8%
Purity HPLC, 1.18284-148 5% 1.34%
Largest Single Imp. HPLC, L18284-148 5% 1.03%
Melting Point Usp TBD 51.5-52°C
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20. The method according to claim 19 wherein L is -CH2-. 21. The method according to claim 20
wherein Rl and R, are each independently methyl. 22. The method according to claim 19 wherein P is
a. benzyl group, optionally substituted on the phenyl ring. 23. The method according to claim 22
wherein P is p-methoxybenzyl group. 24. The method according to claim 23 wherein the bis-hydrazide
by-product has a structure: 25. The method according to any one of claims 1 to 24 wherein the
continuous adieitilerof acid chloride solution is adjusted to maintain reaction temperature of about -68C
to about -75C. 26. 'The method according to any one of claims 1 to 25 wherein the hydrazine slurry is

substantially uniforsneihod snetbediat prgRRing: IeRMpount comtain ngiatydmzine linkage
comprising the steps of., (ﬁ%%ooli%g aéljeaction vessel comprising a stirred inert solvent to a desired
low temperature; E?f”%‘&} A2 in a continuous fashion to said reaction vessel thereby

preparing a stirred(suixstauntizl by stinrédrsntshantja Bpmpfismgltney hydnazing apdkihmdnadt solvent; (c)

adding an acid (:hlg)nré1 e(g?vesr%i,dagléjrry in a continuous fashion, thereby forming a hydrazide linkage. 28.

The method of claim \_/vher’eln the inert solvent is methylene chloride. 29. A method of preparing a
hydrazine slurry cahipfiding ahawstepdoside continuously to said slurry.

2. The method according to claim 1 wherein the acyl chloride is added substantially
drop wise to the slurry.

3. The method according to claim 1 or 2 wherein the acyl chloride further comprises
a protected thiol.

4, The method according to claim 3 wherein the acyl chloride comprises a benzyl
thioether.

5. The method according to claim 1 or 2 wherein the acyl chloride has the structure:
Rz Ri o

P\SXLACQ
wherein P is a thiol protecting group;
R and R, are each selected from the group consisting of C,-Cs alkyl;
L is an alkylene linker.
6. The method according to ctaim 5 wherein L is -CH,-.
7. The method according to claim 5 or 6 wherein R and R; are each independently
methyl.
8. The method according to claim 5, 6 or 7 wherein P is a benzyl group, optionally
substituted on the phenyl ring.
9. The method according to claim 8 wherein P is p-methoxybenzyl group.

10. The method according to claim 1 or 2 wherein the acyl chloride has the structure:
O
\N"O

11. The method according to any one of claims 1 to 10 wherein the inert solvent is

methylene chloride.
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(a) chilling an inert solvent to a temperature of about -68 C to about -75 'C; and (b) adding hydrazine
dissolved in an inert solvent drop wise to the cold inert solvent. 30. The method according to claim 29
wherein the inert solvent is methylene chloride. 31. The method according to claim 29 or 30 wherein
the hydrazine slurry is stirred at a speed of about 270 to about 400 rpm. 32. A method of preparing
3-methyl-3-mercaptohutanoic acid hydrazide comprising the step of preparing a hydrazidc according to
the method of diaiffht dBodametting of grepdringran iwinnghocodjughteioé arodemibes ticthe family of
calicheamicins Witqr%crtql(lgenoclonal antibody as carrier, which comprises preparing a monoacylated
hydrazine where the acyl group contains an S-protected mercapto function, according to a method as
claimed in claim 3, removing the protecting B?ou of the S-protected mercapto function, and using the
resultant hydrazide for preparing said infimu j e. 34. A method as claimed in claim 33 wherein
said resultant hydrazide is 3-methy1-3- mercaptobutané\fg%}@d hydrazide. 35. A method as claimed in
claim 34 wherein 3ymethyb 3sinefcaptoRuimpginasid hydrazide is used as linker to make gemtuzumab

0zogamicin or inotuzu ozogamicin. .
9 tlgl and R, are 9210 selected from the group consisting of C;-Cs alkyl;

L is an alkylene linker.

13. The method according to claim 12 wherein L is -CHj-.

14. The method according to claim 12 wherein R and R, are each independently
methyl.

15. The method according to claim 12 wherein P is a benzyl group, optionally
substituted on the phenyl ring.

16. The method according to claim 15 wherein P is p-methoxybenzyl group.

17. The method according to claim 12 wherein the desired hydrazide is

P
SwNHNHz

O
or a salt thereof,
18. The method according to any one of claims 1 to 16 wherein the hydrazide

contains less than 5% of a bis-hydrazide by-product having the structure:

B

RANHNH R’
wherein R and R’ are optionally substituted alkyl, heteroalkyl, or heteroalkaryl
groups.

19. The method according to claim 18 wherein R and R’ are
R, Ry

P\SXL/-

wherein P is a thiol protecting group;
R; and R; are each selected from the group consisting of C;-Cs

alkyl;
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20.
21,

22.

23.
24.

L is an alkylene linker.
The method according to claim 19 wherein L is -CHj-.
The method according to claim 20 wherein R; and R, are each independently
methyl.
The method according to claim 19 wherein P is a benzyl group, optionally
substituted on the phenyl ring.
The method according to claim 22 wherein P is p-methoxybenzyl group.
The method according to claim 23 wherein the bis-hydrazide by-product has a

structure:

A °~
S NHNH ms

25.

26.

27.

28.

29.

The method according to any one of claims 1 to 24 wherein the continuous
addition of acid chloride solution is adjusted to maintain reaction temperature of
about -68 °C to about -75°C. _
The method according to any one of claims 1 to 25 wherein the hydrazine slurry
is substantially uniform.
A method of preparing a compound containing a hydrazide linkage comprising
the steps of:
(a) cooling a reaction vessel comprising a stirred inert solvent to a desired low
temperature;
(b) adding hydrazine in a continuous fashion to said reaction vessel thereby
preparing a stirred substantially uniform slurry comprising the hydrazine and the
nert solvent;
(¢) adding an acid chloride to said slurry in a continuous fashion, thereby forming
a hydrazide linkage.

The method of claim 27 wherein the inert solvent is methylene chioride.

A method of preparing a hydrazine slurry comprising the steps of:

(a) chilling an inert solvent to a temperature of about ~68 °C to about 75 °C;
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and

30.

31

32.

33.

34.

35.

(b) adding hydrazine dissolved in an inert solvent drop wise to the cold inert
solvent.

The method according to claim 29 wherein the inert solvent is methylene
chloride.

The method according to claim 29 or 30 wherein the hydrazine slurry is stirred at
a speed of about 270 to about 400 rpm.

A method of preparing 3-methyl-3-mercaptobutanoic acid hydrazide comprising
the step of preparing a hydrazide according to the method of claim 16.

A method of preparing an immunoconjugate of a member of the family of
calicheamicins with a monoclonal antibody as carrier, which comprises preparing
a monoacylated hydrazine where the acyl group contains an S-protected mercapto
function. according to a method as claimed in claim 3, removing the protecting
group of the S-protected mercapto function. and using the resultant hydrazide for
preparing said immunoconjugate.

A method as claimed in claim 33 wherein said resultant hydrazide is 3-methyl-3-
mercaptobutanoic acid hydrazide.

A method as claimed in claim 34 wherein 3-methyl-3-mercaptobutanoic acid
hydrazide is used as linker to make gemtuzumab ozogamicin or inotuzumab

ozogamicin.
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