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THE PRODUCTI ON OF HYDROGEN FROM AMMONI A BORANE FI ELD
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nmet hods of produci ng hydrogen, in 5 particular from
the transition-netal catalyzed hydrolysis or
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a qfhée&éséﬁtsutsud‘srueénr@m% veethedsidf predlicing hydrogen, in
utilization. The use of drogﬁn(Hz as a fuel offers
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em ssions containing 15 carbon and ot her pollutants.
drogen_gas contains nore energy per mass unit than
BA R conbusti ble fuel (approxinmately three tines
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arge scal e use A sinpl e sol ut
solutioe @ trpnsﬁopr@bbems strmestheroambustb;nobfdg/eimgﬁreﬁn @dfueycell, for

a mteri t hat, cont ai ns ery. high [ er cent.age
exarplE Bidslons 'dity Wale? S dehkkis 188, 4F ftesBRe “Sontding
carbo®l £7tbbiter pdeutaney ogen on demand. Various conpounds

are known that contain a high gravinetric anount of

hy HiYSERIEN IRENGOMHRINS NEOES CNSHAY RS r(l@sg unitj thanuany known

comafibtidel iekpraimiedl I ORE B Ao e et il

the Ws%oﬂﬂwldr@gen a§anﬂlélcﬂrasﬁsbrri§edféwt>adcs smeetunded .ambient
Age%';z yn, J. "Activated 30 Al um num Hydr| de Hydrog n
con %g*e'Scanp@strqmslars'%a'en%t gnser bidrogers canphe diguefied,
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e or even éntia Iy explo ve
extreme chn@hons|Isn|¢|rthekpbtyent|hhwdesmead| ahd lapg® iscate aise of
utilizing these conpounds wll be devel oped. Hydrogen

hydré’@ﬁ@r ation by hydrolysis of nagnesium hydride (MyH2)

| s AgsimpleEoliBbR 6! thsde problems is to store the hydrogen chemically
in a material that contains a very high weight percentage of hydrogen in a
system that is capable of releasing the hydrogen on demand. Various
compounds are known that contain a high gravimetric amount of hydrogen.
Many of these compounds (e.g. lithium hydride (LiH, 12.8 wt% hydrogen) or
lithium aluminum hydride (LiAlH4, 10.6 wt% hydrogen)) or alane (AlH;, 9 wt%
hydrogen, Sandrock,G.; Reilly, J.; Graetz, J.; Wegrzyn, J. “Activated
Aluminum Hydride Hydrogen Storage Compositions and Uses Thereof’ U.S.
Patent Application Publication No. 2007-0025908) suffer from being highly
reactive or evén potentially explosive and thus it is unlikely that commercial
applications utilizing these compounds will be developed. Hydrogen
generation by hydrolysis of magnesium hydride (MgH.) is a safer method but
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1 WO 2008/ 141439 PCT/ CA2008/ 000943 usage of net al
hydrides will be problematic due to their inherent

wowraen414densitivity (U S, Patent 5,198,207, "MtTod2(081000943
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emls@héibeb%a? rﬂgghé‘@'ﬁ mﬂ@é‘f‘i’tnéﬁ\r/éﬁt‘égeg aﬂerr gl € SE nlg{clawn

gas Wt m nutes at room t ture
matemals(in appbcaigone.wherledmtmgeﬁ is nhqulrbldlased:regnelfgy ddrrier.

db . J. Al Ch . 2006,.128,, 20 . .
T3 b Usoptaten RetimERE B ERGrav2 RAS sy iecA csigpiicant
amounit ofe@sedathe untharibyd resen, i isheldvse!tebings work. For
bor on-ni trogen contai ni ng mat eri al s (borazanes) that

examgies o eriyefficient Remogeaneus iidium wcatalystyfor the @afrysirogenation

o AEEGESHA B8 ) bR kS REDS AP b hhs Bt e

of Hgl-gas B@thﬁ!f 20Rninlites Nbroem t¥mpdratue® aDennBy, M. ;C DPUR, V.;
ew, Chem Int. 25 Ed. 200 46, 746 - 749).

HebdRpubbr M hekey. oM o Baldbaras Ks badiAy Ehest St 2008, 128,
1204§f1%ib)9d Iff&}vgvéri? Jﬂ?eé_%sft%u%‘?%ﬁ$%@ﬂ§%t&°&ﬁ& filiBied of

Lew
hydrotgensa@mﬂa the finsodulpip heorph)rittogere )containipgommiaterials lisdrazanes)

t.ual b d I t Baker has aI eport ed
that &g Joied re ¥ehb é@ﬁ@'cgﬂg%keﬁa'&%nﬁﬁ RPTIOT staﬂggffn bed
the aélﬁ%ltlbﬁoﬁ%‘l’@m ﬁeﬁgedr%?%ﬁﬁhbﬁ‘%laWH}Bgén %%F} &%tlegpg,ns,Rl-:.

ehydr ogenat i on Keat on
H.: Bakersgke WMatosn MCIHamGrSot; D.200Dixa D). AsApgewTtCrem. Int.

. 2358008, A AL VS SRR Aok ey, rong
Brondtedracid ¢e ¥ ftancbrantihdnsd flohicoheidy Groftfshg Lewis acid (e.g.
tris(pentaflucrophenyl)borane) may prohibit their actual on-board applications.
Baker has also reported the use of a homogeneous nickel containing catalyst
that is capable of effecting ammonia borane dehydrogenation (R. J. Keaton, J.
M. Blacquiere, R. T. Baker J. Am. Chem. Soc. 2007, 129, 1844). This highly
air sensitive system exhibits very poor efficiency and requires heating to 60 °C
for three hours to afford a 94 % yield of hydrogen.

Several reports have appeared from Xu and coworkers regarding

heterogeneous ammonia borane hydrolysis catalysts containing noble metals
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Several reports have appeared from Xu and coworkers
regardi ng heterogeneous amoni a borane hydrol ysis

W@ ai0ahyess contai ning noble netals 2 WO 2008/ RA1/G32008/000943

PCT/ CA2008/ 000943 (a) Xu, Q; Chandra, M J. Al oys
Cpd. 2007, 446-447, 729-732; (Db) Chandra M ; Q
c O mé% m
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ibit [imted air sta

Raisshfhi ﬁ%%&%(%yl& ﬁ@h??@‘érhko 3854621 88081Q0tobes23:2007).
Thesé }?gﬁeﬁw% ?%I}éﬁ\trél ?@Kﬁ B%hm&\@na%ﬁ% expegted to

exhlbrtdmit&ct\alr Istal:ehtyg e%mintammllgatm gyEtemsipbd acee naapgaticlesfas
contajn cobalt

the apﬁgrl% ﬁ%s:}gl a{ﬁgﬁ %@gﬁéﬁﬂgwr%nﬂqpotamlayy aroblgnaiqc health
effectBahRerd had R&P &e@ﬁ@f@roﬁ@r@g catgg/%?s) Ehcag\ '?:)aptaBFe of

15 catalysts are relative neffrci and
hydrolyzing eerseneviberantiwhich aloailtqmtcoblaﬁamattysm(wmludlumm(Clark

T 9 el RN L R e ol (G0 G, the
catalydtbearé yelhtivsly aymeient gb@ﬁﬂ} EhndWe LA sd%ev@halpﬁﬂgﬁ lcatalyst

Sour ces, 2006 159, 85 Jaﬁ patent JP
'Oad"mo@b%gﬁg)m igRY. X4 ard Rbheadrahaee degamsirate;ﬂan ammonla

borar%ZLHgﬁftgg te&é g‘[ etﬁtﬁl?nlg @%y%l %ci%s??é%%gﬁygtr fow

(CharatrapM. aXbpQawe Pﬂm&errﬁdm 2006 s 75R865-880 dﬂéﬁhn PateWit JP

200655575 7his 2eids hBst %a.bgiIeorroed eRmhdeal i riBstiviy
RamdéhaMardmh én@| CRARS Q%b%rt%' %%tla‘?ﬁf&t %?o%‘ﬂmk%gr?ergﬁér?nﬁOm

al um num powder an ter
ammahafberenechia Methamolysis amachandrad, PHydr,oGegafe)ePg)D.

norg 28, gy 7R8I A BRHB8E DXl o s

been pepoitedredy &/aprianend occowdiReRd WHidh LOPtAIRS 'Erﬁn‘@?ﬁia borane,

potentially dangerous reaction between alum nu

aluminigmdeewderged vatar diwen, Modviakey, Vi Stfirovioh, Eq Varsna,

A. Int S HEBBN Efierdd 2k % 143B AN BRALCEE yrisagen,via
a conﬂﬂnsmbatpmuesszr T dyﬁémctsr oRFedied t8ige proIEmaBt iing o

bor ane (Zhan
the hlgmmexo hermic ana( pote %ally dangerous reaction between aluminum

powder, water and ammonia borane, in addition to its non-catalytic nature. Xu
and coworkers have demonstrated an electrochemical cell that utilizes a
platinum or gold electrode for direct oxidation of ammonia borane (Zhang, X.-
B.; Han, S.; Yan, J.-M.; Chandra, M.; Shioyama, H.; Yasuda, K.; Kuriyama,
N.; Kobayashi, T.; Xu, Q. J. Power Sources 2007, 168, 167-171). The
authors note that the efficiency of the system must be improved before usage

is feasible. Sneddon and co-workers have reported a heterogenous system
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B.; Han, S.; Yan, J.-M; Chandra, M; Shioyam, H.;
Yasuda, K. ; Kuriyama, N.; Kobayashi, T.; Xu, Q J.

woomen48eur ces 2007, 168, 167-171). The aut hoPGT/Oa2M®8/000943

that the efficiency of the system nust be inproved
before usage is feasible. Sneddon and co-workers have

r apPhosiE RibopaRs 7, S W% h / f
I 08 b S ! ot &'?&FBB%H‘?" or

chemical sstoragengldhydiegenatom ddi Wi ﬁ@eddoneln &l J.shox a@aem

Soc. 2808 3B ERE5] Miwetes, SmupRRGBE ans i BSte et

stepsf alﬁldlldomauﬁ@rae |Gyért bﬁﬁ\llrﬂetrﬁd aRfounl GFaRRire§Es thah WMeMonia
gravi netric amount of hydrogen than ammoni a 5 borane

bOfan?n and H@@ée ffagisswill limit| tihm aprlisatiappfi ammaa dribaramenas a

o MR B MBS AL S R e
report&b gacently ss MINEBIBH( M= =LiLioor Ndg). Thke nﬁiaﬁ;énéaﬂuel/eas'ﬁs
or %

a|o|or0'r>ﬁ<(1;"rn|§§51 eﬁanﬁﬁ%m "WES?A%E%W@\X Mc@a)L i@%d@ﬁ@n@xt%a °C
over 3a 1\9§ 8ursV\Q(|5n% W‘ Y@nq Wek.. R I\F-ha&’he oi- S%hav% W.;

Kar ka Jones
KarkamkarEd\NarALﬁceyP T. PJone@aM dO V\thnsdﬁ MNaRur Edivairds,i Bl P.;

R T e PATK: C

will nlégw b t&ﬁz é@éiﬂ?éﬁ%biihé&%&ﬁéﬁll&sﬁé%ré ghat gg?tg? ‘%fo'uﬂ*Q be
e

comrrpercnaim@ éb@ﬁg@lv re d\matsuak is, CENH,BH-RoRiyabalanade,: H.
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Heat'm Soisqnaiesilresuisen fa'dm@wg release p@lthqugh iisnéfers from the
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i de t hese st.udie re sti ver
lnclu% tbplqﬁeg R;}Iylz @“)]%r,aﬁg anjpn paﬁ%?u&a h as ¢ BrzH12% and
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generation via transition metal catal yzed hydrolysis

prob'ﬁrrﬁa%ann@m their sieptimill e (SigmBfimanttyohigher tham, ampaenia borane.
Anotn(F Bl el pied i Hilerdost uanBralr i ek Siog,meta
catalymed ehydrelysis iiyi sqduamd boroHyaieileO{NABIES e 1010 WS4 erfydrb§en;
Amendola et al, US Patent 6,534,033 granted to Millennium Cell). Sodium
borohydride suffers from water sensitivity and contact of these two materials
can result in hydrogen liberation in circumstances where it was not intended,
dramatically increasing the risk of fire or explosion. Compared to sodium
boroyhydride, ammonia borane forms relatively stable aqueous solutions and
hence the risk of fire with ammonia borane is much lower than with sodium

borohydride.  Heterogeneous transition metal-catalyzed dissociation and
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can result in hydrogen liberation in circunstances
where it was not intended, 30 dramatically increasing

wo b@sniglko of fire or expl osion. Conpared to SOPGCTIOA2008/000943
bor oyhydri de, ammoni a borane forns rel atively stable
aqueous solutions and hence the risk of fire with
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orohydri de. Heterogeneo transition netal -catal yze
2006(i1560t9@:11P4h and 4 WO 2008/ 141439 PCT/ CA2008/ 000943

| ysi | ted (Chandra, M: Xu.
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THiRDl ek ERURRsdBsurar /feBfibés Sa! Afethed dfsCeixBemely rapid

method for extrenely rapid 5 hydrogen generation from
hydragen genatatips| ffometiiegrelaiively beaiginronipoubdrameoniaprane
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boroh S Edhing, 1Bb0RED “Tad HEAEATy A PRodRgsydrogen from AB
in approxingste)y \S0LY8 o pieldit(@s4 td h2.9ABghivadilarity shydragen) within
. solvolysis reactions disclosed herein utilize

mINUI§Syand- st abi | i zed honmogeneous catal ysts. Several

r I ke -ab I Vi Nitili

o T, 15 Bl B R NG SRDIhcEBh{ dighRs O HereE uiice
ligandestalbiized tHoraogeneamisy catalystgan®evesale mmarkabhe active uakd
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risk of#ird WitAB S RucH IBﬂleﬂh%r?@lﬁﬁ ot Mr@ﬁrlﬂ/'d?iﬁé%éqje?i%ﬂs.
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f dkeuordingly 2theR pgresitHRESHo§Ue, inoludesolasemiethodiefor the
condi ttj ons for the solvolysis of the conpound of
productiqn ¢ gn(qsr?gen comprising

(a) contacting a solution comprising at least one ligand-stabilized

metal catalyst with at least one compound of the formula |,
R'R?HNBHR’R* (1),

in a solvent under conditions for the solvolysis of the compound of
formula (1),

wherein R', R?, R® and R* are each simultaneously or independently
selected from H, branched or unbranched fluoro-substituted-C4z0alkyl,
branched or unbranched Cisalkyl and Ce.14aryl or any two of R, R?,
R® and R* are linked to form a branched or unbranched C,.joalkylene,
which together with the nitrogen and/or boron atoms to which they are

attached, forms a ring, and
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wherein Rl, R2, R3 and R4 are each sinultaneously or
i ndependently selected fromH, branched or unbranched

w0 bawsnex3ubst i t ut ed- C1_20al kyl, 30 branched oPCT/CA2008/000943

unbranched Cl_20al kyl and C6_14aryl or any two of R1,
R2 R3 and R4 are linked to forma branched or
v EBfe K Rfdrogehi Siddliesd i @he WolVbly<i§ of the
oggﬁ gﬁor boroﬁge?rrcr)!gJ %Icht hey are y
atctoam;bmdwdsfmfrfmala(l)qg, and 5 V\D 2008/ 141439

R e
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for the solvol ysis of npound of fornul a

form(lla)(l)cwﬁb at deasy omritg@cndrﬁgbdwed e@etal eatalysb i thenaresencs of

a sol Tt qapaen® PSR QPE Qo SRRl rEEEi G
f ovhehehe dow@ny %bmp?fseb heatep tisoidolybisl i@agtiba i Heferred to
When the sol vent conprises water the solvolysis

as a fydealydnreactiodferred to as a hydrol ysis reaction.
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systam crwnmsnag eatdéatﬂwené canmleabcbna)weaef thef fmmula z(l:)oaae defined
st one and StaJ|I

abovso B dPge eng RG-S ap irsH eI cataiish and A swolytic andior
hydrsmqé’dé&%‘ﬁt of i R C%rﬁﬁb&’i%rﬁ of NRe NYRLRERRe, gﬁé‘eﬁ)ﬁdrbgan

ystem conprises a first conpartnment conpri'sin
genelrahm system aonnpeses)aa‘ﬁet odmphdnfant rmmpr(sllr)g ﬁye a'ereantedne

. abpv C tment,. 15, ¢ r|S|n ast
amiry BOfAngaAt 188 A0TTBet Aa: APt AB0Le: B Mo cPhpafifient
comﬁmglﬁg 168 at RASPHAe figahdstapiited metd) %hteﬂ%prh%ﬁéintth@ first or

sol vent. The hydrogen generation systemfurther

secopdrgempaitmanhiiiher CompeiseBithe sgivent Ebatweregest gemeration

oy pgt BRAERTs, Hihe o, BRI MEILHERL G0l

comggmaent adth Me seashd woengdarimenosd rtbat evherothe @batamts are
flow 20 rate of the at | east one_ cat al h or the
combipgdt hiiooghiIs @enerateg: At Jeastane oy conliolieneontrals % flew

rate Bf ﬁ%e%ggﬁﬁ%deoéé’t% st Br P40 §%&5@Bgﬁne BBRHeane fuel

RS an erectri ¢ generator. The
PElIeré:furmlmerpembedlmntl afnthexprieaagtdiselosuemea poatanezkchange

membiane Syel sad PR (R Soreh B McriapEinl adieratoh cuE BRrC
comér’}@@ anS AirfeHarR ﬂ%ﬁ@%e%c%@émwéeﬁuﬁh arfsde and a

ffusion [ayer “and an oxi dant di ffusion | aye
cathmhe osdid apembrang, renosger &nd sathedel @mjmg a membrane electrode

assembly (MEA), said MEA being located between a fuel gas diffusion layer

and an oxidant gas diffusion layer. An oxidant flow network is in fluid
connection with the fuel gas diffusion layer, the oxidant network having an
input portion for supplying oxidant, and a fuel flow network fluid in fluid
connection with the fuel gas diffusion layer. The fuel network has an input
portion for supplying fuel, wherein the fuel flow network is fluidly connected to
an amine borane dehydrogenation in-situ hydrogen generator. The generator
comprises a first compartment that comprises at least one amine borane of
the formula () as defined above, a second compartment comprising at least

one ligand-stabilized metal catalyst, wherein the first or said second
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connection with the fuel gas diffusion |ayer, the
oxi dant network having an input portion for supplying

woziodan439 and a fuel flow network fluid in fl uPCI/CA2008/000943

connection with the fuel gas diffusion |ayer. The fuel
network has an input 30 portion for supplying fuel,
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howeyes, thatwthendetailedr desariptions aads they spacficfexamplas while

ndicqfffE prBREHE FhidlinBhes M, Shan it 8 BT hucamy of

|Ilustr‘ét|§ﬁ|cﬂﬂw§n<\m Varibgs @h’éng@@éﬁd&ﬁbdfb@f@ﬁé@utﬁm thevégigt and
detail ed description. It should be understoo

SCOPﬁ(ﬂXéU@rd'SQ'ﬂ%Hret\N@ brgome &H’Péé%f&rtppthpéﬁ Séfﬂ@dt 'ﬁethe art from
this d%@ﬂ%%éj é;s&@gp! es while indicating preferred
enbodi 1S O

nmen t he di sclosure are given by way of 10
BRIER DESORIPTOONOOFYTHEIDRAWING®Us changes and

fications within th it .
o B OB e, ! DN oo 48 RIS e} with

referé&ee & theffb Qm\lll‘b_lrﬂl‘% Sinl WHicAescri ption. BRI EF
DESCRI PTI ON OF W NGS The present disclosure

Figunai 1 is amhemamssmmmg the @mlament deeaifor the metalzcatalyzed

ydrIgSis F AREwhenacss b B4 AR oL hTdeeh wix Bheled; 3 €
Flgur@?Z @é aoﬁﬂ@ﬂa'ﬁﬁﬁshdwﬂgqmsecﬁn%e%u&é@ Hot ﬂfesnielwrbal&‘)zed

ydrogen was generated. Figure 2 is a schenmatic
hydr@mmﬁ é\& w@e@ RA00r+erR00Asml of Bydrogenwasgererelgdz ed

Figu Aydr ol SI S % AB when 2Q98TE® SOOOd%bé}{,l hydrggen gﬁg(z
(

generate Figure 3 is an ORTEP dragram of b| S

(duso(ndopylsbgsprpmb}dm%meﬁ&ihlmbml?algdﬁ| ghl gr ocobal t (I 1).
ure 4 is an am of bis i-ter
F'gurﬁu?yl fhosdhi no)@ hyl )Cglh?% chl ofit I ooc(:t°f1 en%lslﬁ%'é‘f“rt@g'

butyl%ﬁbébmu?&d)letﬂyl aminEtBIBFScyeldott AeMdrdBiAGUATNINT
Figure 5 is an ORTEP diagram of bis(2-(di-

cyclohexylphosphino)ethyl)aminedichlorohydridoiridium(lil).

Figure 6 is an ORTEP diagram of bis(2-(di-tert-
butylphosphino)ethylymethylaminechlorohydridophenyliridium(lll).

Figure 7 is an ORTEP depiction of bis(2-(di-iso-

propylphosphino)ethyl)aminedichlororuthenium(ll) dimer [RuCl(u-
CI{NH(CH>CH2PiPrz)2}]2.
Figure 8 is an ORTEP diagram of bis(2-

(diisopropylphosphino)ethyl)aminecopper(l)chloride.
Figure 9 is a graph showing the volume of hydrogen gas generated over time
for the hydrolysis of AB using [Co{HN(CH2CH2P'Pr.)2}Cl] as the catalyst.
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cycl ohexyl phosphi no) et hyl ) am nedi chl or ohydri doi ri di un{

wo bdop/14HBgUre 6 i s an ORTEP di agram of bi s(2- (RPGCF/Car108/000943
but yl phosphi no) et hyl ) met hyl am nechl or ohydri dophenyl i ri
diun(ll 1). Figure 7 is an ORTEP depiction of

FiguRd %le(ﬂé;sr Rs owwrm] It e volume ?1fl rc])¥%rr°8teﬂe%| Ig(epl Sated over

propyl p |no am nedi c di mer
time [fmﬁle(hydm]yﬂs)c[fw-ﬂ( GIRGHCRIINLG B T B PRhge)Glzl&as thearatalyst.

P di f b -
Figui I Tois o SRIPBrouing S0 YT S 9 BEdiogen §9% 9eBpraled over
time FT ORre Othé 2 BIIBYSRIOWI GO t I VOl uiRg Of R APOsS(D-@5-

gener ated over for the hydrolysis of AB' usi hg

tolylghasphrivagbecHrysloppzame-J) 2-diarnine  ceakslly s dichioride as the
ta |20g8/ 141439 PCT/ CA2008/ 000943 Figure 10 is a graph
cata wing the volunme of hydrogen gas generated over

Fig uté MR 604 grBeh sHdwahy thé fluriB (b'fShWolgen gas generated over
; N&‘d CH2PPh2 2} Cl 2] as the cata
tlme|fgr h ¢

rolysisvet Btw@ngdRuﬁ@nap)(hwdS@@ngfgwcnz] as the

cata per at ed over t| rre for the hydrol ysis of AB using
, N2- bi s(2-(di -
Fugute)hsal nph@sgvlapncélmmgIthewdhmhex@mhydmaedl ges generdtad tover

nmeg‘%m'q‘ib'y&%éyas?{pﬂr%@ ey oG R el Eaflsa B 1 s

gﬁig or the hydrolysis of AB using [ Ru(binap)
CH2PPh2)Cl 2] as the catalyst. 10 Figure 13 is

Flguee gtéprs shoiiPngNMRR spéctemofof hpis(2qditetiasybutylphasphine)-
f th AB
et il e BB BRS¢ e
FlguFé‘t1%| lésbn 6RyEre cﬂét\%ﬁafn Q)f%E(Zﬂﬂﬁeﬁﬂ%ﬁ?buwﬁéﬂfyl)ammechloro—
bi s(2-(ditertiarybutyl phosphine)-

d'hytémdwt@lam(ﬂlé(cycl ooctene)iridi un(l ) in benzene-D6. 15

FlguE gﬁése ?gﬁ?géﬁ 8l %&\el %‘g%g )ﬂ? ngh?or}centratlon in bis(2-(di-

tert-bijttlhbﬁbsﬁmhb)eihylyémwiech)oro@cﬂtbtﬁc&eﬂyﬁhyckndblgdI&n’((llghovvl ng
ef fect of n-butanol concentration in bis(2-(di-

catalyggqi hﬂgf%%}ﬂﬁﬁﬁfﬁﬁ%ﬂ é‘i?w@) am nechl or ocycl ooct enyl hyd
|
o 7 i g WO SRS st g g Bt

(di- terbbptydm‘maplh|nn)ettwt)an'émedﬂonormybﬁos(:@nyl-hydridomd|um(I||)

er.t - but [ ) hyl ) am nechl or ocycl ooct enyl -
Cata'&@ﬁﬁj Merqgeh fﬂycg -al yzed hydrogen generation

FigufetO1&)shows the effect of methanol concentration in bis(2-(di-tert-
butylphosphino)ethyl)aminechlorocyclooctenyl-hydridoiridium(lil) catalyzed
hydrogen generation (40 °C).
DETAILED DESCRIPTION OF THE DISCLOSURE
DEFINITIONS

The term “Cq.qalkyl” as used herein means straight or branched chain,
saturated alkyl groups containing from one to n carbon atoms and includes
(depending on the identity of n) methyl, ethyl, propyl, isopropyl, n-butyl, s-
butyl, isobutyl, t-butyl, 2,2-dimethylbutyl, n-pentyl, 2-methylpentyl, 3-
methylpentyl, 4-methylpentyl, n-hexyl and the like, where the variable n is an

integer representing the largest number of carbon atoms in the alkyl group.



10

15

20

25

30

Figure 18 shows the effect of nethanol concentration
in bis(2-(di-tert-

wheaopl1plaes phi no) et hyl ) am nechl or ocycl ooct enyl - g CAZIDB000943

idium(111) catalyzed 25 hydrogen generation (40 C).
DETAI LED DESCRI PTI ON OF THE DI SCLOSURE DEFI NI TI ONS

Thehé etefin” @ RAdayl” a8SusksiP thet8int bdMRa8faight &rdbfarithed

branched chain, Saturated al kyl groups containi ng
chainy unsateated alkyzgroops aootainiagdiromconelds n earb(ameptemb agd

one 9&&?%89%3@ Béﬂq anﬁ)lng@bﬁg (d?%%rbcﬁpglon tﬁ@ gﬁryfty of n) vinyl,

allyl, ZZ%QtWrbblbéhyﬂ ,bump@ﬁwylbut&émhbhps@w 23methylbut-1-
met hyl pentyl , 4-nethyl pentyl, n-hexyl
enylmarr@ef hydpaniri-anyle |4'm§th|Peﬂtn1-§g¥élr meassémntra;enwe 2-

et AT E BRI ERD, e TN AETHS, e

the velablainkiergd Intagerusptedentivgnthesiargess tnudtiditofddarbon atoms
., branched chain, unsaturated al kyl groups contai ning
n th? Yh8'AUP-n carbon atons and one to three double

| 4 d . L
DO oS CISHOSS (SEPTRALHIAN"E AR Bl o
tricyddigt cabenyd:hc blmg s&stemlcpntaumagrfycbmw 14 rbcanyon, atoms and at

Ieastﬁo%ﬁém%gﬁtrmg @ﬁ%lncl nsﬁé:[]qv%ﬁ%gg{q %Q%E%L}q’ientity of n, phenyl,
naprﬂhﬂ"v‘t hyhtpeadetyl . 3-10-aihdrodtpitnyil- V4 Z@Q-téf?ShydrBHaRhthyl

where the variable n i's an i nteger reéepresenting t
fluoreaylgdrdamihningienyt apdr thenlilke,owbera the hariableenyls gnooteger

ein ans a_nmonocyclic,
repre¥uing i 197deSRmbel Bt HaB0n Hbfisn TRE AR Gt o
cortaiteainm ghétepoaryl e usethbrRin 3hedfs anthoAbceydliRaBicyehé or
romati c ring and i ncludes, depending on the identity

tricy(g\c g sMelsn Contaiping ftam 5 5afex M@é@ﬁﬂ which one or more, for
exanﬁ!@ ﬂ'Sh%@Ttgﬁlg dhtéﬂyrlnore1 ééltéli)l?'/ gt W%?@%BMEBW 4, of the

or enyl anyl
atomsaaiea bl laehermmomhy isetented fromepib £SeNH rapd N@deamgemnth the

endbERShefle SURPE, BB, L Mo Mo Wi, Wbl
arorﬂ%it@ymig C E&bmﬁléé, o hleterohhyM g ré S, Q%Iﬁeét Bbtné@n&r ﬁ’rgltéd to

at ons whi ch one “of” nore, exanpl e
thienyhu ttmlld?ZOMG pmmé s ixazolyy 1lrfsl0|)d,ndflnranyl s uberawtiienyl,

f ons are a heteronviety selected fromOo,
benzéfudfﬁpﬁl a'ﬁfpﬁffll alkyl, with the renaining atons being

C Tie Stffixs'ang” rauded&ystcf ghy @ tthé Ribdgeajrolpahe ANEthAR the
aronmatic ring nBI es of heteroaryl groups, include,

group iz diyatenidie. |m$ﬁft etweanimengiher greursz oMen thedreym is a
ring Sy, Yhe WO grdudsANYY bePRBARNAEM ocation on the ring

system, including at adjacent and non-adjacent nodes. For example, if the
group is phenylene, the two other groups may be located at positions 1 and 2,
1and 3 or1and 4.

The term “substituted” as used herein, unless otherwise specified,
means that the group is substituted with one or more, optionally one to six,
suitably one to three, groups independently selected from OH, SH, NH,
NHC1.salkyl, N(C1.salkyl)(C1salkyl), C1salkyl, Cy.calkoxy, Csthioalkoxy, halo,
fluoro-substituted C+.alkyl, fluoro-substituted C4.salkoxy, fluoro-substituted C;.
sthioalkoxy, fluoro-substituted NHCisalkyl and fluoro-substituted N(C;.
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benzofuranyl and the |ike. The suffix "ene" added on
to any of the above groups neans that the group is

waleooaliensy i.e. inserted between two ot her gr oREECAMNNEN00943

the group is a 25 ring system the two other groups
may be | ocated at any | ocation on the ring system
el ugh | ; -adi npees,
callRE A, fn B BB Sl iR 0o e Suniflonts are
selegiedupsmmane benlooe avptibratly poe! toi ixssuitabhdofe to threedg®ups

nceghpdedTE sheelbE 6 ShrDrE L Nl e, iR s o orh

SCHgfhél%P@tﬁJ oictd, WOr RIMCIEY afPRNRCFQRL i onal Iy one to

X, 'suitably one™to three, groups independently
selbettetm‘halo’ @, usid hekgdn memiGLhalegenl and includes chlorine,
b N&Cl. al k¥l%§JC1 .6al kyl' ), Cl1_6al kyl, Cl1_6al koxy,
rong 36 {NEa PR V?"ﬂ%l o, fluoro-substituted Cl_6al kyl,

f | yRé Qe ALblo S EsktiflteBalasQxeed héledi ensaRsthat WnedorChore,
6t hi oal koxy, fluoro-substituted NHCL. 6al kyl and

including at-efitbe thydirgansnpdhe groumbavebeen4entaged with fluorine.

PR R 4 G i 1| B Bpen e

ring S¥istarh e thdtr imcludles monweyeles 0 fiseanbldygliommdt polycyclic rings,
suitably one to three, %hoq(l#ps i ndependent ]y sel ected

bridged, Hngs|, ansH Mejalocene3 erspesifieddhe ggrgons drjthe rings
may/tl Supdited Irrdpiatthiiuitt hilefodipthd( OF3) 2. S The term

as use erelrn nmeans ogen and i ncl udes
chTbeitasm "cbondimatng"i axlused dredeihl nedersnie. a Thentiealngrouping
. "fluorqg-substituted” as used herein, nmeans that ong or
whicho TRl BODGS 9 51 ShayeS FiEchits ouhainmeta geBies ' 2
coval@nepdipen replaced with fluorine. The term"ring
systent as used herein refers to a carbon-contai ni ng
10Thentgrey snemcoprdinating! @8esisadnbergin gefersuted chemical

arouBife! s, B0s R BHERIE pPhETE or SHEPEERIORE iRt the mpze
cent8Bih deosalept bbhged or replaced with heteroatons. The
term "coor di natqiﬂngjg" as used herein refers to a

chBi igand; stakiized” itisi mranbihadithe liggnd stabilizes mmetal to

| . . s
el SE5i Sbethd o RS FERbE8L R i her T EQY0Y Rl atoms
of suet digands iacloderbobis ngt tiofledgtonphospldwes, nittogear oxlygen,

bond .@%{or share el ectrons inth t he tal . cenpter 'ﬂ,n a
carbpgy, FilGAn. pgRENaRy™, | SHEW S¢§RIUT - arsenic. AR igapds

includeecdrhgaimds habhbi rieSorft MBrd B off &ordinating atoms, in various
combinations, including but not limited to phosphines, arsines, diphosphines,
imines, pyridines, amines, carbenes, aminophosphines, diamines,
aminodiphosphines, diaminodiphosphines, dicarbenes, aminocarbenes,
phosphinocarbenes, alcohols, ethers, aminoethers, phosphinoethers,
aminoaicohols, aminothiols, aminothiophenes, imidazoles, etc.

The term "solvent” as used herein means a solvolytic and/or hydrolytic
solvent which participates as a reactant in generating hydrogen and is known
as a hydrolytic or solvolytic dehydrogenation agent (i.e. the solvent hydrolyzes
or solvolyzes the amine borane). This type of solvent generally includes a
hydroxyl group, such as water, methanol or ethanol, for the production of

hydrogen. Also included within the term "solvent" are co-ordinating solvents

10
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20 al |l ow easi er handling of an otherw se reactive
center. The coordinating atons of such |igands

w0 p@BOdRE39 but is not [imted to phosphorus, niP€DGamo0s/000943

oxygen, carbon, silicon, germanium sulfur, selenium
and arsenic. Such ligands include conmpounds having

such%&¢ t@t"raﬁWrSfdréiR,ed@Mﬁggé uf@%@@ f"‘b‘érﬁ'éaaliyg s‘é:ﬁ}\iérﬂ“:%stems

conbl nat’i ons, 1'nc [imte osphi‘nes,
will centainesmixtuphoka hydedyti@ Solventissch py watenes anaafcotes, and

car benes, .am nophosphi,nes, di am nes,
a CO%{ﬁiq?Z'&Qrﬁ%‘éﬁiﬂi ﬂé‘g",agF%Fﬁ%Yéié‘P#Hﬁ%ﬁphi nes, dicarbenes,
ang er i REC n wal hael Rer §
R g e oot "iereir? A Phaf &/ figand
stabiliredh oatailyst 35 esseni@lisohitde ds the reatdipol ssdverd(s) .arthemains
term 'solvent" as used,herein neans a solvol vti
esseifiafibin Rtfin fpRuohSEt s tsattioRroress i Ml amoupts
ofprﬁ@%ﬁéﬁﬁoffﬁe&%ﬁlp@ﬁi ng hydrogen and is known as a

ydrol ytic or solvolytic dehydrogenation agent (i.e.
t He siodeestandipgr $1g)z38ppeorofsthe, aprgsest tdigclasiinge the term

oGRS 8161 I A 1B oor
endeldoteriiye tﬁéloéf;ébify)mh@fprebédé@gﬁnthélﬁatednfdaﬂ@%@, védlétmients,

the term "solvent" are co-ordinating solvents 10 WO
COmMpQITHte 4arenps pOtegeAs 08RAN Gters, byt de nat exclude the presence
r f di a Q) ek
of ot {HIAEA! ¥eles opoRs W I S oGpR bbts ancror
stepsyThe ffyregoirgoaleerdpies toasonist keaving similad melaoingsasuctaas

coor dj. nati.ng, sel vent, such. as tefrahydrofuran. The
the t?'é?‘?nq!"l’fg‘r‘r@agnega_gmgagngﬁgﬁ"ﬁ%r”é? Veea g‘ﬂ"ﬁa%rf“ﬁegf degree
suchl 49286bstanBdIRP! el a4 abypfoxipafipeas dkhyhaelit Mean a
in the reactron solvent(s) and renains essentially in
reassichhleiasnoumtr efudgrviation betheemadified tarocaych that thedemdmgsult

. nount. s f precipitation of t catal ySt4 1N

s nof RSB PR e B e e alie dedsaperugd s

inclubliRigTe dé&Aatdn S it leadt 695 ofl @hkVinbuiied, tedh Ustib deviation
herein, are intended to be open 10 ended terns that

would et infegatehthepmesaingeofdhe warddt modifieseat ur es, el enent s,
IRgegers, and/or steps, but do not
ME@@E@%E@‘[‘JW@E@@@?&U& ot her unstated features,
el B Nprese AP NISEIONLR, I9EI00ES, ai Metlgsd Sforntheorproduietish of

The foregoing al so applies to words having simlar
hydragemragwrisiith as the terns, "including”, "having" and

t hei . : Cpal _ _ .
+ S SRS S°solbhOR. Cmp i batCleatt BB idan e e
hemetal catsdystawitht ableastbhe cemponndadf thle foratulan, of t he

g?ghrlf?ga:]ﬂ;n iﬁgﬁgéﬂ%?h&?gqurr ’Sglftdelg?egmshoul d be

CORSA ré¥ifbrtSunder conditions for the solvolysis of the compound of
formula (1),
wherein R', R?, R® and R* are each simultaneously or independently
selected from H, branched or unbranched fluoro-substituted-C1.x0alkyl,
branched or unbranched Ci.oalkyl and Ce.1saryl or any two of R’, R?,
R® and R* are linked to form a branched or unbranched C.oalkylene,
which together with the nitrogen and/or boron atoms to which they are
attached, forms a ring, and

11
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including a deviation of at |east 5% of the nodified
termif this deviation would not negate the neaning

w@boosher4dord it nodifies. 20 METHODS OF THE DI BOYCSRBE 000943

The present disclosure includes a nethod for the
producti on of hydrogen conprising (a) contacting a

HB0h) | SRIERAR) baIatirg ni 5B HBALLAEME SN of e

fcomno;lunlds o?fi‘»orlﬁimar(lh)lBHRBm (1), in a solvent under

c n%blté{%ggg'w%t&?zhsolv |s pf ; cocg?qungéﬁ;ferent In
a fuﬁhéW'érﬂt?d?H@nY ®, 'Rdgmgn%at w a?@' Sgéf?d”@fm%gk’ﬁsy'}’, or

branched or unbrahche | uor o-substituted _
indepehdentiy saledtext froanabt:a‘mhe@brzmﬂolralydhmﬂuc@e -sibstitute diC .

f . R2 d,.R k
wa'k@”%mt&“ﬁag S IRERA NS I A Cern V! o peh B G eR”
> ad Rt drelinked RURIMAAdARchEd @R [HPaRcHe @J% ﬁél'RyFehéy wiéh
attached, fornms a ring, and 11 WO 2008/ 14

tOQeth@me@enmmmean@/@y hgson catamsy te wwhiee tielyy ang dattagbed,

o FHEEC 1 BHERR MRKEHTeRl KIe R BPoUPS L gy oecn
smul%ed@%lyﬁbd ifdeparrietitly f ssletted from B, forahbiedd @rhatbrartied
and R4 are each si mJItaneousI

5
ﬂuorq ﬁ'&é‘é%‘@gn@ gﬁ'”&)él eeanshed: emirbrapeaad r%esa?ﬁw?,ﬂﬁm Phenggor

1 t
R" ard HOBAAIR Y b Blinkchl b SRR & uiiganengied
salkylend, Wﬂm’n te)getlnﬂa:rewnh dhé mnm%erb atom r;rmdiémr bominr atoe ésl (\;\;hlch
whi t t th,t an
ey S5ralb b5 B 105 ieb et o b dRDadli
R? RPanat ferefppdi ment, R1, R2, R3 and R4 are each 10

si mul t aneously or i ndependent I y selected fromH,
b Conditissofor dhbr selvolysis of ther oosmsmdt@ft the- mmw Kpl gan

vary 8EARRIRG o o NUBBE O Betals SR, RtCo PAIFRIC, 155 ineitivof
the catalysibaranehedcaid of & kyhetivm, awwehud peekmsun Wotd pelbson

ni.trogen atom and/ or boron at om to whi ch they are
skillegtip éhﬂéﬂf flarergbadimenis afitha presentdisslasyas nibe: cenditions

o 954 S 6 FbofsrASole 76 e, S35Rnf o e
ether$ cantheire(Hy)irm:faran, and alcohols and ethanol, and suitable reaction
temperatures, for example, but not limited to, in the range of about 20 °C to
about 60 °C, suitably about 40 °C. In an embodiment, the catalyst is dissolved
in a mixture of the solvent and water in a volume ratio of between about 90:10
to 10:90 (solvent:water). In this embodiment, the reaction is referred to as a
hydrolysis reaction. In another embodiment, the conditions include the use of
an alcohol as the solvent, for example a Ci.1o alcohol, optionally a Ci4
alcohol, and suitably ethanol, methanol, 1-propanol, 2-propanol, 1-butanol or
2-butanol. In this embodiment, the reaction is referred to as a solvolysis
reaction. In a suitable embodiment, the catalyst is dissolved in a mixture of
the solvent and water in a volume ratio of 50:50 and the compound of formula
(1) is added directly to this solution.

The hydrogen that is generated in this reaction may optionally be

captured using any known means. The reaction produces, in addition to

12
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vary dependi ng on a nunber of factors including, for
exanple, the identity of the catalyst and the scale

wo@RooBher4seact i on, as woul d be known to a per soPCT/CA2008/000943

skilled in the art. In enbodi nents of the present
di scl osure, the conditions 20 include the use of a

hydrm?éﬁr g&9! eBk#y decyehBle ranamelﬁwoﬁmbww ﬁéﬁdl;@xmﬁkﬁnum
her$ and tetrahydrofuran, and al cohols and et hanol

boratgh galkisiias dbe oy gl eqtabletmrpefmlemg lfe@:du@(aﬁbadlydﬁ@ws

reacligh S Thp8h i rorihd 1 By, ARy be el BP8H inert
atmosphate,Sor Eﬁarﬁr)@ ndesl argdh, 3 thie)datdipstas difgersativeent and
water in a volune ratio of between about 90:10 25 to

10Th® prespntediscinaue is thenfitsiite rerpBdhabie sohelysis of AB,

and E30HAPATYES, 7 SEBHGC, kGoRSndh oRTIRRY ) TalPrtd B8 iggho-
stabitived | metabd | caalysise under domodemeoas argalctioa $ohdltions. In the

al cohol , tionally a Cl4 alcohol,, and suit
pres%i‘h&fﬁﬂ")s%%t Haha$ B/eflbﬁ BWRofhat a2 rW'QEaYﬁﬂf’ty 1bel§/%ﬂﬂﬁ and

metdi$ gy egt@é@ to CAtdiYe @Hg&'ﬂdgﬁi’% or ts!&ﬁd’l%b‘f‘?@dkﬁgﬂf or

re to as a so vo ysi action.” I'n a
solvaysie dbfmb, , anmetscdeaVa;tsAeSL s Fdirssxadmple the metakincledes all

h | i 0,0f 50:50 and.
novh retgies By, P8raTkail el B0 A5, sGoPim (N de i
(K), &mlamh@roRb)T %Mrmrﬁﬁdﬁﬁbnbmw@r fﬂ@amanné héeﬁth metals

reacti on may Optl onal y capt ured usi ng any known
berylipanh §Be)rhaagaeasiunm tMg) oqal@w (Ca) agtppiivn (&), bariwp (Ba)

anct PR e AP ARAROOR i YA RSB PTfl (n)

recycl envi r on

tin (Hny, aheallisad (1) alﬁd&ﬂ’@)nlanddbfsﬁmthmm) tthéodlbttﬁfkt &i tiangition
residue. The hydrolysis reaction has been perforned

metgly, geARNGYM rré@c)al dianiempertilor ¥@@adiimin (Vherghromium  (Cr),
d t

man éﬂ%é’a r'@lgl@ lrf)r‘? \SFéi(aéHHa%& égﬁﬁ@mgl EJPEP?CG? Ah¥Son),

yttriung (X) ztroomlepD(Zr),t hiabiurh  NbY| molysienunt (MB), teahdemUna (Tc),

rutndiiy S Payadibl JEHTatiier JAEE: PRRLRE e, Warduis .

tantd?@mg'%')‘etﬁhgs Qﬁeﬁi@xﬁd éP'b%mluﬁ (s, wﬁi‘ilﬂﬁe(ﬁ? platinum
di scl osure, it has been s own that a w de variety of

(Pt), 1 9ejdnidu)anad mefcary (hgy; e lerthanidesaleatharaine Hea), cerium

(Co) ¥t idul] B BrdirmiuR NG traemithy B samarium

(Sm)ﬁeéaiopamml WBay ngolukin taﬂe$b|urrn0(rrb()il rliysptdﬂﬁum (Dy),
aI| metals |ithium (

hoimcuq' H%@W%({Eﬁ@)thulmﬂ (zﬁsrbam (ngﬁaﬂd%epm angdrge
actinflo S A E8) Aol T ium T | atitbm, AR ).
nept{iia)n (Nb): plu!bcbmum (Rt al ameticionm Am) AlQuriuga, DnmrrBeﬁeehum
(Bk)I 231%8% m )(Cf) einsteinium (Es), fermium (Fm), mendelevium (Md),
nobelium (No) and lawrencium (Lr). In embodiments of the disclosure, the
metal is a transition metal. In other embodiments of the disclosure, the metal
is selected from Ru, Co, Ni, Ru and Ir.

With respect to the identity of the ligands, the present disclosure
extends to any ligand associated with metal-based catalysts. Ligands that
may be used in the catalysts of the present disclosure, include, but are not

limited to, one or more of:
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15 tin (Sn), thallium (Tl), lead (Pb), and bisnuth
(Bi); the d-block or transition netals scandium (Sc),
wao paoansse (Ti ), vanadium (V), chromium (Cr), PENGAN®S/E00943
(M), iron (Fe), cobalt (Co), nickel (N), copper
(Cu), zinc (Zn), yttrium(Y) zirconium (Zr), niobium

: . techneti Tc), t heni
(@) PP TR oi Ver (Ag). cadi um (.
haf nium (Hf ), 20 tantalum (Ta), tungsten (W, rhenium
Re) , ' Cs Ir lati Pt), I d
(Re), osmum (Os), HE’?RJ Q{G%m ( r@)hap atinum (Pt), go

(Au) and nercury ( ni des | ant hanum (La),
cerium (Ce), praseodym um (Pr), neodym um (Nd),
promet hium (Pn), samarium (Sm), europium (Eu),

whichyzde| bidieniatecal , tridentatenarditare ahisar o5 achifabynonodentate

prossHsiEhes Thwo ik’ Brid B see sltailustlof fighEhenty

selectdtorfrovm (UiBubsEtudédicbr Nbulbatitied, OFaBikyn (Udsubstituted or
tuni um (Np), plutonium (Pu), anericium (An).

SUbSt@%dumczanq| gé)f'kelun@#PSt'WEg Qfal pelstiuies) (@rs)wcycloalkyl

in er RAE I .
unsut RS 01 RSt St iy ) G LR (e Bf e
simultameotisic ngozmul@ertdwftly mtadétedsflrarm unssbstitolednet abg%ﬂ toted

er e iments of the. djsclqsur i's
Cr 1ol HBRUIFSIIER, . 0G0 SURRHUIGH faa walkemily h UpsapRitateg or
substith@d ég{bbgélksaﬂki/l,td?ﬁugbﬁ%féifor SOsstRORREAL. &rﬁcbpﬁw 8f R®,
extends to any'l'igand associated wth et
R®, RtandIRfsare. bQﬂdﬁh‘@gethﬂﬁo fory abainssibeitifuted hesdhbstittgsitring

-, § OB R3S 15 BhGsonSubeiyegth AndiorgSygen atom

5] 6
o MR |.@Q%9ﬁ%i@éi"§@‘ﬁ?ﬁ*£n‘i“;“f‘§ﬁ2?*?ﬁ Rl

R” ang B caferlademn%ﬁm&yr%@leﬂtﬁdofa@m Ge-eraryl sy Rirmalkyl darfugher
embodﬂgepen% R dl&go ) Iﬁagf@weég%ently selected

ently et Trom unsub
from puesynanu ed. sélkyllom kml furthmtdmbodlmeﬁﬂs @®®, Réudred R wiredall

enyl , unsuy stltut or ted

Phe”@“ﬂ% 'BQ?R?W‘de“tR'r%‘%J%%*ﬁ [ﬂ'BéP L%‘gﬁwaﬂ%'@l

%}h% neously
(b) Bi égepe%ggﬁtﬁf ?/d}ggﬁ%ct %t?ﬂgam unsu st??ﬂ% gf

substituted Cl1_10al kyl, unsubsti | tuted or substituted

C2. 10al kenyl 18 &d40r i tuted

C3_10cycl oal ky#gﬁ Es@bi:ﬁ 'gt ed or ?m)stitut ed

CG 14ary| or two of R5, R6, R7 and R8 are bonded

5‘ form n unsubstituted or substltug eds ri n(};{7
wherena o ahRIhere, indanedidegtly has grtirethéordys R° and

and 6ntgog&gcperad/ﬁ%rm ONHBRURIEE or substituted C1-Cioalkylene and

unsubstituted or substituted C,-Cipalkenylene where adjacent or geminal
substituents on Q' are joined together to form, including the atoms to which
they are attached, one or more unsubstituted or substituted 5-14-membered
monocyclic, polycyclic, heterocyclic, carbocyclic, saturated, unsaturated or
metalloceny! ring systems, and/or one or more of the carbon atoms in Q' is
optionally replaced with a heteromoiety selected from O, S, NH and N(Ci.
salkyl) and Q' is chiral or achiral. In further embodiments of the disclosure,
R® R'", R' and R' are independently selected from phenyl, C.salkyl and Cs.
1ocycloalkyl, with the phenyl being optionally substituted with one to five
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15 to which said groups are bonded. In an enbodi nent
of the application R5, R6, R7 and R8 are

w0 padepensent |y sel ected from C6_14aryl and Cl_B@i/kyxba08/000943

In further enbodinments of the disclosure, R5, R6, R7
and R8 are independently selected from phenyl and

subs%e% iﬁabpehaeﬁﬂy !sélef:térdtf?&h @m@w RIYrS- s'a%suﬁ@ediw AAikyl,
are al phenyl ‘and R8 is I ndepend Iér!;:é seI ected from

halo pﬁtenqikoxm g1 flepegd-rybstita@d( By«dkexy R nis) selected fiom

unsc Bl B ShEEies BAoseiliede ol Medybsidibnss, aneg) are

mde;ﬁérﬂeﬁﬂ?c&w@cﬁd@ FEdri .or@stodiur B dafkgl, fiforoBobantitdy Cia2ikyl,

is selected fromunsubstituted or substituted

halo c@4 -@lsexykyluaie-subgtituled L%sqamqwe@ngwb%tab&id and eybstituted
phengﬁbéjcft u@%&tgﬁeaﬁﬁ ar g\sﬁgil:tﬁgfyﬂi (o]9] t "to q/%rr ne]ldjacent or

geminat kublstitgehisemaly anes jdinedvtogdthet e Yora emama@eh’é amms to
or nore unsubstituted or substituted 5-14-
whichdhgy\ale; attachad, gne iof M enguhsltuted ear%'@é%@% phenyl

t
e
carbors atarpsiion@l isy remated edthnathetardmsietyoselieeted frotme €, ICH;

fromQ,.S NH and N.CI 6alkyl) and QL is chiral or
and 'AE‘h?P&Q‘S'PrPWa?Ph@% é‘%}bodl rren%/s) of the disclosure,

R%BisfRHds Rihb) alfandd 2orir f&ﬂﬁnﬁqﬂgnﬁubw@elfs%&anfm@w 3-
henyl , Cl1.6al Kyl and C5 l'ocycl oal kyl, "wit

bls(dpmﬁmoplﬂmh%pbmm)ﬂeryesabst ituted with one 1t$rbl3(dletert-

o g BB T OSBRI oMb, 1o

b|s(dfétny4pno§pmﬁbokwb@dzéﬁeﬁal kyl, halo, Cl al koxy and 1,3-
| uoro-substituted Cl. 4al koxy and QL is selected from

b'S((@MB@lbluiﬂﬁl&ﬁRfﬂn@mt‘V‘ﬁmf&?n@l C8al kyl ene where thel.3-
dent | | ect
L e e S TR
propwphosplﬁﬂ:_ﬁaémwyndnhapr N Nﬁttss(dﬁ-letoenro@ylmispbm)benzene-
o TSPl RaR A PRl e %2-
oxyb%ﬁéﬂh‘éﬁb fbmbﬁw.mﬁ.a’@uﬁ@yﬁe?ﬂm@)toget her to forrig(a-

cl udi ng the” at ons hey are attached, one

diterharybutyhohmhtrs:t)ehyt)emnm‘ btﬁﬁ%{(ﬁHtpr@oytm@ﬁphmo)@wi)wme
. ~Cycl gh or ferrocenyl gro , and/or on
bis(23 (ﬁ ﬁ;ﬁ@/s[ cﬁgn}‘y&yaggﬂ Catons in y ?s :ngl aced w ttﬂ

(d|cybl®‘h@5(?|¥6ﬁb§|§Mné)ﬁtﬁ%ﬁﬁﬁd om O, NCHS and NH, and Q pis(2-

chiral or achiral. Bi s(phosphl no) |igands of the

(diteftigryautyiphosahinpleibyldgmingsr exanpl e, 1, 3- bis(2-

nooxy)benzene, e
(d'ao%@@?lgbégp@éggéﬁh@m%osphi nooxy) benzene, bis(2
(diisdprdpipbospinnejsthpihoetiylaraimey ) benzene, 1, 3 bis(2-
(ditertiarybutylphosphino)ethyl)methylamine, bis(2-
(diadamantylphosphino)ethylymethylamine, bis(2-
diphenylphosphino)ethyl)methylamine, bis(2-diisopropylphosphino-4-

methylphenyl) amine, bis(di-m-isopropylphosphino-di-p-tolyl)amine, N' N
bis(2-(diphenylphosphino)benzyl)cyclohexane-1,2-diamine, = N,N-bis(2-(di-p-
tolylphosphino)benzyl)cyclohexane-1,2-diamine, N' N2-bis(2-(bis(3,5-
dimethylphenyl)phosphino)-benzyl)-cyclo-hexane-1,2-diamine, N’ N%bis(2-
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15 bi s(di et hyl phosphi nooxy) benzene, 1, 3-
bi s((ditertiarybutyl phosphi no) net hyl) benzene, 1, 3-

whe@g(di4ss opr opyl phosphi no) net hyl ) benzene, PCT/CA2008/000943

2, 6-bis((di-iso- propyl phosphino)nethyl)pyridine,
N , N3-bi s(di -i so-propyl phosphi no) benzene- 1, 3-di am ne,

(di- pﬂer?ylPﬁéfé/ﬁHIﬁ& £b d@n%ﬂ cyclohex 5)1 2digming, and (N 'E,N%E)-

I So-'prop osp o

N’ Nob;stﬁi?ﬁ(d@lhleayl@hzsphldo)bemque)eyd;lobemﬂ ylmdrasmhen e),

@é‘% (bgq(f)ﬁ”' é M}C%hhpﬁ ?t g%;FtX%ﬁ\;?){@ each optical isomer

of 2@@(&@&» reiphaspris moanﬁb Miﬁyﬁﬂbﬁﬁre\)%té&zname BINAP);

di cycl ohexyl phosphi'no) et hyl ) afm ne, bi s(
B|NA<(‘3d|QQ!f"tﬁt'é(f3§b@t Whietosthei mepbthajenening, ofblel(dAPZFbs partially

redu é%? ?sopropy pho ph¢&ﬁ8§ t gqﬁ@(%mn@e h%/?J ﬁ‘%ﬁj&’h%yé‘i@Sph‘no)'

5,5'§, G‘i 7,2 8 jBaoptaliydtdeh qua"mﬂtle,glhxhbm\ﬁméamrmne :bi R{EINAP);
di adarrantyl phosphi no) et hyl') met hyl am ne, bi sf
BINAK pfervatiess ghi mdyieh hihe nbaphihaldnee ring of BINAP carries

subsfituBhtsf, $PE8NadH BRRE" Sathet %P I LARMNE YR difino)-
6.6' ity (1 FioaphibisbsfabbeMtoay| b OheNRIBINAPY- di BINAP
derivEtiySs i BT 18 BERZSNS Cing o dha RICEPRORIS:AloRe of BINAP is

subsﬁ{btéﬁ?—m}i’ﬂhslﬁale@ kb‘ll?‘)g &ﬁp(s) s%ch as each o&tlcahlsomer of 2,2'5pis-
)

di met h hen I 1 n0) - benzy - di
(di- p-mlyﬂ@hosp NQ)-Br mathH»D (abb&\llaltedB aaP@T / M%MFODOQ%

optuc:ISI lgoﬁgéﬁg*(ﬁgg %rtg) yﬁ;}'h ?)pﬁ?)sgmno]% %xgmap}ﬁhyl eacr:p\

optic&2- biisdrief di pifeny Qﬂwbiswbbﬁnéulblﬂﬁﬁﬁéﬁwmmﬁhm111'
2-di am ne. O her bis(phosphino ds i'ncl ude,

blna;@tl&y}m %acrbggﬂcquﬁp@gr qfs’ebgebls[tmm tert-butylphenyl)phosphlno]

. di phapy! b ht h
1.1l PR, PRIRER) " otrie Gava: RALSRS(.5-
dlmeﬂwimrtyhphnsmhnu]an dhbirraphthyo f (awm@ﬂated nearhéalXyl-BINAP),

educe such . as each o tlcal i Soner
and 5 99880 5 'BRud) hoBertatey - of °°™8 2%bisbis(3,5-dimethyl-4-

methéx;r'})r}ée?v\}/:ﬁ ap édg hmﬁlj 1%&“13%%’@'0 %bh&%ﬁgerl \Ij Vs |Drr1n anyk-

BINAWDH BlN.f\HederaMﬂ’lwballemhlchm@eoma&thwéneanng as BlNAP carries

subst@u%ﬁtt%)t ée dﬁ%@ﬁ%%?ﬁﬂ?ﬁﬁ) hfggt)l%gsphorus rg%om of BINAP is

substiued Wltlﬁiefrbtsﬁ 1110l '5- loweArdIk {1y Susiblisr¥ | 8Lell d¥2BBeh optical
6MeBI NAP) : BI NAP derivatives in which the benzene

isomen ngobn h3-RinbiptbbwimathyiphenybpRasphinol-S@simetnyed, 1-
bmap‘ﬂ#ﬁ;g (IE%WEéwQ{e?yhag{et S pmséth?ﬁﬁg)ari@cglﬁgf’ éﬁﬂ\(é@ﬁ%rsmfn
which( ahbr eaphtielemantng Tof -BINIFP) is @@fbensed with a saturated
hydrocarbon ring, such as each optical isomer of 3 3-bis-
(diphenylphosphanyl)-13,13'-dimethyl-
12,13,14,15,16,17,12',13',14',15',16',17'-dodecahydro-11H,11'H-
[4,4']bi[cyclopenta[a]phenanthrenyl]. Further, particular examples include
each optical isomer of 2,2-bis[bis-(3,5-dimethylphenyl)phosphino}-1,1'-
binaphthyl (abbreviated name: Xyl-BINAP); each optical isomer of 22'-
bis[bis(3,5-dimethyl-4-methoxyphenyl)phosphino]-1,1'-binaphthy! (abbreviated
name: Dmanyl-BINAP); and BINAP derivatives in which the naphthalene ring
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optical isomer of
2, 2" -bi s[ bi s(3-nethyl phenyl ) phosphi no]-1,1". -bi napht hy

wo 2008a¢3395 optical isoner of PCT/CA2008/000943

2,2'-bis[bis(3,5-di-tert-butyl phenyl)phosphino]-1,1"-
bi napht hyl -, each optical isoner of

of BIKJA% %mcég tghu?%ﬂquteﬁ{(g{ EHB Yhe Béﬁ?é(ﬁé HHQ %g\ﬂh@‘oﬂﬁosphorus atom

of BIRAP m@tﬁ:[sbhﬁé@ with from 1 to 5 lower alkyl subshtuents such as each
o S S i e 0
1’1|-%% ox%{?ﬁ?ﬁ‘?p osphi %{%@,l égm’%’%ht hyl (abbrevi at ed

n&Reprebentajive BkaiApjes Etbﬂ\lAﬁedprepasratlmes of nbistphdsphimoxy)

igandRcA oG T FRICBRUT N Shab bt GParwt- EPRARS7E¥80;
Mora‘iéébﬁ/rdréléged) \ait i mbegarﬂcé ehim! Aw 28b4y353 UPSH3-DUSH! Snd

such as each Optl cal i somer of
GottkersBchriedinans: (3eb-ali detdny! Sheny. $pho20RtndR66, 1804d1 §kt).

Repra ek PR S AL et RS Ao el Ky sopinod ioppgs are
found &P Bupad exe et aNCIEMBCYAUA. $99612G8312084,"Maulton, C.J. J.
sat ur at ed hydr ocar bon ri ng»lsuch as each optical

Chemsoyrg: BrRItaN3 1465 - 1023-1R2 ve examples of the

prep%@}lgnl&}ﬂ Qﬁt iy gﬂﬁ’&?’ﬁ r%%lﬂi?r%% éf%égunol?fn Cl:ééke 12E et al

OrganémiEtallics cg@(b&peﬁt ot P4 henanRepessdntativieu n;*odaeiples of the

rtlc r ex es i.nclude 6 eac ti.c
prepSson i g BTan gD BOSHES HIRRHS % aHBY i o 0. &1 al” 2004,
218, q5§af§§ hyI (abbrevi ated nanme: Xyl -BINAP); each opti cal
i somer 'of 2,2
(c) Bbiesn[tdltesa(rﬁl,nﬁpboammgIligandsbﬁthwfph@uia hosphino]-1,1' -b
i napht hyl (abbreviated name: Dmanyl - Bl NAP); and BI NAP
derivatives in which the naphthal ene ring 16 WO

2008/ 141439 PCR'GAPPOG?.MIIAT of BIWAP carries

substituent(s) and the benzene ring on the phosphorus
atom of BINAP is substituted with from1l to 5 | ower

wher%‘r{;i’ém S (f)getu 5@%&%{)&%’(!? %gﬁgﬁnea’ S R2R7! §27@4s Qkfined
for ®1n)éébﬁwiﬁd§rﬁng16§’6 @ré' mdegewtédé\?'rhl\tlklpﬂ;elbsctéd frzypintHhy Co. 14aryl Ci.
abbr evj at ed nape: ntat
1oa|klé|x&Wﬁ’I dss-ePyainalipth e)aéhatth%n%ﬁ %vls ep‘éﬁfzﬁw% I being
ot g AR o Hckna PR T

inde@ridantbp&cd;esle@@ﬂﬁroﬁﬁDheﬁﬁS&?&@ﬂﬁrl and Cs.iocycloalkyl, with the
r-Schn

phenybein desiogyaefiky asingconforiall. suRSITGTREL iif tans” 18 e
subsﬂfm I’#ﬁkg&jna&nﬂy séiaktey ﬂiadsmsam{ ﬂucgarylmyéﬁmedm aalkyl,

f ound et at.

halo 2088satk®a;  ADd] tfbwm@ubstntmted Chanalkewt. Iﬁ)gsl tand R7eare
lndepeonzaoenjﬂozéle)lectegq’Fo% q_r|1t Sﬁér\\/ﬁ a%aaPsaqﬁyloén& E)e is selected from

unsubstituted or substituted C+-Cgalkylene where the substituents on Q? are
independently selected from one to four of Cisalkyl, fluoro-substituted C4.
salkyl, halo, Cisalkoxy, fluoro-substituted Cisalkoxy and unsubstituted or
substituted phenyl and/or adjacent or geminal substituents on Q? may be
joined together to form, including the carbon atoms to which they are
attached, one or more unsubstituted or substituted phenyl, naphthyl or
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preparati on of am no-di phosphines |ligands are found in
Clarke, Z.E et at. Oganonetallics 2006, 25,

W@ 18A4H1Y). Representative exanples of the  PCT/CA2008/000943

preparati on of di am nodi phosphine |ligands are found in
Li, Y-Y. et al. 2004, 15 218, 153-156; (c) Bidentate

1O [ [i a . : 1
ferroB gl R0 Bt ereRaT AR5 Sufe il solbtly gioms in Q" is
repldcedepitn demétesomaietydsélentad from GSNRH; £ N, amdiaf inmaydbe

. for (%I and R15 and R16 are independently sel ected
chiral ppachiralos 14aryl, c1_ 10al kyl and C3_12cycl oal kyl ,
Wit 1 yl C3 CY€ yl ¢hei "
op'flpgblg% ;%Eug'gétitfﬁﬁggfa MY ey | 12! Blample, NN
(phedylpbbsghinediyRh 5 (methyiire)dippopam@eqraiment | y sel ect ed

f.rom phenyl 1 | Kyl ngd .C5 10cycl oal kyl, with the
(d) Hetery ?P){'aﬁag%f@&i%'i"&% } being optionally

substituted with one to five substituents

i ndependently sel ected from Cl 4al kyl

fl uoro-substituted dly-fitkyl, (Mal o, CL.4al koxy and

fluoro-substituted C _4al koxy, R15 and R16 are

i ndependently selected fromH, phenyl and Cl_6al kyl

whicBite @2 orstrideheaé digahd® Whersin g id anuRgulstitateasdr subtiagted
Cl- C8al kyl ene where the substituents on

; A ) Q@ are 30 ]
aromaiigeyeneit-ateryatie hetaregysle sentaieingdremut tofl 0 @toms afywhich

| yar | Lt e I I K .
110 I%%r%}%ﬁ%éﬁél%e%l%?gaff%@’ ghlci}ﬁ ulﬁg uﬁr{ ﬁ?’l dtegfg&t)\rlmh the
remaa'uiggt étbutsetieipge(h)dnda@a/iﬁrasadéfmmh' dfor(@.gﬁﬂ”’aneémlf)odiment of
substituents on may, be joine gether to for
the ARMMGAGT, Hhie % PBBMEH oA STRAZlS. ¢ RUYdlee oxazolk and
dihyd@oo#6hsd, one or nore unsubstituted or substituted
phenyl, naphthyl or 17 WO 2008/ 141439
PdIigands ob1reoioemala (\drincludey forexampe,st,8rhis((Bhdtisopropy|-

£t hon at i i laces  wi L h.

4.5 Gy dPRuBr kg TR rom 0 NGHB: and’ NS vy

ylmehwleﬁé;}byalbh@kaﬁ@hi,z-alamih'egengﬁs%ehb%nfegrﬂmwéﬁa))bism-
ude,

i ncl for exanmple, N N -

buty premjdanesSphmedi yI ) shiande: hyl eneigi2otlopuiyl-3Hdmigazol-3-
b S B0 Rl T Yy S e

3-iurhs chivrides 26-bid( ttrebutytimidddaliuot)pgridine adibtansiderand 2-bis(1-
non- aronati c heterocycle containing from3 to '10
n-buaﬁ'm@a%ﬁ“wmﬁw?)am‘%- 3 are a heteronpiety sel ected

fre tNe &arAdEs Nfling oot Mfidaz@ENEsNRand
ato I%k?glﬁ%ag 8 andrﬁ%ssi S as%Jgplhaég f%erlé I'n an ands
are feubddi heal JoA. et al. Organomet. 2002, 21, 700-706; Poyatos, M. et al.
Organomet. 2003, 22, 1110-1114;

(e) Diaminophosphines of the formula (VI) or (Vil):

R'R™®N-Q*-P(R")-Q%-NR?°R?"  (VI) or
R'NH-Q*-P(R'%)-Q*-NHR? (VIl)

wherein
R'-R'™ and R%, R*! are, independently, as defined for R" and R'®, R is as
defined for R® and Q* and Q° are as defined for Q"
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the application Hy is selected fromim dazole,
pyridi ne, oxazole and 15 di hydrooxazol e. Ligands of

wo b@sfiorssul a (V) include, for exanple, PCT/CA2008/000943
1, 3-bi s((R)-4-isopropyl -
4, 5-di hydr ooxazol - 2- yI)benzene , N2-bi s(pyridin-2-

I 1, '
S e LCh Tf{%tf”@i% 1. M grapple, NN-
(phehyl'phbstainnéd@l)bls(rheﬂ"ml@‘fe)ldmro;bamp%;ﬁmﬁb ut _ylj
d amoni um chl ori de,
(N D'f”!!’%? Eﬁﬁed% Eﬂlt}mj \%b:il s(3-butyl - 1Hi ni dazol -
3-ium) chloride, 2,6-bis(1l-n-butylimdazoliumpyridine

di brom de and 2- bi s(l n- but yl i m dazol i um et hyl ) am ne.
Repr esent at i iR“BX2@eNR3IRThe prefHyetion of

i m dazol i denes |igs fzpuna n Loch J. A et al.
Organonet . 2002, AR s %los, M et al. 25
wher&frganonet . 2003, 22, 1110-1114; (e) D|am nophosphi nes
the formula (M) or (VIl):
R*-R4! are gndepemjently) agaiafiredranR{3and &'® and Q° is as defined for

Q" RL7NH Q4- P(R19) - @-NHR20 (Vi) 30 wherein R17-R18
' and R20, R21 are, independently, as defined for R15

afEkatifles R1Of i sthas dighimed iginds® anelu8¥. arer Ledifpl
as defined for OL: 18 WO 20087 141439 PCI/ CA2008/ 000043’

methylengairmIBe,  he ¢bYlanedigming, i ncl mé’edlafmnomaapee N, N3-
h t hyl 4 am ne;

S BRRLAL=o CLY TS s i

cycloﬁeammmmHRZM’ﬁcleékér)edjamm&ZN%diﬁhWtﬂay(e‘néhlamlne
erejn |nde endent |y, as defined for R15

1.1 d\gﬁ ﬁif@xé{ﬂé @)et ﬂeagd'am' ®ed for 10 Exanblledi(Hb-

dmeﬂ%&xﬁhéﬁ?lf&h%éﬁé@ﬂﬁ‘uhé‘c' udgg fon Fﬂ?ﬁ%’h@wy@lﬁnﬂwxlenedlamme

| enedi am ne, et hyl enedi ami né opropane
Optically aqﬂwgnﬁilaﬁpnapmmpom% tiaynibeobisbansed. Examples thereof

O R e N S T I —
(abbréyihtet (marfvet @REN‘)enb{?-)cﬂbh%bﬁﬂﬁ@bﬁ@hﬂ?eth}le%égiah%né, 1,2-
cyclohexanediamine, 1,2-cycloheptanediamine, 2,3-dimethylbutanediamine,
1-methyl-2,2-diphenylethylenediamine, 1-isobutyl-2,2-
diphenylethylenediamine, 1-isopropyl-2,2-diphenylethylenediamine, 1-benzyl-
2,2-diphenylethylen-ediamine, 1-methyl-2,2-di(p-
methoxyphenyl)ethylenediamine (abbreviated name: DAMEN), 1-isobutyl-2,2-
di(p-methoxyphenyl)-ethylenediamine (abbreviated name: DAIBEN), 1-
isopropyl-2,2-di(p-methoxyphenyl)ethylenediamine (abbreviated name:
DAIPEN), 1-benzyl-2,2-di(p-methoxyphenyl)ethylenediamine, 1-methyl-2,2-

di(3,5-dimethoxyphenyl)ethylenediamine, 1-isopropyl-2,2-di(3,5-
dimethoxyphenyl)ethylenediamine, 1-isobutyl-2,2-di(3,5-dimethoxy-
phenyl)ethylenediamine, 1-benzyl-2,2-di(3,5-

dimethoxyphenyl)ethylenediamine, 1 -methyl-2,2-dinaphthylethylenediamine,
1-isobutyl-2,2-dinaphthylethylene- diamine, 1-isopropyl-2,2-
dinaphthylethylenediamine, and 1-benzyl-2,2-dinaphthylethylenediamine.
Further, optically active diamine compounds which can be used are not

limited to the abovementioned optically active ethylenediamine derivatives.
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15 di nmet hoxyphenyl ) et hyl enedi am ne, and
1, 1-di napht hyl et hyl enedi am ne. Optically active
wale@silsg3zonpounds may be al so used. Exanpl es PCECa08/000943
i nclude, for exanple, optically active
1, 2- di phenyl et hyl enedi am ne (abbrevi ated nane: DPEN),
. - di - : ) i..am , . .

Optichl 4R TEOPTRAIAME.) BLCHEBREANET £h8, cénexancdiamine
derivativveslimat bgl dlsbamsst. arth redditdéh, 1these hdibriin@ -ligands may be

prep%’%@ﬁ@%bﬁé?ﬁqﬁéﬁé&i?é\rn.mqaéfrc}m_ !aﬁ;%’au.wr%i_n%’ géid described in the
s SORFORN, 2.7, h Qs ekabBsn gihar a2 g 1o
(1993%1t boky pheayety eaftyroeesstisadeseribeabipr thei gererahsmark (T. Le

1-jsobytyl,.-2, 2-
Gall, g1 Yokl ARG s OPaRuaPRRTh MY Eobr 40 AR 25802027
| BEN), 1 25

(1998% _ o

[ sogr opyl - 2, 2-di (P- met hoxyphenyl ) et hyl enedi am ne
(9) Thigpberes of the feamuia (DAl PEN)
1- benzyl - 2, 2- di (p- met hoxyphenyl ) et hyl enedi am ne,
1- met hyl - 2, 2- di (3, 5-di met hoxyphenyl ) et hyl enedi am ne,
1-isopropyl -2, 2-di (F-&-NH;  (X)
di met hoxyphenyl ) et hyl enedi am ne,
1-isobutyl-2,2-cli(3,5-dinmethoxy-

whict@%ﬁ%ﬁaé‘rﬁg ‘%\}//Wf%#leatfﬁﬂ“r ri?un%hB@ﬁléiéld ér Saidtitdted Hibphene and

;. oxXyp éq _ yl'enedramnne,
Q' ishhsaefindd- 2r 2 'di napht hyl et hyl enedi ami ne, 1

-isobutyl -2, 2-di papht hylet hyl ene- di ani ne .

1.4 p912-§‘,92-%8'?‘h'§?phk)§yl '\éf’ﬁﬂgjleeng% Sataple, , fhiophen-2-
yimethd@AfiNE #nd- di napht hyl et hyl enedi ami ne.  Further,

optical [y active di am ne conpounds whi ch can be used

(h) Thcarmioes of the fosmula(Xllie abovenentioned optically
active ethyl enedi am ne derivatives. 19 WO 2008/141439
PCT/ CA2008/ 000943 Optically active propanedi am ne,
but anedi am ne and cR&IENHeAXHM ne derivatives may
be al so used. In addition, these diam ne |igands may
be prepared by the process starting from

o . . o o ¥ Ure -
whict SolBieAE Oy Rleln 467 46 Wy ferired B8 R°) RFRIRYIG js sylphur
and Qpis 49a6fined®HrA(1993)), or by a variety of processes
described in the I k.(T. L @&ll, C.
VIdGaRRE ki Of arilier Tomede, | ARDevdNQHdEy (TRF.  BxATPly; 2
: bR 1998)); Thi oph f the f I
(e e A, 5™ %) wii R ar o b dentate. wherein T is

urbulsst fiot ubed uoderibed i thatedhehiabovertesgnbed Qligasdas are
reprqu%&itag{@%n%ﬁ%rép Sfeﬁ iabbﬁﬁ%‘_%@s_c%s& rcljzels fng{ ﬁrlﬁ‘tgd %qukr'? %&591%’!%.
The catalysts useful in the processes of the present disclosure, may
also comprise one or more of non-coordinating or coordinating, neutral or
anionic and/or Lewis basic ligands, depending on the valency and size
characteristics of the metal as would be known to those skilled in the art.
Examples of such ligands include, but are not limited to halo (in particular Cl),
OH, H, CO, pyridine, acetonitrile. The catalyst may also be monocationic or
dicationic.
The catalysts may be prepared and isolated prior to use in the

processes of the disclosure or they may be generated in situ.
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15 yl met hanam ne; and (h) Thi oam nes of the formula
(XI): R25S-@-NH2 (XI) 20 which are bidentate, wherein

wo2®8i1$1435 defined for R5, R6 or R7, S is sul phCr/CA2008/000943

@B is as defined for QL. Ligands of the formula (Xl)
i nclude, for exanple, 2- (benzylthio)ethanamne. It is

tzgh??b'lréegﬁ{ JiseRdutd RrtHe? %cﬁ@@é’fa‘?ﬁéﬁbbtfﬁmﬂé %V@@s@rcﬁ a

esentative exanpl es and the disclosure is’ not
compdumﬁtca‘cthedosmula dx aompesing dordacting by tast vpefedmpaounchef

i HRE 5 Soob0S RESR5 T SLACHT e s Bhiteg VRIS

metaf‘@é’tta rﬁt irPthe ﬁl@s@ﬂbé AR AVentQder GmdRidnsF8R fife hydrolysus

dependi ng on the valency and size characteristiCs
of thet tempound ofiformudd dl)be known to those skilled in the

ot bR R o 7 b e

PYTHefeé Nfte @qRIctksd &6|Heema'|'rﬁ€a9?_ﬁ@dtwﬁ% wRythal metHerls of the
nonocationic or dicationic he catal ysts may be

presestt cfiaelegurendni ang @nekpdimest, the mathods Méf\em%@gw@sare

oo SRR THLSEHE POy e ASRBR Pl sl

a PENPEC! Bydregdrnugeheratomscimageincruders Hiost é@hpahment holdlng a
sol vol ysi.s of a, conpound of the fornula &F’Zﬁjr' ISI n

catalygirRofeR IR0 Solytions ﬁnér?e SEEARS FXMRAMMERE
moreZmiRf li)&%ﬂeQQﬂ“f ‘N)ﬁ’t‘ihl? )ggltéasf‘ﬁéf; %@aﬁb@%é’r‘eﬁpge' éﬁglyst

T ARSI TI o metal cata e presénce o
is a ligahd-estabilizetb metalinmditaly sih € dndiol elestiopthscdngicsiplesi tof cathlyst

massT{iaR SoRTaless A BYOtogeh e JOu S OlE o TPyt FAsS How

contrBﬁér‘@Oe@m%I tmae floW Qﬁewe eafh<Ss6I8tion, N which e §BEGnd
the nmet hods of the disclosure are used to generate

compaytinesticto, actiewh aj desiigsphydrageo flovhganewéed bydhe dwdrogen

aenef5t, 35 shiafnd EHFebt UegFaR BIRBLRSSndled B ifoden
genefatbtiid e &sticrofs® PEMIFConpar t ment hoI di ng the one or
nore am ne boranes of the fornula (1) as defjned

at e eqadanant plthedisglgsyre, the gne oy merresiraipe horages of
formtﬁgt(gl ar‘éaéta é’dS %%%Halco%ﬁﬁﬁgm &s a;f]‘écaloCBPQQ e.:\dsc'ilg} n in

I ow contr ers and hydrogen mass ow
the srommtolri eperat@mﬂ; asysvomassthie hydrogen generator is turned on,
control electronics send a signal to a mass flow controller (or a flow controller)
to allow a predetermined flow rate of the one or more ligand-stabilized metal
catalysts in a solvolytic and/or hydrolytic solvent in a first compartment to flow
into the second compartment which holds the one or more amine boranes. As
a result, hydrogen gas in generated. The reaction by-products are captured
and remain in the second compartment. In alternate embodiments the one or
more amine boranes can be provided in the first compartment and be pumped
into the second compartment holding the one or more metai catalysts in the
solvent.

Hydrogen generators disclosed herein are capable of delivering
PEMFC grade hydrogen at low reaction temperatures, safely and reliably in
an integrated and self-sustaining device that offers high specific energy
storage density. Hydrogen PEM fuel cells are optimal for applications in the
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15 controllers control the flow of the catalyst

sol ution, which enters second conpartnent to achieve
w@2@esiwved hydrogen flow generated by the hydrepgEaA2008/000943

generator. A coupling connector delivers hydrogen

generated by hydrogen generator to the anode of a

poviegans; o580 TR Besites, At HepiaP 20hbuehBE sHefne oo

not a0 coshefadtivenind Tonvenientl poved e'ne‘salm lsemtulons Untike
solvent. In operation, as soon as t ydr oge

secga%ryabaﬁer@ A Ridrogin Jaseretos: disriBee ae anddagmylations
ther%lrg {’er cHﬁ&én} B8t égw%zer m%gé%'ﬂp%bpg\fze that does not

conro toal Ffowa pr owrate o
reqmree(mtmtraleed:haggmg stabilized metal catalysts in a

I t olytic sol vent a first .
Sorﬁ}ﬁ t%MI%R%f‘%’i%n 6/ 'Qﬁﬁy(%er%f' ocqméhgsem\ag%oarﬂmlﬁe?ﬂluﬂon to
mammhuté}'»}' ahdt RRiIRIE #Hp llﬁaﬁ&s’ﬂﬁh”ﬁeeeféﬂeé l;qfﬁwe@ht highly

result, "hydrogen gas 'I'n generate The reac
depleyldpbkedmwer aowroea fixamples amclude nanong rothérs, secdindy power

S e
ext&rfEPpoWBE Phck 2Paktdrg M?@éld portabfe bBRe? §6:086tdiers, unmanned

conpar t ment hol di ng the one or nore netal catalysts in
aerlﬁhéehlgt?ss@ﬂdéﬂboméydrogen generators di scl osed herein

r ea @P@H{;&n%i dﬁ lﬁzlld’agerd ng' Pﬁ%ﬁc?%‘r’gfjsg‘%@“?%?s gal%y&r Sgen

genenatigy aysténamnﬁﬁthgmswstmmam b@rddbam wef ferraul @has
cific energy staorage gen PEM fu

el
defigeri| aboyee 25 ePSHPne aga%ﬂawqcﬁﬁ@talncatﬁyst 24 Solvolytic
A e St A iy e Rent BBl BRCRRURS, ejffirdben
gengoatiaesysiem caraprisds eo‘trstveorapdrtnmrw eomgrisingptier at least one
eneratlon ol ytions., Unli sec ndar batteries,
amifig J5es3bR g R S5R8 05 Bp AR EABONE o et aphattment
compiiry) thePataehsore RA- §f§b|lﬁz@drrﬁ8ta@ﬁaf§l’y§rwh8rén the first or
conpact size that does not 5 require electrical

secpad mrrg:aﬁtynenmfértb% cempriges theselientr Ehe h@'dfogam@eneratlon

oysB P a0 R8T, i BB of e st
con’rpahrhs'nt dkth etheia bé corth e m pRetnh eret. s@tﬁé@b\mnl e udﬁt,ents are
anllh)%? ot hers, _auxi Ilar%e‘Rower units for small and

combuned.¥5poeR it gsReratedeft Iaashanefiove rertelrnconitals a flow
atld 81 PRAOE kS5 AR pOBRET”,

r olhota &Ethemmnbuhhngim of dhs (presmhtwﬂsdoswtehlmptdten exchange
mer‘PmBras’neenftue?j calf (IQEH/{FEC)I i u%e%ygé gﬁ electrical generator. The PEMFC
comprises an ion-exchange membrane located between an anode and a
cathode, said membrane, anode and cathode forming a membrane/electrode
assembly (MEA), said MEA being located between a fuel gas diffusion layer
and an oxidant gas diffusion layer. An oxidant flow network is in fluid
connection with the fuel gas diffusion layer, the oxidant network having an
input portion for supplying oxidant, and a fuel flow network fluid in fluid
connection with the fuel gas diffusion layer. The fuel network has an input
portion for supplying fuel, wherein the fuel flow network is fluidly connected to

an amine borane dehydrogenation in-situ hydrogen generator. The generator
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generation system conprising at |east one am ne borane
of the fornmula (1) as defined above, at |east one

wO p@andnse abi | i zed nmetal catal yst, and a sol voPgI/Ca2a8/000943
and/ or hydrolytic solvent. In an enbodi nent of the
di scl osure, the hydrogen generation system conprises

cor?tgﬂ‘aééta %Hrf'ﬁﬁu?rgtoﬁ%ti g,;e@eataiba%?aﬁé 4ififne 98?3?1% a

rane o the ned above, a secon
secotheonpartment copiprising at msabnled@ﬂndestablhzed metal catalyst,

wheisd6 e b ar AEhsSTUM REMMASIRTILERPREPs &1 Skl i o
hy&%@ﬂi@g%tbl\&%@er ahi aibatd %?t&Sﬁth‘ﬁﬁ EtheC QPPEERES oft the first
nmeans for conbining the contents of the first

compapmaniesith Whe rsechadseaopartmempsot thattwien tthatcamtents are

oot INEPberi€ i RaRIed: S STRARE R Iast, S o ophrgter

coritrolk e Flowo RgteCat e/ it 1@4stt Bife atdigasbr BNe ANMEASt one amine
borane. In a further enbodi nent of the present

bo@nge| osure, a proton exchange 25 nenbrane fuel cell

Yo\ Mo 6 Bhe IERERAI 6y aEVER
EXﬁ’tﬁRJIMEM'ﬁAB ExAVPLES: sai d nenbrane, anode and cat hode

Mﬁ[fé%l%@ﬁﬁ%@?&@ie? fuel gas ditusion | ayZ?i Tang
an M'@%F\Hsf&tﬁf ﬁtécuf Mcdi %&es%@hr@?ﬁkﬁ u‘ﬁIWer an argon

net wor conn ct| on Wit
atnoidsfhese am alndgneoyatt\meTe&mmtzloglesenm ratmbapheg g\lnvebcwp ot with
fl ow network

f d d fuel
stahid, o, FeEidis isss iberie Sarf. (AL HelFodSigbus
catb%@sf werd Qrépéﬁ‘bd WbWﬁteé@étt@ﬁwis@pétbtedo OAﬁ'in%hlf:\Qiorane was
ue wherein the fuel | ow net wor k

Obﬁllﬂﬁqj%'/?mc%fhr@é@leéﬁet%d Svtheniden tﬁ@hmﬁ@iedahydna@@éﬂamsoaﬂzo)

el o O BRIER 5Pl BB 3480 plRoctane

acetghpetdnatet [RiI@ODKapac)ieant [Iriieh bigcptlooetehe) adisloride]

art nme ing at .| east one
d'me?rgﬁﬁg(?@%éﬁs z‘@%ren@ltbéﬂ'n@ t*é@'?‘s%()'o%'emtﬁlst i | Palladium
e e 0 C
cy@ootBuiing” HORoRAEPIPHCOD)ERTTIESe SyrEpaRld DL standard
pracedteas. sAtbfotInebremblala'alts weenepaltaimet froimt Sngmmmm btd. and
n th cont onbl ned

{ t
Weh%/gfsarﬁ’e%gnge%gvﬁg at[a ON? haffed! ﬁ&?" eé’éﬁ )5' Eh8To{f0),
heXahds QI0sBN.,), Wh?ﬁﬁ)faréd OMhd atcﬂuéﬁettt%was Wét dfe8 and

catalyst or th | east one am ne borane.
deganseg\itly andnneyativei Technalegiee solveat colunmn C@tlmiamn@falumlna

CHi¥a,)d 8F! MRifa and TEPER VERGEL G- FSther, hexanes and

tetrahydrofuran). Isopropanol was dried and degassed by distillation from
calcium hydride (CaH,) under an argon atmosphere.
Hydrogen Measurement Experiments

These reactions were performed in a 3-neck round bottom flask that
was connected to a calibrated burette (<100 ml hydrogen, Figure 1) or an
inverted graduated cylinder (2000 to 8000 ml hydrogen, Figure 2) and a
standard vacuum manifold. The ammonia borane was added either via an L-
shaped solid addition tube (<100 ml to 2000 ml hydrogen) or was added
rapidly to the reaction mixture through a solid addition funnel; in the latter
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MATERI ALS AND METHODS Al l |igands and their netal
conpl exes were prepared under an argon atnosphere in
w@rooBhs@sat i ve Technol ogi es inert atnosphere gPOVElN08/000943
or wiwth standard Schl enk techni ques, unless otherw se
stated. Al'l heterogeneous 15 catalysts were prepared

cagsh i eHOTTD YeBaro b esedef AP AR oReRen RS Rygrogen
measurarient appitatdsdimhitdiatelyas Pt airneshditivimsBrpisslrtBe flask

Chem cal s Conpany. Rhodi um cycl ooct adi ene

contaiing she catrlys praewEOn) (—a‘d‘e’r’@Ps’ sqlisdagditicni tuhe with AB and

B BARIGAPTART Bhe B8 5] 1P, S SR bt o
a aouuao chanifalde Deghbssd d\eatérpﬂk(eﬁ(ﬂ)éﬁ addedswith epayrtge. In

usin sta diaﬂr-rg\ rocedur es. other netal salts were
EXRSYINA Wéow ¢ 5 Qﬂﬁd’l"i’r@haq’_%ﬁ inhAR ardepatmasphgee, the L-

shz—é Et 2 u;f@éj Vﬁ%ﬁ%@@gwﬁ% g;?%ahydr o?ﬁggﬂr%%gan ? g{tneaetUbe

corftaini®) avsew shimpkk ahdB dedabeeiibsi wasathehnpoargedi gently with
argoB BLABPOMaltl A MINURS. dBp J8RCGRT HeSesl iy Biert apsmupbled
an@%ﬂneéte@nﬂ) tﬁeehya}wérnoﬁiéra@meméﬁpabam e g{/ét@ﬁw was

and degassed by distillation from calciumhydrid
thepcalaged uindar water dpajbnatathe siesised rea;ztimgemmtsm emhwas

e eactio d i.n,a 3-neck
al AR BN B RE ARG S 8 b its. BERE i ha e S fun
The alatbr vedl i thee buifctie<dPthvittelygtaanated EyiBide? was fHenddet to

i nverted %raduat ed cylinder (2000 to 8000 m hydrogen,
therizgip'e PEJNta ide samaiadberapacwasm then fasided and Bnm@wph/e
.Y ed solid
hy R e Mo B 2% BBl oMogen) or ves
added rapidly to the reaction m xture through a solid
i 1] L i he latter 23 WD 2008/ 141439
PR%%%M%E@@M% the reaction vessel was seal ed
Exampledyy and opened to the hydrogen neasurement
apparatus imedi ately. For air sensitive sanples, the
flask contaPHing the catal yst precuyPsofR: L- shaped
solid additi{on tube with AB and ~te{rahydrofuran were
assenbl g a gi&/ebok'eth ed hen connect ed to
; Degaesed WA ds™ PhEnddded
with as Qge. In experinents Weke AB portions were
added in an aggon atnosphere, the L- shﬁped t ube was
renmoved with an argon flow and repl aced With a tube
contai ning a new sanple of AB and the flask was then

(a) BLIES RSN ¥, 3Bii-iso-propylphosphinooxy)benzene
Resorcinol (3.5 g, 32 mmol) was dissolved in 100 ml of toluene and

triethylamine (9.3 ml, 67 mmol) was then added to the reaction mixture.
Chloro-di-iso-propylphosphine (10.6 ml, 67 mmol) in toluene (50 ml) was
added dropwise to the reaction mixture at room temperature After 3 hours, the
reaction mixture was then concentrated in vacuo. The product was then
filtered in the drybox to remove the small amount of residual salt. Yield: 9.07 g
(83 %). '"H NMR (300 MHz, C¢De):  7.07 (m, 1 H, 2-H), 6.8 (m, 1H, 5-H), 6.70
(m, 2H, 4- and 6-H), 1.89 (dsept., 4H, CH(CH3)2), 1.10 (m, 24H, CH(CHs).).
3P{"H} NMR (300 MHz, CgDg): & 150.
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argon for approximately 2 mnutes. The reaction vesse
was then assenbled 10 and connected to the hydrogen

wore@snsgaent apparatus. The system was then pPEDEAN2G08/000943
a water bath at the desired reaction tenperature and
was allowed to equilibrate for approximately 5

R G s N

sgtcI Tlglle mateeial mao?rqmaared ,acbhngiimgmm @i Ia?hnufm methsd (Géttker-
aaded an e ev e 15 rogen Vo asur
ScIFaStEarn b1 VU  BARH R DARATH NPT SRER004, 126, 1804
- GINEVRY: 45018 TP SppCaioataiaé GhildE (& hifteibture
valiie dQitter-SchaeBadnrs (i White; (5t p Bydqhtest Vi doxiyy bEheeneSoc.

(Wale] , 32 | di lved in 100 m of
2008 P88 1 BT nyi am ne (0.3 i - 67 miol ) was ¢ hen
(c) ?Rdg %eh?l t1h:§’~bfs‘?é‘déhbﬁ ﬁﬁb&l‘ﬂh@@xy penzene

or o-di -1 so- propyl phosphi ne , 67 mml) in
toI RBeserc{rgd (B1§ gna2 mmelhueas dnseplweésnt‘tn(t el ofetoduensn and

tieffiyfier, T3 P B Wi, AckiRb, 1k ¥ feartifio. Gigro-di-
pherydshissphives (1498 gf 187t enredl)i in tdigerks )(BOXnﬂ_/)OW 2RNEheh baded
smal |l anmount of residual _salt. Yield:

droppyisguat (room Nepperapey: Bhe. rgacQQﬁ rmxtqlrezwgy fi Iéprgd(:;ﬁer 3

ho%&ﬂh&ﬁf I % %Z %5_’"%79? dzfgmﬁ %@y@sz hlansr‘%a&%/%‘;f%%acuo to

affobiFa @\Bﬂl@ 4t \GBIDS)H 639](5’6 %241FV‘NMBCX&DH)4M&&9 CsDs): 8 7.6 —
PCT/ CA2008/ 000943 %’ = terti arﬁ bUte%T
7.43myi 20 H; PFéak /b1 Wpﬂu BHih 58 {henk A %4 s éH 4r and

O T VB (RBP4 7T " B dakhar . M 3.

net mann Br ookhart,

(d) Rr= thint, 3Sbis(diéhyiphokphinob@PbenzeA811) . Yiel d: 4.50 ¢
(45/% Spectroscopi ¢ data are simlar the literature

bhige EredYter WashndTRRAIR ana}melfb%?v p. to Br bartHad-/so-
o erb 3 s ety S it
NMR (400 MHz, Cst): 5 6.98 (m, 1 H, 2-H), 6.68 (m, 1H, 5-H), 6.59 (m, 2H,
4- and 6-H), 1.60 (dsept., 8H, PCHCHs), 1.04 (m, 12H, CHs). >'P{'H} NMR
(400 MHz, CgDg): 6141.

The tridentate ‘POP’ ligand system was also investigated. Thus, 1,3-
CeH4(OPR3)2 (R = isopropyl, tertiarybutyl, phenyl and ethyl) was prepared via
the reaction of CIPR2 with resorcinol in the presence of excess triethylamine.
The new compound 1,3-bis(diisopropylphosphinocoxy)benzene has a *'P NMR
resonance at & 150. An analogous reaction of chlorodiisopropylphosphine
with 1,3-phenylenediamine affords the ligand NTN3-

bis(diisopropylphosphino)benzene-1,3-diamine.

Example 2
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Resorcinol (3.5 g, 32 nmol) was dissolved in 100 m of
toluene and triethylamne (9.3 m, 67 mol) was added

wa o008het4seact i on. Chl oro-di - 10 phenyl phosphi neCT/€CA2008/000943

g, 67 mol) in toluene (50 n) was then added dropw se
at roomtenperature. The reaction mxture was filtered
after 3 hourg; ghe filtrate was collegied and the

sol vent was en removed in vacuo Yo afford a white

' 11.6 g (753,99 - (400 M1z, CeD6): 8
(mN1 Hgr 2Hp, 6.98

(m 1 H, 13.84 (m 2H 4\ a 15 6-H). 31P{' H
NVR (400 MHz)\ C6D6): S 113. (d) R X ethyl: 1,
3- bi s(di et hyl sphi nooxy) benzene ThtrsPRr oduct was

prepared anal ogously to 1, 3-bis(di-iso-
pr opyl phosphi nooxy) - benzene as described in Exanpl e

R= %&@broﬁ?lei Gﬁ))léﬁé%so plrbbylbWBs;ﬁlﬂﬁ)@)rﬁéﬂ)g éﬁﬁﬁ)ﬁbZHS 2093
an&moandv-@owow@bgwhmeH(1@@Hg:H@)S 5 1rrmoll mn 5 ml of

tetr%@rof@%rtﬁ) gﬁ%@ d(oﬁg\gsé;/lﬁs SGQ% smﬁ ;ogﬂhrl]tg/—rgg{:ontamnag ca.

0.5 %LNSa) Qra&ulé%(-ﬂ(lmﬂ) ('arel)llsdm apVaf, tetrahydr@ﬂybntaﬁd the
henyl and eth red via the reacti

mix VPF&aWSttW%de r%? rﬂﬂur n 6 %B%ﬂd@"@l"ee%’@és en I‘Itered
h 251

coolk R RUSI s 0l 918 S Aometypyage (5.9, o

mmoésnri@rméobnetrﬁhyﬂmfum was kmydy addedotia ardroppmg funnel WIth

vngoggllfxgis grir{qig%tﬂg&ﬁ\h&?p %matlo\r/rmotf r'lz rled3 scﬁﬂtl na/ %Rgdrh& ure was

allo@b@l(t@' Wéﬁﬁrt@%bﬁhfﬁﬁbéﬂéﬁ)@eﬁﬁ@%slﬂ%ndieﬁm 88 -foB9 hour; the
Exanpl e 25 WD 2008/ 141439 PCT/ CA2008/ 000943 ci R2

color EIOMNVICINEHQGQ Fram Ered po=palg yellowc withrihg formation of a

prediBRF8! (e eBetion mas ToloRRY b, IR sShectiosgopy to ensure
con@éﬁwrﬂadd themthy sglybmhoay hemevéd th Paglio.6BeRane®(H0 i) and
5 tetrahydrofuran was added dr gﬁvvl se to

watr e Rl wiere then RHEMASh eI Al Jael wasdheh Kaioved. The
nex BT e ofay R Alelpd Sdue it Bron 2 fpvpr of godium
sulpheate $NaF®O, ) and silica galandrtbendbe thexantiwasrardoved in vacuo
to afford a yellow oil. Excess unreacted di-iso-propylphosphine was removed
in vacuo at 70°C for 2 hours. Yield: 8.2 g (37%). "H NMR (400 MHz, CgDs): 8
7.28 (m, 2 H, 3- and 5-H), 7.13 (m, 1H, 4-H), 3.12 (s, 4H, CHy), 1.89 (m, 4H,

CH(CHs)z), 1.23 (m, 24H, CH(CHs),). >'P{"H} NMR (400 MHz, CgDs): 7.

Example 3

R = Ph, Tol, Xy}

———N
_NaBH,
ethanol
RoP PR,

(a) R = Ph: N’ N?-bis(2-(diphenylphosphino)benzyl)cyclohexane-1, 2-diamine;
(b) R = 4-CH3-CgH4 (Tol): N,N-bis(2-(di-p-tolylphosphino)benzyl)cyclohexane-
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cooled to -80C, and a solution of

2, 6-bis(chl oronethyl)pyridine (5.98 g, 34 nmmol) in 20
workoosfi4t4ed r ahydr of uran was sl ow y added vi a a BCDOAR00§000943

funnel with 10 vigorous stirring, resulting in the

formation of a red solution. The m xture was all owed

: t t f
14 8gHTHE! L 1D OO or o) Sul (e HETRE POl v el vb BEf s
dinyeihymhemybphmé%m}ﬂlﬂ@)m?ﬁz g@myfgo-ﬁexm&*d | poiambime. The
t ) ol | gwe ectroscopy o .
[eﬁz rleor']‘a'é S}eetl Gg anly &%S%FQ 2 Oﬁﬁg )a‘i?ﬁ@@d'qeﬁ‘e)'
5 .
YR nd AR (P18 B 2 o it *‘éﬁ@%@&? ORI the
htelmaempeodwyxee hense, tSleGrénnbr dr. pWaltingemt)i; dliése, thridgSyath.

CalfL A0 hesFE T anBe PiCitron o SRBHE) d 68,0z ARion in

ethé@bl 30 ehih wdsX FRixedN\WRRGLifth for' @W&QWH@W@&Whg%OIutlon
was renmoved in vacuo at 70C 2 hours. Yiel

wag 3qogled 101 NIoR0 (tempenraizre @BQGWatES @& mipsvasnpddedto 3destr0y

exf%@ @ﬁ@-& @B@gtur"e'_\:vé %—RH ci%f%_l%v &%Iégﬁ% t’{\g{ (itﬁwblned

exthidts (W8 WaBhedCaith)satlirated afmoadmilim hiBride Bblutiba, [\N}%bl(aq)]
-N N NaBH HN ethana \ / PRZ P2P 6NH PR2 RqP /
anq dhemwatep: The organic layer was dried over MgSO,4 and then filtered

thr&%g?rw?sllp:'aség Ei"h%hfﬁﬂ% %%ﬁﬁo%\%'g% ¥ AR obtatn 2

yeIMW\Isbilds(\Qe(der @gt(en%)phfmer(gprHyJ CEYClLpHeX H86- 620 (m,
\ID 2008/ 141439 PCT( CA2008/000043 1, 2 diam ne. (c)
20 H iAo tb 4 (NGR). 360 (bhbi NED- 28183 24bL THs), 1.80

dgnﬂfg@ig@&apém .thagrgmngb@@éthz%ﬁz@w.%(af@ 1,

N, Nﬂeblte(n%d(edtatehe‘iﬁyN@'hoB@dimdlo)NbNﬁ-b)d(IZC(erml)enylphosphlno)-

cycl ohexane-1, 2-di agi ne (2. mmol
be i PAS T CRBeKARS- Lo IRTBIg: Jas [RrabeiEs dn Digtvila. by the
W se
Cmﬁéﬂg@‘fﬁbg001@)f 34 Hfdnﬁiﬁ@&y%{ﬁlgle)éo(?e umwk‘)tc@r oﬁggﬁ"?eéﬂmggrﬁ?'"")
berizaldahyye in7theroeyence OEMnesiu(meulfeht)e (VaX. Gald, tk &hang, X.-

t tRrri f-or 6ho Th ul.t solut
. YioPeh (4 i Tap Y b Para Rl 1 (1 BeaiP eldPaiiyigdoo.
12} QBQFStAOyodIQPhC gésoﬂy@ﬁué rebiftigh X6 e \fﬁéteﬁét ré&difd affords
Wi th CH2CI 2 and t he conbi ned
another tetradentate ligand (Laue, S.; Greiner, L.; Woltinger, J.; Liese, A. Adv.

Synth. Catal. 2001, 343, 711).

Example 4

NH, HN-—P'Pr,

triethylamine
—————

+ 2 CIPPr, HNELCI
- 3

NH, HN-—PIPr,
N, N3-bis(di—iso-propylphosphino)benzene-1 ,3-diamine:
Chloro-di-iso-propylphosphine (5.92 g, 38.8 mmol) was added

dropwise to a flask charged with 1,3-phenylenediamine (2 g, 18.5 mmol) and
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10 extracts were washed with saturated ammoni um

chloride solution [NH4Cl (aq)] and then water. The
woe@aniaid ayer was dried over MgSO4 and t hen fPCT/€AZ®8/000943

through silica gel. The filtrate was then evaporated

to dryness to obtain a yellow solid. Yield: 2.0 ¢

495 O 900 e ek D9 . 36 60 0o

pr@sipitaw—INaS}FBMOvedan)/ fi Ill‘ati(Dmarﬁi—themyMeod;tﬂvanaNaﬁ removed from

thé fikald! | T edeidie N, 1050 Sodibistedh i hgggfﬂ(%iéc?dn%niazt)‘? the
he&@ﬂéylpo@m RS AIEANSnd tHe Qbﬁahgﬁ/gl Y, E:i%ﬁéfﬁﬁ &an a pale

high yield by the cond§nsat|on ocyc

ye&lpwrsoild( anlqjdéa'n@/i’ PHE2(Hi Nd)NMBe(a08) Métzy @2Dsh & F.O2 (m, 1 H, 2-

HSBRF TGS 1AL 530 t 2, Nt 37 @sent i, CCRET0:88 (m,
24H, @H{@Iwge?’@(i‘m}awm (260 MHz %D 388)p A sodium

bor ohydr | reduction of the eti al readily affords
anot her tet radent ate ligand (Laue, S.; Geiner, L.;
J.; Liese, A Adv. Synth. Catal. 2001,
Exg@l % 25 Exanple 4 NH2 HN--P Pr2 triethyl am ne
/ +2CIP Pr2 HNEt 3C1 \ / NH2 HN- - r2 Ni,
N3 bi s(di-isosp °f opy/ phosphi no) benzge Balr-3- df ami ne:

Chl or o-di - propyl sphi ne (55 8. & nrnol ) was
added 30 pwi-se Lo a-fdask—t s\ »d wi t h

1, 3- phenyl en€di am ne\(Z g, 18.5 mmt %n\d 27 WO
2008/ 141439 PCHA2008/ 000943 i ne (3.92 g,

38.8 nmol) in toluene (50 m). After 3 urs, a solid

preci pitate was renoved by filtration and then the

solvent: was renoved from the filtrate. The residue
3, 3 4. 3-peendenekistreelhylearie) Wis(drtudyk Be-imidaz o2 B-iutt) ehloride:

i. d h
oy apoTe eSOk LB Pl E HETRebERnE 15 581 20 Fhasn ana
n- dLﬁ?PfﬁnldéibléIWOg3Q0 rMT%I) \%Q@}lrreg at- 1%°Crﬂ§r7 20 PF‘ou?s H¥ter the

6.98 (m d, (ds
mixfyyre Iqq to (pqgg t@rmpergupqa, thﬁ(reypqug)wasgd_lpgqlm}ad NV H-Cl

an83R9 p%@uct%@glbltat%d"@y tf@é&& i5n 5of%tZO %505' rr%l), affording a very
hygroscopic pale yellow solid. Yield: 6.7 g (78%). 'H NMR (400 MHz, CDCls):
0 10.82 (s, 2H, NCHN), 8.26 (s, 2H, imidazole-H), 7.61 (d, 2H, 3Juu = 9.2 Hz,
pyridine-H), 7.34 (s, 2H, imidazole-H), 7.23 (t, 1H, 3Jsn = 8 Hz, pyridine-H),
9.61 (s, 4H, CHy), 4.24 (t, 4H), 1.84 (quintet, 4H), 1.30 (sextet, 4H), 0.91 (t,
6H).

Example 6
(a) 2,2"-oxybis(ethane-2, 1-diyl)bis(di-iso-propylphosphine)

o)
CI/\/ \/\04 + LPR, _ kG Rzp/\/o\/\

PR,

R =By, Pr

Chloro-di-iso-propylphosphine (10.0 g, 65.5 mmol) in 50 ml of

tetrahydrofuran was added dropwise to a suspension of lithium (containing ca.
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+ 2 NN\/N"Bu\ / 10 cl
, 3" - (1, 3- phenyl enebi s(net hyl ene) ) bi s(1-butyl -1 Himda
wQei08A44B9 chloride: A neat solution of PCT/CA2008/000943
1, 3-bi s(chl oronet hyl ) benzene (3.5 g, 20 nmol) and
n-butyl im dazole (5.0g, 40 rmol) was stirred at 140C

0. 5f%fN3)0 ApilliSs (ﬁé%fﬁesif}ﬁ mri"né d@étr‘éﬂ@{;@@r%ﬂa%@d"{’he

t enper tur e, I SSO ved
mixture wasobjmteqorf@cvzl hairsd B‘jnet temctiddi mixtareofvast &en( fikéred,

coolfd o' G e 1 RS SSE S el 2

mm6§ I_|"r1| &'EJ- mWrah?d l?é?w(a?v wgﬁsldvﬂy %H%H%%Qa drépPihgfdnnévith

pyri di ne-
vigaraig stistirg, H)esumngsln( the ﬂqm]at@mm a @elizsolplon.diTres Hjixture

H i_nt.e
wagijcned o Swartl fo, [Somitpingafhi antvigy 1han, kefih@Hdor 2 hour
the Zolor slowly changed from grey to ale yellow and a Iarge amount of

di yl)bi s(di-iso-pro oSphi ne)

bi s(et hane- 2, | - R%/IFE
pregslta% formed. |pre reagtion wasdo, eweehztr% B NM! Fm@ctrnseom/ to

o Pl o ey B AUGTE N K0 ol SPifares o

ml) tandh watepe2Si onl) aferel tlﬁemrac{d@dnfaadnthw v@ﬁer Iaﬁeﬁ/\@as then
2003 1439 PCT/ CA2008/ 000943 0. granu
remoyedg Ijie hexangasdayer wasdhen 'Bﬁfqde{??%ﬁfﬂ\aﬂ? @h@#garﬁjlayﬁé of

sod 1B i SON 4 L 461 B fon HE S EELPSS RgpAGS

vacte dbl affard 2a Colarlelse rlxgaidfd oBxret$ amaezée‘teﬂ &lggcégi?ﬁymmd)s)phme
f ur an S

anc e BBl AP e SR Rl 7 for 2

houwev’bﬁr @BI@@s@f%)a "o RMRQUBb! Pz, B&BGF‘S(B?GEWQ}’]‘@H CHo),

lowed to warmto roomterrperature and

1. 64 ém bbb ACHOEHR)2nolif2 (m,h241d 0 Cot(CHaimM 3 P Hain iR (001 MHz,

c D%Lw o pale yellow and a | arge anbunt of precipitate
6 d. The reaction was foll owed by 31P NM R

b) 2PeekyiisEININS-2, 1-8IVDBITdrSHBHDULAPH hd)en the
()sol ve;r,n ﬁs rem)vewl r??vacuo Hexan(zésb%(S 10 mM) and

watlde ¢appaund get'©xyhistethade?, mwm(dm:tb«ymay@hommne)

was bar TR 8 5 RS BEoT, (1Ot I issen,
D. H.MNa28ONanshrs il Veareel Tand GHIeN Adys-Bex 1988 WY, 248).
re%\éed ' ‘POP’ pincer ligand 2,2’-oxybis(ethane-2,1-
diyl)bis(diisopropylphosphine) was prepared by the reaction of 1-chloro-2-(2-
chloroethoxy)ethane with lithium diisopropylphosphine. The ligand has a 3'P
NMR resonance at § -7 and the expected 'H NMR signals. The tertiarybutyl
analogue 2,2’-oxybis(ethane-2,1-diyl)bis(ditertiarybutylphosphine) was

prepared similarly.
Example 7

(a) Bis(2-ditertiarybutylphosphino)ethyl)amine
(R2PCI; R = tertiarybutyl)
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vacuo to afford a colorless |iquid. Excess unreacted
di -i s-o0-propyl phosphi ne and

wda2eBlieres 2- (2- chl or oet hoxy) et hane can be r enpREHCARN0S/000943
vacuo at 70C for 2 15 hours. Yield: 8.3 g (83 %. 1H
NVR (400 MHz, C6D6): 6 3.56 (m 8H, CH2), 1.64 (m
4H, CH(CH3)2), 1.02 (m 2 CH(CH3)2) 31P{1H) NVR
( 0 MHz, D6) d -7. (Q

bi_s(iet nlg 2. -diry ér(/d*r@ertﬁuqr w\w\/%pﬂ%)

The EofbenpeL /
2, ‘B oxyDbi s(Bé't hane- %Hl di yl) bi s(let;ertl arybut yl phoé?}hl
ne) 20 was prepare%lozﬂ:cordl ng to the literature

pr OGﬁIQ')%cﬁtértB ec?dfmq_cre E@W&z 3 ga@slngewa V\grgfurﬁ%(ﬁo ml)

Mar sman, J.
wag 48ldedT ﬂ’eou@ﬂ% Qnopmag ﬂungahhb 2, Buspendiors (oft Ihhimen @rénules

(coftaluibBsir ok oA o 605 216 Bihel 3 Bbsipytsohuat (PumD. The
resblt'hb'éU%b@héi%ﬁRK/é’@%ﬁﬁQ@%@Brdﬁsl -QF‘?oémggﬁ%ﬁ?m@ forL P2 ﬁéurs

NVR r esonance at S - d the” expect
Thq-rfeaqh@ntmmqmufy@s thm@gm@d through a metal cannula; the solution

wa ’tﬁe%éd/ok?%(f ég a?@n gzﬁd % )ég QJ 3 d ﬂ‘t’ g@h@@%{gyt’{ tpme%r?)ﬂsﬂyl

amies (20di yeuR armimdly b hegahy d‘r@hﬁhhy 1R hINavad RAGKY;
= tertjarybutyl) 29 WD 2008/ 141439 PCT/ CA2008/ 000 43

throtghea degpRing BﬂmeL with igokopig-stikring.t The mixtare wagthen athowed

o B4 o iR A B TY | s, Togpacion ves vn

coaled tcahm‘n démp@nat@ﬁé) ahitl)cooleds ta 08e chgialin. qlblé@as%edlr SUtfuiridcacid
anul es

(2'\’[ it gﬁgﬁga@éfp g‘é%é’/?«%no'm' ,FS,B&;JQ %mym grapping funnel. It
wad ﬁﬁérﬁ@ﬁﬁé@tﬁlrrﬁ%{ f&n?@r)atur-gh%risl HSﬁH'ééd]gnFH?@t%QgifoQolution
Vi gor ous! y or

was stirre at room tenperature
(4Mhdr =), 16n1mnncdhma'sdhemaddeddhmrgrt aenopleing ritenelt Anfteu tirty
cannul a the solution, ,was tu?n coo) ed t

i Py SRR CIYBT SRR b BY TATA 0. il Qiagyic aver

wadWaBRed Wilwib périchsBTieyaksed Wd%é&hmodﬂg%ﬂfb I@%Qr Whas then
was sl owy added throA?tt'g3 a droppi ng funnel

driegi yétho maghesium repifatere Altek tstiréngvder onenhaut, othed megnesium

sulfdfe W{/éso ffit8PEH (ﬁfmﬁfo%tgw & 858' 518 Ill%eaelf %hdlthheousrolve}:nrt]ewas
reaction was t

removed in vacuo to yield a colorless liquid (10.34 g, 68 %). '"H NMR (400

MHz, CeDs): & 2.72 (q, 4 H, CH>), 1.47 (m, 4H, CH,), 1.00 (d, 36H, CH>).

¥P{'H} NMR (162 MHz, CgD¢): & 22.2.

The tridentate ‘PNP’ ligands N(H)(CH2CH2PR2), (R = tertiarybutyl, adamantyl,

isopropyl, cyclohexyl, ethyl) were prepared by reaction of the appropriate

phosphide (e.g. lithium ditertiarybutyl phosphide, LiP'Buy) with bis(chloroethyl)
trimethylsilyl amine, followed by nitrogen deprotection (Scheme 1). The *'P
NMR resonance for bis(2-(ditertiarybutyl)ethyl)amine appears at & 22.2 and
the 'H NMR spectrum of this material shows the expected chemical shifts.
The isopropyl, ethyl, cyclohexyl, and adamanty! substituted derivatives were
prepared similarly in good yield and purity.

(b) Bis(2-(di-i-propylphosphino)ethyl)amine

(R2PCI; R = isopropyl)
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cooled to roomtenperature and cool ed to OC agai n.
Degassed sulfuric acid (2M 42 m) was added to the

WO e@stiiasy m xture through a dropping funnel. |RCT/GAZ008/000943

then stirred at roomtenperature for 1 hour. Sodium
hydr oxi de solution (4M 40 nm, 160 mmol) was then
added through a dropping funnel. After thirty 15
m nut es, the aqueous |ayer was renoved by cannul a and
the organic layer was wa3kMéd with two pOI‘hI ons of
dppgassed wap The 0 N er s then) dried th
rﬁgh 'QTpaI Mg\a mh'eur’\Pt/ﬁ?
Fyﬁe3| urnF ,gmfatezmas filtered offthrough a pad™pf
ica gel and thessglivent was renoved in vacuo to
yield a colorless liquid (10.34 g, 68 % . 1H NWR (400
20 Oitarod@sappylphdsgiingq (145Hg, @23, mely iGnieteiydrofuran

(10&5'2&5\»/3%%%9 5! thiguh & QLoRning s qwggéﬁgezen%ﬁ of lithium
gran¥iEd ((&’ﬂ‘?tg’rﬁr? 20(8Ro5 Naeﬂtna?y QKVYMmoi‘)dﬁ‘\”ﬁ’ﬁrtaWydrofuran (50

I sopropyl, cl ohexyl, ethyl) were prepared by
ml). r'ﬁm:reslﬂtlm susueeraaqm oyas sfireed ph;@swﬁlm@t (reomy. tempafature for

di t er hi d Li PtB
72 fiplE EPErEaEgn yesre It dredTedihiohon a mefal gapguie
the @dltﬁtﬂﬂﬁvvéieﬂiéﬁ eebiee td Sebet® aHd alBeluBer oﬂ\NB(chloroethyl)
resonance for bis(2-(ditertiarybutyl)ethy

trimefipdsilybaaineg (1233 gadg.2 FHeol) ip hygeszfamln&é}fm{) Hyas slowly
addggttﬁ dl‘@/hl 8 Qﬁ’&@) fIBquC gﬁ]ﬁﬁg g6 gﬁ'llrlnﬁa*TEﬂEsfnlxtJr]eewas then

exy and ad

allowebztbl Wefrgdodtgfom' &ém}be&tw end pwap ae fakesd furlfetnL yours. The
ood yield an

reaghjosy Wasthen ﬁaoe%ﬂr ﬁeam ﬁémee@w%mnﬁeco?lﬁépe 0°g again.
Dedag 386 ittic 32N B A hoded ARG B PHcturEMnFo g

re NI ~~j Pr
a drdpping furkivel’ a?ndytheIDmlxtUreS wagHhen stirred at room temperature for

o SRR RSN b 05 D0 o

R efurinei. awm&hﬁ{ut@é khéha\ 8 @HyeAuNaS decanted b
dro%@ogt aﬁ ning ca. 0.5 % Na cw@gAlfJ? m*rygr in Y

cannetar ahg dthef aiganiq bayer was Tirshesh with WP mfmﬁs pblegassed
watsh FHES A0 104F Wastheh WHBd SR A SurhYuifate. After stirring

for one hour, the magnesium sulfate was filtered off through a pad of silica gel
and the solvent was removed in vacuo to yield a colorless liquid (8.0 g, 54 %).
"H NMR (400 MHz, CsDs): & 2.70 (g, 4 H, CHy), 1.47 (t, 4H, CH,), 1.47
(overlapped, m, 4H, CHz), 0.90 (m, 24H, CHs). *'P{"H} NMR (162 MHz, C¢D):
8 -0.95.

¢) R = Bis(2-(di-ethylphosphino)ethyl)amine

(R2PCI; R = ethyl)

TMS H
Et Et 1. o >N Et \ Et
\P ci P—Li Cl Cl \P/\/ N\/\P/
/ T + Et/
Et Et 2.H Et
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72 hours. The reaction m xture was then decanted
t hrough a netal cannula; the solution was then cool ed

wa 200880148 and a sol ution of bis(chloroethyl) PCT/CA2008/000943

trinmethylsilyl amne (10.33 g, 48.2 nmol) in
tetrahydrofuran (10 m) was slowy 10 added through a
I ht [ r
criglogRMAEho TSR (801 SRl 2% Sheh RotstrRPgoBrtety Qs mi
was' &ddak ¢itroligh 4 aroppiagr feinnéhéo aremnerrsmwm lithiam coranates

(conkainir 52 Ge1 Nahy 148 Gridt ool tp ke Srluram et B, The
res i Mihdri s rfORRbRRishHBNRon REnbBRIHHaHTE R

stirr at roomtenperature for one hour
The Sedction mpxtucecivas theh decante@ztlwro@\ aimetabcanda; thedwdution
rou fun

was JiE8 sh0IpsP Ol entler AL Ean 5§ b SRt At sy ByLamine
(8. 5631640 BB he@etmﬁyarémmwtmmsa@smﬂgw through a

The organic l'ayer was then dried with nmagnesium
dropping furmnel Afitrevigerous stirgingf dhe anixtureuvas then aliewied it marm

| f fil d of
to rig,fadiatug oaf ik S hafl B KRyBE (5o sBoRtgiE B then
cool'éagg;(?%ﬁ@égfﬂs'e@l élﬁfl.l@lc%cn@)frz% 40 m W@Ba@ﬂ%ﬂ_lztb’l'the reaction
mixiugsy &rbugb@ddrqﬁpmg_furmqt)lt W@\sgber(l rﬁtlrrgg Hat reen) te)nyiqjgw for

1 Yo o ftRo s 4, P nl B0 gl thep added

throaghyé)céFB\dpgng annEt ~Rft€l thirtyEmsinGtesCl theNakGeols -layer was
t [ THE Et 2. H Et Et
decqrotééxtma@@uipcqf) AR tveT Vigs %ﬁ?@ﬂﬁ% éﬁsmw of

degég%cg (\]/Ivgz d'] t'me o%arﬁc BRI whé théh ro?@ddﬁvﬁﬁ %ﬁ@néélﬁrrﬂku)llfate

hrou droppi ng funnel to a suSpension of
After istiingrfar anellhesir, {reomaginesiwgn calfate wak itered 1Qfﬂthrgugh a

pad I SERY AL e A vas st %a}é‘i%o v6She ol G
g, 709%). 7R NRIR %40@ MiRg, cgag)t 502681 4t W B, \GI9,)t hery aeaaint(ﬁe’z)

t hrough a netal cannu the sol Ution was th%n cool ed
1.28 ¢quadtet, &t ethybCitz),00.96f (quistethl 3HoathyltGHs). *'P{'H} NMR

(164 MWE%Z%%@ngﬂgem §8ng> gl ojwoyoat%rgld) t ihl?ough a

Example 8
(a) Bis(2-(dicyclohexylphosphino)ethyl)jamine
(R2PH; R = cyclohexyl)

1. n-Buli
H*
Cy,PH ———® MesSiN(CHCH2PCy2), ELLUNG HN(CHoCH2PCy2)2
2. SlMe3 2.OH
N
CI/\/ \/\CI

To dicyclohexylphosphine (5.09 g, 25.6 mmol) in tetrahydrofuran (50
ml) was added n-butyllithium (11.3 ml, 2.5 M in hexanes, 28.3 mmol) through
a dropping funnel at 0°C. The resulting suspension was allowed to reflux for
one hour at 60°C and then the solution was cooled to -80°C. A solution of
bis(chloroethyl) trimethylsilyl amine (2.75 g, 12.8 mmol) in tetrahydrofuran (30
ml) was slowly added through a dropping funnel with vigerous stirring. The
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droppi ng funnel with vigorous stirring. The m xture
was then allowed to warm to roomtenperature and was

wOo edoBaxaad for 6 hours. The reacti on was then 1PCT/OAR®E/000943
to OC. Degassed sulfuric acid (2M 40 m ) was added to
the reaction mxture through a dropping funnel. It

; {
i, ASISH S0 36 AT BEAAS an yBR Konyggg ror
hourseandhtiibad the: heantigin wadrcmmlnmga roorelemprairetdid b&oled to
er was _ decanted by cannul a

oM h | a
0 @ﬁgg{fﬁiﬁﬁgﬁaggﬁ i aGH 4 2Ms Adamb 26 mimel) puas iagdeddp the
reatfofle9n&sRd t Tﬁ%ﬁiﬁrﬁ%ﬁ nélayl?rwﬁgstpo Hegtlr‘?&g g%r room

W th magnesi um ter stirrin r one
temperaivwig es i1 ulm)quSmillemv\MrbindEeMeM of¥ mlhslugmcﬂ) wadcthen

s ol VAP 0 o omp v
dedahBsd by Tahrffa GAd tﬁeg_raghﬁ%) Iagér tvas(WasHdd vgfﬁzﬁ/vo portidns of
(quartet, 8H, eth (qui ntet,

degasser-\ealey. Ben{rgegncr\lvaseer A@s( HeD diegd VOBDE)agresis. Kulfate.

Aﬂ%ngtgﬁhSFﬁ (02‘%; F%lir( 39 d' C g%s?@%ﬁ%{ul%q 0 I glgéretdw Xl‘f)tﬁroug

pad\/bﬁgillbﬁ @'&@rﬂpﬁe?ié’lvent Wab"\!(dﬁ'd%ﬁfr'a@&’@ ?leld?a &IM@SSZH%uld
i cycl ohexyl phosphi ne .

(4.8oB0%) ' BIMEHADMEES GDaD © 455 (Eheh Hel@e), 160~ 180 (b

20 YA P 102 B AR DTS 08 SRR,

31P{§H{3WR|(GBZMEIZ@%D@@6-U@gefI ux for one hour at 60C
the solution was cooled to -80C. A solution

hen
(b) @vs(@ddﬁeréleamwylgé@ﬁwlyro/terthyftammes. lyl amine (2.75 g,
trahydrofuran (30 nl) was slowy
(RQadded fqubt%ﬁdr oppi ng funnel w th vigorous
stirri ng 1Trhm1L| 32 WO 2008/ 141439 PCT/,CA2008/ 000943

i £ was—then—al| myesd digp e
an)dgu\&/i\.r;as refl ug@ for 3 I(ﬁokg?bg@;%)gtpgp, %’%‘S%t. o?f

was cooclwg/d\t?o{ ?fmterrperature and cooled to OC

agai n ga f5||c acid (2 M 13 nl, 26 mmol)

was added to the reaction mxture through a droppi ng
¢) Bis(@nliadamantidphosphine)éthyBdmine.r oom 5 t enperature for

I hydroxide (4 M 13 ml, 52 mml) was
(Rzlt;ﬁgn agg&%’#@ ough a droppi ng funnel . After 30
m nut es, the aqueous |ayer was

1. n-BulLi

. 1. H*
AdoPH ———® Me3SiN(CH;CH2PAd;); ———= HN(CH>CH2PAd2)2
2. SiMe; 2.0H
N

Prepared analogously to the R = cyclohexyl analogue. The yield and
purity are similar to that obtained by method using lithium metal reduction of
the chloro ditertiarybutylphosphine. Yield: (4.6g, 84%) 'H NMR (400 MHz,
CeDe): 6 2.60 (m, 4 H, CHo), 1.80 (d, 20H, adamantyl-H), 1.65 (s, 24 H,
adamantyl-H). *'P{"H} NMR (162 MHz, C¢Ds): & 20.9.

Example 9
a) Bis(2-(diisopropylphosphino)ethyl)methylamine
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decanted by cannula and the organic | ayer was washed
wWth two portions of degassed water. The organic
wo a008n14M3s t hen dried with magnesi um sul f ate. PEF/CaR008/000943
stirring for one hour, the magnesium sul fate was
filtered off through a 10 pad of silica gel and the

CH?’X*%%H%%‘%? PR B0 Wiy “cooe) e 2. SZS(H "

a-12), 1.60 - 1.80 (b, 20H cyclohexyl-H) gpl 50 (m

4H, CH2), 1.05_ - 1130 (b, 24H, cycl ohe)<71~f|’-|) 31P{ 1H}
NVR (162 ) S 1.8-Bulb. 9. (b)

Bi s(2- (di tent i aBlybutyt+phosphi-ne e ﬁyl) mne 15 (R2PH;
R = terhjclry 12-21Hii t Bu2PH | o

Me3Si N( CH2CH2Pt BuX)i2 1. 10' HN( CH2CH2Pt Bu2)5'°"22 Si Me3
220HN d ~\d c¢)
Bi s(2- (di adamant yl phosphi no) ethyl )am ne. (R2PH, R =

adéamﬁtoduboéro Jﬁmbhﬁ@zgwlt\lggg NEaS'GV(QH?CH%_ﬁ’_Ag%%oi) in

N( CH2 CH? .
tetr@hx@!faftﬁan éﬁ%n@lwﬁ'@ gddest thieugh a dT?QP@ﬁef)dynelat@aa syspension

o RSP 14 oA 621 B WENGRIO BT (SRR oo

ml) dThe reswting lsusb@rhmsp wane stirfé@ Miorbdsi§ cat r86PH tel‘hbéﬂ&ﬁxre for

72 g&%‘ﬁ%ﬁ?yﬁﬁ%d "Hyuzrs dllgqr()mpylpzpsaamaﬁpwwn) Tfﬁp{efpmon
mm%(@é%ﬁ?%‘?ec@@)@pﬁhorggéﬁn%)néééﬁl'{f?hﬁu% Iaé')grcrll the sglutign was
ther ao®lech 121 380 HCTTCARIS (B O@etd) nEHBN( ﬁ]ﬁiﬁﬂnlﬁﬂ’lﬁ@):ﬁlo(rlﬂe—w g,
15.é Sn%)I'R{)BFiW It();trapl"'lyF<>1rrofuran (gb n‘l) wgs adcpedB cLIJropWIse n-butyllithium (2.5
M in hexanes, 6.24 ml, 15.6 mmol) through a dropping funnel at 0°C. The
reaction was stirred at 0°C for thirty minutes. This solution was then added to
the above lithium diisopropyiphosphide solution at 0°C with vigorous stirring.
The mixture was then allowed to warm to room temperature and was refluxed
for 3 hours. Degassed water (50 ml) was then added to the reaction mixture.
The aqueous layer was decanted by cannula and the organic layer was
washed with two portions of degassed water. The organic layer was then
dried with magnesium sulfate. After stirring for an hour, the magnesium
sulfate was filtered off through a pad of silica gel and the solvent was
concentrated to yield a colorless liquid (3.5 g, 70%). 'H NMR (400 MHz,
CsDe): 6 2.64 (m, 4 H, CHy), 2.21 (s, 3H, CHs), 1.59 (overlapped, m, 4H, CH,),
1.59 (overlapped, m, 4H, PCH(CHj3)z), 1.03 (m, 24 H, PCH(CHs)2). 3'P{'H}
NMR (162 MHz, CgDs): 8 1.6.

b) Bis(2-(ditertiarybutylphosphino)ethyl)methylamine

CH3N(CH2CH2PR:)2 (R =tertiarybutyl)
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-V jNC 3 HC2 2LiPPr2 Cs Cl PPr2

Chl or odi i sopr opyl phosphine (4.76g, 4.76 m, 31 mmmol)
WO 0085841484 r ahydr of uran (50 m) was added t hr ouPgiT/@A2008/000943

droppi ng funnel to a suspension of lithium granules

(containing ca. 0.5 % Na) (0.63 g) in tetrahydrofuran

(50 nl). The resulting suspension was sti rg,sd

vigorously at roomtenperature for 72 st20 afford

a lithium dé}ytepgopw Rréog.phl de sol uti The reaction

m xture Weas 't hey“decanted t hr qughs@ taI cannul a, and
t he soll_z7 1/0 vvas 10 4 beptmpol ed to -80

bi s(chl Foet R t hyl anmoni um chl ori de (%‘Btg, 15.6
nmol) in tetrahydrofuran (30 M) was added dropw se
n-butyllithium (2.5 Min hexanes, 6.24 nm, 15.6 nmol)

o TP PEBREE e A il O 3 5th 6 chexims, 56 FiynBl) WS saded
dropise esldmiat gl dheoabeve (31 %Hﬁlﬂ'dltéﬁlﬁrglﬁmkp@}%@ hi#e in

solution at OC with vigorous stirrin e mxture

tetraldrofisan anddhednpdurgawas heatesb i f@‘lm‘eﬁoamwehqndo\/@‘&rd a

aitebrubi§oneisBhisd sttt wiieRES SulReblenpebipg 1870 6™ A
suspensioh asf zbyhIoww(zacmoabéthﬂ)w-gmh;deir@mmumnm cbmlheots 0
with two portions of degassed wate Cﬁhelr“%

9, TRe Mmeh waf cerled;te ?%gh‘é@ .ruh@fst@ﬂﬁavérowanean
of {)10@ &R ﬂ%ut&ﬁlﬁﬁu tL n ‘Aﬁé(afﬁémgg\ﬁlgg Q&éed

hrou a pa e sol vent
dromlseemarad:aadtmomymdes aThmlnmXiLESSNdIS gtirred (2. © 6, fo?(l%enty

minglges qu( pAL I}ﬁ%n 5‘@3? o?fgl‘?l?‘ip m 4H1J_Ir’@|_|%3|ﬁ)t|05} g@s then
trarﬁﬁé’ri(i‘éd ag?a)eéanﬁm?‘lféﬂ tlﬁ’%@?ﬁé@)ves%ep%&lﬁmﬁ lthe Ilthlun%)dl—

tertllnd(tﬂylpbosmldearspbmo}ﬂl prosBhi 16) eand)| yvast h’y@fmﬁcheto room

uty) ), 3 8

RS RRE A B8 U ol AP e
condehir&teBuio ta. HRC mi~ahd GheRt §0i2n| of Bvdxdnest Wasnaddet. 4 The

m of 2.5 Min hexanes, 31 | nnol) was adde
solution was washed with three '20 ml portions of degassed water and was
then dried over magnesium sulfate. After filtration through a small plug of
magnesium sulfate and silica gel, the solvent was removed in vacuo to afford
a colorless high purity oil. Yield 4.7 g, 80 %. 'H NMR (400 Mhz, CeDg): &
2.49 (m, 4H, CHa); 2.01 (s, 3H, NCHa); 1.39 (m, 4H, CHy); 0.82 (d, °Jpr = 10.5
Hz, 36H, C(CHa3)s). >'P NMR (121.5 Hz, CgDs): & 25.6.
¢) Bis(2-(diadamantylphosphino)ethyl)methylamine
CH3N(CH>CH2PR>)2 (R = adamantyi)

_ PAd,
Cl

@/\/ 1. n-BuLi —_ /T
H> © n-BuLi L HiC N\/\
2.2 LiPAd
HyC \/\ 2 ~PAd,

The adamantyl analogue was prepared in a similar fashion except that
the di-adamantylphosphide was prepared by reacting diadamantylphosphine
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dropwise to 45.4 m of 10 wt % (31 nmol)
ditertiarybutyl phosphine in 5 tetrahydrofuran and the

worRooBus3mnas heated to reflux for one hour to BET/OA2D08/000943

ditertiarybutyl phosphi de sol ution, which was
subsequently cooled to -80 C. A suspension of

WItr?H ? dﬁ%(@o@?'rqufg&yé )r‘o)w?ﬁlggdoﬁggf ‘%ﬂ C‘I% NMR, (400

MHzmj C@De)te?‘tﬂaa‘TydnpﬁuHaICI-dd)dzmga(B 61, GH;),0f. /Gf 2. §2h(/b 60H,
n- butP/HIthl um (15 mml . solution in hexanes

adamgiyFp trd M. ﬁ*,o‘;e’p) caP{ He NMRnI62sMHZR £ 6B tfu?%5 (ca.

60 s1§% eg?gx) O Cfor twenty mnutes and was then
1884 d 80 C. The solution was then

(d) Brﬂa—ﬁma@@mgpm@mygmahy/bmm@act i on vessel

containing the | iumdi- tertiarybutyl phosphide
CH¥(CGH4(dPerAR2)2 63 =®haityas war med to room t enper at ure.
After refluxing the m xture for 4 hours the solution
was 15 concentrated to ca. 20 ml and then 50 m of
hexanes was added The sol ution was vvashegpwzth three

20 M portio @egassed water and then dried
over nmagpes ms@fateButher filfeaty ¢ on t hrough a

smal | plug, d gn and lica gel, the
sol vent HANas ed ?r?r'ﬂ?g&m to afford "a egh orI ess

hlgh purity oil. Yleld 4.7 g, 80 % 1H NI\/R(ZPGO Mhz,

COPRBAIERIR 452 () of .5 B ndrdbl 15 8] b2 acides

drom.(nSHStp33 .003g P1 NlﬂRT(nld’ll oSIZ-Izhlo(CGISDG()Z crﬂomﬂﬁyl) N}methylethan-
oG SR ETBN B TEROATERE) B S5 .85t it
Theemiktur'é ﬁﬁébtlﬁ@@fcﬂ\{m}:érﬁﬂmguteg é& o J’@%nﬁ%e a%nQOtﬁed T&e’so

adamant yl anal ogue was” prepared 1 n a ar fas
°C. e82eml tdfatO 5 hivl d{31adanmeol) yob hastassidm vé@iphengphosshiy in
reac%%@dl adamant yl phosphj ne 35 WD 2008/ 141439

tetrahygir gyasorddes apdithe poitirg wag mthew@érmrr@ﬂu&ior two
houfé’&% h%'ﬁgéﬂﬁﬁir% 914e %}Iﬁ%ﬁ} irf \]r%c@ébt %’nﬁﬁyﬂ 'X'{'f\%ar_les
wasla@dec( b Trﬁowlutladavmwishbm W|1h 580 (20 miiportidiy of degassed
water dr}% QT r&% ﬁ %‘%ﬁ sc?fate) and ﬁ1en fitered throué% a plug of
mag&léﬁ&nde@#ﬁ@ye%o&ﬁ&‘é ngaiet e nRfivoHt 2h8€removed in vacuo
affording a colorless oil. Yield 5.705 g, 87%. 'H NMR (400 Mhz, CgDe):
8 7.04-7.7.47 (m, 20H, CgHs); 2.46 (m, 4H, CHy); 2.11 (m, 4H, CHy); 2.02 (s,
3H, CH3). *'P NMR (162 MHz, C¢De): & -18.8.

A ligand system N(CH3)(CH2CH2PR2), (R = isopropyl, tertiarybutyl,
adamantyl, phenyl was prepared via the reaction of a phosphide (e.g. lithium
ditertiarybutyl phosphide, LiP'Buy) with bis(chloroethyl)methyl amine. This
latter material was prepared in situ by the reaction of bis(chloroethyl)methyl
ammonium chloride with n-butyl lithium at 0 °C. The *'P NMR spectrum of
bis(2-(ditertiarybutyl)ethyl)methylamine has a resonance at 8§ 25.6 whereas
the '"H NMR spectrum of this ligand indicates the presence of tertiarybutyl,

methylene and methyl groups.
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CH3N( CH2CH2PR2) 2 (R = phenyl) PPh2 C H -1 e 1.

n-BuLi H3C -N N C In. 2. 2 KPPh2 H3C C PPh2
wo2@atyl4Bd t hium (6.2 mM of 2.5 Min hexanes, 1BCHCARW®BYP00943

was added 10 dropwise to 3.00 g (15.5 mmol) of

2-chloro-N-(2-chloroeth'yl)-N-nethyl et han am ni um

G STl SOPIBER R of i e
pre%0§%er%§@?‘te@ $roe8duiers Fbeexample bis@-dikdprép dylﬁtliogflhmé -4-

of potassi um di phenyl phosphi

meﬁwtmwwarwm%wawnﬁm echerae 2>)taﬁr desgibad by, Ozerov

and CAkERel L (EA1 1 oRay'B. BB BOETGY, SLlDro o Bl 26a,
5 23,was3zeides), Thﬁhét@ast i OIIMs((d@@dmdpymhbs;bmpoﬂ@emyl)pynd|ne
ortions of degassed. water, dried over

(Schameatd) uis Prabared i tae reAsiRIY RY e!iﬂBnggﬁ ?Oprﬁaﬂnbemwe
i f Th et 1

PR GBI 1 £, W SSRAER 2 -

adahhbMthéﬁBmmmhymﬁa)l -disdhyethabé- 1, 27d|am|r(<m v@ﬁH prepared

iy 3o e ot {881 b o

10 %ﬁdﬁvé&%ﬂd@ﬂ@&?@%&@k— i sopropyl,

I arybut yl adamant y| enyl was prepared via the
reactl on of a phosphide (e.g. lithium ditertiarybutyl
E holsp | de, LiPtBu2) with bis(chloroethyl)nethyl am ne.
Xappie latter nmaterial was prepared in situ by the
Bls(zﬁaﬁédmapﬂbhBbﬁﬁlﬁblﬁh@@hﬁﬁhéﬂﬁ 5N1|/ne anmoni um chl ori de
but hi um at 31P NWMR spect rum of
a) %Y@(?QSIQ‘GI?’ M?Tbiﬁmquféyb@]ﬂle?%@mwn%m ne has a
15 resonance at 8 25.6 whereas the 1H NWR spectrum of
this ligand indicates the presence of tertiarybutyl,
net hyl ene and groups 2008/141439
PCT/ CA2008/ 000948—/Cx her st r NG ally simlar 'PNP
i gand systens mereNpH g previously reported

procedures. For npl eAc®iHs | [ sopr opyl phosphi no- 4-
nmet hyl phenyl ) a vvas synt gd (Schene 12) as
el

descri bed by Oz
20
The compound was prepared according to the literature procedure
(Gilman, H.; Zuech, E. A.; J. Org. Chem. 1961, 3481 — 3484). Yield: (4.51 g,
49 %). "H NMR (400 MHz, CDCls): 8 7.38 (s, 1H, PhH), 7.08 (d, 1H, PhH), 6.9
(d, 1H, PhH), 6.1 (br s, 1H, NH), 2.26 (s, 6H, CHs).
25  b) Synthesis of bis(2-diisopropylphosphino-4-methylphenyl) amine

p! Pr2

O O
1. nBuLl
N_
’PrZPC|
Br

The compound was prepared according to the literature procedure
(Fan, L.; Foxman, B. M.; Ozerov, O. V.; Organometallics 2004, 23, 326 —
30 328). Yield: (2.38 g, 98%) "H NMR (400 MHz, C¢Ds): & 8.28 (t, 1H, Jp.y = 8 H,
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30

and coworkers (Fan, L.; Foxman, B. M; Ozerov, O V.
Organonetal lics 2004, 5 23, 326-328), whereas

wQ@2®8hiwsq di i sopr opyl phosphi no) met hyl ) pyri di nePCT/Gab®rB00943

13) was prepared via the reaction of lithium
di i sopropyl phosphide wth 2,6-bis(chloronethyl)

mgg;ér;gk]q‘% pAJP "ﬁz'n‘gﬁﬁ@d; %ﬁlzs(%e%‘\'br{f% @391 (d, 2H, J = 8 Hz,

hosphi no)
Phl—l)l22.di8e(5hﬁHePih@Hﬁ1291c(nartil-neCMeGH§)r dpE @tti, 12halJogd6Hzy, J

to ali erat d ; L A J
= 7l GHCH, B Gl g T bawik 19630903, S50 s -
12. gExarrpI e 10 Bis(2-diisopropyl phosphi no-4-nethyl phenyl)

amne a) Synthesis of

bIS(2 br ono- 4- et hyl phenyl )amne 15 t\ Br NH 2 Br2

/ AcOH O-Br 20 The conpound was prepared
Exampé%rau ng to the literature procedure (G Iman, H;

o Piteheoprpgeo RGN Ciely) 07 o2

H, PhH), 7. cl H PhH), 6.9 (d, PPr,PhH), 6.1

(br s, 1 H, , 2.26 (s, 6H, CH3) b) Synt hesis of

bi s(2-dii sopr lle phosphi no- 4—lCilreth enyl ) amine \ Br
Ui N-HPReH 277 Pr2pPy

\ P~Pr2 1\\nB O Br P/ Pr2 The

conpound was Rrepared according to tie literature
procedure (Fal—di.; Foxman, B. M; Ozereipr, O V.;
Organonetal | i cs 2004, 23, 326 - 30 328). Yield: (2.38
g, 98% 1H NWR (400 MHz, C6D6) 8828(t 1 H JPH-=

'd’héq_‘y Ao gpﬁfgﬁ&%%?né;cgfﬁzg%g olig'ﬂbl 5(70 381 of

tetreﬂﬁdrdquaerdds adddatiiropiseBtd & ,suﬁbbné?bﬁilrdﬂ%]lthlltﬁnQd:onﬁaInmg-lca

1.12 (dd, 12H J =

0.5 &6 gg\i;a)(g{@nu@_m tie370 gmlipm ﬁqu (ojégtrmdro%gg)ggncgthe
mixfurewds stirred for 72 hours. The reaction mixture was then filtered,
cooled to -80°C, and a solution of 2,6-bis(chloromethyl)pyridine (5.98 g, 34
mmol) in 20 ml of tetrahydrofuran was slowly added via a dropping funnel with
vigorous stirring, resulting in the formation of a red solution. The mixture was
allowed to warm to room temperature and was then refluxed for one hour. The
reaction was followed by 3P NMR spectroscopy to ensure completion and
then the solvent was removed in vacuo. Hexanes (50 ml) and water (25 ml)
were then added and the water layer was then removed. The hexanes layer
was then filtered sequentially through a layer of sodium sulfate (Na;SO,) and
silica gel and then the hexane was removed in vacuo to afford a yellow oil.
Excess unreacted diisopropylphosphine can be removed in vacuo at 70°C for
2 hours. Yield: 8.2 g (37%). *H NMR (400 MHz, C¢De¢): 8 7.28 (m, 2 H, 3- and
5-H), 7.13 (m, 1H, 4-H), 3.12 (s, 4H, CH>), 1.89 (m, 4H, CH(CHs),), 1.23 (m,
24H, CH(CHs)2). '"P{'"H} NMR (162 MHz, CgDs): & 7.0.

The compound 2,6-bis((ditertiarybutylphosphino)methyl)pyridine was
prepared in an analogous manner. *'P NMR spectroscopy indicated a
mixture formed. >'P{'H} NMR (162 MHz, CgDs): 8 35.7 (40 %); 31.4 (10%);
31.1 (50%).
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5 Exanple 11 2,
6- bi s((diisopropyl phosphi no)nethyl )pyridine C1 PIP r2

WO 2008@¥1468YN + LIPRZ INN CI P Fr2 10 Chl or o PCT/CA2008/000943
di i sopropyl phosphine (10.0 g, 65.5 mvl) in 50 nm of
t et rahydrof uran was added dropwi se to a suspensi on of
[ithium (containing ca. 0.5 % Na) granules (1.18 g,
170 mol) in 50 M of tetrahydrofuran and the mxture

Exanﬁﬂeng rred for 72 hours. The reaction m xture was

then filtered cooled to -80C, and a sol ution of

(Phendphpsqiredydaeathanelyri di ne (5.98 g, 34 15 nmmol) in

20 M of tetrahydrofuran was slowy ?uj_d@,ql via a
dropping funnel with vigorous stirring, resulting in

the formati dWPbf & r&dCr@Iution: m xture was
allowed to warmto roomtenperature owas then

refl uxed for one hour. The reaction was foll owed
31PhivRNalesiel rwas dypPatet RsepEdingnisl dhe ditetatare tnﬁ@eﬁdure

R o e B i

2004p820RpNH qudoowazhega@es@ 7 Be(m, BHs Ge,hﬁn 7. rlBt(em e8H,

sequentially th of sodi um sulfa

CorNa MY 2t = 810 HEaCHel: 2t (ohiey SH O Mo iR NMES(162 Mhz,
CsDraﬁnDMe§ in vacuo to afford a yellow oil. Excess

reaci'ed dii sopropyl phosphi ne can be rennved i n vacuo
at 70C for 2 hours. Yield: 8.2 g (37%. '"H NWR (400

, D6): 8 7.28 2 H 3- d 25 5-1-1), 7.13
Exa% %6 ) (m an ) (m

3.12 (s, 4H CH2), 1.89 (m 4H, CH(CH3)2),

NNl(;%ﬁed{ﬁﬁfhé%@?edgw&hyleﬁéf&%aw@a%ﬁg Mz, CBD6) :

2,6-bis((diterti ybut%! ﬁthphl no) AeNAAr) pyri di ne was
prepared in aFr,}] nal og 2enger 1P NMR spectroscopy

i ndicated a ture fornmed. 31 H NVR (162 MHz,
ceD6): 6 35.7 ( o 31.4 (10%; H¥r. 1 (50% . 38

(PRERSRALEITRR STt Lo aRof oGl OphBestdes 1949y mo

(2.886 RiMdI) of (phenylphosphinediyl)dimethanol (PhP(CH,OH);) and the
mixture was stirred overnight. The excess amine was removed in vacuo to
afford the product as a viscous colorless oil. 'H NMR (400 Mhz, C¢Ds): 8
7.55 (m, 2H); 7.09 (m, 3H); 3.11 (m, 4H); 2.68 (m, 2H); 0.89 (m, 12H). *
NMR (162 Mhz, CgDeg): -29.5.

Example 13
N'-(2-(diadamantylphosphino)ethyl)-N° N>-diethylethane-1, 2-diamine
a) N' N'-diethyl-N-(2-hydroxyethyl)ethane-1,2-diamine hydrochloride

OH - HCI
_~~_~CHHCI et N
Et,N " ENT T T oy

The compound was prepared according to the literature procedure

(Choualeb, A.; Lough, A. J.; Gusev, D. G. Organometallics 2007, 26, 5224 —
5229). "H NMR (methanol-dy): & 3.68 (t, *Jun = 5.6, 2H, CH;0), 3.06 (t, >Jun =
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"OH 5 This material was prepared according to the
literature procedure: Hogham L. J.; Wittlesey, M
wae2q08Miasy P. T. J. Chem Soc., Dalton Trans. PQDOA2008/000943
4202). "H NWR (400 Mz, C6D6): 8 7.50 (m 2H, C6H5);
7.15 (m 3H, C6H5); 4.10 (d, 2JPH = 9.9 Hz, CH2);

5, 628ﬁ1 di '\'ﬁ) 1%@& (a1, 3B HYMRI,NG 63 My, U QB06} 3, 4H+NCH,),

1TAN(E, (ammemﬂ dBidp@Hgedi yl ) bi s( met hyl ene) di propan- 2- am ge
H Pr. Degasse
b) W %'Fﬁ’éwefgw #e ’t’i}'ymﬁgqu@a@enﬁgrq'a@fnlw MerH&) to 491

15 (2.886 mpl) of aghenyl phosphi nedi yl ) di met hanol
( PhP( CH2OH) 2 and t he RElre was stirredjovernight.
The gyee€Ss.alf renmoved 1 n v%wo/t\o/ alNor o he
product as a viscous col@tfess oil. 1H | (400 Mhz,

CBDB): 8 7.55 (m 2H): 7.09 (m 3H); 3.7 (m 4H);
2.68 (m 2H); 0.89 (m 12H). 31P NMR (162 Mz, CBDG):

-29 5. le 13

N A 2 5pMgBa RN DIOBHbSHHPHSS c(BPGINAIBS g, 014 mol) in
cior SR NES Bl s  BTRIP PR (o 3 yiagrouply stined
suspy:usmmfdﬂ Néduaﬂhylmai-(z:hy&mxyéﬁweﬂhﬁezwzalamwum chloride
1 B oS RTR S T ORI BE SOHER R 1A e
batMSy refoved %Gaﬂ@%a’ﬂtidncﬁwl)?tggg w§s6 a|I53v%é fo %%ggét room

VR (et hanol - d4): 3.68 (t,
temgerr@pre 30048 hayr. Q'MQ—nuxtuB@wm mgattmad;go reflux for 1 hour.

4 6 2.
Aft r 9&% ggga rfsdo m@ﬁerﬁgggnq%ﬁe ﬁ&%&% ) r@s@pd with
d.clﬂdhﬂrhéthana (4©Hm|)Clr6)guvé>)a Notdr%sghé&rdoe(tzbygg) 73'2%) "H NMR
N2- di et hyl et hane; -di am ni um chl ori d
(methanol-ds): 6 4.03 (t, JHH = 6 1, 2H, CH.CI). 3.68 (br s, 4 H. CH>NH), 3.61
(t, JHH = 5.7, 2H, EtzNCHz), 3.38 (q, 3JHH = 7.3, 4H, CH3CH2), 1.43 (t, 3JHH =
7.3, 6H, CHs).
c) N’-(2-(diadamantylphosphino)eth vi)-N? N2-dieth ylethane-1,2-diamine
1. KOBu
2. TMSCI/NEt,

H
. nal 3. LiPAd,H,0

A solution of lithium diadamantylphosphide was prepared by refluxing
592 ml of 25 M n-butyllithium (14.8 mmol) in hexanes with
diadamantylphosphine (4.47 g, 14.8 mmol) in tetrahydrofuran for one hour.
The mixture was cooled to -80 °C and was transferred by cannula to the N'-
(2-chloroethyl)-N? N2-diethyl-N'-(trimethylsilyl)ethane-1,2-diamine  solution
(also at -80 °C). The mixture was warmed to room temperature, and then
heated at reflux for one hour. 10 ml of water was then added and the mixture
was heated to reflux for three hours. The volume was concentrated in vacuo
to ca. 10 ml and then 50 ml of hexanes was added. The solution was washed
with three 20 ml portions of degassed water and was then dried over

magnesium sulfate. It was then filtered through a small plug of silica
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H' HC SOCI2 HEt2N N'-\CH Et2N~~ N-\Cl  CH2Cl 2 2H

Cl 5 A solution of thionyl chloride (SOCl2) (16.9 g,
w@:2m8/14maB9 in dichloronethane (20 m) was addedr/CA2008/000943

dropwi se to a vigorously stirred suspension of

N1, N1-di et hyl - N2- ( 2- hydr oxyet hyl ) et hane- 1, 2- di am ni um

gel/@ﬁg@%%ﬁﬁn suft eqadné) {H‘%Maé Qve@h%gl\ﬁﬁ trHPBPhéQa?n%&m The

was CO0O vvas renove

solvend wdtergnead imvagud to afferisa adicnesd $alidst The apetwostopic
enper at ur Qur. The m xture vvasthen al | owed

e f
datq yasdiqt t?'B?SPuﬁJHrthe low sejubdiy of e igand. suspensi on
was filtered and the product was washed with
di chl oronmet hane (40 m) to give a colorless solid. (20
Exampled 49 . 1H NVR (nethanol-d4): S 4.03 (t, 3JHH =

(Nﬁj\ﬁﬁ)%\'ﬁ gV7bi (dlg?rgmysp@h%b%yw y.g) cgc;ghg}ar%ﬁ% X

diarkipeCH2) , 1.43 (t, 3JHH = 7.3, 6H, CH3). c)
N1- ( 2- (di adamant yl phosphi no) et hyl ) - N2, N2- di_et hyl et hane
-1,2-diamine 1. KOBu H N 2. TMSCI/NEt3,MH EN2N Cl

N NPAd2 2 HCl 3. Li PAd2/ H20 20 A sol ulion pf

um di adamantyl phodphi glecwas pr e(paaj ed ef | uxi ng
+Ehramet 14 N

hexanes
(!QR)ehI oroethyl)-N 2, i
N2-di et h trlmeth SI| | ) et hane- i am
SoTNg BrteBal whs prapal gr e igr Uit pragadHEe (JoX.
Gad, gﬂpztrﬁrﬁaerﬁt ' phg. tk@n i an% (/km KOR Of&i, T

107 m wat er was 't ena e’'mxture
Ikariyas Cloeality ZtOOOr ¢, \B83) olYialthr 80 IgoLQ% %)ThéHvNMRrE{4m9VIHz

COFBRAS LT 2klle o L0 Fet 1ELrbRd b Peiton A a7

(m, %@1)”11 EF!P(rh' oRy; @fssdea apgd wat @h, zng Wﬁfm RIMR"(188 MHz,

over magnesi um sul fate. 1t was t ere
CDth)o@tthd smal | plug of silica 40

Example 15
N’ N-bis(2-(diphen ylphosphino)benz vi)c yclohexane— 1,2-diamine

=N N= _NaBH,
ethanol
PPh, PhP PPh, PhP >

A mixture of N1,Nz-bis(2-(diphenylphosph|no)benzyl|clene)cyclohexane-
1,2-diamine (2.18 g, 2.83 mmol) (prepared according to the literature
procedure: Laue, S.; Greiner, L.; Woltinger, J.; Liese, A. Adv. Synth. Catal.
2001, 343, 711) and sodium borohydride (NaBHs) (0.64 g, 17 mmol) in
ethanol (30 ml) was refluxed with stirring for 6 hours. The resulting solution
was cooled to room temperature and water (15 ml) was added to destroy
excess NaBH4. The mixture was extracted with dichloromethane and the

combined extracts were washed with saturated aqueous ammonium chloride
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WO 2008/ 141439 PCT/ CA2008/ 000943 gel / magnesi um

sul fate and the plug was washed with 20 m of hexanes.
w(ah®s/1saBvent was renoved in vacuo to afford aPCT/CA2008/000943

colorless solid. The spectroscopic data was not

obt ai ned due to the low solubility of the Iigand. 5

sonEAINE S anditen MaIRt: She eigmua yeratae st overgiaanesipm

sulfate2andltream ﬁl@er@ﬂ&ﬁtcﬂjgﬁélﬁt}a gel. ZhehfAitate Wa8 then evBpbiatéd to

N .  HZN.N Ph2P R), Th

dry RS 1 ABCB RN 0T Va2t (31 G dtlr SR (490 Mz,

581 ¥
OO0 - REOR. D1 PP, e [0, a8 ?%*35@5%0% NF)
2.213s, 28B) .CA3)el1d80 §m) &H,( Bycléhexahis-NVR P40 NINER (162 MHz,
CIZ%' 8 851 (m 2H); 7.65 (m 2H); 7.23-7.10 (m

CD%?'?’% (m 2H): 2.97 (m 2H): 1.59 (m 2H):; 1.33
(m 4H); 1.19 (m 2H). 31P{'H NWR (162 MHz, CD2Cl 2):
8 -12.4. 15 Exanple 15 N,

ExdNaplei1g 2- (di phenyl phosphi no) benzyl ) cycl ohexane- 1,

3,35 e B opRbs (BRI -Daty T HAmidaza 4 ) oFlorice -
N1, N2- bi s( 2- (d|phenylphosphlno)benzyl ne)eycl ohexan
e- 20 1, 2-di gmcne (2.18 g, 2.83 eEarZed
accordi ng~=tq the I|i ature pr dure Late, S.;

G ei ner, VWl bi %1/ A. Adv. Synth.
343, 1) and sod

Cat al . 50 A bor ghydr i de ( NaBH4)
(0.64 g, 17 mum|) in ethanol (30 @//o\ IrBefI uxed

with stirring for 6 hours. The resulti\ﬁg%sol ution

o L ebRpe5RaL R bR Riohihg {taﬁi‘%ﬁ’s’a&‘xﬁfég@?%?%
(Cabatldzrodl,ehl DlemBal'raneEandJalba oAl Merirext Sactlejeda,el. J.
Orgiiomet. Ehbih. S00" 8459 B9 R _WEMAE) Shohe K. s.; custer,
P.; Tessier, C. A.; Youngs, W. J.; Organometallics 2003, 22, 1979 — 1982). A
neat solution of 1,3-bis(chloromethyl)benzene (3.5 g, 20 mmol) and n-butyl

imidazole (5.0g, 40 mmol) was stirred at 140°C for 20 hours. After the mixture
was cooled to room temperature, the residue was dissolved In
dichloromethane and the product precipitated by the addition of diethyl ether
(500 ml), affording a very hygroscopic pale yellow solid. Yield: 6.7 g (78%). 'H
NMR (400 MHz, CDCls): 8 10.82 (s, 2H, NCHN), 8.26 (s, 2H, imidazole-H),
7.61 (d, 2H, 3Jun = 9.2 Hz, pyridine-H), 7.34 (s, 2H, imidazole-H), 7.23 (t, 1H,
3)un = 8 Hz, pyridine-H), 5.61 (s, 4H, CH.), 4.24 (t, 4H), 1.84 (quintet, 4H),
1.30 (sextet, 4H), 0.91 (t, 6H).

A pincer ligand containing two ‘NCN-carbene’ fragments was
synthesized by the reaction of 1,3-bis(chloromethyl)benzene with n-butyl
imidazole at 140 °C. This reaction afforded the dication 3,3'-(1,3-
phenylenebis(methylene))bis(1-butyl-1H-imidazol-3-ium) chloride. The 'H
NMR spectrum of this material confirms the cationic nature with a resonance

for the imidazolium protons in the 3 and 3’ positions appearing at 6 10.82.
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and then water. The organic |ayer was dried over
woregnasisem sul fate and then filtered through BCT/C&2008/000943

gel. The filtrate was then evaporated to dryness to

obtain a yellow solid. Yield: 2.0 g (91%. 1H NWR (400
ExaMiie 1 Cl2): 8 7.58 - 6.80 (m 20 H, Ph-H), 3.86 (d,

4H, ), 3.65 (br, 2H, NH), 5 2.21 (s, 24H, CH3),
Bis(2-8tlofosth8lammpoiunn ekiomieleHyith AR HHnidMR/¢ 162 MHz,

Cb2Cl1 2): 8 -13. Exanple 16 3,3 (1,

3- phenyl enebi s( et hyl ene) ) bi s(1- but yl - /’

H-irridazzolqs ium chloride (C) ri~~ B N—~25u

N~~N- - "Bu Cl The conpo é~/prepared

acc ng,éo th i tenature_proc o@ Cabal | ego, A ;

Deg{ arr%a .,g"!ﬂ\\Qp{‘FnBuA; l\/bﬁ?g s, Tejieéga J.

J. O t. Chem™ 2001, 617- 61 ®--2398 and b)

Sinons, R S.: Custer, P.; Tessier, i* ourigs, W

J.; Organonet al lics 2003, 22, 1979 - 198 15 neat

sol ution of 1, 3-bis(chloronethyl)benzene (3.5 g, 20

rnnol ) and n-butyl imdazole (5.0g, 40 nmol) was

SUid o Al (S 83GRA) A8 pdlt HlidkPSeiat Hied 189 500

coo to erature resrdue was |ssolved

g (2.8 maict O?hbf)brs(m-bhmm@etelmyr)atrim?ornuut‘fmlclﬁibnae E{Hbrﬂ(EHg@Hz@&z]Cl in
the addition of diethyl ether 500 affordlnvq
10 (¥ 9f tplugngsanghithe ﬁﬁwwe\wwﬁ@w%ovw&m 6he splvent was

(
remiofPiin vatE Ayl s CoR M Kas Fititgted i offor G e diys,, The
sohv@n? wirs degantdd nmd—l)he Tesddug slrie@Hn vatiudaand avas) usé’d Apectly
t,, 1.H JHH = Hz, pyridine-H), 5.61 (s, 4H, CH2),
for ér.oﬁwct'?’f‘ oﬁ&)e’ cqtgygts( quintet, 4H), 1.30 (sextet, 4H),
O 91 (t, 6H). A pincer I|gand containing two
" NCN- car bene' fragnents was 25 synthesized by the

PREEA&ATC‘@MQHWMLSCQMBLEXE&yI)benzene wi th n-butyl
Metﬂ"]&d T@t?%‘f%tg‘”;féf ,QN_]Qh} Bigapfsl i on afforded the

Exarhgmyigenebi s(net hyl ene)) bi s(1-butyl - 1Hi m dazol - 3-ium
chloride. The 1H NWR spectrumof this material

RR2rns the cati cPReature with g/Tednance for the
i m dazolium protofis in the 3 and positions
appearing at_b 10\ 82.
NH + CoClz—jHF—> NH—CoCl, ~™ME_ \H, + CoCl,
K\ ﬁ\ / triethylamine C
Cl
PR PR,

2 PR,

R=1Pr 'Bu R=Ph

(a) bis(2-(di-iso-propylphosphino)ethyl)amine dichloro cobalt and (b) bis(2-(di-
tert-butylphosphino)ethyl)amine dichloro cobalft
R = iso-propy! and tert-butyl

These compounds were prepared in an analogous manner and only
the synthesis of bis(2-(di-iso-propylphosphino)ethyl)amine dichloro cobalt is
described herein. Excess bis(2-(di-iso-propylphosphino)ethyl)amine

 [HN(CH2CH,P'Pr2)2], 1.85 g, 6.06 mmol] in 5 mL of tetrahydrofuran was added

dropwise to a vigorously stirred suspension of CoCl, (0.690 g, 5.31 mmol) in
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Bi s(2-chl oroet hyl ) ammoni um chl oride with n-butyl
wo pdodazaBe | ~N-nBu H2N(c) d + 2 N N - H2N(RQT/¢&20063000943
20 N-"Bu 5 A0.74 mM (5.63 mol) aliquot of n-butyl
i m dazol e was added to 0.500 g (2.8 mml) of
' ht /5%, e d—l@%,ﬁiﬁ:@g
20 mFRF(rﬁfc T‘P{e ﬁ{')Hiﬁuéene aén“ 6%&{ 'ﬁr%‘g was re ux%}m?lﬂs
remowe@nmivgbm Tﬁme solid avds mBratedarrm\ﬁ@dml of \edivzroamch dvashthen

colledig g GIaes A Bied D YAy oY ere2 BEPea BTk ofgngle
crystéﬂrbq' V\sé -HRRY- F\;SPOR hbx hﬂa@)é NE{{'A%MIE’]% eBbélhgunable for

cat al yst's.
X-rayComcpystalegraphy (wE’sl\L@bt)alnadgartIys smanpeweancsam (PiR2 a

Cod 2 2 THE NH2
dichiqrpmethENS/RERASS SO, ShrbepRaMPRSNg 2ngr tg iSTdureps
showhfﬁe!&}v%?—' i 05 - Th@- rfé‘s@l@mb Q!Wﬁﬁh‘st‘ﬁ@&t@té"ﬁbhf rafddthe structure

di chl oro cobalt andé
of the @reductt yTpacNPeI) ﬂwa)tednﬁ rg@o@| aelvdiyotowases ranpmenia

i SO- pr | and tert-butyl 20 These conpounds were
borarlﬁlg%@rpgpg}%n an anal ogous manner and only the

(c) BisY(2t (aestiehyibhozphlnd) &y asinetichidrolvosplii no) et hyl ) ani ne
dichloro cobalt is described herein. Excess

R = pliegyb- (di - i so- pr opyl phosphi no) et hyl ) ami ne
[ HN( CH2CH2P' P W}], 1.85 g, 6.06 Aphin 5 nb of
t et rahydr of yf an wds added dropwi ge tjo 2 vi gorously
stirred sugpension of CoCl2 (0.6800 g,}15.31 mmol) in
43 WO 2008/ 439 P8T/ CAZbIH8/ QOO09M3— —CoCl,

@ 2 triethylamine

Cl

PPh, PPh,

160 ul (1.148 mmol) of triethylamine (NEt;) was added to 250 mg
(0.523 mmol) of bis(2-(di-iso-propylphosphino)ethyl)amine hydrochioride
[HN(CH,CHzPPh)-HCI] in 10 mi of THF and the mixture was stirred for 10
minutes. 65 mg (0.501 mmol) of cobalt dichloride was added and the mixture
was refluxed for 30 minutes. The solvent was removed in vacuo and the
purple solid was washed with 3x5 ml of iso-propanol and was then dried in
vacuo. Yield: 80 %. NMR spectra were not obtained. The compound
exhibited a good activity towards ammonia borane hydrolysis.

(d) Bis(2-(diadamantylphosphino)ethyl)aminedichlorocobalt(li)
PAd, PAd,

NH  + CoClh—T =  NH—CoCl,

PAd, PAd,

In a typical experiment, to a solution of bis(2-
(diadamantylphosphino)ethyl)amine (0.20 g, 0.30 mmol) in tetrahydrofuran
(20 ml) was added cobalt(ll) chloride (0.04 g, 0.30 mmol). The reaction
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20 M of THF. The m xture was stirred overni ght and
then the solvent was renpbved in vacuo. The solid was

wo eooBusased in 50 Ml of ether and was then cobPd¢BCA2088/000943

on a glass frit and dried in vacuo. Yield: 2.065 g,
84% A single crystal of

mixtiteS Wais( tHer! § 88 OpYd E}EQ&%H 1S at H)SIsta"Tﬁ@ %'IHHtOWQs then
cobalt swta l'e for -ray crystallography

evap@baindnadd liye sésidue wegsopcipitated by the addition of hexanes The

i chl rorreth el hex | ut th d.
blue ECRIHELVER IHEST RO SR ing SRaren B o & bige
soth r\MélH‘?"O $8 rdJC?E%e NIARS éﬁé@% tvﬁeresﬁditu%té" fed.0f10 h?g of the
duct. The conpound exhi bited a good activit

produpt/\metsdlagdued dn Hbmainef tefrrhydyafusan aod(t) ml o?/ water |n a
scinffaloh3idi b TBERA BRSNS LR 5P
borah&irgdfysisi ne  Cl O PPh2 PPh2 160 | (1.148 mol) of

triethylamne (NEt3) was added to 250 ng (0.523 mol)
of Cebalt 2 ANP - icamplesgy | weIephpieppeety byanthge reactions of

TR ST iy ol e

For RG: 80prapy|the prodadtas ia sihk Bblid tiikt wassisatided irmhight yield. |
m xture was refluxed for, 30 mnutes. The sol vent was

ordef ivpharactalizetbg P aiAmagnetic matgrial, sotinglegysiphvRs PRipIPRA
o 52 oSl PRI TR S, 0P ) hE St
consasmmfuacﬁve%oendlmatetsaqhaaeqm,adn‘ad:all cohalt centar dmtlarth@rﬁ’NP

ool R, o ST L D
ch|orTr'T€ atorNidoiriee tRAdashasr the Bqwale/ Ey@hudemmmrgaﬁdn.saat

solution of bis(2- (di adamantyl phosphi no)ethyl)am ne
the @20 g, 0.30 mmol ) in tetrahydrofuran 25 (20 m) was

added cobalt(1l) chloride (0.04 g, 0.30 nmol). The

reaction 44 WD 2008/ 141439 PCT/ CA2008/ 000943

Example 19
FPr, («PR2 {‘
(‘ H ;25 IMCOE) Ol HDS(Ir(COE)zCI}z

TR O

PPr, R=pr PRz R=Bu

P'Bu,

(a) Bis(2-(diisopropylphosphino)ethyl)aminechlorodihydridoiridium(lli)
R = iso-propyl

This was prepared according to the literature procedure (Clarke, Z. E;
Maragh, P. T.; Dasgupta, T. P.; Gusev, D. G,; Lough, A. J.; Abdur-Rashid, K.
Organometallics 2006, 25, 4113). Ammonia borane was added (50 mg, 1.620
mmol) and the hydrolysis rate is moderate to good. H NMR (CgDs): 8 -25.13
(td, Jun = 8.0 Hz, Jup = 14.7 Hz, 1H, IrH); -19.83 (td, Jun = 8.0 Hz, Jyp = 13.5
Hz, 1H, IrH); 0.84 (dd, Jun = 7.0 Hz, Jup = 14.1 Hz, 6H, CHa); 1.13 (m, 12H,
CHa); 1.59 (dd, Jun = 7.0 Hz, Jup = 14.1 Hz, 6H, CHa); 1.65-1.87 (m, 8H),; 2.93
(m, 4H, CH,); 3.99 (br, 1H, NH). **P{'"H} NMR (CgDs): 8 54.17.
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m xture was then stirred and refluxed for 4 hours. The

sol vent was then evaporated, and the residue was
w@e@silpissat ed by the addition of hexanes. The P@I/082008/000943

precipitate was filtered and then washed wth hexanes

to obtain a blue solid. Yield: 0.18 g, 75%

() R St A H eI Darile T hide Enlord WJ&‘%—"@@W’
iridiumater in a scintillation vi aI to forma pink

tsol ut.i on The material was tested for ammonia borane
- Sfobr"&’y& s. Cobalt PNP conpl exes were prepared by the

i rateLval
e ROtE) €, e R b ol forldE] PR I CEXCI,
(0.67i5s9pB gy mmelhangr bld(ﬁr(dlftedeLﬁylphoswhihd)ath)d)amm (0.540 g,
1.49 e §fan st ) Grugn 151180 pla L 98178 s

Hexam@ t bemPf Way agHed Erid meha@we%@rpmaf@ﬂ sélﬁﬁ W‘a%ecfbllleeted by
gure 3). The structure consists qf a

flltratmbar@m dsied iRyagke. ield0dal2 goB4l%. cthMR \(\Qslhe)t Ae-2and0

. briedy D RPUNG 2T b LATE DI TS CHERRI P2 LR, B PR b fian,
CHg)EQ%Eﬁﬂ@Qf(% DA qmlgCI-ﬁ)CBHQf(lbﬁeZHl céz(alapl(z c%?z dn, 2HheRpexss
(m, 241, amﬂ(@@g(ﬁmﬁHJ\CHzLi@(bm 1H, &H), ﬂ@uwwwmmzv{ H}

Prg R-- Pr PR2 R=$u PBuz 20 (a)
NMRB‘%PQ) (ADI3I sopr opyl phosphi no) et hyl ) ami nechl or odi hydri do
(c) Bis{2qtispgloheyyiphosphiso)ethdlahinébhiorodibydridmediech (/)
according to the literature procedure (CI arke, Z. E.;
Maragh, P. T.; Dasgupta, T. P.; Gusev, Lough,

A. J.; Abdur- gpl d, K 25 Organo b@,lzl [ cs 2006 25,
4113). Ammopi a borane was added g\BFE 1.620 mmol)
and the hydgol ysi %5@(069)5@]2mder te /(H good. 1H NMR
(CeD6): S -8 13 {tei—3+HH—= SUIHM = 14,7 Hz,
1H, IrH); <19.83 (tteluensHH = 8. d* HP = 13.5 Hz,
1H, IrH); 0\84 (dd, JHH—7OHz JH = 14.1 Hz, 6H
CF-13); 1 13 y212H, ) 59 (dB%Y2JHH = 7.0 Hz,

(R g ?&'@r%<?ﬁ?’°iten??kéb”.ﬁﬁ7<&%}*ﬁ{hm@%@’%&fﬁﬂ9
g, 0|215fhrﬂal) 4% bis(2-(dicyclohexylphosphino)ethyl)amine (0.20 g, 4.29
mmol) was dissolved in toluene (5 ml) and stirred for 4 hours at room
temperature. The solvent was then evaporated and hexanes (20 ml) was
added and then the precipitated white solid was collected by filtration and
dried in vacuo. Yield: 0.18 g, 60 %. 10 mg of the product was dissolved in 10
ml of tetrahydrofuran and 10 mi of water in a scintillation vial to form a red
solution. Ammonia borane was added (50 mg, 1.620 mmol) and the hydrolysis
rate is good and is comparable to the iso-propyl analogue. '"H NMR (400 MHz,
CsDs): 6 3.15 (b, 4H, CH,), 2.70 (b, 4H, CH>), 1.60 — 1.80 (b, 20H, cyclohexyl-
H), 1.20 — 1.40 (b, 24H, cyclohexyl-H), -25.30 (t, broad, 1H, IrH). *'P{'H} NMR
(162 MHz, CgDe): & 20.3. The compound transforms into bis(2-
(dicyclohexylphosphino)ethyl)aminedichlorohydridoiridium(lll) in
dichloromethane.

(d) Bis(2-(diadamantylphosphino)ethyl)aminechlorodihydridoiridium(!l])
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WO 2008/ 141439 PCT/ CA2008/ 000943 (b)
Bi s(2-(di-tert-butyl phosphi no)ethyl)am ne di hydrido

wa@kiosnai4aycl ooct-1-enyl iridiumR = tert-but yPCECA2008/000943

m xture of [iridiumbis(cyclooctene) chloride] dinner
[Ir(COE)2C ]2 5 (0.675 g, 0.75 mmol) and

bi s(2-(di-tert B&Jtyl phosphi no) et ?/Iriggg ne (0.540 g,
1.49 mmol) i’ssol ved in toluede (5°m) and stirred
for 20 m nytes @ djl0 nl) \was| added and then

t he premmN&tedMll ejlrbnylltratlon
and dried iKkn vacuo.tolénel d: 0.7 & 74 % 1H NWR
(CeD6), 8: %25.46 (t, broad, 1 IrH; 1.21 (vt, J =
6 O Hz, 18H, 2; 1.52 (vt, J = Mgz, 18H, 10 CHS)

ﬁur@g&ngl'&orggis]( |o%tp?@lﬂquungﬁzémﬂh{2&%@ ROXE
9, 0.5%2%16@&5 danH;?usgtD(?Ea)@a%ﬁ%hoéﬁh.nb’}@thyl%ﬁirﬂef'?(o.2b“V5{ 2.97
mmoéi w@&di%del inHetghysrofysanr(6)reb fayid) stitresk il 4 hodishatdiioth

tempFBth%en gﬁg'_? ac%\ﬁ%]?ﬁ@%ztb@c’zezve}%q%%d[l %gg et%ez)gnlezs '(i?ﬂ* r{ll) 1V(Ias
adde@hbid Qhers(tge« Cdr@@i‘ﬁt@f&i) whitdi sldLivadi B8lledied ByChitratidhZand

drledén é’@QUPdM?@F 8h1&<94 )b%&sp‘rﬂ ) et thel praguatewas digsalvedingtd
mi oinfé J%y)ﬂﬁﬁ‘%lfgrng%ﬁ# @rr'rdpl ;brf;\&%frég & %gcﬂmat dv%i tb rfﬁ&rﬁfao fed

solutmaammbﬁ@ lorenb evegdddd (50T, \n/a&zcﬂ@m&ﬂpledd atﬁ@I hiyysis
the precipitated white solid was coll ect

rate fs exsentiongllyapodianddsi ¢propaigble o dhe: teﬁ'aiﬁb'ét)” @balpgue.
31 disssglrv
PRGNS T, YRBertRR” 5 70 &1 o 3% 1a iy, of s
catalystain hearfyosolventssdt veas utoltqmssﬂsrmml abtain angows ladNMR
t250 ng, 1.620 mmol) and the hydrolysis rate is good
SPECYHT- i s conparable to the iso- propyl anal ogue. 1H NMR

(e) Béﬁ(g((d}\/éﬂvg 6% %ﬁ@%}etgﬁl)gmﬁ% cycl 2 )??'L?(bﬁéo&g %Pmcfh'ﬂng)

dimetb, 24H, cycl ohexyl H, -25.30 (t, broad, 1 H, IrH).
31P{1H NWR (162 E/pz CeD6): 8 20. 3. The compound
2-

transforns int

(di cycl ohexyl OSphI m nedi chl or ohydri doi ri di
un(111) in di oron&m& E’;‘Jﬁxe.c)"go (Dhayst

Bi s(2-(di ada yI phosphiuesy et hyl )am nechl or odi hydri do
yiridiunm(lll)

PEt,

The compound is prepared in a similar fashion as the cyclohexyl
analogue to obtain a red color solid. Yield: 0.3 g, 31%. 'H NMR (400 MHz,
CsDeg): & 3.15 (b, 4 H, CH3), 1.47 (b, 4H, CH,), 1.30 (b, 8H, ethyl-CH,), 0.80
(b, 12H, ethyl-CHs). *'P{"H} NMR (162 MHz, CsDs): & 42.5 (d, 2Jpp = 368 Hz);
34.9 (d, 2Jpp = 368 Hz). 10 mg of the product was dissolved in 10 ml of
tetrahydrofuran and 10 ml of water in a scintillation vial to form a red solution.
The material was tested for ammonia borane hydrolysis.

The reaction of (R,PCH.CH.):NH (R = tertiarybutyl, adamantyl,
isopropyl, cyclohexyl, ethyl) with chlorobis(cyclooctene)iridium(l) dimer readily
affords ‘PNP’ iridium complexes. For R = tertiarybutyl, the complex bis(2-
(ditertiarybutylphosphino)ethyl)aminechlorocyclooct-1-enyldihydridoiridium(lll)
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WO 2008/ 141439 PCT/ CA2008/ 000943 PAd2 PAd2 0.5
[Ir(coe)2Cl]2 K/NH/Nr-H toluene HC=l 11 PAd2 PAd2

wo0usa448e of chl orobi s(cycl ooctene)iridi un(!|)Pdi/aBe008/000943

[Ir(COE)2C1]2 (0.13 g, 0.15 mmol) and
bi s(2- (di adamant yl phosphi no) et hyl )am ne (0.20 g, 2.97

is obfaiREd iWesig ﬁ'ﬁéﬁ‘oéﬁg bdhtif etyrayy WI\HRanéé:trler%se sts the

stirred for urs at roomb5 tenperature ol vent
presenne ohen cyolapotenyk groum imeadditien (@ 0a Hydridasresatdade aidd-

25.46); | The PATERMR Pegiur ot Beipmies Shons 2 hgmica shift at
5 34y ofat hﬁngf@d%stws St SHH(3qEi-tert- QQQ émosﬁﬁnol)ethxl)-

t et r ahydr of ur and” 10 m of wdater 1n a
amlnecldbrdaycfamctlcnaenyedihydmﬂmtldlom(llﬁwaenlobtdme@nandvameaddmy

strucliPe dBE 6o 'r'yF'gHEﬁj%ﬁng &S e dramiation of S complex. The
strucﬁﬁétddﬂs\i’ﬁéﬂ ?%@EG%H&aheéﬂa? {lb%d%ﬁ%%%femlth the. PNP

nmet hanol - d4 to tthe insol
group boahgdn a memhgnadairmﬂ:atmn i T hwanetab{bopodszrmmde hgand is

syn tP&%RI{-@ p’gcggg(y%%'qi] Q'E/R hmﬁg;e tgc% Hﬁ% g}(na%geﬁhlﬂteractlon between

th ecfi\bver UpsCY CFIRO &y BIBLtenyl Gromb |id | t
es ?r (coe) 2C1 ] %VNH catngl sljsrt Histlol E%mdj ﬂ;’mfé;t 15 tﬁg mine

nltrogﬁn”@l’(’ofdlﬁlﬂi toghprygadedighnda similar fashion as the

Frar i sL, isBBtBhP0 " SybiRn@ s oihd, pEEmERNDY 8 ‘Compleyes
|rC|(r4)2{gu(l~g)g@H20H12mz)(sze4é+ otﬂﬂﬁbd 1788 1 .NMR, sipédisd oﬂtﬁése
2H, ethyl - CH3). 31P{1H} NMVR (162 Mz,

matetaiaditate 3ha) eicyCIEPPEnY BERRES Prasents Rar Rz MSpEopyl,
the ‘ngNIPIﬁ r SEL‘&HP‘H} GholWie t r% Cl%@%n&?%fdhﬁé%ﬁﬂe' NgdRad with

aran an wat er
resorsarigesi bt & i-86. 18 andt 919.88m al h&aabosrmaund:)wvas 'Ejh\aracterlzed

material was tested for ammnl bor an drol ysi s
rystalécwﬁapbwaliy previpiesly (BRI ( R =Maeaah, %ry'% hﬂsgup a,

Gt uf ASTBr ARSI g s "
4113) and the X-ray structure confirmed the formulatlon ForR = cyclohexyl
a single crystal of the complex was obtained from dichloromethane. The X-
ray structure showed that the putative dihydride species was transformed to a
dichloro hydride complex. The ORTEP depiction of the compound is shown in
Figure 5.

For R = adamantyl, the low solubility of the compound precluded
analysis via NMR but the compound is anticipated to have a structure
comparable to the isopropyl analogue.

For R = ethyl, a material is formed that has two doublets in the *'P{'H}

NMR spectrum at 8 41.0 and 34.9 (J = 368 Hz).

Example 20
Bis(2-(diphenylphosphino)ethyl)ammonium chloride with chloro

bis(cyclooctene)iridium(l) dimer
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affords 'PNP'" iridiumconplexes. For R =
tertiarybutyl, the conplex bis(2-

w@ ciosast4ar ybut yl phosphi no) et hyl ) am nechl or ocyR¢D0O&2008/000943

enyl di hydridoiridiun(l | 1) 47 WD 2008/141439
PCT/ CA2008/ 000943 is obtained in high yield and
purity. The hNI\/R spectrum suggests the presence of
a cycl ooct ¢nyl group in addition to a hydride
resonance (8 _- 46) The 31P{1H} NWR spectrum of the
conpl ex sho em cal shi ft atHB 31.6. A single
crystal |s(22 di - tlEAtCYRAy | prosphi wetktthyl ) - 5
am nechl or cycl ooct - 1- enyl di hydri ridiun(lil)was
obt ai ned a the X-ray structure (as seen in Figure
4) confirms tAf@2fornul ati on of the conplex. The
st u s 0 n
S AToCh APETSCr ) ol RS SHE rihpdiordea
addedrtbeﬁhﬁfathlngJ(’ﬂ '3M¢nnm)ga¢f-h hs(ﬁﬂ(ﬂ|pmérWépI®bsdhlrmeﬂ1yli)Smrﬁaﬁlum
to the iet nd this may be due to a wea
chloridgy & 219 ifBh 0 cleliaBydrailiane a8t t&l? ghigtise. wegestired for 15
cl td
N 0SS RerhBy2F 40, PETERIAR a8 BRegied with 3x5
ml ofi ebymnepy Thecsalutidre ws, fillared athmt@ﬂnt Celitet fued ¢loerp thex sslvent

was. (raNed, i Papues 0 ok dess B ds dhlbpaprigand 50 g 10 614

mmoBy&" M@de‘@(by&b@é@néﬁncﬂ’iﬁﬁﬁﬁrﬂlme'FC[frC'R(K)E}?P MQQBHddeaf_’and
the 1H NVR spectrum shows the presence o rid

then |thgam@§um was refleshiys 1at manutes 1§ hanaolvqet 89 ummewas

ound-wa t a
redud BT 8Pyt erdrnet 28 MES! ciihyEhifen WA BIEE, e brown
solid Rvas é&aIReYed [dn @ frittendhdridd id. vaé\!itﬂt( re‘T@SiBOim@ NMR
Organonetal |i ¢cs 2006, 25, 4113) and the X-r
specipseRRLING IR thalea Tixkirediadifaimesh. Thermetesial was tested
gle crystal of the conplex was
forar‘ﬁ ﬁ%g’é}{% ﬁ?%f%cygll%rorret hane. The X- ray structure
shovved that the putative di hydride species was
tra sformed to a dichloro hydride conpl ex. The ORTEP
tion of the conmpound is shown in Figure 5. For R
0 - :
& *@‘@Wd o e g oy acter
hydr/elmrndwrpé(tl)ed to have a structure conparable to the
i sopropyl anal ogue. For R = ethyl, material is

formed that has twg doublets in/t e P{1H  NWR
spectrum at .0 and 34.9 (J/= Hz) . 30 Exanple

20 Bis(2- (g phenyﬂ’%ﬂﬁ@&?ﬁﬁ)dz)) et Ryl )a m chl ori de
with cHi%r N———lr\C

/ /
P'Bu,

PIBUZ

A 230 mg (0.257 mmol) sample of chlorobis(cyclooctene)iridium(l)
dimer [IrCI(COE);}. was added to 210 mg (0.559 mmol) of bis(2-
(ditertiarybutylphosphino)ethyl)methylamine in ca. 3 ml of toluene. The
mixture was stirred for 45 minutes and then 10 ml of hexanes was added
dropwise and the precipitate was collected by vacuum filtration and dried in
vacuo. 'H NMR (400 Mhz, CeDe): 8 5.32 (d, 3Jun = 8.0 Hz, =CH); 2.76 (m, 2H,
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bi s(cycl ooctene)iridiunm(l) dinmer 48 WO 2008/ 141439
PCT/ CA2008/ 000943 PPh2 CS O THE 2 NH2 O+

WO 08§ @RE) 2] 2 0' catalyst KO Bu C PPh2 A 17BCTrgA2008/000943

(1.515 nmol ) portion of potassiumtertiary butoxide
was added to 665 ng (1.394 nmol) of

CHy); ?Oéé%s(SH Q@Wﬂyg%p'?'g@o it k) gﬁéynn WP (rihheni eg glg)a)

rofuran ahd th ture was stirr
0.95 (Fgr18E G(CHis)t €23.061(E *d@l weift0 wixs Ireid)roVEINMRI (16122 Mhz,
oD g&l due was extracted with 3x5 nm of toluene. The
sDe)sBrgt -on was fil tered through Celite and then the

(b) SB} gf E%’é% @%@yﬁ@é@&bﬂ%ﬁcp&?f@q&netﬁ%ﬁm%{:hﬂ?&ﬁ?@ﬁgophenyl-

iridiumml)orobl s(cyclooctene)iridium(l) dinmer [IrCl (COE)2]2
was added and then the mxture was refluxed for 15
m nutes. Th Beent vol une was Pr%‘iﬂuced toca. 5 ni
and then 2@ m [of diethyl ethey was| added. The brown

solid was ol | cHed on aCaHslt nd dyied vacuo
(yield 550 rqrg.)_" nu troscony__l-wﬁ_n@t hat a
m xture. t,%rc te for
amoni a’ bo ane hydro e 21 (a)
bis(2-(dit rybutyl phosphl no et hyl ) met hyl am nechl or
a cycl o-oct e P‘Buaydrl doi ri di um( BB¢Pt Bu2

U 1 Cl (COE) 2] 2 CI/ H H3C—N Nir t 1-13C CI/ P But
PtBu2 20 A 230

ch@ﬂééa%Q'Bch%%%‘teéﬁb?Wﬁ @ %m!e?'qﬁc’ 35}?#@93%9, G PRiHRS bist2-

(d:tenf%&pg&fgerg& ;nﬁ rfo’;? E&gn{eﬁ ﬁéﬁw %Fﬁér)oc?ﬂopbt%@ﬁghyld”dggld|um(|

1) (frath dp)bﬁédlhr?eaﬁamﬁggaezh 1 (@) xtbarve) imabeszene depositeddB-ray muadity
and_t hen 0 exanes dro and, t.he

orystdiedhs MR das’ iTEeaPE oo thE| VPR TB1S ARY Been

deter@fin&fl 11

(c) Bis(2-(diisopropylphosphino)ethyl)methylaminechlorodihydridoiridium(l1])

PiPrz
(— 0.5 [ir(coe),Cl},

H3C’N = catalyst

&\ Toluene
PPr

A mixture of chloro bis(cyclooctene)iridium(l) dimer [I(COE).Cl]; (0.28
g, 0.31 mmol) and bis(2-(diisopropylphosphino)ethyl)methylamine (0.20 g,

0.63 mmol) was dissolved in toluene (5 ml) and stirred for 4 hours at room
temperature. The solvent was then evaporated and hexanes (20 ml) was
added and then the precipitated pale orange solid was collected by filtration
and dried in vacuo. Yield: 0.30 g, 87 %. 'H NMR (400 MHz, CgDe): & 3.95,
3.50, 1.59, 0.70 — 1.30. *'P{"H} NMR (162 MHz, C¢De): & 21.9. 10 mg of the
product was dissolved in 10 ml of tetrahydrofuran and 10 ml of water in a
scintillation vial to form a red solution. Ammonia borane was added (50 mg,
1.620 mmol) and the hydrolysis rate is very good and is comparable to bis(2-
(diisopropylphosphino)-ethyl)aminechlorodihydridoiridium(lIl) (from procedure
in Example 21(a)).
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25 vacuo. 1H NWR (400 Mhz, CeD6): 8 5.32 (d, 3JHH =
8.0 Hz, =CH); 2.76 (m 2H, 49 WD 2008/141439

WEMBTARBDE/ 000943 CH2); 2.05 (s, 3H, NCH3); HCRTA2008600943

(m 16H, CH2): 1.22 (m 18H, C(CH3)3): 0.95 (m 18H,
C(CH3) 3); -23.06 (t, ZJPH = 16 0 Hz, Ir-H. 31P NMR

o JophRrsysteh RUCH @H:BrFRA), (R = isopropyl, tertiarvbutyl
adamanthpl\Lnefi%b)h@vad alsh msedﬂtmw('éﬂair)e iRtiBo? HNFBlmbn;pibKBé-lsd THe
n standi ng

reactipgy a sé&ifer al b'g@y(sd'teét'%\’ﬁ?/ﬁﬂtﬂ?s%"log%%ﬁ DV%? dARERa - with

chlorctiSEgelooctengY TS et sl o cioay, omaton s, 2py

compleot bisj(l-l(wmbrtldmbut)dphmﬁphmni)eth»l)n@éthylanpneclddmaycboa‘,tqﬂyé

nyaridig@baiil” Fhe TRATHET Sp6EFETbt Yo camiv SHA 2 KEsgnance

appeé}ﬁ% 80§ 28eENThE EHENMR8Pectt®h of the complex clearly shows the
Bi s(2- (di i sopropyl phosphi no) et hyl ) met hyl am nechl or odi h

preseynce rofdanoyctdxoote(ﬂyll ligand® iRradiditian %o [ hydm@ 2€s9rarge atlNd--

catalyst = 3 Toluene, P Pr2 15 A m of chi .
23.06paRd Sgsed dRaeniys evidense ye dqrﬁ@%q é%ﬁf@@ ]S'@%%@‘ pgthe

h b - ol ) and
S¢ erge %ﬁ%dl i sopropyl phosphi no) et hyl ) met hyl am' ne (O. 20 g,

0. 63 P)Bu)/\/as di ssol ved i @é ene (5 n stirred

for 4hors at room tenp re The so vet vvasthen

evap at dH apd_hexangsiel vvascngdd d a dHt t he
e

preci 0 /smﬁd—v@s-cm*f

f MG aff' n 20~atfd dri edkCi Euo Yi ehal’( @; 0 g,

1H N (OOI\/Hz CeD6): 81\3.9 3. 50, 159 0.70 -
1. 30. PBGH NVR (162 Mz, ®6) : 8 21. 9v—%@ug of
the product was dissol vedybRRed&y M of tetrahydrofuran
and 10 m of water in a scintillation vial to forma

r edirs benzeoe . soluiarhithe nrapeucdransirmy sbwly, to thesrew
compﬂ%ﬁ’_@zﬁ,@g@ﬁ%bmﬁ@@%ﬂir?o)éﬁ\ty?)rﬁ&thSWn@&ﬂgromgrihﬁphenyl-
iridium(lll).  The reaction likely proceeds via reductive elimination of
cyclooctene to form a putative four-coordinate bis(2-(di-tert-butylphosphino)-
ethyl)methylaminechloroiridium(l) complex which then activates a C-H moiety
of the benzene solvent to form the product.

A single crystal of bis(2-(di-terf-butylphosphino)ethyl)methyl-
aminechlorohydridophenyliridium(lll) was obtained and the ORTEP diagram is
shown in Figure 6. The PNP ligand is bound in a merdional mode and the
geometry about iridium is pseudooctahedral. The phenyl group is trans to the
aminophosphine nitrogen atom.

The reaction of bis(2-(diisopropylphosphino)ethyl)methylamine with
chlorobis(cyclooctene)iridium(l) dimer yielded a mixture of products were used

in situ.

Example 22
(a) Bis(2-(diisopropylphosphino)ethyl)aminedichlororuthenium(ll) dimer
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(di i sopropyl phosphi no) - et hyl ) am nechl or odi hydri doi ri di

waeqoBhdiu3g from procedure in Exanple 21(a)). 5SBCENIA2008/000943

2008/ 141439 PCT/ CA2008/ 000943 The ligand system

N(CH3) (CH2CH2PR2) 2 (R = i sopropyl, tertiarybutyl,

adamant mb, phenyl), was al so used to prepare iridium

PNP corrpl%x The reaction of

bi §(2- (di tertiarybutyl phosphi nfff\ I )net hi % ani ne
u

wi \h chl orobi s(cycl ooct ene)l r I ) d| me resul ts

|£1 ,ean f uﬁgﬁég&ggdof THe pneW#

bt s d| tyl phosphi no e echlor
oc clooctenyl hydr|d0|r|d|unf¢3 he QHP N grum
of the conpl ex has a resonance apggaring a

The\!_H NWR spectrum of the conpl ex cleapky the
presenc®Pef a cyclooctenyl ligand in addition to a

hydrid (gsonance a 23.0 nd based,upon this
ev'?dengsedvve p oset(QﬁézstrJ@ shﬁﬁﬂ‘pil% t h@f 10 bis(2-

(dllsmtg'gwghbgdﬂﬂnb)e'ﬂﬁeﬂ)émﬂb P[fHN @H?yﬂzp'ﬁr)g!i] an&yﬂ@ggg:{bge

not

mmof)ohkenzensd mlqrprtahenwmwbdpnamu?u(n%ftamfs]mm nefitmed

in 26,19 SR PARGE, ovemiatin eyt s fomaiameta bromn

suspgdsiodopIRRY | solveritdivag( tdrhpved Nia 18aGS | &Y |thkeldsidue was
eeds via reductive elimnation of 15 cycl ooctene

trlturgtgdf\wmﬁzg rﬁmfé{let\hyl ether- dbersglidavas collected on a frit, washed
with I@' ﬁ“lz?i( @ 1drehha QHEﬁl 8hOF AR \51;98 A )g-é%lae%lii%ic%stelﬁewere

yI am nechloroiridiu
obtalaed | byatiffusiorCofidiathgt gthepfintohe dicigmsetbaheastiutich berre

comisfel JM3Lsad o8 Socrhe Nl Sonpihe i1 0617 21
501 SRR S OREE 1 48 S heoa 60 S

MHz| iGRu@h)i $ ﬁGLﬁ’]d Ansalutien dofotied comtpowaad iri ke 1geomBitase of
iridiumis pseudooctahedral. The phenyl group is

abou
tetfa'wdaﬂﬁir% anfevateniexbitissomioredraativity étpwamﬁmm@ra borane
hydr 6 gtion of bis(2-(d
sopr opyl phosphi no) et hyl ) met hyl am ne with
(b) cBrs(ﬁ @he\s{aphexpiptiosphino) ettty arine diwitr yvi ebeledr@dichloro-

ruthemumH)) d/mf products were used 25 in situ.

PCYZ
6 THF
2 NH + [Ru(n’CgHg)Cly], ——= catalyst
A
PCy,

A 220 mg (0.608 mmol) portion of bis(2-
(dicyclohexylphosphino)ethyl)amine HN(CH.CH,PCy,), was added to 150 mg
(0.245 mmol) of benzenedichlororuthenium(ll) dimer [RuCly(n®-benzene)], in
10 ml of tetrahydrofuran. The mixture was refluxed for 2.5 hours and then the
solvent was removed in vacuo. The residue was triturated in 5 mi of hexanes

and then collected on a frit and dried in vacuo. Yield 250 mg. NMR
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Exanpl e 22 (a)

Bi s(2-(diisopropyl phosphi no) et hyl ) am nedi chl or or ut heni
waeqoBl1)y1469 mer 51 WO 2008/ 141439 PCT/ CA2008/ 00POHBA2008/000943

PPPr2 NCH'Cl PPr2 C THE' Pr2P 11 00, 2 NH + [Ru(rl

- C6H6) Cl 2) 2 RuRuA Pr "Cl/-1 ~ | / PPre P Pr2

SPGC%&O?%'ngfF e urﬁ‘?ﬁdjgrﬁ%d? 'Hﬁg%_@a riFayl %/)vrazs) tze]sted

for ararrd)rﬁalbor@e( Imydrelslsmmml ) of

(c) REATOPept R heBHLub oo p Pty IR iiea Pt o B RS-

dlChIéI%?thhﬂEﬂ(‘lﬁﬂOﬂh@fforn&u on of a brown suspen3| on. The
sol vent was renoved in vacuo and the residue was

triturated wthPBs, Ml of diethyl ether. The solid was
collected opm a frit, washed with 5 m of ether and
then dried fn vacuo. X-ray quality crystals were

obt ai ned by\di ffusion of dieth ether into a

di chl or onet hae soRuth-Geteishalst he—i&-comtvahd Yield 330
my, 66 % 1H NVR (400 MHz, CD2CK2): 8 6.17 (2H); 3.01
(4H); 2.74 (4H); 2.48 (4H) 1.91 (4H); 1. 10-1. 46
(24H). 31P NWR (162 M1z, CD2CI2): 8 73.5. A solution
of the conpo pitmjza 1:1 mxture of tetrahydrofuran
and wat er exhi bited 800d activity towards ammoni a
bd¥ ane 18dydr omgsi s. (A.6 mmol) portion of bIS(2-

(oterfas SRR 3"“ R RCRP R o thy By i of

tetraHi)Rh‘bfdrén CGH@é§312had§d'HE >tocat Wyst mE P.248 22|6hrrm]) of
nmol ) portion of bis

benzeae@ybl%w&mrﬁ%\&l@m digyert hﬁqfdnﬁm@qqm@@m@wpqw) M &f

tetra@gcﬁggﬁérg.i ﬁﬁ]%o&%}tﬂég\g%l \ nﬁt?)f% Zrze.sfhours and then the solvent

was [r&wciadrinbvhenzenthé Zesilue was triturated in 5 ml of hexanes,
collected on a frit and dried in vacuo. Yield 200 mg. NMR spectroscopy
indicated that a mixture had formed. The material was tested for ammonia
borane hydrolysis.

Ruthenium PNP complexes were prepared by two methods. The
reaction of bis(2-(diisopropylphosphino)ethyl)amine with dichloro benzene
ruthenium dimer afforded a single compound that has a *'P NMR resonance
at 8 73.5. The 'H NMR spectrum of the new material displays the expected
isopropyl, methylene and NH signals. A single crystal was obtained and the
X-ray structure was determined (as seen in Figure 7). The siructure indicates
that a dimeric complex was formed where the bis(2-(diisopropylphosphino)-
ethyl)amine is bound facially to the ruthenium center. The metals are bridged
by two chloride ligands and the terminal chloride is invclved in a weak
hydrogen bonding interaction with the NH moiety on the opposite metal

center.

Example 23
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10 mM of tetrahydrofuran. The m xture was refl uxed for
2.5 hours and then the solvent was renpved in vacuo.

wah@snegddue was triturated in 5 m of hexanesPCEHOA2008/000943
then collected on a frit and dried in vacuo. Yield 250
ng. NVR 52 V\D 2008/ 141439 PCT/ CA2008/ 000943

(a) SpeCBrsg?f( @g g&f&/ﬁmdg:pgbarcﬁ/d?@ﬁhpfn@h%ﬂosamﬁe-

mat er | orane hydrol ysis
rutheRamefll) on of

bi s(2-(ditertiarybutyl phosphi no)ethyl)anine with
benzene- BRIz2or or ut heni un(11) di KprPtBu 2 NH +
[ Ru(16- G6H6) C12j 2 THE cat al yst i Bu2 A 181 ny

(0. 500 ) portlon of bis(2-

(diterti but hos hlnmwéthyl) n1n CH2CH2Pt Bu2) 2
in 2 m i é%?g ur an uto f@@ ng (0. 245
nmol ) of benzenedlchlororuthenl n@ll di mer

[ RUC12(T)6-benzene)]2 ' in 10 m \of 1

tetrahydraf uran. The m xture was rixed for 2.5
hours and tHén the solvent was rempved in vacuo. The

regi du92 S trﬁapurat?@l 658 S %rﬁ&l?hexaﬁ@ﬁwlgn col bect ed2-

on a fri and ied i'n vacuo. Yield 200
(diiscropylphespitivio)athyl)arained t HN(CH GHPIra2 hadh f or1m=:dml Thef

tetra&“érﬁéh%b%%é&é%%éés@%%% SR iyl G AL i o
dlchléﬁr(l%('h‘f@% gfgﬁh hme)ruthemum(ll) in 5 ml of tetrahydrofuran and the

poy hosphi no) et hyl )am ne with dichioro
mixturenzas estirmegk fos dunger Thefsnlvent wagurﬁm%/eédﬁpm and

t ha S P. NMR. res
then 8L der AR RA WA B T TolPlet BB, arbBisks affon of
20 M MHeBrbs. M igare azd dhed ﬂﬂéﬂ&‘»mlﬁutesr@cbtmsmdaWas
was obtained and the 20 X-ray struct Mt&{oﬁ]pﬁ%
isolateh byewacuumHiljatien.7) Yietghe3080 Mt 0P 70 ndm a
ool RS Agr BRR ARG o EBhy S A2 phie, 1 NEi220 fm. 41
CHz)f aﬁwl(hy 419, CThe);r 2133e(m qus:@w(erHa)a)ha 8eei(m, 2Har @H(CHa));

o4om,o%zuecg<é#s@r«9'@gf (s R 40
o WIS LTS, M S 92 Oapers i 5 21275

Hz). The compound exhlblted a good activity towards ammonia borane
hydrolysis.

(b) Bis(2-(diteﬂiarybutylphosphino)ethyl)aminewithdichloro tris(tri-
phenylphosphine)ruthenium(li)

PtBUQ

! l/ N UCIZ( 3)3 |y

P'Bu,
A 235 mg (0.650 mmol) sample of bis(2-
(ditertiarybutylphosphino)ethyl)amine in 0.5 ml of tetrahydrofuran was added
to 0.600 g (0.626 mmol) of dichlorotris(triphenylphosphine)ruthenium(ll) in 5

ml of tetrahydrofuran. After stirring for one hour the solvent was removed in
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WO 2008/ 141439 PCT/ CA2008/ 000943 (a)
Bi s(2-(diisopropyl phosphi no) et hyl )am nedi chl orotri phen

wQ@b@kosabd ne- rutheniunm(1l) C PP Pr2 P Pr2 K/ BAEFCER2008/000943

NH + RuCl 2(PPh3)3 NRu--PPh3 H/ C P Pr2 PPr2 A

égé_o_rrg (0.655 mmol ) portion of (2- 5
vacubHSRRNPHI R e508hE N RS nhiUrERALE '

I rﬂ of ;etrahygrogurﬁmméaésdaggggd to a sus%grﬁésq?gﬁeﬂcr)‘?bht
and &0 thg $dlidbgroducbWasofollected by vacuum filtration, washed with 5

I,C rotris(triphenyl phosphj rutheni un(11),.i

mi obiathyh clheh A AERT B oaete” WVR sPeCiBsc idicated that o

mixtiréhJPidrsreql he sol vent was renoved in vacuo and then
2 m of tetrahydrofuran was added, followed by the

(c) dropwi s%(dlnﬂfnyipgomhimo)-N@(qudi;ﬂferb@mwbinova@yﬂfb&met@yl-
was .stirre or .30, m nut and.the sol.id s isolated

ethalighyi Wi o s PR e B P s we (00
MHz, CD2Cl2): 8pgh,40-7.07 (m 15H, P(C6H5)3); 3.42
(broad s, 1H,/NH); 2.26 (m 4H, CH2); 1.74 (m 4H,
CH2); 2.33 ( 2H, CH(CH3)2); 1.84 (m 2H, CH(CH3)2);
0.40 (m 12H\CH(CH3)2; 0.16 ( H, CH(CH3)2); 0.02
(m 6H, CH( 2) . {1 Bu@XFPiYR ataB3@Cl 2: d 39.5
(t, 2Jpp B 5 Hz); 27.5 (d, 2JPP = 27.5 Hz). The
conpound exhibited a good activity towards ammoni a
borane hydrol\ysis. (b)
Bi s(2-(diterti arpbutyl phosphi no) et hyl ) am new t hdi chl or
otris(tri- phen

| ph hi heni |
A e e (B ko) 7 oof 2

cpetp R PEA PR B Sy RLPEERPIty - metiygthgparyine

wasfj_et Llfrdddétdofur?m V\ﬁs GlcﬁIEJd L_ogo. 600(062®. 626 ramol)) of of
) ichl orotri ri phe ' [) i

dichigr o aRGRABR R RF OGP LTl - | IRYCHEP PORE] ot & nen ™ of

tetrahPHioHHanGid thEM&Elrk Was stirred for two hours. The solvent was

removed in vacuo and then 3 ml of tetrahydrofuran was added, followed by 15

ml of diethyl ether. After stirring for 30 minutes the solid was collected by
vacuum filtration and dried in vacuo. NMR spectroscopy indicated that a
mixture had formed.

A related type of ruthenium PNP complex was obtained by the reaction
of bis(2-(diisopropylphosphino)ethyl)amine with dichloro
tris(triphenylphosphine) ruthenium(ll). The P NMR spectrum of the complex
displays a triplet at 8 39.5 and a doublet at 27.5 ppm (3Jpp = 27.5 Hz). The
triplet corresponds to the triphenylphosphine ligand whereas the doublet
indicates the presence of the of bis(2-(diisopropylphosphino)ethyl)amine
ligand. The 'H NMR spectrum of the complex shows that the
triphenylphosphine and of bis(2-(diisopropylphosphino)ethyl)amine ligands
are present in a 1:1 ratio. The trans orientation of the chloride ligands is
proposed since the cis arrangement would cause unfavorable steric
interactions between the triphenylphosphine ligand and the backbone of the
bis(2-(diisopropylphosphino)ethyl)amine ligand. Analogous compounds have
been prepared by the reactions of bis(2-(ditertiarybutyl)ethyl)amine or 2-
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54 WD 2008/ 141439 PCT/ CA2008/ 000943 vacuo and then 5

m of toluene was added. The m xture was stirred
wo@®snigbs and then the solid product was col PEDCazhoBY00943

vacuum filtration, washed with 5 m of diethyl ether

and dried in vacuo. NVR spectroscopy indicated that a

g oA P ety el ylethagerming
with dichietrbtyis¢triphéaylphosghingrathenium(ll) and these displayed similar
di chl grotris(triphenyl phosphi ne)rutheniun(j'l) C PPh2
NMR-gigpefjes. r,ci 2(PPh3) 3 catal yst H3C PPh2 A 0. 648
nol ar toluene solution (0.98 nm, 0.635 rnnol) of a of

2.
Exanfplef#deny| phosphi no) - N- (2- (di phenyl phosphi no) et hyl ) -N-m
: |l eth i 0 dded 0.6 . 626 I
Bis(Z5lSeRcHp Oy B RRr e e P Rarr P BRI )
[ Rud 25@@3) "] in5mM of tetrahydrqfuran and the
m xtyure was stirred for two hours, Y30l vent was

renmpved in vacuo and then 3 ml of/ tetAahydrofugan was
added, followed by 15 mM 1ok diet | e\ heo
r oscopy

sti rrNthg + [RNQD)@EEawilt es t SorTi | ]

vacydm filtration and dried in uo.ﬁﬁh@
d. /A related type
dP the reaction

i ndfcated that a m xture had for

of rut heni um PNP conpl ex was obt ai A

of bIs(Budii sopropyl phosphi no) et hyl )am?ne with

dichlorg . tris(triphepyl phosphi rut LMLy T _

31p Nl\ﬁi@q‘éfﬁf&t r Uth of 1sﬁe cBi%l e%a%e’di sgﬁ?'ﬁyg a Hl plgieg(2
(dite@ﬁé%@gpgowna)éiﬁwmrﬁheah R fol DfRefahydrBRiran 2¥ad abidid to

| et corresponds to the triéhen | phosphi ne
a dadlgtiond wiier 438 tmg déRBAEt mmal catles Tidreyplpasiadianeg.4-

R AT RS e
to reglbﬁ fczﬂr ﬁ%@hﬁmi@"Qﬁaﬁh@ﬁht@@ds@?intl was remc|>v_ed indvacuso. ¥ip
e TR 2 S S A
indicgi et BunbARBTiar BB Dt avor bl 6 steric

i NA et BNPetumplext st pigpaesy Iyhtep headtidn ghds(2r(di-
t he backbone of the

tertiasybyty RhesPER By aMEDi no) et With) ani ne 1YGloRgtadiens(2,4-
pentaNELBAGE HMRANNdTHRSE NMR spectrum of the product showed a

doublet at & 63.6 ("Jrre = 161 Hz). Although the *'P NMR spectrum showed

by 15

mostly one resonance, 'H NMR spectrum of the material indicated that the

other species were present.

Example 25
Bis(2-(diisopropylphosphino)ethyl)amine with dichloro-
cyclooctadienepalladium(li)
Pipfz
THF
NH + Pd{(COD)Cl, —‘E—t—"" catalyst
3
PPr,
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been prepared by the reactions of
bis(2-(ditertiarybutyl)e-thyl)amne or 2- 55 WO

wWQoM8M41439139 PCT/ CA2008/ 000943 PCT/CA2008/000943

(di phenyl phosphi no) - N- ( 2- (di phenyl phosphi no) et hyl ) -N-m

et hyl ethanamne wth
diachl onehr i i ph j t hepadrg | | d nis(o-
R A L S AL S T L &
(dllsoﬁrsmyﬂ?hm%mnmﬁemmemigedhkhfi@ﬂrizﬁ‘dﬂzé’fﬂ’!y)z] avasnadded to 96 mg

- pent anedj. gnat e, r.hodi . PtBu2.Pt Bu2 H.

(033D Aistigio° 1 ey gpasienspaiscisimliy RGP B0
ml ofgléﬁaﬁﬂdrbﬂ:rgﬁ?” g Rl .26 nPhélf f triethylamine was added and then

ditertiarybutyl phosphino)ethyl)amne in 1 m of
the nmirturawal mEfluxed fon80 adidetest oNMR saestibstdmnindicatexs that a
., (0.342 mol,) 3af 1 -\ Cl di ene-2, 4
it hedrIoaBrac g N B A EE BRBR Ve inay ol PSR (.
15 96J /8517 1!'35 YS4B3alRA)! OTHE MatXribOhal Yl AR ARfer
en the solvent was renoved in vacuo. 31P NWR (162
purifisétion {06 BemosistiBoranedydidlysis E&peHmentaH NVR
spectroscopy indicated that a m xture had formed. 15
A rhodi um PNP conpl ex was prepared by the reaction of
Exan%lé%(di - tertiarybutyl phosphino)ethyl)amne with
~cycl ooct adi ene?TZ, 4- pentanedi onate)rhodi un(l). The 31P
Bis(2Nidisepropyinhasphinohethph ashing wih owéarasbomddispeelt®y) s
63.6 (1JRP = 161 Hz). Although the 31P NWR spectrum
showed nostly/offé’eesonance, 1H NMVR spectrum of the
material indi¢ated that the 20 other species were
present. Exanp\g 25 0.5 Cox(CO)g alyst

Bi s(2-(dii sopéopyl phosplhydngy et hy| )cgtn% ne with dichioro-

cycl ooct adi endpal | adi un(1F) P Pr2 THE NH + Pd(COD)Cl 2
T catalyst N P"|2r§ P Pr2

In a typical experiment, to a solution of  Dbis(2-
(diisopropylphosphino)ethyl)amine (0.20 g, 0.65 mmol) in tetrahydrofuran (20
ml) was added octacarbonyldicobalt(0) (0.22 g, 0.65 mmol). The reaction
mixture was then stirred at room temperature overnight. Evoiution of bubbles
was observed during the reaction. The solvent was then evaporated, and the
residue was precipitated by the addition of hexanes. The orange precipitate
was then filtered and washed with hexanes under argon to obtain an orange
solid. Yield: 0.24 g, 87%. *'P{"H} NMR (400 MHz, CsDg): 8 96.97, 74.32. 10
mg of the product was dissolved in 10 mi of tetrahydrofuran and 10 ml of
water in a scintillation vial to form a yellow solution. Ammonia borane was
added (50 mg, 1.620 mmol) and the hydrolysis rate is very good with metal
deposited after ca. 30 minutes.

The reaction of bis(2-(diisopropylphosphino)ethyl)amine  with
octacarbonyldicobalt(0) afforded a mixture which displayed two resonances in

the 3'P NMR spectrum. Separation of the compounds was not achieved.

Example 30
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56 WD 2008/ 141439 PCT/ CA2008/ 000943 A 103 ng (0. 337
mol ) sanple of bis(2

W@ ciosaeopsopyl phosphi no) et hyl ) am ne [ HN( CH2 CH2 PPEr/2)A2]08/000943

was added to 96 ng (0.336 mmol) of

di chl oro- 1, 5- cycl ooct adi enepal | adi un(11) [Pd(COD)C 2]
Bis(2-(tjiﬂsgﬁrdﬂylﬁos‘pﬁﬁc%u'gﬂ)%ﬁhén- wil | cdBalfth) elrafi@droborate

triethyldam ne was addéd and then 5 the m xture was
hydratef | uxed for 30 minutes. NVR spectroscopy indicated

that a mxture hi\g,;‘orrred. 31P{1H NWR (162 Mz,

t et rahydr of uran/- 28 65.6 (ca. 15 %; 45.7 (ca. 35

%; 45.1 (50 %. The naterial was used w thout further

purification fogsammdP®@ e, hydral ysis

experinments. 1@ Exanpl e 2%

Bi s(2-(diisopropyl phosphi no)ethyl)am ne with

oct acar bonyl di c PpLO C P Pr2 0.5 CO2(CO 6 NH
catalyst CH3CN P Pr2 In a typical experinmen

ot
sol e ireactism was(garriedi QW ANRGIYHL & t2i6n%'§?‘é‘f€f\y|\$"§lﬁ19 92429’

( . ) g t . .
58% Bk muis et SERPaled PE SUERIB b oE By arsigar Epgnia
borafhBe reaction m xture was then stirred at room

tenperature overni ght. Evolution of bubbles was

observed during the reaction. The sol vent was then
ated, and the residue was precipitated by the
Exa'g'égalo?\gon of hexanes. The orange precipitate was then
Bis(3-(tisopedydpklo spshe)ethyltdmine wetfresoldgienuar(frehieridsht ai n
an orange 20 solid. Yield: 0.24 g, 87% 31P{1H NWR

(400 MHz, C6D6),—8PE& 97, 74.32. 10 ng of the product

was dissolved A/ n 10 mM of tetrahydrofuran and 10 m of

water in a sc{ntillation vial to forma yellow

sol ution. Amoyia borane wagHFadded 0, ng, 1.620

nmol ) and the Vlar ow‘é‘f%? rate 1s ve?&?yétood wi th netal

deposited after ca. 30 m nutes. 25 The reaction of

bi s(2-(diisopnopyl phosphi no) et hyl)am ne with

oct acar bonyl di &gbal t (0) afforded a m xture which

di spl ayed two resonarces in the 31P NMVR spectrum

Separat gy of e coggynds wamolot agithpied. BRamphis(2-

SoRaratheg of mie comset ot aedinpie
(diisopropylphosphino)ethyl)amine [HN(CH.CHzPPrz);] in 2 ml of
tetrahydrofuran was added to 125 mg (0.618 mmol) of molybdenum(lll)
chloride. The mixture was stired overnight and then the solvent was

removed in vacuo. The brown solid was triturated in hexanes (5 ml); the
hexanes was decanted and the solid was dried in vacuo to give 280 mg of a
brown solid. NMR spectra were not obtained. The material was tested for

ammonia borane hydrolysis.
Example 29

Bis(2-(diisopropylphosphino)ethyl)amine  with of iron(ll) tetraflouroborate
hydrate

58



10

15

20

25

WD 2008/ 141439 PCT/ CA2008/ 000943 Bis (2-
(di i sopropyl phosphino) ethyl) amne with cobalt(H)

W@ edosail4gor oborate hydrate P Pr2 NH cat al yst PCITER2008/000943
P'Pr2 The reaction was carried out anal ogously to 26
above. Yield: 0.42g, 5 58% Black solid was deposited
after a few mnuggs of hydrolysis of amonia borane.
Exanpl e 28 Bis (dl i sopropyl phosphi no) et hyl ) am ne
with nol ybdenyn(111)_ chloride P Pr2 THE NH + MdCl 3
catal yst 10 2 KSR k0. 661 _mmml) sanpl e of
bis(2- (dii so:E)pyl phogphtipo) et hyl At ne

[ HN(CH2CH2P Pr2)21 in 2 m of tetrahydrofuran was
added to 125 0.618 mml ) of ol ybdenun(I11)
chI oride. The m ?’@re was stirred overni ght and then

sol%/ﬁjnt V\k?ﬁq 6%\0‘9‘]' [ H,lrﬁ{?ﬁut heocn_ﬁo}?rowasol 'gis(Z

vvas triturated Yn h xanes (5 exanes was

(dils@tmpmphd»sphmoyétayﬁ@hirda \A@S dddext! dropwiseuio & soution 38220
pectra were ngt obtained.

mg %ﬁrﬂ?@ﬂ)a@f \7\%'3(?‘9 é@tf@fépws Oraéﬁrhywa iy 2@l of acetonitrile.
The E%ﬁg{}f?% X9 stird Fﬁlagpl r?nr?tﬂ&g? afn@th%ﬂ' Qﬁlr IPYRASRREN Qs

amne w i ron tetr our obor at’e
addduy dirapwisB8akd meowsmm@gomwayxmamomeead RinAr drigdH in

vacu%)O (\g—?mb)B"@” | @ﬂ'\ao%)e& rgggopy mdlcaged tha%2 Mikture had

formed. The material was tested for ammonia borane hydrolysis.

Example 30
Bis(2-(diphenylphosphino)ethyl)ammonium chloride with nickel(ll) bromide
PPh,

THF
NH2 + NiBr, — > catalyst

CP triethylamine

PPh,

To a tetrahydrofuran (20 ml) solution of bis(2-(diphenylphosphino)-
ethyl)Jammonium chloride [HN(CH,CH2PPh2)*HCI] (0.25 g, 0.558 mmol) and
nickel(i) bromide (0.12 g, 0.558 mmol) was added dropwise 2 equivalents
triethylamine (0.112 g, 1.12 mmol). The reaction mixture was then allowed to
refluxed overnight. The solvent was then evaporated and hexane was added
to precipitate the product. The orange solid was then washed with isopropanol
(5 ml). Yield: 0.25g (81.5%). 'H NMR (300 MHz, CD,Cl2): 4 8.10 — 7.23 (br, 10
H, Ph), 3.60 (s, 1H, NH), 2.97 — 2.12 (m, 4H, NCH>CHg), 1.30 — 0.77 (m, 4H,
NCH,CH,). >'P{"H} NMR (300 MHz, CD.Cly): & 32.0 (ca. 40 %), 28.0 (ca. 40
%), -20.2 (ca. 20 %).

Example 31
(a) Bis(2-(diisopropylphosphino)ethyl)amine with copper(l) chloride
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(di i sopropyl phosphi no) et hyi ) am ne was added dr opw se
to a solution of 220 ng (0.652 mol ) of iron(//)

W edosaitl4eur oborate hydrate in 5 m of acetoni tPCT/€A2M8/000943

The m xture was stirred for 30 mnutes and then 20 m
of diethyl ether was added dropwi se and the resulting
solid was vacuumfiltered and dried in__ygguo. Yield
370 mg. NMR spectroscopy indicated that ifi xt ure had
formed. The matetial was tested for &mopi a borane
hydr ol ysi; .P,IO\/EN Sop 3Q_THF, reflux _N—Cu

Bi s(2- (di Erﬁenyl phosphi né’)) et byd)) ammrhk um ’:ﬁtori de with
ni ckel (//) brom de (0-PPh2 THE NH2 NIl Br2 cat al yst
Clp triethylam ne PPh2 To a tetrahydro Rffan (20 nml)

S tio | pho hyl
chor | PN B CroRASTG | TTaBhs o PerieRs Aol b2

T 0. I d
(disgraByFRsphint) vgl"f%ﬂ‘?‘ét rﬂmﬁ’ﬁ‘%ﬁﬁﬁﬁ PR e 200q8e of
tetrahwdt@furamwasachiedow i160ug €1 \ﬁaﬁ mieol) af Icompelr {lp chloride in

fl ht. . Th

20 i SEWRlran FRtne i el re b R Bl AP Soient

was 96Ma9ed 319 VaBudBS affbRNa \WBRiREs Wrydtalline Woﬂea“ﬁéld 493) mg) 90
Yield: 0.25g (81.5% . 1H NMVR (300 MHz, CD2Cl2):

%). The nege(iakwag tested For grnmonda borane hydrpfysigH) , 2. 97 -

() EiyicPigieb lRpionl oty oiishoyoBordgl .00 oy 38 o

(ca. 40 9, -20.2 (ca. 20 % . Exanple 3dzgy (a)
Bi s(2-(diisopropyl phosphi no) et hyl)am tﬁﬂ copper(/)
chI ori de 59 WO 2008/ 141439 PCT/ CA2008/ 000943 P Pr2 H

~ ' Pr P ~t PRRENTHR. pef TG efix Qugy, N|=r¢uC| PPr2A
0.500 g (5”2837 mol ) p%h. opuof Di s*(

(di i sopropyl phosphi no)ethyl)am ne [H CH2P Pr2) 2]
in2m of P'Bu,

A 0.500 o} (1.384 mmol) portion of bis(2-
(ditertiarybutylphosphino)ethyl)amine [HN(CH,CHzP™Bu,)2] in 2 ml of
tetrahydrofuran was added to 134 mg (1.353 mmol) of copper(l)chloride in 20
mi of tetrahydrofuran and the mixture was heated to reflux overnight and then
the solvent was removed in vacuo. The solid was washed briefly with ca. 2 ml
of hexanes and was then in vacuo to afford a solid product. Yield 455 mg (73
%). 'H NMR (300 MHz, CD2Cly): & 2.86 (m); 1.75 (m); 1.24 (m). *** NMR (121
MHz, CD.Cl): & 17.5. The material was tested for ammonia borane
hydrolysis.

Copper complexes containing N(H)(CH.CH2PRz)2 (R = isopropyl,
tertiarybutyl) ligands were readily prepared by the reaction of copper chloride
with a slight excess of the ligand. The *'P NMR spectrum of bis(2-(di-
tertiarybutyllphosphino)ethyl)amine chloro copper (I) displays a resonance at
5 17.5 and the 'H NMR spectrum of the complex shows the expected
resonances. A  single crystal of the complex bis(2-

(diisopropylphosphino)ethyl)amine chioro copper (l) was obtained and the X-
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30

tetrahydrofuran was added to 0.160 g (1.616 mmol ) of
copper (lI) chloride in 5 20 m of tetrahydrofuran and
wo b@simamsur e was refl uxed overni ght. The sol vePCT/CA88/000943
renoved in vacuo to afford a colorless crystalline
Ec,olid Yield 490 ng (90 9% . The material was tested
ray shottfeWa de
y Bis(2-(diterti arybu{aéd%%)ﬁs/gihllsng‘%tbayIThaerr?t#(Je%tHreo];eoact:%rggea
distorted YetralertraBligand-anr@gnerhabout ir@gopper, ref | ux &
H1-1 NNCu -- CQuCl | C PtE3u2 10 A 0.500 g (1.384
mmol ) portion of bis(2
Ex ,,g,gybt@m ar ybut yl phosphi no) et hyl ) am ne
[HN(CH2CH2Pt Bu2) 2] in 2 m of tetrahydrofuran was
a) Symdfaesis obtrickloragxeis@igehenydphosphing) phastiymy ¥hi or| de . n

(oot o AR “and Then - (HLEP Ul UER TERE e

in vacuo. The solid was washed briefly with ca. 2 m
15 of hexanes and was then in vacuo to afford a solid

prATd @gueoys eialutitBE ofrpefrieniopcidl BHRRRL) 690 a4-B5-70 wt %,

025355l ol b7, (bl M G

concéﬁ!i‘ﬁ!é'daadljé’o@@% divehiletiy acrt (7C®)ﬁﬂ)9Wa§ @mﬂbdxﬁ‘he solution was
contai ni ng N I—|)(CHZCH2PR2) = | sopro

thentaﬁdadatq/auwsgensncghﬁﬂérlmmrylnwmrgﬁ @%Eﬁr%&@@ yeol) in
250 (35 443aEAodROR8H ) AODTR, oAk oR LA Yok 5 Srer

The ts@ldtloaar Waigt ;tlﬁrehoﬁ)pmmaheuﬂtad ) and rteeckolat ava ppmoved) by
vt B e RN S B 0, icadd e witn ity
ethel g@%?ﬁlg yleﬁﬂls‘l@@' @0yt anlér*b%nféwlﬁhé&rgtlﬁétz 3?f5{1H}

Iisopr osphi ho) et Hyl') am ne chi oro copper
NMR/\@&Sde-BI, ﬁJeDs)ar&dWr&e X— 60 V\D 2008/ 141439
PCT/_CA2008/ 000943 ra re was term d(a
(b) seeﬂ—ricﬁ%fP@’ER@s pheméo f@’ﬁ"@g( res a¥ |stortf’§@

(dlte%&f}gﬁ%gg%hmg@nﬁ]@%eg}snt about the copper.

trichl orooxobis(triphenyt phosphl ne niymV) HReO4 +
51503 PLES1S) 5, Bo0L o Broesg, LG g

aqueous tion of perrhenic aél d (HRe®™4) (5.0 g,
65FrichigooXybis(triphenylphosphine)rhenium(V) (ReOCI3(PhsP)2 (0.25
g, 0.3 mmol) and bis(2-(ditertiarybutylphosphino)ethyl)amine (0.11 g, 0.3
mmol) were mixed in tetrahydrofuran (25 mi). After stirring for 5 minutes, the
solid dissolved to form a brown solution. The solution was then allowed to
reflux for 2 hours. The solvent was then pumped off and the solid was washed
with diethyl ether. The solid was then dried under vacuum to obtain a pale
brown solid. Yield: 0.137 g (74%). 'H NMR (C¢Ds), &: 6.90 (br, 1H, NH), 3.00
(m, 2H, CHo), 2.15 (m, 2H, CH.), 1.20 (vt, 18H, CHs), 1.11 (vt, 18H, CHj).
3P{"H} NMR (C¢Ds), 8: 20.6. 10 ml of water and 10 ml of tetrahydrofuran was
added to 10 mg of the material in a scintillation vial to form a brown solution.
The material was tested for ammonia borane hydrolysis.
Reactions of aminodiphosphine ligands with various other transition

metal sources such as molybdenum(ill) chloride, iron(ll) tetrafluoroborate
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3.25-3.50 mmol ) was evaporated to a syrupy

consi stency, to which 10 concentrated aqueous
whyasoenBoric acid (7.0 m) was added. The sol BECT/OA2088/800943

then added to a suspension of triphenyl phosphine

(21.67 g, 8.26 mmol) in 250 nl of glacial acetic acid

hexa‘h‘?dﬁatéoo tﬂbhlbﬂ%@b%ﬁrmgﬁglghbgﬁﬁn@)man@ I T &fichlordl®,5-

solution was stirr m nutes, and the solid was

cyclaostadiede)palladium(iht pomicked Biemide WEr@I‘ﬁtenmtedc eflhese

reac Cllasdfo(ﬂ%)é%dmxi a go g@'@gﬁ"ﬂgé‘@g hsré"%bpégpgﬁtrg?‘% so)fgt%d but
the u@"sﬂd%épar%&i%n*rﬂlexé@@e('é@%e&ﬁdé ctss: S -17.9. (b)

Tri chl or ooxobi s(tri phenyl phosphi ne)rheni un(V) wth
bis(2- (ditertiarybutyl phosphi no) et hyI )am ne. H - THF,

Exar&ﬁ% 2 hr’\ catal yst ReQOCl13(Ph3P)2 + t Bu2P
ut
(a) RéaafdrpUﬁCQ<ﬁw/g(dliéopb’m)ybmmmlitb)méthjflwnmiir(é/)with cobalt(ll)

(ReOC 3(Ph3P)2 (0.25 g, 0.3 mmol) and

chlomgles( 2- (diterti arybut yl phosphi no) et hyl )ami ne (0. 11 g,

0.3 nmol) were mxedlntetrahydrofur (25 m).

After stirring fof5 nminutes, the SO|\I & di ssol ved to
forma browh sglution.C®¥e sql utfo Nugg-Qhen al | oned
to reflux Roy 2 hoursr g solv s ¢'hen punped
off and the soligipyas washed 25 wit Pgt hyl et her.

The solid was then dried under vacuumto obtain a pal e

brpym §@|bud?| oYlzesxbus(@du&abr@MMphlﬁdﬂmwwm@m)e (@20 g,

0. 5s@H§J°o|)‘ %r gq;rqﬁmdrgpm (@9@6 wasg 9d(i§g gop@ﬁ(lf)@@?nde '?CoClz)
0o 15{ ol Sachy syl WPy 4, i
temgre{]ramrs?bmzl HdLEISIaFItd t\htealdre}ﬂuxé«b fon 2 rtmmsmTlm lsgtvgoh IWas3!r!)en
e materi s, tested for ne rol ysi
evanaiaien, R B raSEHE IV, BA o] PYARR SN QLIGHARER. The
precﬁﬁ%?% widsfil IrléP Qhd méh&\lva@‘i’éﬂ QA% ISeidhedSto obtain a blue solid.

denu chloride, iron(ll) tetrafl uoroborate

Yield10. vmgzmsmam@ moRLChRes Slisamers in hemhy/fdeyaéydrofuran

anc YLV P SRARLH SRR ISB IR PN, e g

was&éétb@ﬁ@ﬂéﬁ\%dbﬁé*bo?ér‘ié?ﬁv@reﬂ#SIsThese reactions formsd

m xtures from wh Si ng e compounds wer

buTher neasiorel of SAdnidisansapY IeRES B I eladopyeing | With

cobaclﬁﬁféﬂc?ﬁdse E’roceeded smoothly to afford the paramagnetic blue
complex 2,6-bis((diisopropylphosphino)methyl)pyridinedichlorocobalt(ll).
(b) 2,6-bis((diisopropyiphosphino)methyl)pyridine with chorobis(cyclooctene)-

iridium(l) dimer

PPr,
— [Ir(coe)2Cll2
\ /N e - catalyst
T

PPr,

To a solution of 2,6-bis((diisopropylphosphino)methyl)pyridine (0.20 g,

0.58 mmol) in tetrahydrofuran (30 mi) was added
chlorobis(cyclooctene)iridium(!) dimer [If(COE)2Cl}. (0.26 g, 0.29 mmol). The
reaction mixture was then stirred at room temperature for 2 hours until all of

the solid dissolved. The solvent was then evaporated, and the residue was
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Exanpl e 33 (a) Reaction of
2, 6-bis((diisopropyl phosphi no) net hyl)pyridine with

weowalisgbd ) chloride P Pr2 P Pr2 CoCd 2 CN C PCT/CA2008KHD0943

\- 0-C THF, reflux f P Pr2 PPr2 10 To a solution

of 2,6-bis((diisopropyl phosphi no)nethyl)pyridine (0.20
prec@;taﬁadssy mbhdltn@nt@ﬂhmofmé et até Wagehtepstl afid then

cobalt(ll) chloride (COC 2) 158 ol
waSheébMthd?ﬁwnﬁwpeomam ﬁmiewllpwwlﬁf B NMRo62 W,
CoDS% 13, 11ef 3114 BeR0"REIIPHRL dBliud VIS HksollRs Ol Flor

hen ~evapor ate & 'T éSi due” was preci pi

tetrah}’dl’bhﬁaﬁchi‘ld 10 mnicdf WaetsRea - scintilafidn R ¢ Fbrhbaedasblution.
filtered and then washed with hexanes to obtain a bl ue

Ammgagia dorane evas added (0 Mo, ny630 mmepapddbe hkolysis rate
was m({%%% ed in 10 M of tetrahydrofuran and 10 m of
I'h a scintillation vial to forma pink solution.

Th@ttémbwﬂo%repamlrﬁﬂsheﬁ rh@mluwmnbkxbsro@mmmlng the ligand
26—b2g/( drol ysis. The reaction

'Uﬁ@(P(f GPYIEB%RJHWW@WPW&'H% hit wa§rfedndethaf taixtusgs
were%hﬂle&(tll\ét)\ﬁg}eg?éé@lnoéxﬁl:eeded snoothly to afford the

ramagneti c
(c) 2 621ﬁ-b(9((dws<smppylpﬁbppbmpymadbyﬁpthn)epyr| dithedi chenrare-

. obalt(l1). bb.z,
d'Ch’Bf%Pﬁﬁ?Hﬁ)"mé’ #%’WI phosphi no) net hyl ) pyri dine with

clhorobi s(cycl opcpppe) - iridi un(l ) d| pr P Pr2
r(coe)2Cl C rt PPr2 25 T

Eﬂ sc()I uti)on f Rucu %’% I °

2,6-bis((dil - r opyl pﬁtb:spﬁwxno) e I )qyr(f dine (0.20 g,

0.58 mmmol ) in tePPahydrofuran (30 Pwazs added

chl orobi s(cycl ooctene)iridiunm(l) dimer

r ( COE) 2C g}]
(OTea golution ®f Phibjs(( ﬁ@prqm'émcpsmlmﬁ)majhﬂ)nfva inehéh20 g,

stirred at t I I
0.58; 10 cor i o Bred L BEPRNBroRlar a3 b L, L | Added
benzen@didMoroastheneml difier IRWZIABP-CEHRP (0.15 g, 0.29 mmol).

PCT/ CA2008/ 000943
The reaction mixture was then stirred at room temperature and then refluxed

for 5 hours. The insoluble solid was then filtered off. The solvent was then
evaporated, and the residue was precipitated by the addition of hexanes. The
precipitate was filtered and then washed with hexanes to obtain a pale brown
solid. "H NMR (400 MHz, C¢De): & 7.47 (m, 1H, Ar-H), 7.22 (m, 2H, Ar-H),
3.90 (b, 2H, CHz), 2.60 (b, 2H, CH,), 0.80 — 1.40 (b, 28H, -CH(CHs)2). *'P{"H}
NMR (162 MHz, CgDs): 6 43.2. Yield: 0.1 g. 10 mg of the product was
dissolved in 10 ml of tetrahydrofuran and 10 ml of water in a scintillation vial to
form a red solution. Ammonia borane was added (50 mg, 1.620 mmol) and
the hydrolysis rate was moderate.

When 2,6-bis((diisopropylphosphino)methyl)pyridine was reacted with
dichloro benzene ruthenium dimer, a single compound could be isolated that
displayed a single *'P NMR resonance at 43.2 ppm. The "H NMR spectrum
of the complex showed only resonances due to the metal bound 2,6-
bis((diisopropylphosphino)methyl)pyridine ligand. Although the material was
not characterized via X-ray crystallography, the compound 2,6-
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preci pitated by the addition of hexanes. The

precipitate was filtered and then washed wi th hexanes
wao eoshsBsn a pal e yellow solid. 31P{1H NVR ( 1BCT/VAz008/000943

CeD6): S 12.1. Yield: 0.114 g. 10 ng of the product

was dissolved in 10 m of tetrahydrofuran and 10 ni

b|S((d3%0bﬁipf§lllphd‘sp@nrﬁﬁmﬁh*)l)(pyh@me)td%lhIdr@rdtﬁéﬁum(ll?dndlcated in
tion Ammoni a borane was added (50 ng, 1.620

the sehemy abeverwes mast bkelyifermed.e was noderate. Attenpts
to prepare iridiumor rhenium conplexes containing the

I i gand
Exanmipl6-34% S((dl -i so- propyl phosphi no) net hyl ) pyridine. It

was found that mxtures were fornmed that wer, useg
N,N' @quylmspéyneglyl)bls(methylene)d/propan -amine With alt )]

chior ebl s((diisopropyl phosphi no) net hyl ) pyridine with
enzene- dichlororuthenium(ll) dinmer PPr2 PPr2 N
[ RuCb(rys-C6H6) I 2 NHE:RU—CI THF ref lux PPr2 P Pr2
To a solution of ,
2, 6-bi s((di i sopPapyl phosphrl'_W:o) met®9¥Stpyri di ne (0.20 g,
0.58 mMmol ) in te;\“a-hy—dmofuran (30 rr1) was added 15

A SR AR RN
mmoﬁg'u; rgd_at N, NQ(BHéW&b%FrféoWl}blé(hﬁé’thW@hb}bﬂﬁt‘bpaﬁ@-_?_ﬁune

s. The i'nsol ubl’e solid was then filtered off
PhP (€t NHIPr)naeerehmixedeinap0rmt of tetiafydratirars three spision was

h
noard 5 FDE DB SHEl R 3ok W o i g, T
resndh@ WhS @xﬂ;@tﬁﬁlr@o @iﬁWﬁ@\@ﬁ Oflgeigczi ]tHrth Ca0te bhd then the
solver wgg-remmg;d ln(zvn%;@xq@ glgﬁa gqup onbcl'g@ maiel @év{% te§§q9 f%r
amw%‘gf %@hyd%lifg{s NVR (162 MHz, C6D6): 8 43.2.

ng of the product was dissolved in
10 m of tetrahydrofuran and 10 m of water in a
scintillation vial to forma red solution. Anmonia
Exampiead® was added (50 ng, 1.620 nmol) and 25 the

' i | hilBiPRERRineVWhen  with chlorobis(cyclo-
Bis( ?@-’%@P@F@%@rlopyllphg@{)hl no) met hyl ) pyri di ne was

octenelredienh (Ridimer di chi or o benzene rut heni um dinmer, a
singl e compound could be isolated that displ ayed a
singl e 31P \NVR resonance at 43.2ppm The 1H NWR

spectrum P,ppnpl ex showed RResonances due to
the net al \

o5l Cl _—H

bis((dii sopr opML@h sp%ﬁﬁglﬁew}ih ) pyYi qu l'i gand.

Al t hough t he—xfat er i al Benaspe, ot ¢f7a acierF%ed via X-ray
crystall ogr,P"Prlae conpound 2 PiPr2

Bis(di-m-isopropylphosphino-di-p-tolyljamine (0.2 g, 0.46 mmol) and
chlorobis(cyclooctene)iridium(l) dimer [Irf(COE).Cl]2 (0.2 g, 0.23 mmol) and

toluene (10 ml) were placed into a schienk flask. The solution was stirred

overnight at room temperature and then the volatiles were removed in vacuo.
Hexanes was added and then the orange solid was then filtered off and the
green filtrate was evaporated to dryness to obtain a dark green solid (0.23 g,
75%). "H NMR (400 MHz, CgDg): 8 8.28 (t, 1H, Jp.n = 8 H, NH), 7.66 (dd, 1H,
PhH), 6.98 (d, 1H, PhH), 6.50 (dd, 1H, PhH), 2.18 (d, 6H, PhCH3), 1.75 (m,
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63 WO 2008/ 141439 PCT/ CA2008/ 000943
bi s((diisopropyl phosphi no) net hyl ) (pyri di ne)-dichl ororu

wo b@situmgd | ) i ndicated in the schene above waBCTO&2008/000943

likely formed. Exanple 34 5
NN - (phenyl phosphi nedi yl ) bi s( et hyl ene) di propan-2-am n

4H, d / P P
%?Pa’fm QWL%F“%HQMQ 27 tr1H3Q PFH? NMR (162

MHze ot 1 P! 301 B a:fdtmaom@uc(tow@gednssmp i 10 mi of

tetraﬁlgdroi\&% wﬂ‘ﬂpﬂgﬁﬁd é@%&%l en?%n%%?r ghad solt?tlon

AmnidHia anfQﬁ@fw'éélraddéhe(smomg i pe20asmoDabRd the mrirblykisl fite

five mnutes and the solvent was renoved i n vacud. The
was r egbdde ane exomparabdle ntte ditkathylofet e, eompiaxed bis(2-

(s Ry g ST DR bRl cH SOt BT 2t e o

anmma| @ns@&tmngoﬂsmﬁwms Rinoldi-g=teyiparaing5 ligand should be
Bi s(di mlsopro phosp i no-di -p-tolyl)am

much meredtifispl ye re ntvate BAE3Ysq of ﬁh\ﬁ( Pherylaae trﬁfﬁﬁbﬁnﬁ 'gndthus
com&g%§£|5f( 5%?2! C@él;ép?pg@h%sbhﬁo'\hl ) kol%amﬁ'}ep sRbald be more

éne,
stabli. ( The meambno p¥ | i@ pisupropylphosphihd-aidortelyl)andng, with

d hi iri
chiofgig(exeipots PpelgBmy ) dmas bser saamEb! Hieray s sy ds
a pr@?ﬁ@t RhRFE displ Ipn&% g SPhNWWQ fesBakncd it $2l5Ud.i Uﬂhé\’aﬂ NMR

rred ove ht at roomtenperature and then
spedtimt displaysetie rseagnaledexpeotad:ufmom Hwanetaﬂmndddgalnd in

and then th oran I th f | £ d
addifile to By FESUTaRCE S 27 2)5br Sitonugh T Fetidef Bds not

A e N S

showvlfin scheme above.

Example 36
Bis(di-m-isopropylphosphino-di-p-tolyl)aminedichlororuthenium( 1)

Q PIP Fo Plp ry
[(CODRUCI), _

N—H

toluene, 80°C H~N™ RuCl;
i overnight
PPI‘ §j;PIPr2
n

This compound was prepared according to the literature procedure
(Celenligil-Cetin, R.; Watson, L. A.; Guo, C.; Foxman, B. M.; Ozerov, O. V.
Organometallics, 2005, 24, 186 — 189). Yield: 0.23 g, 66%. 10 mg of the
product was dissolved in 10 ml of tetrahydrofuran and 10 ml of water in a

scintillation vial to form a red solution. Ammonia borane was added (50 mg,
1.620 mmol) and the hydrolysis rate was moderate.

The reaction of bis(di-m-isopropylphosphino-di-p-tolyl)amine with
dichloro(1,5-cyclooctadiene)ruthenium(ll)  polymer cleanly produces the

65



10

15

20

25

PhH), 6.98 (d, 1H, PhH), 6.50 (dd, 1 H PhH), 2.18 (d,
6H, PhCH3), 1.75 (m 64 WD 2008/ 141439
wWEMBTARBDE8/ 000943 4H, CHCH3), 1.15 (b, 24H, EHIER}008/000943
-27.00 (t, 1H, IrH. 31P{"H NWR (162 Mz, C6D6): 8
25.0. 10 ng of the product was dissolved in 10 n of
PrevoBa e TEPp et PoNERerC  chingiox "l Sy Bho e Sy
tolyl)agOnedjchior@dtheniwhnjll)and t he hydrol ysis rate 5 was good
and conparable to that of the conpl ex bis(2-
(di i sopropyl phosphi no) et hyl ) am nechl or odi hydri doi ri di u
Exarfiple 3% ). The
bi s(di - misopropyl ph hi no-di-p-tolyl)amne |i'gand
Bis(ctmausapr oeylphgswhlnmwfﬂyﬂ)amnedlpbloa@wwd{ #) because of

t he " phenyl ene' backbone and thus,  conpl exes of

bi s(di - mi §err opyl phosphi no-di - p-t | )am ne shoul d be
- pRRe reaction of PiPT,
ofr opy| phosphi no- di - | )i ne with

chl or obi s(cycNoBoct ene94—|'-|-d|-u-ni(l ) dy ﬁn{(;oﬁ’l‘ oceeds

rel ativel y/eKeanl y andtaffsotals a pedduft'which

di spl ays RRR resonance at S -PAhe ' H NWVR
spectrum dy'spl ays the signals expected fromthe

nmetal -bound ligand in addition to a hydride resonance
atA SnixRife OF. coaditiducthiotite (Cod)e®.0%g, 0@3 timbemd di-m-

) characterjzed crystallo hically we propose th
Isoprpemp@pﬁpemmlnnstcﬁylem'@%g@ﬁg.91 Os%%@h@oaﬁexr%fa@éﬂ&ren 480

mi) V?ﬁ%‘gﬂa‘?ﬂ{f‘g?ﬁ? en| un‘?‘! Aﬁéybéolmq the solvent was
evaplof&160) 61t @ndl] the(solid Nasl prelclpaiatad amnmexanemm afford @rdark

purog S8 B 5 4 e o el VAR 68 i 10 o

tetraﬁﬁ?f‘o@uﬁlahgér{d ¢@tnhlrbf wWater Wb Ss@ihtillatiof\vial @& $ormia; rei@di@ion.
; Qzerov, O Organonetal |ics, 2005, 24, 186 -

The mnal\vv@s tester fg agnm@e% bQ@“ﬁd‘Y@FOWﬁ'é product was

O Rl Al 5 SERYE B85 B was

prepéfédﬂbyomeaﬁﬁgbﬂl sliditr erceswvofabidedl- rhEQompylphoﬁﬁlQno ~di-p-
) ‘and the hydrol ysis rate was rmder? f;J'g

tolyl).agaae,mth sobalt(l chlorlde to 50 °C. The reaction affords the dark

purpfd S TLI-SQRERRY! PRASRBIERO- di pR{diFhY%bdABhYRHBEbHino-di-p-

tolyl)amine(dichloro)cobalt(ll). The structure is expected to be analogous to

that of bis(2-(diisopropylphosphino)ethylyaminedichlorocobalt(ll).

Metal Complexes with (-P-N-N-) Ligands
Example 38
(a) (Diadamantylphosphino)ethyl-(diethylamino)ethyl amine with

chlorobis(cyclooctene)iridium(l) dimer

NEt, NEt,
( 0.5 [Ir(coe),Cll, ( M

N—Ir—H

NH
~
&\ Toluene H q ’
PAd; , PAd,
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above

di chl oro(1, 5-cycl ooct adi ene) rut heni un(11) pol ynmer
cl eanly produces the 65 WO 2008/141439
WERBTARBDE/ 000943 previously reported pol ymePCT/CA2008/000943
conpl ex bi s(di -misopropyl phosphi no-di - p-
tol yl ) am nedi chl ororut heniunm(l 1). Exanple 37 5

paPt ] TOoR R GRS BhOg ol Ao RBTRRG A et

(0.05THE, SDC2C mnaelP' An2 Goluene P° @0, Anlyi xwvase aflded chloro

oG e TR o0 D g

reactanr%Mmi‘é' wab rihéﬁfshﬁfBM CHtQBHﬁﬁfénﬁé&atdﬁe)oV@ﬁlgﬁt 'TH@Qolvent

under argon at hours. After cooling

th
was ’mnvenapwaéed,oaedatberr@steofMaSan@qm@t@blbydtfwa@\ddltlon of

hexaé)egﬁe ch%t\(‘st@'%g cha/BrE %%é%e tlvga% It%gq ﬁaﬂi; ’tﬁ%rllJ gtpé%eed with
hexafiés &0 bbfn anyelRwisolRf. Yiéldt 00w dr 92w, dtPRRY NMR62fMHz,

water in a scintillation vial to forma red sol ution.

CeDe)T 9B Irdt éﬂ. rag afdke psedud was digaatyad4n I mhef isfeatyryeiiean
and {h FCF BRI Iy i RReledn died tp.fown,n Rrwa splion; Ammonia

borar¥ apas esddwud heet iy a.660 Jhinobxe@es té hydrolysis rate was

bi s(di - mi sopropyl phosphi no-di -p- tolyl)amne with

modesatgal t (11) chl orlde to 50 C. The reaction affords the

gﬁi\% Orie_%#}flgﬁ %f Qﬁtgkﬁm%ﬂﬂ Z%(thyl(dlethylamlno)ethyl amine

| sop

with t:bloyd)bla(ﬁybkb(o@hte)’rd)mldojm(jballmét laffordén s tpoody usauble brown

matena@gfgqta@wfo Bl ) SRHTSIS AeakvER BREBSELIN (el P NYR
spect?@tn é éﬁ§| éﬁ‘hé@ (p;'§> N‘Nlﬁuo r%n@héanﬂwmhﬁ é’p%c(r%)n

armnty phosphi no) et (di et hyl am no) et hyl am ne

was not bbtaihédvebdipgépgss dahfettemite}lve isdiuetyre) shivwe rin rthgmcheme

NEt2 0.5 1r coe d d/ HNHI1 )2 12IH Toluene H C

(b) (Diadamantylphosphino)ethyl (diethylamino)ethylamine  with cobalt(ll)

chloride

NEt; NEt,
COC]Z ( l

Cl
NH - o
THF 7 N C°\
PAd2 PAd,

The cobalt complexes were prepared analogously in situ and the

reaction mixture was refluxed for 1 hour in tetrahydrofuran under reflux. Yield:
0.2g, 78%. 10 mg of the product was dissolved in 10 ml of tetrahydrofuran
and 10 ml of water in a scintillation vial to form a pink solution. The material

was tested for ammonia borane hydrolysis.

A cobalt complex of (di-adamantylphosphino)ethyl(diethylamino)ethyl

amine was readily obtained by reaction with cobalt(Il)chloride as depicted in
the scheme above. The complex was not characterized owing to its

paramagnetic hature.
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25 PAd2 PAd2 66 WO 2008/ 141439 PCT/ CA2008/ 000943 To
a sol ution of

w@ cioadarsnt yl phosphi no) et hyl (di et hyl am no) et hyPCEHOAZ®S/000943

(0.05 g, 0.122 nmol) in toluene (20 mM) was added
chloro bis(cyclooctene)iridiun(l) dinmer [Ir(COE)2CI]2

Metal ©dtapRxed With[IPI0-P- DRyariddact i on m xture was then
stirred at roomterrperature overni ght. The solvent 5

Examyple 3%en evaporated, and the residue was precipitated

@ 23 gk P e P TR o IB BB chestnes

R=/p obtain a yellow solid. Yield: 0.07 g, 92% 31P{'H}
NVR (162 MHz, C6D6): & 63.7. 10 ng of the product was

di ssol ved /i TTPRO m  of tetrah Ruran and 10 nm of
water in/a scintillation vi forma brown

sol uti on\ Amoni a 10 EEran vvas added (50 ng, 1.620
mol ) andot he degdr ate—wascl, "pdepat®, The
reacti on¢ of

(di -ada ntyI phosphi no) et hyi'(i t hyl am no) et hyl am ne

with chlo PE(cycl ooctene) i i diunm(l) dinmer afforded a
poorly sol ubfe?brown nmateri al o2 questi onable purity.

A eLomtinReak 0Ny ebﬁs@rm%n) 6 2 h%?e}n%%ﬁéﬁpam)b%.-

of the materi al cl ean 1H NVR

iso- pmhmhnwsotfémmamﬂ ime qm gb@%teamy\:kmwam avas,added
t
to a (ystRbileRy ¥ A0 i, (0£62 HGTER, of XAt hRthioride, ip S, of

tetraWdrbfLﬁéhal'N]@ rhixturehvas refrndsatfdr B0 FhidutdspaH@ tHe solkht was
N-Co H\Cl 20 _PAd2 THF PAd2 The cobalt conpl exes

then \n@m@vgﬂ épypedo ardieot@isswasitritusated ianmid he@@aeﬁ jabe was

h f
tnon ERIAHEA ofER IR koot gty gy o uran
(b) 2)\&oxpbistethare-1, ZI-devﬂ(dBfert-bmywﬂwprfnﬂ) aobal kit HlGridd

_¢9f water in a scintillation vial to forma pink
Bl ution. The material 25 was tested for ammoni a

ba{ 85f:4iBM Yral6Shg-(0.303 mmol) of 2,2'-oxybis(ethane-1,2-diyl)bis(di-
tert-butylphosphine) O(CH.CH2P'Buy); in 5 ml of tetrahydrofuran was added
to a mixture of 32 mg (0.246 mmol) of cobalt dichloride and 5 ml of
tetrahydrofuran. The mixture was refluxed for 30 minutes and then the
solvent was removed in vacuo. The solid was triturated in 5 ml of hexanes,

collected on a frit and dried in vacuo. Yield: 95 mg, 77 %.

Example 40
(a) 2,2"-oxybis(ethane-2, 1-diyl)bis(diisopropylphosphine) with bis(cyclooctene)

iridium(l) dimer

PPr,
< 0.5 [I(COE),CI,

O - catalyst

</ Toluene, 80°C, 2 hours
PPr,
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A cobalt conpl ex of
(di -adamant yl phosphi no) et hyl (di et hyl am no) et hyl am ne

woer®snersd | y obtai ned by reaction with PCT/CA2008/000943

cobalt(ll)chloride as depicted in the schene above.
The conpl ex was not characterized owng to its

PaBAMRGNGY | {B|UaReU" 4 :
PCT/ %200%/18)00943 ﬁal\/b?%li d537c(:jo\r<r{1€| gs()?ggﬁ ém g(?ﬁ% m'mOI)) of 2,2-
oxyhis(gthate- Eﬂadi‘pl)lels(m-lmrpropylphosphme) and 73 mg (0.082 mmol) of

[lrldlymdp@z?%qlf %%r& ﬁloﬁuebld %ﬁé%&éh)@ﬁ %&%I pho ph| ne.

heateditd' §9°cHor 2meur§ 2 §@|k/éht *8s qémb'@@drrﬂ vb@ué%d"@@'rﬁl of
2, 2' -oxybi s(et hane-1, yl)b

f
hexa%wa&;&ﬁﬂsﬁlos h@yar@mmmmsz Itered & chihegr the solvent

was, FHR04E B VBT i G f (BTE B8P0’ 2 of
tetrah?tifcﬁhﬁadf ahdican! of waten XThié addiidnr &ff da) 68 ép(1 .82 mmol) of

utes and the _solvent was 10 then renoved i n vacuo.
AB r¢ﬁ'é"%4)|ﬂ thevfagnation of algeiameunt ofdiydred&ihes and was

(b) ! hen5%%!’-!9/()?§Iéig§$tﬁéb@2,ff-Bbl)@&?dl?éﬁi&‘}bb@l;‘lﬁ&é&inéﬁi el d: gfn

bis(cBoctend)iisdiett{friémer 2- di yl ) bi s(di -tert-butyl phosphi ne
) cobalt di chI oride R=tBu A solution of 110 ng (0.303
nmol ) of /2, Lkaxybl s(et hane-1,2-diyl)bis(di- 15

tert-butyl phosphi ne&s[ﬁ%ﬁ Bu2)2 in 5 m of
t et r ahydof ur an m xhdk& of 32 ng
(0. 246 {Zﬁ: of codahé sticchhgrsi de and 5 nl  of

tetrahydrofuran. The m xture was refluxed for 30
m nut es RBren the solvent was renoved in vacuo.
The solid was triturated in 5 nm of hexanes,

°°hb/o ﬁgggéxtg r% a ”?d@édzet% g ViAGUPo. 1388 hinof® of B2, 2'-
oxybx(etha{eep ha@@f)Blsddldeulbmylﬁhdspmnef apdla%mzptﬂ 062 rmimioh) of
[mdlg;n? S)C C'é&gﬂg chiorrllde] dqr(ner [tr( (ETSE)ZCI]Z ancs) the mixture was
heated to 80°C for 2 hours. The solvent was removed in vacuo and 30 mi of
hexanes was added. The hexanes solution was filtered and then the solvent
was removed in vacuo. The solid was then dissolved in 2 ml of
tetrahydrofuran and 2 ml of water. The addition of 50 mg (1.62 mmol) of AB
resulted in the formation of a large amount of hydrogen.

The reaction of the ‘POP’ ligands O(CH.CH2PR2), (R = isopropyl,
tertiarybutyl) with iridium and cobalt sources was examined. Thus, the
reaction chlorobis(cyclooctene)iridium(l) dimer with the ligands produced
mixtures of compounds which could not be separated (R = isopropyl; R =
tertiarybutyl). Reaction with cobalt(ll)chloride (R = isopropyl; R = tertiary
buty!) afforded uniform looking materials which were not fully characterized

due to the paramagnetic nature of the material.

Metal Complexes with (-P-O-phenylene-O-P-) Ligands
Example 41
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O catalyst Toluene, 80C, 2 hours P Pr2 68 WO
2008/ 141439 PCT/ CA2008/ 000943 30 ml of toluene was

wa@eoaed4t48o 50 ng (0.163 mmol ) of 2,2 PCT/CA2008/000943

oxybi s(et hane- 2, 1-di yl ) bi s(di -i so-propyl phosphi ne) and
73 nng (0.082 mmol) of [iridiumbis(cyclooctene)

(a) 1C8Ubey-{di9d0-Pr -pﬁb&bﬁ?%b)?ﬁbbﬁz@ﬁ@ ahblqlrfﬂ/l%h%@(c\p@k‘aoctene)
heated to 80C for hours. The sol vent was renbved

chlondglwmerd 30 m of 5 hexanes was added. The hexanes
sol uti on was flltergd and then the solvent was
removed i n vacuyo. & solid was then dissolved in 2 m
of tetrahydrofuran and 2 mM of water. The additi on of

62 mMmol) of AB resulted in the

/ arrg8 5ine0RChf —hydrogematalfsh) 2,

ane-2,1-diyl)bis(ditertiarybutyl phosphl ne

) with 10 bIS cycl ooctene) iridiunm(l) dimer PBu2 0.5

(Ir(COE)2C(J2 Oceatrpryst Tol uene, 80C, 2 hours PtBu2

30_m of toluene was added to 50 0.13 I
2, Do .a solution of [iridium bis(cyclooctene) ¢ m?\lo(ride] d?me Ir?CSE)zcl]z

(1. 3§X34b463§@‘1§|29‘? mn%%?éjé‘%/ r%?)ghohﬁg)f g@%% gg‘gtégnmégsmtneﬂ%f

1,3- mhl(du’-nsdqdroﬁylr;mos[phn(da@&)tﬁﬁk]eﬁea(ng 2082 mnblrie ms)rmsanol

h d 80 LT |
(10 D525 e SOl o oSG oD HETE IR o
60°CSRIrH0 QAfhues, and ﬁﬁén%ﬂremnséea @@ﬁ 1b¢t§ &0 uapt TN&Solvent was

renmoved 1 n vacuo. The solid hen disSolved in 2 nl
thenafemamd mhvafusy, mhaxanezs was (ﬂddﬁdt @rtheTﬁ%"d}tﬁjlﬁ'W@HOBfOf

the BOgTet SuBeiBh R b8 o SUhbECSAIB, S, B8 EBHAR. Ofne
fntrate“’@Bs theﬂfpﬁh%éa W@%Fb?a)ib(@nt—reusmaomnd 0.584 g (35%).

tertiarybuty &‘25 with iridiumand cobalt squrces %
H WBM@d\AHIh Ds) We? -0Pea 6t (m, 3 H, Ph-H), 2.20 —1.80 (m, 4H,

oS AR IS AT A 0 S

1H, RO, B gapanaR 400 Mz, Gapy)opY 69, U5 121ert|arybuty|)
Rgg)ctlo?vmthgobalt( %:Hr’ﬁ)orlde(R—lso

(Thet éHt i8ar'yP Zﬂ%t@ﬂt? isf d frien dhen lutsfﬁépﬁg rﬁﬁ%@ﬁ’i a\raéue
MorSbSolLe BORddEN R CPRRGCES Jerkln, C. M. Inorganica Chimica

Acta 2004, 357, 2953 — 2956).
(b) 1,3-bis(di-tert-butylphosphinooxy)benzene hydrido chloro iridium

—pt
O'—'P(BUZ QO [ BUZ
»“\\H

+ 0.5 [I(COE),Cl}, ——> Irs
S

—pt
0—P'Bu, O—PBu,

The compound was prepared according to the literature procedure
(Gottker-Schnetmann, I.; White, P.; Brookhart, M. J. Am. Chem. Soc. 2004,
126, 1804 — 1811) Yield: 0.30 g (87%). 'H NMR (400 MHz, CD2Cly): 8 6.76 (t,
3Jun = 8.0 Hz, 1H, 4-H), 6.54 (d, *Ju.n = 8.0 Hz, 2H, 3- and 5-H), 1.35 (m
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due to the paramagnetic nature of the material. Metal
Conpl exes with (-P-O phenyl ene-O P-) Ligands Exanple

W@ 2008948 2008/ 141439 PCT/ CA2008/ 000943 (a) 1pCT/CA2008/000943

3-bis-(di-iso propyl-phosphi nooxy)benzene and (iridium
bi s(cycl ooctene) chloride] diner O-PPr2\ °~ + 0.5
36H, [4 (&) 249 B@ (t, 2B s weE 119 Rl—ﬁ’r?PTM}ammlmognwp&
[1ridumbi's(cycl ooct ene) chloride] dine
CDzCEIi)r pa@E&C1]2 5 (1.3 g, 1.46 mmol) in degassed

was ad g S on of

(©) 1.5 B iSRRG R REHAR SR (10, 2. 02
nmmol) in iso-propanol (10 m). The m xture was
stirred at roomtenperature for 30 m nutes, then at
60C for 30 m nut@s,P&hd finally refluxed at 110C for 2
days. The solv- t was then renoved in vacuo, and
hexanes wa gd to the residue. Filtration of 10 the
hexanes s pen5| pn+ Afsfocdegcign—oramgecaadistd and red
solution. NNe giltrate was then punped dry to afford
a bright red so\id. Yield: 0.584 g (35%9. 1H NWVR (400
MHz, C6D6): 87Q_-PE§60(m 3 H Ph-H, 2.20 - 1.80
(m 4H, CH(CH3)2), 1.%50 - 0.80 (m 12H, CH(CH3 ())
- 2l @9sdldtiont dﬂ[lrﬂdlumi)bls(cséloaete(ns) chigride] dwner b g@ E).Cll2

(0.39% & A750mARY Fhiadnsied BPaEREn] Gm Thavef Aigf b offlon
of 1 E%Q(&&ﬂglxﬂo CShmoM)%bﬁﬁeﬁ@r(@'Z@g, D.87 Raden. inRso-pYoanol

Imorganica Chimca Acta 2004, 357,
(10 rﬂBS’Ihe G, wad stirred at room temperature for 30 minutes, then at

60°CE W’ Omhqta% fﬁrﬂtd @%wg%%%g@ ag 269'(% b&nz a%gs h'mé 89§ent was
then rérh6eEd 281 acuok aR8 BeRames was : 4 Toe 1b®npmlmde wiibe

repared according to the liter re proced
precita jes-THereoifahs Was wasedovitp exahes i apiEin fargenish

browﬁ\ggg}ga“eﬁﬁaﬁ%z @O@%mﬁﬁﬁu%% 0 Mﬁ%ltDXu;') ds 72060 @00

(m, 8+ FH?—H) 12*5.0 4+ 1|'00 (rd, 8H, Oﬂ-!zCIHbH 1-!0@ -SO(BQ-Em, ﬂH GHz@hl:!)
-20. 50'(_3 1H, |r- (WP{ H} NMR (400 MHz, CD,Cly): 8 147, 112, 64.
(d) 1,3-bis(diphenylphosphinooxy)benzene hydrido chloro iricium

O—PPh,
+ 0.5 {Ir(COE),Cl), —™ catalyst

O—FPPh,

To a solution of [iridium bis(cyclooctene) chioride] dimer [Ir(COE).Cl}2
(0.23 g, 0.261 mmol) in degassed iso-propanol (20 ml) was added a solution
of 1,3-bis(diphenylphosphinooxy)benzene (0.25 g, 0.52 mmol) in iso-propanol
(10 ml). The mixture was stirred at room temperature for 30 minutes, then at
60°C for 30 minutes, and was then refluxed at 110°C for 2 days. The solvent
was then removed in vacuo, and the residue was precipitated by adding
hexanes. The precipitate was collected by filtration and was then washed with
hexanes to obtain a green solid. Yield: 0.3 g (82%). 'H NMR (400 MHz,
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WO 2008/ 141439 PCT/ CA2008/ 000943 36H, 4 x tBu),
-41.39 (t, 2JP_H = 13.1 Hz, 1H, IrH). 31P{'H NM (400
wOors/14@BPCl 2): 8 175.8. (O PCT/CA2008/000943
1, 3- bi s(di et hyl phosphi nooxy) benzene hydrido chl oro
iridium OPEt2 \ / + 0.5 [Ir(COE)2CI]2 catalyst 5 O
CD,CPEd8.00 26500 ¢hi 26 H’belI-? d19102tlda(@11ﬁ9|£95t28|q2) 1H, Ir-H).

chlorlde di mer COE) 2 (0.39 g, 0.435 Ml in
*'P{"H MHMBA00 I Hz; 63[&2535)3) ¢4 . was added a soI ution of

1 I . : -
g e @%Mprozagwé@%féd@%% £l OpfoyJbhos = -
ethylsusapreplylaphenyimn temtwybmyr)ewém pi@paredutFes R Ehientiarybdf)!,
the KRRyEn o8 3?%332 Rt iory huhToxibemzenas o hydaatgridiom(n
was | 91“88 fhéroR mg%dggsé@&ﬁphwemo&ﬁt%‘é' We?é‘tc?oté(\ﬂéd

tered exanes to obtain
whlcgrveena B$Ed Iasamtal:yets uh. sitd. e[Tthese . lgangs (W&15) alstede with

richibraoybis(fiphsrly HaksebisR) MEni(Vio. s | rtheniT( peflefide
hydrafe. -GompRex $hixtdrdd folrhal) - 31P{1H NWR (400 Mz,

cb2Cl 2): 8 147, 112, 64. (d)

1, 3- bi s(di phenyl phosphi nooxy) benzene hydri do chl oro

DL djsym O PPh2 \ / + 0.5 [Ir(COE)2CI]2 catalyst
Exa@)ﬁP% To a solution of [iridiumbis(cyclooctene)

1, 3-Bi8{dE bsopyhsephinook \XBen2ehbBron?éhitKelg® 9. 0. 261 nmmol )
in degassed I SO- propanol (20 M) was added a sol ution
of 1, 3-bi s(di ghermRrphosphi nooxy) benz@nePP®. 25 g, 0.52
nmol ) in i so-fpropanol (10 nl). mxﬂure was

stirred a QM t enpekhiidel OF nutles, then at
60C for /r tesd,lBraaWh 3\ Ed"“aﬁtf 110C for
2 days. | vent was then r®&mvéd in vacuo, and
the residue wgs precipitated by addi 5 hexanes. The

preci pitate was—®# ected by filtratConPBrd was then

m@ﬁ%%e%n NP e 2i6s i o SiBeP G5t dp s Thérature
3
procBATCAFNGEA00043 261RRR) 0. ACReR0 Cofniih.(2007%,3078-980)

YEWWG@QO(%H&) @DZNMB) (4@0 MBZ QDCW} a‘héi%l(bn"mtals{o FL}*Z
11, BREP 5234 %0, ED0 1, 2h, Brid A UERR) 4 PRAREHSE T 43 (at,
Jun = 7.1 Hz, Jup = 7.6 Hz, 12H, CH3), 1.33 (dt, Jun = 7. Hz, Jup = 7.1 Hz,
12H, CH). 3'P NMR (162 MHz, CDCl3): 8 188 (s).

The reaction of 1,3-bis(diisopropylphosphinooxy)benzene with nickel(ll)
bromide in the presence of triethylamine proceeded with elimination of
triethylammonium chloride to afford the known complex

bis(diisopropylphosphinooxy)benzenebromonickel(ll).

Example 43
1,3-bis(diisopropylphosphinooxy)benzene with iron(ll) chioride
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ethyl, isopropyl, phenyl or tertiarybutyl) were

prepared. For R = tertiarybutyl, 5 the known conpl ex
wa2@8himdi terti arybut yl oxy) benzenechl or ohydr i PIOT/CA2II08/000943

(1'1l) was obtained. For all other R groups attenpted,

m xtures were obtained which were used as catal ysts

in situ. These |igagdsppgre also reacted wth

trichl orooxybi s(tryphenyl phosphi ne)rheni un(V) and

rutheniun(111)/<eforide hé/drate Conpl ex m xtures

formed. 10 Ex& a2 1, = catalyst

3-bis(dii sopr pplosphi nogxy) benzenebr ononi ckel (11)

0O- PPr2 O-P Prz\triethY(amine |l + NBr2 ~ li--Br \
[ - HNEt3Br \ / | Q-PpBr2 OP Pr2 The conpound was
prepared with a sllght mfdlflcatlon to the literature
15Irbh(1l)&ﬂﬂt5rﬁje (FReIdeE7Usig g/ O 05’5@ mhbalvvaékdﬁtﬁm a solution

Conmun.. 2007, 978-980). g (95@ 1H NVR
@d@swop@@mpblf@%)t@nzenﬂ @929 @ HP.05 in

tetragléé@‘%rbj(ﬁb"'m% Ia(ta "'FeaJcﬁUp' ﬁﬁ%fhig}_égs Jtﬁmeél“[{eg ﬁz room

tempé&idtureHRy, 3a rﬁau’(ed;t follbkeld by B0°Bz for)B-Hours 7Sbh&|zpotassmm

12H, 6 CDC13 20 The

tem?'é/a*é‘t“ioé\ﬁ‘)eoﬁcal 19.150s bb@o%ﬂ} I"‘f?r?o%?)‘i’ﬁ'% g‘ﬁ%\);%’)em mmonla
I ] t SReEC

borét’l“lrelt g:tﬂy?‘d;m#ie{g? orf:lee eg!e\r/\cll5 c{}ﬂ tgﬁp%rnat [ oﬁo gas evolution was
obseémvedt hyl anmoni um chloride to afford the known conpl ex

bi s(dii sopropyl phosphi nooxy) benzenebr ononi ckel (I 1).

25 Exanple 43 1, 3-bis(diisopropyl phosphi nooxy)benzene
ExaMdid 44ron(B) chloride 72 WO 2008/ 141439

P

/ CA2008/ 000943 O P Pr2 FeCl2 0 catalyst THE
Bis(diisompopylphosphinooxy)benzene with cobalt(ll) chloride

O—'P'Prz

COC’Z
———————» catalyst
THF, 80°C
O—PPr,

Cobalt(!l) chloride (0.008 g, 0.0584 mmol) was added to a solution of
bis(diisopropylphosphinooxy)benzene  (0.020 g, 0.0584 mmol) in
tetrahydrofuran (30 ml). The reaction mixture was then stirred at room
temperature for 30 minutes, then at 60°C for 3 hours. The color of the reaction
mixture remained blue. Then potassium tertiary butoxide (ca. 10 mg, 0.0891
mmol) was added followed by ammonia borane (ca. 50 mg, 1.62 mmol) at
room temperature. No gas evolution was observed.

The reaction of bis(diisopropylphosphinooxy)benzene with both iron(H)
chloride and cobalt(ll) chloride were attempted but the products were not fully

characterized.
Metal Complexes with (-P-phenylene-P-) Ligands

Example 45
1,3-bis((ditertiarybutylphosphino)methyl)benzenechlorohydridoiridium(il)
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Iron(ll) chloride (Fed2) (7 mg g, 0.0552 nmmol) was
added to a solution of

wa2@8hiwsdi i sopr opyl phosphi nooxy) benzene (0. 02BCTCA2008/000943

0.0584 mml) in tetrahydrofuran (30 ml). The reaction
m xture was then stirred at room5 tenperature for 30
m nutes fol Lowed by 80C for 3 hours. Soli dpgégt assi um

tertiary bltoxi dé (ca. 10 ng, 0.0891 myol) |Wad added
fol | o=y ammoni a borane (ca. 5e=n¥, 1. §2 nmol ) at
roo ature, no gas ®wehati Q obserwed. 10
Exan Bi*s 0-A B dey T phos Bhi ROOXyy/PenieRg wi t h

cobal { chloride O- P Pr2 CoQ | catal y%'t THE,
60C O -P ®Rg2 Cobalt(ll) chloride (0.09Q8 g, 0.0584
mol ) was addedBd,0 a sol uti on of P'Bu,

bi_s(di i sopropyl phosphi nooxy) benzene (0.020 g, 0.0584

mqfhfa @W@%‘"@é hQEﬁRﬂ"aﬁia%C%@mm to (ﬂ'mélt?r@ €i Bfpcedure

byt gr g - hgn iered 3
(Mol 53+ Pk T o 37 gl Sl TXRRIE S, 1875 *fo2o
— 1024)aMieldn 0.66 gt(3686)r ek (400 MHZHeD.Qk): 85 Zi00n(d, Juy =

8.0 HAS b k) 8 B2 Borahe b1 86T 1ok, el jMagoH.
t-Bu)! 09Dt @ LT, At w?e%_ﬂ\io 942518 .Cﬁ1Pg"|-ﬁvagg§ I(]Pé’éilgwf,dcozélz): 8

The redction o i s(dii'sopfopyl phos 00Xy benzené
68.0with both iron(ll) chloride and cobalt(I1) chloride

. db he d full
ohne opoRBlExeRe ATTEBlS efdePu {ho GRS DRk (R) =
isoprbbﬂ??&%arﬁntﬁ%ﬁogéé'r?oe)%hbnéé){?ﬁgﬁized. The reaction of 1,3-

_ éj(dltertlary phi
bis((ditentianybutylphasiphiha) cethylhenzeng1) 73 WO 2008/ 141439 with

0,
chlorﬁﬁrsg@%oo%%o Prg lusmﬂb:>t BE%@PB% grdtsthgm?(né&v/s}‘F'\ cl:Eorﬁp%x5 1,3-
bis((ditertiarybutylphosphino)methyl)benzene chlorohydridoiridium(iil).

Example 46
1,3-bis((diisopropyiphosphino)methyl)benzene with
chlorobis(cyclooctene)iridium(l) dimer

PiPr,

isopropanol
+ 0.5[ICOE),Cl, — > catalyst

PiPrz

The compound was prepared according to the literature procedure:
(Moulton, C. J.; Shaw, B. L. J. C. S. Chem. Comm. Dalton Trans. 1976, 1020
— 1024). 20 mg of the solid and 7 mg (0.062 mmol) of potassium tertiary
butoxide were dissolved in tetrahydrofuran and then 50 mg (1.62 mmol) of
ammonia borane was added, resulting in the evolution of a large amount of
hydrogen.

This reaction resulted in a mixture of compounds.
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The conpound was prepared according to the literature
procedure (Muwulton, C J.; Shaw, B. L. J. C S. Chem
w@osi14@39 t on Trans. 1976, 1020 - 1024). Yi el BPCT/QASDS8/g00943
(38%. 1H NWR (400 MHz, CD2CI2): S 7.00 (d, 3JHH =5
8.0 Hz, 1H, 4-H), 6.98 (m 2H, 3- and 5-H), 3.14 (m
4H, CH2), 1.39 (m 36H, t-Bu), -43.0 (t, 2JP-H = 12.0
Hz, 1H, I1rH). 31P{1H NWR (162 Mz, CD2CI2): b 68.0.
Examplecdt conpl exes containing ' PCP' (1, 3- O6H4( CH2PR?) 2)

B e
phosphsigrditesidm@lybut yl phosphi no) met hyl ) benzene with
chl orobi s(cycl ooctene)iridiunm(l) dimer affords the

known conplexgl, 3-
tefti aryzbutyl phosphi no) et hyl) be zen'eD

bi s( (di
chl or ghyaxi doi ri duGh(RPhY)) .  Exanp | PPhs
3-bis sopro i met hy) nziﬁecyvi th
chl or obfs( cycl ooct EHeQl ri di un( 1) dingr P Pr2
5 i sopropanot—PtBu/ + 0.5 [Ir(COE)2CfJ2 cataryst P Pr2

The conpound was prepared according to the literature
pr1oqedure: 20 (Moulton, C. J.; Shaw, B. L. J. C S
CHidHS eUnRPuUnd Was nrepated 197@, sioar fashiomsto the phenyl
: iel. s oo 0 . S|
analue 1, 1y DR P bre¥e DL MU SieerlinkBl 320 Wiieren, o
Orgaanthetalios 3@98y 151 568 7mwoB6940fYierinmada diot R{e}WEMR (162

MHzp, el dh 3255 (6195 Pt i b1ca okt PPecl) s Ohtie et was
10 disso&xﬂgg’nglu’yﬁ']} o{?&r%d?@fé@é%ﬁé% i3t $ae198 a0/ tion vial to
form & yellopdsolation ahyimryia mmm)a@dwqmbpgz ¢ 1620vharad) and
e BUEBA ARTRARRATS T 1 bt 25,7 L
The reaction of 1,3-bis((ditertiarybutylphosphino)methyl)benzene with
dichlorotris(triphenylphosphine)ruthenium(ll) provided the previously reported
15  complex 1,3-bis((ditertiarybutylphosphino)methyl)benzenechlorotriphenyl-
phosphinerutheniumdil).

Example 48
1,3-bis((ditertiarybutylphosphino)methyl)benzene with ruthenium(lll) chioride
hydrate
P'Bu, P'Bu,
RuCl3.3H,0 . R‘u _co
NEts, 80°C I el
20 pBu, ethanol, 28 hr P'Bu;

The compound was prepared according to the literature procedure

(Gusev, D. G.; Madott, M.; Dolgushin, F. M.; Lyssenko, K. A_; Antipin, M. Y.
Organometallics 2000, 19, 1734 — 1739). Yield: 0.05 g. 10 mg of the product

was dissolved in 10 ml of tetrahydrofuran and 10 ml of water in a scintillation

25 vial to form a red solution. The material was tested for ammonia borane
hydrolysis. '"H NMR (400 MHz, CeDs): & 7.06 (m, 3H, CeHs), 3.13 (overlapped,
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Thi s conmpound was prepared in a simlar fashion to the
phenyl anal ogue: Karlen, T.; Dani, P.; Gove, D M;
wee@enwidpkel , P., van Koten, G O ganonetal | i BRGT/CAADS/000943

15, 5687 - 5694. Yield: 0.448 g. 31P{1H} NWR (162

MHz, C6D.6): S 32.6 (ca. 65 %, -7.3 (ca. 35 %9. 10 ny
4H, c9/f1 them)rv@uC(wm'QS—l@sdH§sgbwech§) BprtH) NMR (162 MHz,

%rahyrofuran and 10 water in a scintillation

CeDe)vﬁ@Q o forma yellow soI ut| on. Ammoni a borane was

ﬁ%ﬁﬂé&so ?ﬁl@ })é'gﬁtqrgrﬂo Jg%)u%lrl]&wostplﬂ?no dertﬁylﬂ bs’elns’zernat € \A\Aﬁ
rutheﬂiuﬁﬁh 3§|6|6?ﬁué Shydrafe/ wummwau ueémh@wir)dw‘ ZRRId% tN3-

rotris(triphenyl phosphi ne)rutheni un( % provi ded
bls((dutaethmymm\gsphmemetl’eldi)bemsene(@prlmnyl)chlororut enium(ll).

The cebamLigntd i fasRen Y S sARPTRBNDS o B ineBef gsent’ o e
3-bis((di tert| arybutyl phosphl no) net hyl ) benzene with

rut henium(111) chloride hydrate P BU2 Pt Bu2
Exanple#8. 3H20 | co /Ru NEt3, 80C CI 20 PtBu2 ethanol,

1,3-bfEdit 'bﬁ}ﬁ%6’}@?’8&’8%%?gﬂg@?,e%%&wﬁ@@ﬁﬁ’%ﬂ?"f o the

Dol gushi n l%: Lyssenko K A ; n, M Y.
O gano taF> |cs[ g 8}_ 734 - , )H Yi eId 0. 05 g.
10 the priBHtlkiP-cXREDe ?ssoj véd iyi-10 i of

tétrrofuran 0 of wat el iff a Ca:lntlllatlon
25 via totfornjfgﬂ?éé gn45 ion. The ne ‘EI
tested forPBfmoni a borane hydrolysis. 1 NNR (400

73ect9EBRHed a8 REPRelasePiibe g Hh IREL e RRsaure

(Gusév% G/f Maﬂjoﬂ §1.5 Didigusiin, F OB) LyssEPKoHK. MVRANLIBI, MhzY .

Organometalicy 3008, 197 IV 3Rb YiRich ) 128 819 519, 2L e pradyet
was (?(lg%\}ggﬂ ‘1‘1%'0' rh ?f‘gé?fdr%ré‘fwé@bﬁd'% &l R RRIte P04 weRfillatien

vial tdnrf@m di redrsolattgrblﬁmhmm borans wesaddaslei®Peme d F2bmmgl)
and e Bihraat r Hodaratie, FENBR L0 MIRE chyglE 7y tm.
2H, phenyl-H), 6.93 (m, 1H, phenyl-H), 3.06 (m, 4H, CHy), 1.27, 1.34 (vt, J =
9.4 Hz, 36H, CHs), -15.53 (t, 2Jup = 13.0 Hz, 2H, RuH). *'P{'"H} NMR (162
MHz, CsDs): 6 63.7.

A complex was prepared by the reaction of 1,3-bis((di-tert-
butylphosphino)methyl)benzene with dichloro(p-cymene)ruthenium(ll) dimer.
This reaction resulted in the formation of the previously reported pincer
complex where the coordination sphere of the metal is taken up by two
phosphine groups, a hydride and chloride ligand and an agostic interaction
with a phenyl C-H bond

Metal Complexes with (-P-N-phenylene-N-P-) Ligands

Example 50

N N>-bis(diisopropylphosphino)benzene-1,3-diamine with
chlorobis(cyclooctene)iridium
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1, _
3-bi s(di-t-butyl phosphi ne) net hyl ) benzenechl or ohydri dor

waieteenius{il) PtBu2 PtBu2 [RuCl 2(p-cynene) 12PCT/PALIEIR/000943

85C, 45 hr CI 10 PtBu2 P Bu2 The conpound was
prepared according to the literature procedure

(CGusev, dott M ; Dol gushi n, Lyssenko,
K. A: An tH'\p: P.sz/a Or ganonet al | i L Udiﬁdfz 19, 1734

- 1739 X| eI d O 126 g. 10 ng of the=product, was
di ssol n 10 onlir@bEL el rahydraf @-- | m  of
wat er a2 scintillation 15 vial to ma'

sol ution. YAnmoni a borane was added (50 1.620 mol)

and the hyt¥ofysis rate is m)derate 1THNNVRr{ 400 MHz,

ohEhy )ﬂrﬁo@ 8% cﬁﬁroﬁ»g(b r‘%rlre ﬁrugr(géldhq f'll_%COE);Cjﬂz

1 5 H 1 a3
(0.022.g, 30@2%!3912%) 5r|1\Hfz’etr@t8gd?oerérr (28 inbz‘%wag ad&};@( NINC-

b'S(dﬂi‘o%?fQEI{é'&hB?P'ﬂ'ﬁ@)hﬁﬂ%@nﬁoh%ﬁamlf@ rﬁO@@( gi -0.6587 mmol) The
mixt i LETIRREE BOlodE MRS R irhlutes thea 16 oy 3

hours.eJinet sdlvent t lvas f thematrémoveldl frhe/agueYi g the! RXMdGE dvas
t he coordi nation sphere of the

preciRiEn by ek A o (1RanBROINR RESGPLRB WS apatPacby
fltratﬁ‘fhdaﬁ@ hdd e rvgér'?eg% %ﬂ‘i‘r N@é&sﬁ%ﬁd §bra'iH ar L’ HodueP Yield:

with a phenyl exes w
15 mg-(A586)p hbeatosepundrappesrg 4o de mErsda.rrpIser&ﬂrvN 'H NMR (400

e SRS AIRTIRN b AL
(m, A?CTC 013.@@431 rrdb\']ﬁ F’rz?i-r FHﬁ'H'i’(':P/&,)%_ +- @"\f_jcﬂ, Yry =152
Hz, 1&1" dadtu |FHrH NthI(iﬁZJMH;Z( @Di@@)ctééhbﬁ)r r| d| ur(1) di ner

B a3 o AT oty s
affordé(ﬁédslmgﬁé‘ @bﬁ'ibd&ﬂotﬁah hB8 HFeP2GMR rebopaftd Bt 3%84.8: GheliH

87 mmol )
NMR spectrum of the product shows the presence of the P-N-phenylene-N-P

ligand and also a hydride signal at § -24.6. We propose the tentative structure

in the scheme above for the complex.

Example 51
N’,N3-bis(diisopropylphosphino)benzene—1,3-diamine with cobalt(ll) chloride
HN—PPr,
CoCl,
——— = catalyst
THF, 60°C
HN-P'Pr,

Cobalt(ll) chloride (CoCl;) (0.0076 g, 0.0587 mmol) was added to a
solution of N',N°-bis(diisopropylphosphino)benzene-1,3-diamine (0.020 g,
0.0587 mmol) in tetrahydrofuran (30 ml). The reaction mixture was then
stirred at room temperature for 30 minutes, followed by 60°C for 3 hours
resulting in a change of color from blue to bluish green. The material was

tested for ammonia borane hydrolysis.
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5 mxture was stirred at roomtenperature for 30
m nutes, then at 80C for 3 hours. The sol vent was

w0 bes/14spved i n vacuo, and the resi due was PCT/CA2008/000943

precipitated by the addition of hexanes. The
precipitate was isolated by filtration and was then

Vipigd @Eadticm ohN@au?eﬁls(dz-zwbmylm@ﬁmmb)béﬁm 1,3¢bRIntthe

45% The conpound appears to be noj sture

with s@fhgqté'iﬁé\bfl@ NMR ( 40chlemoawkis(ttippenylphogphing)rhegiugV)
0 br., 2H NH), 2.30 - 1.80
pr““&%’ "gﬁ)(j@gw}_?ddi‘.% 5 00 (br. 12;? CH( CH3) 2) . PP

(dd 2JPH- 15.2 Hz, 1 H IrH. 31P{'H NWR (162 Mz,
): 8 84.0. The reaction of the ligand with
Metal&pmgﬁw@ OBN-NEY) kigand®( 1) diner afforded a
e conpound that has a 31P NMR resonance at 8
Examé'fn%é The 1H 15 NWR spectrum of the product shows the
N',NPqis(2efulipshendylnHosphine) pivezyjidene)cyciohexgaad awith al obalt(ll)
dride signal at 8 -24.6. W propose the tentative
choridg r ycture in the scheme above for the conpl ex.
Exanpl e 51 20
N3- bi s(di i sopr osphi no) benzene-1, 3-dianine with
cobalt(Il)_ chloxide/ HN-P Pr2 CoCl2 catalyst TH F,
60C HN- P i Xt (11) chloceecle (COC 2) (0.0076 g,
0. 0587 mol Y Td$ added\{ o a—sotuti¥n eHtalyst

N1, N3-b \i sopropyl ph i NdJH&nzene- 1, 3-di ami ne
(0.020 -0B&7 Rra®d etrahydrofuran (30 m).
The reac n mxture wa en 25 stirred at room

SIS 51 80, A ek, o 0 B Yo BAG e

benz;}hbéhé)by@rdfeaanéﬂ’ﬂezmmmaIanv!at?so tres { £d55 onmabnafréadalt(ll)

borane hydrolysis. .77 WD_2008/ 141439 P PgS/O 0943
chlonqﬁévqrga{s@(regdncﬁ ml of acetonitrile for one hour. mi of diethyl ether

was é\gzil%ig Bgflfgﬁ | hﬁ? gﬁepl?ﬁiﬁﬁﬂé NRAY SFRIE fdr 30dhmmites to
completée qineupuamml §(nersqhkieng$ pbuecptadrtm vaeuin fijtigtion, washed
with % rodu gﬁ]yf(tgﬂt% oé ﬂ%rgdﬁﬁ g‘gVﬁNElthl %’i&"o‘-’g}‘(ﬁf‘ gWI tt\h\/!R

Spectpgwg@%t gggam@pyl phosphi no) benzyl i dene) cycl ohexane
wth cobalt(l]

The reaction of this ligand system with cobalt(Il)chloride in acetronitrile

proceeds smoothly to afford a brown material
Example 53

Bis(acetonitrile)  N',N’-bis(2-(diphenylphosphino)benzylidene)cyclohexane-

1,2-diamine iron (Il) tetrafluoroborate

15
R.R)- Q [Fe(OH2)6lBF 412 Q
— — — [BF4l>
CHACN
< ;PPh PhyP
z b C;th Pb

L = CHyCN
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choride (R R- CoCl2 NN catalyst \ CH3CN (7;~PPh2
Ph2P 10 An 835 ng (1.268 mml) sanple of

WO\N200824138% ( 2- (di phenyl phosphi no) - PCT/CA2008/000943

benzyl i dene) cycl ohexane- 1, 2-di am ne and 150 ng (1. 155
mmol ) of cobalt(ll) chloride were stirred in 5 m of

acktetonitrilel (6 Mirwaseddedrto 240 Mg ¢6.38bahmdl) 6t RENZ

se and then the mixture was stirred for
(diphgny(anosBC phdeacsyelonpraes flchdiamisesid t0amg (0.302

I

mm ook MR 4117 ieY@fHUBtorate! AbkAtlyarde 1BE R RIBE A A the
mixtuigRvas stired fomvene hir. o'bh@lsolmiﬁln'W@sd b@ﬂ@émt@éttedftotc{a 31| mi
ans AT A S e cat s shic
for 35X|ﬂiﬁﬂt€s %%dB!h‘é('\aﬁ%t ﬁé\l& Wa%g%%llércte ona g)lass frit and_dried in

s( 2- phenyl phosphi n enzy cyc
vacug, 2Y|@idaa\4 emgr 82 %! | H tNWIRaf3000Mbizp CRAENY: 13l 924 (s) 667-

' 7. 4PPh2 [ N- -
0.08 (3 35 G510 Chb S5 D bl *p i . G0,
/ 5 was
0 2 g o (59 E SARa OBl Qrob 5
( dihghenyl ptankmnmo) benmfl i deneNéyBLmh@miphénﬂmemm_

enzyHeng Rttt £ RBHYRr ol | Felead) 4]y ataalureberie
hexaRy it Sn\"agetdhitfile® ‘F'eéd?fedo 'T? th@ UfmmEB %6@ oi*o%f'aﬂ@n "\@IS 3 red

concentrated to ca.
solutisnherThga dicationis dompawsd wahereadoky usaiatmisvsat cryrseaihza‘tn»n

t en t.h col | cted on a
The gt SFuRllie) RRGABEL IV Gebatiasbass SonsRnel 2
psueé&@@ctb/hédreﬂBB@hé)ex \?ntﬂ iéodrﬁ)natéd @ZNz gQﬁd @wio éoé:rﬁlnated
n'?/l 1.55 . NVR (12
acet@%@\blggands. The H NMR spectrum of the materlal shows the
expected resonances, and features a two proton signal at § 9.24 which
corresponds to the N=CH moiety. The *'P NMR spectrum of the complex has

a single resonance at § 52.7.

Example 54
N, N2-bis(2-(diphen ylphosphino)benzylidene)cyclohexane-1,2-diamine  with

nickel(ll) bromide
R.R)- ; 2 NiBr,
=N N= — catalyst
CH3CN
T e

Acetonitrile (10 ml) was added to 751 mg (1.140 mmol) of N' N%bis(2-
(diphenylphosphino)benzylidene)cyclohexane-1,2-diamine and 249 mg (1.140
mmol) of nickel(ll) bromide. The mixture was heated to reflux for one hour
and then was cooled to room temperature. 40 ml of diethyl ether was added
dropwise and the precipitate was collected on by vacuum filtration and was

dried in vacuo. Yield 1.003 g, 78 %. NMR spectra were not obtained due to
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S 52.7. The material was tested for ammoni a bor ane
hydrol ysis. 10 The addition of

WON2QoBR4138% ( 2- (di phenyl phosphi no) - PCT/CA2008/000943

benzyl i dene) cycl ohexane-1, 2-diamne to iron (I1)
tetrafl uoroborate hexahydrate in acetonitrile

the lovesolutsityi of tHee compRilingl eTHeo maerignwels testéd! for ammonia
sol ution. The dicationic conpound was readily isolated

borangihydtelysisal | i zation. The tentative str uct ure
d t _
ng\uleggé@g?liaﬂedpgl %E%?npﬁfe%p\?mvte h"?gnigi%(g %g}ggﬂﬁphmo)-

benz;dhdgae;tmldtmmgﬂr Yidierhing: msepmplatedl eThe gaatwal Has Aot

spect.ruym the materjal shows the . expected

been f@@cﬁ#ﬁﬁ%@?”z QWiRG Qe exe F%%@Hb%'iygnal at S 9.24
which corresponds to the N=CH noiety. The 31P NWR
spectrum of the conplex has a single resonance at S

Exampk 35 20 Exanpl e 54

e
tetrak%{écéto%@%d@e haxaffiloropin &léi’oh%lfép 25 Acetonitrile
(10 m) was adde to 751 ny 140 mmol ) of

N1, N2- b
(di phe osphi no) benzyl i dene) cycl @ e-1, 2-di am ne
aer249 Yo 1. 140 [ JypRich,eF i ckel (I prom de. Th%

m xt was \Jleat t ed—toreflux fer one’ hodbr and t

4aS¢ c0ool ed to rsom t enat ure

trm\@yf“a?

a opyl and t he f 'p|t,a \é\vvas
ygg Fiﬂhflion and

OFiriedB
8l d 1.003 g, % NVR spettT4 L oy

e her
ect ed

st hyl

wer e not obt3 ned due

tsol uég?mlgrQQﬁ/ ﬁﬂf*@:ﬁs@% SRRbIbehA\R)dyelhexane- |

Ity of the conpoun The material was tested
1,2-diaorinanm(6riica basarremw)drm ysC%tonwllﬁl c(?® wdhpwes cAdded

tetrakgR(abooPiaieSsanneh OF BRISGROLARMhnte Q3R 95 181 mmobr The

reactl%trﬁfxt@r'e Wias tHeot stirfedaeroot ltérMpémm@Cfoe @i lmnls OThengolvent
its extremely |ow solubility. anpl e 55

was nemaoyes{ in yaciheand M\@ggﬁpﬁg)\ggﬁzpreCIpltated by the addition of
revaild HREUBAIAIAR et ISt i hesanes and e
in vacuo. The material was used without further punﬁcatlon for ammoma
borane hydrolysis experiments. "H NMR (300 Mhz, CD,Cl;): & 8.47 (s); 7.07-
7.72 (m); 3.06 (s); 2.32 (m); 1.83 (m); 1.05 (m). 3P NMR (121 Mhz, CD.Cly):
& -3.0. The material was tested for ammonia borane hydrolysis.

A copper containing PN, complex was prepared by the reaction of
N N2-bis(2-(diphenylphosphino)benzylidene)cyclohexane-1,2-diamine  with
tetrakis(acetonitrile) copper (I) hexafluorophosphate as depicted in the
scheme above. The *'P NMR spectrum of the complex displays a single

resonance at & -3.0. The 'H NMR spectrum shows a signal for the N=CH

group at 3 8.47.

Example 56
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(RR- Q[CUu(NCCH3)4]PF6 e CH3CN Cu O7PPFP N N-- 7-N
\OXN_ PF6 To Ph2P P~ P h2 1 0 PI h2 To a solution of

WO 0BR4138% ( 2- (di phenyl phosphi no) benzyl ) cycl oheREreA2008/000943

1,2-diamne (0.7g, 1.06 mmol) in acetonitrile (20 m)
was added tetrakis(acetonitrile)copper(l)

N’,N2Jr1§§yt@fddfwmﬁm)&&n )g?e/olaeQénéﬂ’fPi-Biafﬁ/ﬂ@ react j,pm

Xture hen stirre room tenperature for 4
chlorabis(cgcloattensptidiom(!) dmea §riGobie€d-i n vacuo, and the
resi due was precjpitated by the addition of hexanes.

The precipitate/was N ltered and was washed with
hexanes and dri{ed | vacuo. The material was used

fication for anmmpni a borane
hydrol ysi s experi men{s. 1H NVR (300 Mz, CD2Cl2): 8

8.47 (s); NH7- 72HM=~ 3.06 (s); 2.32 (m; 1.83
(m; 1,05 n. 31P NVR (12 CD2Cl2): 20 8 -3.0.

The Rl was tested \oni a borane hydrol ysis.
A cogf At-aiPR, Ng RPN -wers—pr epatadydt by t he

react N1

2-diamne wth tetrakis(acetonitrile) copper (1)
hexaf | uor opHd&pHEELERS Idepi B=ath, Tol, Xthe schene above.
_ JThe 31P NMR spectrum of the conpl ex displays a single
R =pBeflylesonance at 8 -3.0. The ' H NVR spect rum shows a

STaa gt b B LpaptEt brbsfinoarihey it
1,2-digmine-(0i ¥R g¢ N-phérpmsib épHetiahydmeiyenc(Z ok vk -added

e PERBSe S CHREED RO RENE 0 144 & uTEh HRES
The rebef{drOmiRGre 2vdd thdth stifreld, at<sdonk tanpleeatyre JorT @0aminutes,
and tﬁgorl,* lrjatif-é)ﬂrag?f@r(ﬁjifw&]ywm@@bmﬁdy%?eﬁwpy%?dn otaskan@nd the
residl%ezg\iér%'I ?Pé\g@té%gg%? tle Sddifidn Bhexdrtd efi LBt Was
filtered and was washed with hexanes to obtain a solid product. The material
was used without further purification for ammonia borane hydrolysis
experiments. Yield: 0.28g (70%). 'H NMR (400 MHz, CD,Cl,): & 7.58 — 6.80
(m, 20 H, Ph-H), 4.40 -3.50 (m, 4H, NCH>), 2.23 (m, br, 24H, CH3), 1.90 —
0.20 (m, br, 8H, cyclohexane-H), -21.05 (dd, 2Jpx = 20.5 Hz, 1H, IrH). *'P{'H}
NMR (400 MHz, CD.Cly): & -7.0 (ca. 50 %), -17.5 (ca. 50 %). (The *'P NMR
data is different from the literature reported value: Li, Y. =Y.; Zhang, H.; Chen,
J. -S.; Liao, X. —L.; Dong, Z. — R.; Gao, J. —X. Journal of Molecular Catalysis
A: Chemical 2004, 218, 153 — 156).

The reactivity of diamine diphosphine ligand N'N*bis(2-
(diphenylphosphino)benzyl)cyclohexane-1,2-diamine towards
chlorobis(cyclooctene)iridium(l) dimer was investigated.  This reaction
produced a mixture of two compounds with resonances in the *'P NMR
spectrum at & -2.7 and -15.1. Separation of the compounds was not

achieved.
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chl orobi s(cycl ooctene)iridiuml) dimer [Ir(COE)2C1]2
(0.180 g, 0.208 mmol ). The reaction m xture was then

waeisnediat roomtenperature for 30 m nutes, BOHCAR®S000943

at 80C for 3 hours. The solvent was renoved in vacuo,
and the 10 residue was precipitated by the addition of
Exa,-nlpﬂ@(gpes The precipitate was filtered and was washed
51 hexanes to obtain a solid product. The materi al
(a) NN -bista- -(diphieoyiphbephine}benzyi)tydabéxand-6,2-diaminedichloro-
ba/h ane hydrol ysis experinents. Yield: 0.28g (70%. 1H
coba (400 MHz, CD2CI2): b 7.58 - 6.80 (m 20 H, Ph-H),
4.40 -3.50 (m 4H ), 2.23 (m br, 24H CH3), 1.90
15 0.20 (m br, w cl ohexane-H), -21.05 (dd, 2] PH
= 20.5 Hz, 1 H }rHX 31P{1H} NWR (400 MHz, CD2Cl2):
8 -7.0 (ca. 50 .5 (ca. 50 % . (The 31P NMR
data is diffferen fromt e |It€bal§ure rfajorted val ue:
Li, Y. -¥ Zhang, H . -L.;
Dong, Z. PREzo P hzﬁ’ urnal of Mbl ecul ar
Cat al ysi A: Chem cal i‘i" 218, 153 - 156). 20 The
rgasbum)tohl@rfdéil(@mms gli @hgsmélf wdsgaaa’ea%\l% BbR&ISN of
) hi' no) benzyl ) cycl ohexane- di am ne
N'N b@&&(d@ eampbpalbh@pmmzubeycéwegxaneﬂ Jznqlamraﬁwe(@%ﬁ; g,
[ m x
0115 R IR ystel R The RBtdd Bl ek iihedifd
at 80°€ uﬂtll7alla¢t£ba1tll$) dhioSg@aisablved (&8 rhintite) MPOLATI Boriish BPthe
25 achi eved. 81 WD 2008/ 141439 PCT/ CA2008/ 000943
reactlggawtgregyva(sa)taken and water was added, followed by ammonia
boranf (55 30 R .3 RIVGOH, SURPE, NN hidipgen e Bitich
(b) cat al yAt, N2 #b/ﬂEhﬁ/—Blst@B/I;ﬂzdswba’:d)bbhjyl)ﬁyblmhedanéﬂ Daliamime
(é? ) was added to a sol ution of
d’ChIOK@C 532@ (di phenyl phosphi no) benzyl ) cycl ohexane 1,2-dia
mne (0.076 g, 735 mmol) in tetrahydrofuran (3 m).
The reaction m was then heated at 80C until all
di ssolved (<3 mnutes). Almn
portion of theNHrea on m xture was taken and wat er
Dy amoni acodlp bor ang(ca. 50 ny,
\ensi ve hydr oggn evol ution.

was added, fol [ owed
1.62 resulting i

Ar =para-CgH4CHa,

Tetrahydrofuran (3 ml) of was added with stirring to 230 mg (0.320
mmol) of N NZ%bis(2-(di-p-tolylphosphino)benzyl)cyclohexane-1,2-diamine
and 38 mg (0.293 mmol) of cobalt(ll) chloride. The mixture initially turned pink
and after stirring for 1 hour had turned dark green. The solvent was removed
in vacuo and the solid was triturated with 2x5 ml of hexanes and was then
dried in vacuo to afford an olive green powder. Yield: 230 mg, 93 %.

The compounds N1Nz-bis(2—(diphenylphosphino)benzyl)cyclohexane-
1,2-diamine and  N'N%bis(2-(di-p-tolylphosphino)benzyl)cyclohexane-1,2-
diamine were reacted with cobalt(ll)chloride. The dark green complexes were

readily obtained by removal of the solvent in vacuo and triturating the material
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(b) N,
N2- bi s(2- (di - p-tol yl phosphi no) benzyl ) cycl ohexane-1,
wQ2asam4se di chl orocobal t(11) NH HN cOCl2 catBCTH/EA2008/000943
PAr2 Ar2P / \ Ar = para-CoHA4CH3 Tetrahydrofuran (3 m)
of was added with stirring to 230 ng (0.320 15 mmol)
in he)@énes The compounds are paramagnetic and were not characterized
N2- bi s(2- (di - p-tol yl phosphi no) benzyl ) cycl ohexane- 1,
furthez, di ami ne and 38 my (0.293 mmol) of cobalt(11)
chloride. The mxture initially turned pink and after
stirring for 1 hour had turned dark green. The sol vent
MetaM@enipleReS Wvith -NLNCNNNJdgahgssol id was triturated
with 2x5 m of hexanes and was then dried in vacuo to
Examgfa 86d an ol i ve green powder. Yield: 230 ng, 93 % 20

1 521
NN @W@?%W@% é%’} 76 %ks)?) >|ranno ezn%? "c’:?/cl Vﬁexanléon (1
tetrafluoPolsbrate hexamairiNe
N2- bi s di - p- tonIphosphlno)benzyl)cyclohexane 1, 2-
di am
green
the s

ereacted with cobalt(l1)chl he dark
pl exes Re08,)s1IBEAL I y _obt ai nee by of
‘ mg Z/H’El[?erl al 82
008/ OO Q4 anes. Th@&Ful
@@;Lnds ar e llpar
rt herRRNet a

magneti c and vvere erlzed
nmpl exes with N-N-N-I\H 5
Exanpl e 58 N, N2-bis(pyridin- 2 yl met hyN %

CPfloaes B fi PRI Wb Seedo Bblma (9.684 mmo) of
N' Nzitﬁs(pﬁ)rﬂ)rﬁQ[ﬁﬁélr%/Iéhéﬁ)byblbheXaﬁé N2-AiamiteEN 2f hgR0.622

mmok)\,efg ggla(élaj tpgaﬁmrqtg %%Za atc eﬁfe?bﬂ; [%F—{;]lz resu]tlng in
the fd}'nlnawgntﬂfsé Gé(é;% ghléblg éé\d’fﬁnhyﬂ?é‘ ﬁ?n@tﬁ?é ?)&%@ﬁ%dlfo? ofteagur,

I ron(l
fi Itereﬂeﬁlraﬂgm@ejit@aaddhbemmenﬁateq Ine(amu) 8} parFd]ml. 10 mi of

citn e} R o BT fing o G a5l 51
that was collected by vacuum filtration and dried in vacuo. '"H NMR (300 Mhz,
CD,Cly): 8 9.41 (m, br); 7.17-8.33 (m, br); 3.61 (br); 3.24 (br); 2.96 (br); 2.35
(br); 1.11-1.83 (m). Yield 270 mg, 73 %. The material was tested for

ammonia borane hydrolysis.

Example 59
N N2-bis(pyridin-2-ylmethylene)cyclohexane-1,2-diamine with
tetrakis(acetonitrile)copper(l) hexafluorophosphate

N
; ; [CUWNCCH3)qJPFs N —_—
N CN Q \c @/N Q
== = CH3 u
= / PFG
U B NG e
~ZN RR)- N A N/

(note: proposed structure)
Degassed acetonitrile (10 ml) was added to 100 mg (0.342 mmol
N',N2-bis(pyridin-2-ylmethylene)cyclohexane-1,2-diamine and 110 mg (0.295
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frit angl driegdyipagcog. Prigld

8.51 RORSeln T még%gggﬁﬁﬁhgn‘i 355 ;205 Gmh 19 184 84950).

The Miateia wa%(téyt@kjdbnaawbrﬁiatﬁwé@@ﬁ}:@b&;@i@exane 1,2-diamn

filtered through Celite and then concentrated in vacuo

toca. 1 m. 10 mM of diethyl ether was added
welec@pasad resulting in the formati on of a pur pPEr/€abios000943

15 that was collected by vacuumfiltration and dried

in vacuo. 1H NWR (300 Mz, CD2CI2): 8 9.41 (m br);

mmolg ﬂe?ra%s?acét@ihltﬁre)co%eﬁgl) (H&ﬁaﬂu@ré’ﬁho(thbte 30%?[\!@@!-)3;)4]PF5

Yi el

and thgt r@mtwle was st@sadeﬁ:rfme havrordi r@ a@luaoe Wasl fikeresii throagh

celteg AR 1% Hitent \menyPe g sra BYaSHRLe £2. 318k 1A k!
diethy¥ éther Welsr added despvaBe tarid ﬁﬁeﬁ@ﬂoﬁfdciﬁltate was cI;\cl\)IIected on a

exaf | uor ophosphat e Q0 C—~ | I\ICCHS& a)P
ft0\mg, 78 %N (—RNM (ROQ bz CDzClz) 8

e and 110 ng (0.295 83 WD 2008/ 141439
PCT/ CA2008/ 000943 mol) tetra kis (a ceton itrile)

Exanﬁj)g%@ r(l1) hexafl uorophosphate [ Cu(NCCH3)4]PF6 and

m xture was stirred for one hour. The sol uti on was

N', N3 bistsyriztin-Chylmetylefg)cy t loharané e didmeingol vewth votobait(ll)

was reduced in vacuo to ca. 1 m. 10 m of diethyl

chlorigener was added dropwi se and the red precipitate was

and dried in vacuo. Yield 110
Mz, CD2CI2): 8 8.51 (s); 7.91

7.74 (m; 7. 43(rr)@00’,% 88 (mM; 2.05 (m;
1 18 1.81 (m. at er i al—was—test estalyer anmoni a

borane h SIS Exa 0 10
N, N2- bi s pyrk\jdl n- 2-yl met lyl eme) cycl ohexane- 1,
2-di am ne hco(lﬁfa%)t(ll Iorlde Qcoci2 NN

C Tl aromiary G b edt pes fodsd 10288 hg (0782 Hmd) of

collected on a 5
nrg, 75 % 1H N

N’ szglsg‘%nféﬂ@QWHe%aﬂeRe)le@hBXéﬁélQ)zﬁﬁférﬁlhéxéﬁ@ 80 dndi @B 15
mmol) of cobalt(ll) chﬁorlde The mixture was heated to reflux for three hours
and was then cooled to room temperature and the solid that had formed was
collected by vacuum filtration and then dried in vacuo. Yield 259 mg, 99 %.
NMR spectra were not obtained. The material was tested for ammonia borane

hydrolysis.

Example 61
N’ N?-bis(pyridin-2-ylmethylene)cyclohexane-1,2-diamine ~ with  nickel(/l)

bromide

Q NiBrz
————» catalyst

—

—N N
N (RR)- N~

A 0700 g (2394 mmol) sample of N'N%bis(pyridin-2-

yimethylene)cyclohexane-1,2-diamine and 0.455 g (2.082 mmol) of nickel(ll)

bromide were refluxed in 10 ml of degassed acetonitrile for one hour. 40 ml of
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15 mmol ) of cobalt(11) chloride. The m xture was
heated to reflux for three hours and was then cool ed

W 200800184 enperature and the solid that had foP@EGAN®MS/000943

coll ected by vacuumfiltration and then dried in
vacuo. Yield 259 ng, 99 % NWR spectra were not

d|ethy‘P @Hﬂérﬂﬁé’s a&r&gd @%@nr#galadwthﬁhetﬁé 9li§ WasPeoTRItted BPvabsum

hydrol ysi s

0
filtratio®- M@d@m mgn80-%! INVRyapestpoyelconetehiained duadicdiieriew

ickel (1 bromide QNNBr2 catalyst NN-"- CY
S°'mey?\f‘ ('Tffg ‘fi}d N 25 A 0.700 g (2.394 rmol) sanple of
NG oNidkes P¥ohEining- the ‘N-N-N-N' ligand N',N’-bis(pyridin-2-

| met hyl ene) cycl ohexane- 1, 2-di am ne and 0.455 g (2. 082
yimethyleng)cyclohexrae(1.2-diampinenivee \as@ prepargded The ER?C#P off

e e e
coppet qgwr@&aaudrdmﬁpme imbt:@bdab mpﬂdlyecaad iaifovcmziJusmgle

filtration. Yield 8 80 % NWR ectr
produsis, @eneicaed 1 {TAMBWSPSErRBRaMt y THE SRR RBBURY. the

expe:ﬁg@ﬁﬁpgggf gjfﬂlﬂ%’g gi‘ﬁl NORAN- Nidictd | 9an@obalt and nickel

compjdxr@st vgre Eppacdd eaiogous|y2- dFtammeTechemt@riza@ion was not
e reaction

TS B R g o St
naturé%tn"e?éﬂ'—sémg%'tﬁébbﬁ;)ple)&éépper (1) hexafluorophosphate

oceeded rapidly and afforded single products as
i ndi cated by 1H NMR spectroscopy. The spectra showed
tge expected resonances for the "N-N-N-N' adducts.
Exa 8Pt and nickel 10 conpl exes were prepared

1,1" (9?1?&198@161 C(/)mtmﬁyl- tHamidani3zia)on washiwide with
mpt ed due to the verylowsolublllty(metal =
Chlorwlsmﬁoo@fefﬁlﬂé‘#ﬂ@ﬂbﬂ"@r nature (metal = cobalt) of

t he conpl exes%anpl e 62
N~ngy

N /©
\ /N + 05 [|r(COE)zcnz—t—rﬁyTHaEr—m—ne> catalyst
Br®
N/\ﬁ ) "Bu

\/

To a solution of 1,1'-(pyridine-2,6-diyl)bis(3-butyl-1H-imidazol-3-ium})
chloride (1.0 g, 2.06 mmol) in tetrahydrofuran (30 mi) was added
chlorobis(cyclooctene)iridium(i) dimer [Ir(COE)2Cl]> (0.92 g, 1.03 mmol) and
triethylamine (0.40 g, 4.1 mmol). The reaction mixture was then stirred at
room temperature for 30 minutes, then at 80°C overnight. The solvent was
then evaporated, and the residue was precipitated by the addition of hexanes.
The precipitate was filtered and then washed with hexanes to obtain an
orange brown color solid. Yield: 0.52g (36%) 'H NMR (400 MHz, CD.Cly):
& 7.63 — 6.90 (m, 7H, imidazole & pyridine H), 4.30 (t, 4H, NCH.CH2CH2CHa),
1.84 — 0.14 (m, 14H, NCHoCH,CH.CHj), - 15.5 (s, 1H, Ir-H), -23.8 (s, 1H, Ir-
H).
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15 1,1 '-(pyridine-2, 6-diyl)bis(3-butyl-
H i m dazol -3-iun) chloride with

w@ehdosneldss(cycl ooctene)iridiunm(l) dinmer "Bu N@T/NAKDS/000943

Bre N+O_.5[Ir(C(E)ZCI]2 7HF - catal yst /
triethylamne Br GN' "Bu |V To a solution of

1The Lreddlion d:ifnq . (Exﬁdl)ﬁb)?eﬁﬁﬁ)mé&@yﬁut l-1H- |m||<§azol -3-ium)

H 1 m dazol - 3-1 um lorid
chlondewﬁhghlorﬁbjs(@mclpgotermle)|r|dmgm( d@imgar inghe presence of excess

tneth;@hl LR S%}%&)'rﬁa%%llt ;ER é%?' | 'lg MW%S{;{&?{O(H%&%&%}&& by

NMR%@&&@SCUW reaction mxture was then stirred at room
tenperature for 30 mnutes, then at 80C overnight. The
sol vent was then evapor at ed, and the residue was

& pitated by the addition of hexanes. The

Exan}g) %igl tate was filtered and then washed with hexanes

1,1" (/byir/d} 2 @deZé%Qﬂ@}Vlgﬁ-HimmwoBGhmm) sohlodide Yivaitid: cdbaiipid)
(3699 1HN|\/R(400|\/Hz cb2C12): 8 7.63 - 6.90 (m 7H,

chlorigdgi dazol e & pyridine H), 4.30 (t, 4H NCH2CH2CH2CH3),
1.84 - 0.14 ( H, NCH2CH2CH2CH3), - 15.5 (s, 1H,
lPE:T}_DCAZOSg/ 80 S, Id Ir- H). 85 WD 2008/141439

943 Bueacti on of
1,1 -(pyridi ‘2\%/ [ ) bi s(3-butyl -
_ -iunm) cBioride with
chl or gbi s(c ﬁ' ooctene)iridi un(l ) ditfer i n %Egrtppr esence

ri et hyl ami nt @2 per T % | ex
for nmed Eﬁ@ i ndi cat ed tbgﬁyqe ' spect roscopy
5 Exanple 6 \&3{1 j,di ne-2, 6d|yl)b|s(3 but yl -

H i m dazol - 3|u toride with cobalt(I1) chlorldeN
q;-"Bu Bra h\\géCI 2 THE catal yst

To a solution of 1,1'-(pyridine-2,6-diyt)-bis-(3-butyl-1H-imidazol-3-ium)

chloride (0.2 g, 0.41 mmol) in THF (30 ml) was added cobalt dichloride (0.05

g, 0.41 mmol) and triethylamine (0.08 g, 0.82 mmol). The reaction mixture

was then stirred at room temperature for 30 minutes, and then at 80°C for 3
hours. The solvent was then evaporated, and the residue was then
precipitated into hexanes. The precipitate was filtered and washed with
hexanes to obtain a pale blue solid. Yield: 0.12 g (48%).

The reaction of 1,1-(pyridine-2,6-diyl)bis(3-butyl-1H-imidazol-3-ium)
chloride with cobalt(Il)chloride produced a paramagnetic blue solid material

that was not completely characterized.
Example 64

2 6-bis(1-n-butylimidazolium)pyridine dibromide with dichloro-1,5-

cyclooctadieneruthenium(ll) polymer
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\ Br(c) triethylamine N " \\Nj Bu 10 To a solution
of
WA 200844RyY i di ne-2, 6-diyl)-bis-(3-butyl-1H i m dBZDCA3B00943
m chloride (0.2 g, 0.41 mmol) in THE (30 m) was
added cobalt dichloride (0.05 g, 0.41 nmol) and
triethylam 0.08 g, 0.82 mmol ). The tion
m xture wa \i%gnngsti rred at room tenpgratyce for 30
mi nut es,_. eg at 80C for 3 h . ﬁf{%&l‘vent was
hen -1

then e apo ated’” aan B@ esi dug
nes."
ot A pal e

preci p\t a/ d into hexa

filtere Red with hexanes o

bl ue solid Y| Re® 0. 12 g (48%. The r af\l on of
-(pyridl\ﬂa/Z 6- dlyl)bis(S-butyI =

H i m dazol -3-iun) chloride with cobalt(ll)chl oride

produced a paramagnetic blue solid naterial that was

noItheC %Hlpﬁﬁﬁdy \Afa@ab ﬁ% r&ﬂiggf&;”ﬁ’?é qbgr%turg procedure

6-bi s(I-n-butylim azoijl pyr e di brom

(Poyat0§hl bt.p- Mata, cIA)ocFakd)mnerEJt h€nabirde,| )R.pdHy mer86 E.

Orga\é\gmzqg /glﬁglég %%84% 55%._ g{l{gﬁ’&%’hg& pﬁ)@o-

ds): § 3@9 0, 2+ imMdakore H@nmgrw msm eaaae@' I-QCP%GI'nBQH} F.91

Iiterature procedure ' '( Poyat

(d, 2Ha$~bm F, 1E5; HLr pyridine H)R7 .64, (s, I2<H ||mldai‘zole 5), 4.32 (t, 4H n-

o), EAERRBAL ki ad) s Ml o b AL p87Fpmut! 17

(tWhehl . 131thyridind 4, @dNZ)blstUL@Inﬁ-l h%da%oﬁé—mrh?' éHTbrlde
3JH H = 13.5 He yridine 2H, i m dazol e

and Hjlcﬁlq)rg@ Q-pyclnpptamer[&)yuthqn|gan((l)qupglymer ayeren-1gffyxed in

ethariqliiﬁ_ti% y;?ﬁ{eg%rﬂ%e ;'f éH%@I&? rgﬂg?@ (%Rciﬁ#foﬂu%ﬁnd Wée dibromo

bis(1l—h-bniywiaﬂ@dazcﬂmnwrynmhb(ﬂarﬂenyl)lrﬂﬂﬂintﬁ.lm(lI) was formed. The 'H

di chl oro cI ooct adi enge) rut heni un(11) pol yner were
NMR;saqcthuey ? PﬁHﬁb?greﬁ’dtWﬁ'@”‘ H}eeutsmter%fenon et hyl ani ne

t he known conpound 2, 6- di brono
Example 65
1, 1-(pyridine-2, 6-diyl)bis(3-butyl-1H-imidazol-3-ium) chloride with

chlorobis(cyclooctene)iridium(l) dimer

N

N\/%\"B“
S or®
THF
\ /N + 05 [Ir(COE)ZCI]ZW catalyst
cie
N/\r?/“Bu
S

To a solution of 1,1'-(pyridine-2,6-diyl)bis(3-butyl-1H-imidazol-3-ium)

chloride (1.0 g, 2.06 mmol) in tetrahydrofuran (30 ml) was added [iridium
bis(cyclooctene) chloride] dimer [Ir(COE).Cl. (0.92 g, 1.03 mmol) and
triethylamine (0.4 g, 0.412 mmol). The reaction mixture was then stirred at

room temperature for 30 minutes, then at 80°C overnight. The solvent was
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bi s(1-n-butylimdazolium pyridine(carbonyl)rutheni un(l
) was forned. The 'H NMR spectrum of the product

wagreati4ss th the literature report. 15 Exanpl eP@GBCA2aD8/000943

-(pyridine-2, 6-diyl)bis(3-butyl-1 Himdazol-3-ium
chloride with chlorobis(cyclooctene)iridiun(l) diner

then &lapbratdl andl the rélslﬁu@ vﬁai bfe(c@ﬁ%)té’@blﬂhg 'd'édﬁﬂ)tnaéﬂ’r%xanes

triethylamne Cle To a solution
The precipitate was filtered and then washed W|th hexanes to obtain an

ran e R o Y P . ook

m
7.63 lg. 9@/4;[%} ?Z(Hicggug%iéldl & ?yrl@ln%(ﬁl)’@i 80qt, edﬂ)@) N@Pb@mz@ﬁigcm)

1.84 t'rq &4 K, é‘lﬁ"hé‘l@ﬂz&l'@&/'licﬂb)z rﬁ]@ﬁ)(s The 'fr-éféuc-t%o& (s, 1H, Ir-

H) m xture was then stirred at roomtenperature for 30
m nutes, then at 80C overnight. The solvent was 87 WO
2008/ 141439 PCT/ CA2008/ 000943 then evaporated, and
the residue was precipitated by the addition of

Exampig §fes. The precipitate was filtered and then washed

11 s e e B R DRI D O plorice
with dhi@Oblsfeydbbcteneradioh])&imeri di ne H), 4.30 (t, 4H,
[\ICI:I--IECEIZ?IS-QCI:I--B?_| /(;LMEM - 0.14 (m 14H NCH2CH2CH2CH3) ,

, -23.8 (s, 1 H Ir- H. Exanple
66 1, 1 '-(1, 3-phe iebi s( met hyl ene) ) bi s(3-butyl- 1
H-i m dazol - 3/ium | ogide 10 with

chl or obi seeycl ooctené)iridiun(l) dimer N~\nBu N / 6 ~
Cl 43 + (COE) 24 J %(C'Q—EIEC&at altyst _ triethylamne

cie _ > catalys
triethylamine
ca®

N/\N@ ) _"Bu
=

To a solution of 1,1-(1,3-phenylenebis(methylene))bis(3-butyl-1H-
imidazol-3-ium) chloride (1.0 g, 2.36 mmol) in tetrahydrofuran (30 ml) was
added chlorobis(cyclooctene)iridium(l) dimer (1.06 g, 1.18 mmol) and
triethylamine (0.48 g, 4.72 mmol). The reaction mixture was then stirred at
room temperature for 30 minutes, then at 80°C overnight. The solvent was
then removed in vacuo, and the residue was precipitated by the addition of
hexanes. The precipitate was filtered and washed with hexanes to obtain an
orange brown color solid. Yield: 0.74g (48%). 'H NMR (400 MHz, CD,Cly): 8
7.14 — 6.12 (m, 7H, imidazole & pyridine-H), 5.61 (m, 4H, CH>), 4.24 (t, 4H,
NCH>CH,CH>CHzs), 1.84 — 0.40 (m, br, 14H, NCH,CH>CH.CHS,), -27.2 (s, 1H,
Ir-H).

The synthesis of pincer complexes by the reaction of 1,1'-(1,3-
phenylenebis(methylene))bis(3-butyl-1H-imidazol-3-ium) chloride with chloro-
bis(cyclooctene)iridium(l) dimer was attempted. The "H NMR spectrum of the

product showed that a complex mixture had formed.
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N p"Bu N To a solution of
1,1'-(1, 3-phenyl enebi s(net hyl ene) ) bi s(3-butyl-1 H

w0 pdodazabs 3-i unm) chloride (1.0 g, 2.36 mmol) iPCT/CA2008/000943

tetrahydrofuran (30 mM) was added

chl orobi s(cycl ooctene)iridiuml) dinmer (1.06 g, 1.18
Exanyelg7 and 15 triethylamne (0.48 g, 4.72 mmol ). The

reaction mxture was then stirred at roomtenperature

1,1-(flo¥-pBenyienrebisénetitiianeltbigGebwyet HiigtidazoHdeiugy| venthloside
: i n vacuo, and the residue was

with %ﬁégﬂﬁ@?@‘g‘?by the addition of hexanes. The
precipitate was fil d and washed with hexanes to
obtain an orange Brown\golor solid. Yield: 0.74g
(48% . 1H NVR (400N €O 2): S 20 7.14 - 6.12 (m
7H, i mdazole & pyridi nec-lbl), 5.61 (m 4H, CH2), 4.24
(t, 4H, QFFERRCH2CH3) ,"1.84 - 0.40 (m br, 14H,

NCH2 CH2 -27.2 ($pcl H 1T -4 o fae synthesis
of pincer ¥ £xes by tﬁezremwlanﬁneof 1,1'-(1, 3-

phenyl enebi S{tm&t hyl ene) ) bi s(3-butyl -1

0 chlogid€ with chioro- 25
bi s(cycl ooct ene) i TiNJT ur®)-"8li mer was attenpted. The 1H

NMR spect rum of the\ prg\&luct showed that a conpl ex
m xture had forned. 2008/ 141439

P ' i ,
L ERPEANBEN8 TR vy syt @ souon or 1.1
(1 ,3—Kl_hénﬂ§;rlldﬂei§ih€rﬁ?ﬁ/hylme¢)lb!i318ib}Eyl-vcl;iﬁziﬂmdeflgmaBti(lr)) chdbtide i (@b g,
--"Bu ) T e ( S .
1-18tmné9|_ﬁﬁr§m%eeq&V%tﬁ% qf elyiamine (025 e mma) in
tetrafg@r%fdfgﬁ (3d 1R)9.-The }8afiBH ImiXaFreadiRd théh astirdd!tdtOfbom
temp(e;am}@ﬁenﬁqemmnute(snrembw ah&0f6i far33bbeyts. TFhe rAcleerd| was
remoé/:e%??ainéth t:q%{ rlg%te OW§§%§e§§bit%?Mpﬁgﬁﬁor? A 'h‘é@(laﬁgg SThe

precipRbfcalvud fitersd AntWasiad withendxemeti torobithint alipalevbiud Selid.
stirred at room tenperature for 30 m nutes, then at

Yieli3056 9(92%ours. The sol vent was

When 1,1'-(1,3-phenylenebis(methylene))bis(3-butyl-1H-imidazol-3-
ium) chloride and cobalt(ll)chloride were heated in the presence of excess
triethylamine a paramagnetic blue solid was obtained in high yield. Further

characterization was not attempted.

Example 68
(2-bis(1-n-butylimidazolium)ethyl)amine with chlorobis(cyclooctene)iridium(l)
dimer
9
N N~ngy
@\/
NEt,
HN®  a® 20®  +  [ICICOE))l, —  catalyst
\/\ THF
SEAN
N—"Bu
I
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10 renoved, and the residue was precipitated by the
addi tion of hexanes. The precipitate was filtered and
woembadi4ee t h hexanes to obtain a pale bl ue sol P@I/CA2008/000943
Y| eI d: 0.56 g (92% . Wen
- (1, 3- phenyl enebi s( et hyl ene) ) bi s( 3- but yl -
HN MioBaney - (811 Umhma ortith aﬁdcﬁl@hﬂilé((cyblb@b{eﬁ’fei)iﬁﬂium(l)

were heated in the presence of excess

dimet 1 j BEGGQR)lz aWasr ank@frd i ctdl ud 190l iM9waPlobt@rkisd-n-
butyl.hﬁgé‘i& n’}’cf?bﬂ@an{:ﬁét @e{o riN8Y 5G5S IoPPopoIN%850 mi of

degaﬁsﬁdggngﬁgﬁylan’omf y/i/asiraddedlan;mlm hyikfuseriwas vefluxed overnlght
i s(cyclo

The salitn VR COpCeMEstgddeana Ml i1q thercibeyoTd vas Aplfsted ia
flltrat%g'Ei ngrlég 008/ NfArd 3P RErbEEARP HRHi4E8 4Rat 4 rhBdurdDof

portion of

compohkihds obas (msenbctTd‘rea)mlxiuﬂe utisplpyed raerloyl re@ictiotE)tagvards

dded  t of (2-bis(1-n-

ammBﬂ‘?}hqrﬁ?%éﬁ/gTqmet hyl)anmine in 10 m of degassed

i sopropanol. 350 m of degassed triethylanine was
added and the m xture was refluxed overnight. 5 The

Metak Gomplexesawitis NcBhkigands to ca. 3 nl and then the

was collected via filtration and dried in

EXE'"?PZ . NMR spectroscopy indicated that a m xture of
ThiosHEMPRYMEIS themainiTh€ s@tht dicAloroths gthiphienydplsaspdyres) ratheoivm (1)

reactivity towards ammoni a borane hydrol ysis. 10
Metal _Conpl exes with (N-S) Ligands I e 69
Thi ¢gjphey- 2- yl net hanam ne WI t h

R v N %

NH

(note: proposed geometry)

Thiophen-2-ylmethanamine (200 pl, 1.949 mmol) of was added to

1.272 g of dichlorotris(triphenylphosphine)ruthenium(li) [RuCl(PPhs)s] in 10
ml of tetrahydrofuran. The mixture was stirred for two hours and then the
solvent was removed in vacuo. The residue was dissolved in 5 ml of
tetrahydrofuran and then 30 ml of hexanes was added dropwise and the
mixture was allowed to stir for 30 minutes. The solid was collected by
vacuum filtration and was then dried in vacuo. Yield 694 mg. "H NMR (400
Mhz, CD,Cl): & 6.51-7.46 (m, 15H, CeHs); 3.78 (s, 2H, CHy); 3.12 (s, 2H,
NH>). P NMR (162 Mhz, CD.Cly): 8 45.7. The material was tested for

ammonia borane hydrolysis.

The addition of thiophen-2-yimethanamine to dichlorotris(triphenyl-

phosphine)ruthenium (Il) proceeds within two hours and the product isolated
had a single P NMR resonance at 5 45.7. The 'H NMR spectrum of the
product showed the presence of triphenylphosphine and thiophen-2-

ylmethanamine in a 1:1 ratio and accordingly, the structure may possess trans
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d'SSOﬂ\fﬁdoptTéHO@%n L
BT M e T
mixturelvedd $tirrgd fd‘rl cme Heur é?nrf,ﬂl’ié sdlld:waalcpﬂectsd Ni#rPa frit and dned

Acet tril 6 0. 759
in vastioe okeld 1200 Fahi PP aBasie: WES st dor i gorane
hydr@ﬁ gl y (ca. 40 C until the solid dissolved.
|

(note: proposed geonetry) Thi ophen-2-yl net hanam ne

(200 I, 1.949 mmol) of was added to 15 1.272 g of
waelc@Blionst ri s(tri phenyl phosphi ne) rut heni un( | | ) PCT/CA2008/000943

[Rud 2(PPh3)3] in 10 m of tetrahydrofuran. The

m xture was stirred for two hours and then the

cror S50 QYA R 2pmotgoapine

ligand¥ inhibearigenalgsiane dertespomds fxtharaterial formetdmdhmeactnon

allowed to stir for 30 mnutes. The solid was
collected by 20 vacuumfiltrati on and was then dried

Yield 694 ny. 1H NVR (400 Mhz, CD2CI2): 8
Eranifoece,

(m 15H, CBH5): 3.78 (s, 2H CH2): 3.12 (s,

Thioghén- 2W¢thamamlnww:(in@mamw clooid® 2): 8 45.7. The

materi al was tested-for ammonia borane hydrol ysis.

The addition of hen 2-yl met hanami ne to

di chlorotrisetr 25 | nedydt heni um (11)
proceeds within t hour and the product isolated
had a single 31P R resgnance at 8 45.7. The 1H NWR
spectrum of the product N8howed the presence of

L ASDSTIIETBS R R8sTRGudd ORIEE 1hig 0 7Y WARAI B chidaifin

ccording ure nmay possess

chlorideaand &%Vﬂxﬁﬁeswulmanemgamoqeaoa@gae) ’\attl cthiedeolid

i gands, and the ti hen, I F&%@ﬁggnﬁeﬁgﬁﬁ'@"\q‘h ghuas added

ophen- 2-yl met hananmi ne (160 |, 1.560 mmol) of was
adWleen tovosequivalehis: of thigphen2-ylmeshanansing werg addedht@ a

o5 BT e TSl e
was féddily%tﬂa@'d' Sl tHeNIREAE SPuctifrelstindiRatewin theeschetha aI&bve

ested for anmmoni a borane hydrolysis. Wen two
equi val ents of thiophen-2-yl met hanam ne were added to

Metal Complexes with 'Pybox’ Ligands
Example 71
1,3-bis((R)-4-isopropyl-4,5-dihydrooxazol-2-yl)benzene with cobalt(ll) chloride

0o O coCh
I | —  “» catalyst
N N

: i

ipf
A sample of 1,3-bis((R)-4-isopropyl-4,5-dihydrooxazol-2-yl)benzene (30

mg, 0.100 mmol) and 20 mg (0.092 mmol) of cobalt(ll) chloride were refluxed
in 10 ml of tetrahydrofuran overnight. The material was tested for ammonia

borane hydrolysis.

Example 72
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15.0 amgl (01(516)7 n-gm(qb) ®f6e

spectF BEBRALEHE! SYRLAR PLABAEbY eI, s AT B

presefift Aﬂbﬁfhré@%ayl It 366 teAfpleaturd treeniatyse acbnslglenh mostly of
startlnmtr@teraaai Thaenatgrial was teted feisamamania b QFﬁﬁfn

15 solution of cobalt(ll)chloride a blue precipitate
rapidly formed. The material was readily isolated and

wWo b@shikedy structure is indicated in the scheP&r/ahznns000943
Metal Conpl exes with 'Pybox' Ligands Exanple 71 20 1,
3-bis((R)-4-isopropyl -4, 5-di hydrooxazol -2-yl)benzene

1 3—bl‘§((RDl43@59)fdlﬁiyll ) 5-@Imy@hbéi©zof12-yl)@eﬁz§ﬁb 12 Tt ~ chlorobis-

sarrpeo

(Cy0/ODCtPJ1ﬂ)ISld(lﬂQ)1(-/)4dm®prropyl , 5- di hydr ooxazol - 2-yl ) benzene

(30 ng, 0.100
cobalt(Il) chlo
tetrahydrof@ran

Rl ) and 20rTg(0.092 nol ) of

were refluxed in 10 m of

I gt .0SThE(CRELERY | al gas tested for
< fir ohysI s. Exanpl e ¥ 91 WO

2008/ 141438 PG, 8/ 040943 1,

3-bi s((R)-4s1sopropyl \?5 di hydrooxazol 2-yl ) benzene
wi th chi oedbi s- (cycl oocene)iridiunm(l) dimer O 0 0.5

b DRl BB P g s g 0% e

(0. 031§§ PR35 6T”P|3)b|§((R)-4 |soFr0fyI -4,5-dihydrooxazol-2- 2)/I)benzene and

1, 3-bi sS((R)-4- |sopropy di hydr ooxazol - | ) benzene
h@mhly(cyfslooctene)|r|d|um(l) imer. NMR

tenperature the m xture consi sted m)stl \éf? rting
hydrg

rséﬁne
hydrol ysis. 10 PREPARATI ON OF METAL COWPLEXES I N SI TU.
Exanpl e 73 Bis-(2-(di-iso-propyl phosphi no)ethyl) am ne

PREPARATIONTOBIMETALI COMPLEXES INe8ITY.NH cat al yst
Example 73
Bis-(2-(di-iso-propyiphosphino)ethyl)amine with iron dichloride

\/*—- PPr,
FeCl,

NH > catalyst
THF

PPr,

Iron dichloride [FeCly] (0.008 g, 0.0631 mmol) was added to a solution

of bis-(2-(di-iso-propylphosphino)ethyl)amine (0.020 g, 0.0655 mmol) in
tetrahydrofuran (30 ml). The reaction mixture was then stirred at room
temperature for 30 minutes, then at 80°C for 3 hours. Then KOBu (ca. 10 mg,
0.0891 mmol) was added followed by ammonium borane (AB) (ca. 50 mg,
1.62 mmol) at room temperature. Moderate hydrogen evolution occurred

which ceased rapidly.

Example 74
Trichlorooxobis(triphenylphosphine)rhenium(V) with bis(2-
(diisopropylphosphino)ethyl)amine
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THE P Pr2 15 Iron dichloride [FeCl 2] (0.008 g, 0.0631
mol ) was added to a solution of

wWhe@s(2udi - i so- propyl phosphi no) et hyl ) am ne ( OPOROARN08/000943
0.0655 mml) in tetrahydrofuran (30 ml). The reaction
m xture was then stirred at room tenperature for 30
m nutes, then at 800 for 3 hours. Then KQBu (ca. 10

ng, masnadded. f ol Hroyediek. BYL apggmni um
borg‘%(gmi('b%‘?z(ca kr’rg, 1.62Pknol ) at room {

This b@ﬁﬁﬁﬂﬁ%“%s P’l‘aég)l%gﬁ Sn g?ﬂ%ﬂg%@@gﬂ% FAe ORCL feffhrybutyl

whi ch ceased .
analoguiecahaveoioxbiarmpter 8 HhyYiplto 008 e(5796Nni 46(nY) ofvivater and

i - i i.sopropyl sphi et I m.ne 92 WO
10 mbhlstiap) HrestiRts FERASEOB0 BT S o i tadlgiaiapy sentilation
vials t&feRNG tE’rro%lnTEl’flutlbﬁfTHé mgteﬁ*lél %tsallelé%]i fo-FrErﬁrrfb‘Pl@BH%e
was prepared in situ anal ogously to
hydralysis.i ar ybutyl anal ogue above in Exanple 32 (b).
Yield: 0.08 g (57%. 10 ml of water and 10 m of
tetrahydrofuran was added to 10 ng of the material in
Exaniplé(?BntlHatlon 5 vi als to forma brown solution. The
erial was tested for amonia borane hydrolysis.
Bls(Zﬁﬁwrepylghe%lwOkaihy%%mpwfp RE&eHilhGrsmidg! ) ani ne
with nickel (Il1) bromde HNNIiBr2 'Pr2P-i P Pr2
catalyst 10 THFy reflux Thi sygspnpound was prepared in
situ. To Rr806l Uf1 O oPPh s(2=—— > catalyst
(di i sopropyl phosphl no) et hyl J&nis¥ex (0. 20 g, 0.65 nmol )
t u ) d | 1) (D
brghed%&{(q%gﬂm \5\/38 ggpm’m /W%/tﬁr ggdgtlgoﬁbﬂtlgb roé b\‘/s\é%
(diisoptrmylpm:féphmmjefrml)aﬁuh@mf)s?,o gob6énnadlpnh tetrahlydrafutam(20

ml) w%gﬁgéqlggecgwp?@gf g%’r@mqa%&g ﬁeq Zl?ggnrggwoﬁ) aﬂ1es réé)ctl%%t I%IX u%
was then refluxed for 5 hours, concentrated to about 5 ml, and then
precipitated by adding hexanes to obtain a pale brown color solid. Yield: 0.28
9. 10 mg of the product was dissolved in 10 ml of tetrahydrofuran and 10 ml of
water in a scintillation vial to form a pale brown solution. The material was

tested for ammonia borane hydrolysis. No metal precipitate was observed.

Example 76
2,6-bis((diisopropylphosphino)methyl)pyridine with trichlorooxybis-
(triphenylphosphine)rhenium(V)
PPr,
— REOC|3(Ph3P)2
NN > catalyst
THF, rt
Pipl'z
This compound was prepared in situ.

Trichlorooxybis(triphenylphosphine)rhenium(V) ReOCI;(PhsP), (0.50 g, 0.60
mmol) was added to a solution of 2,6-bis{(diisopropylphosphino)methyl)-
pyridine (0.20 g, 0.58 mmol) in tetrahydrofuran (20 ml). The reaction mixture
was then stirred at room temperature for 15 minutes. The greenish yellow

trichlorooxybis(triphenylphosphine)rhenium(V) slowly dissolved to form a clear
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g. 10 ng of the product was dissolved in 10 m of
tetrahydrofuran and 10 ml of water in a scintillation

woe@B/14@3d orm a pal e brown sol ution. The mat er PEI/CA88/000943

tested for ammoni a borane hydrolysis. No netal
preci pitate was observed. 20 Exanple 76 2,

dark egrees (Yaditicro phibery bpd depinj podcipitatgs )thtdﬁoemvw'ﬁﬂe product

was '§8 h@%bﬂéﬁg‘ & bg{b]elnéﬂ?%hos h| De rhe{}'ﬂ%‘l’%\/&%‘%ghw&

Yieldnas3® geBaimngdof theSprloduct #as dissolved jn 10 ml of t
Tri chPor 00XYbi s(t‘!r?l phenyl phosphi (re]e)"?r henrlnu0 V‘)atrahydrofuran

and e ou of mﬁv) n a @cmjnllgtlom) Ve torfntrh)a waﬁowdstéuhqm Ammonia

boraig, i e 2159, ™ S Ao, 4 X, BYRTI=, ety was

moddrate. The reacti on m xture was then stl rred at room
tenperature for 15 m nutes. The greenish yell ow
trichl orooxybi s(tri phenyl phosphi ne) rhenium' V) slowy
Exan?_@% ved to forma clear 93 WD 2008/141439
008/ 000943 dark green solution. After one
1, 3-bis(di-isopprepyiphospkinoskgbentend withnirorhéichlovidiect  was
i sol ated and washed with diethyl ether to renove any
tri phenyl phosphl Pe—PPrield: 0.35 g. 5 ng of the
product was disgolved in 10 mM of tetrahydrofuran and
10 m of er \n a scintillatjon vial to forma
ti od/ Anmoni a_5 d:&%gne was.afded (50 ny,
t

yel | ow sol
he hydrol ysipgerate was = noder at e.

1. 620 mmol )N\an
Exanpl e 77 1, 3-Kis(di-iso-propyl phosphi nooxy)benzene
with iron dichl o depip OP Pr2 Fed2 / catalyst THE
10 OGP Pr2 Iron dichl orlde [FeC12] (7 my g, 0.0552
nmol ) was added to a solution

1 3 bi,s S hos X nzene Q .
B RsIoe FeCagy B pd&bﬁ?%ﬁr‘ogﬁ g b ¥ 2ot
of 1r3 bfs%‘(ﬂlels&@)?obﬁﬁﬁoﬁhlﬁé&@')ﬁénié?@“(0 020 g, 0.0584 mmol) in
tetrahydrofuran (30 ml). The reaction mixture was then stirred at room
temperature for 30 minutes followed by 80°C for 3 hours. The material was

tested for ammonia borane hydrolysis.

Example 78
Trichlorooxybis(triphenylphosphine)rhenium(V) with 1,3-
bis(ditertiarybutylphosphinooxy)benzene

/@\ ReOCly(PhsP), -
— catalys
Bu,PO OPBu, EtsN, THF

This compound was prepared in situ.
Trichlorooxybis(triphenylphosphine)rhenium(V) ReOCI3(PhsP). (0.42 g, 0.50
mmol) was added to a solution of 1,3-bis(ditertiarybutylphosphinooxy)benzene

(0.20 g, 0.50 mmol) in tetrahydrofuran (30 ml) with 1 equivaient of
triethylamine (0.05 g, 0.50 mmol). The reaction mixture was then stirred at

room temperature for 30 minutes followed by reflux overnight. The product
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15 tenperature for 30 mnutes foll owed by 80C for 3
hours. The material was tested for ammoni a borane
whyaBsolmsd s. Exanple 78 PCT/CA2008/000943
Tri chl or ooxybi s(tri phenyl phosphi ne) rheni un{V) wth
1,3- 20 bis(ditertiarybutyl phosphi nooxy) benzene
was Bamé@(tghmcapm@i Wb ditBy?REPHBER: B 38l g TBEMEhbS the

oun

prodtmtu was &1%‘(91‘955;3 gf? tﬂ gﬂalf&efrhtbgmfu@prmnwof water in a
scmt@%ﬁﬁ ﬁéglhgg )%n(no 4%/e‘ﬂow sg&tlo?\.S ﬁ@’l r}uai@%l a\ggg dtets?e(f‘ for

ammdnir boraheityerblysisy but yl phosphi nooxy) benzene (0. 20 g,
0.50 mmol ) in tetrahydrofuran (30 mM) with 1
5 equi val ent of triethylamne (0.05 g, 0.50 mml). The

Gid on m xture was then stirred at roomtenperature
Exan?ﬁg@ 7t3()0 m nutes followed by reflux overnight. The
1,3-bis(dilextiary Ay Mo S804 HBAzEMET | GARD 0 SLATDTU (I/\aschloride

urified by precipitation into diethyl ether. Yield:
hydr%ez3 g. 5 ng of the product was dissolved in 10 m of
t et rahydr of ur nglom of water in a scintillation

vial to forma yellow sol Whicqan,dhe material was
tested for @} Dni @ bor ane—hydrolysi satafstExanpl e 79
1, 3-bis(dit i arybutyl ph 3¢P@OXY) benzene Wi th

rut heni um( 111 )c E@grlde hal2e o Pt Bu2 RuCl 3. 3H20 \
f - catalyst N 80C O PtBu2 ethanol , 28 hr 10 This

10 COTR®UBSMpBENET R8I reparedi . sifly. suApeuspensronnbantaumgg
rut heni un(|I | IE) chl ori de hydrate (0.

ruthesiwndil} er t i afPlONiE! phos phidiaisky) bené%ﬁg (0. 2(5’)g, 0. 503
s PSR 10920) 1 Svmmol i) e
triethyéarninea(tl1 0 eg)pinodthenohd20 ext)r was estiriett forn24 aate80°C. The
solvent was removed in vacuo and the product was extracted into hexanes
15 (50 ml x 2). The solvent was then evaporated to obtain a red solid. Yield: 0.1
g. 10 mg of the product was dissolved in 10 ml of tetrahydrofuran and 10 ml of
water in a scintillation vial to form a yellow solution. Ammonia borane was

added (50 mg, 1.620 mmol) and the hydrolysis rate was moderate.

20 Example 80
Bis-(di-iso-propylphosphinooxy)benzene with cobalt dichloride

O—P'Pry
CoCl,
-+ catalyst
THF, 60°C
O—P'Pr,

CoCl, (0.008 g, 0.0584 mmol) was added to a solution of bis-(di-iso-
25  propylphosphinooxy)benzene (0.020 g, 0.0584 mmol) in tetrahydrofuran (30

ml). The reaction mixture was then stirred at room temperature for 30
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N, Nthis(cligoprap R 0seb 10 hanzener - @apHoR 00043
b’s("’??]ﬁg?)d?’?og%" %ﬁﬁ'“@m : TThe color of the reaction

15 (50 m x 2). The solvent was then evaporated to

obtain a red solid. Yield: 0.1 g. 10 ng of the
w@emduets3mas di ssolved in 10 ml of tetrahydrof BEEOA2008/000943

10 M of water in a scintillation vial to forma

yel | ow sol uti on. Ammoni a borane was added (50 ng,

mmutés 6B nraTIB0°Cafad 3t surby dTHel dG1bs of ticeredfioMPeiRiuné femdthed

Exanpl e 80 Bi s-(di-iso-propyl phosphi nooxy) benzene with

blue. Theanatesinbwrstested for smmonia bomne bydwiyss. TH F, 60C

OP Pr2 CoCl2 (0.008 g, 0.0584 mml) was added to a
sol ution of bis-(di-iso- 25 propyl phosphi nooxy)benzene

Examipls 820 g, 0.0584 mmmol) in tetrahydrofuran (30 m). The

reactlon m xture was, then stirred at roomten]?ﬂ 7ture

Gilproexy-

e remal’ne he material was tested for
ammoni a bor ane hydr ohpsip®r, Exanpl e 81 5 Ni,
N3- bi s(di i sopropyl phgsphi no) benzene- 1, 3-di anine with
trichl orooxy- bi henyf_%%ﬁﬁﬁﬁﬁg) rheni um( V)
HN-P' Pr2 Re OC IS 3P) 2 THF, rt HN-P Pr2 This
compound was prepared in sitdPFT a solution of N, N3-
bi s(di i sopropyl phospHNn@ijbenzene- 1, 3-di amine (O. 20

St BRBUA e BRSRUPLIE SR, 205 phat e

bls(dl%@%ﬂlﬁi&blﬁné)@eﬁﬁeg&103583mmn0| $0.20d d,r i @5By | mmale in

O mol ). The reacti,on m xture was then

g, 4.
tetralyaur@fuw at r oom {#per at ure Mbr 4 hour ¥@SThe added

tnchlc}foo&%gggﬁﬁé | 6§;&rﬁh€;{?ﬁémﬁﬁw'%®m@hm\/@0 &9 | 058

15 bl ue col or soluti on.

mmoBOlanelntrleNm;dan’mmw (@3‘4@9,04&1 aunolndhe Heachen dU‘étlwaéNaS then

pr eci | t at ed addi tion of %I et hyll et hﬁ{)ur _he The

stirregr eci gl t at & fl IPRPEGRUY

trichlorooxybis(triphenylphosphine)rhenium(V) slowly dissolved to form a pale
blue color solution. The solvent was then evaporated, and the residue was
precipitated by the addition of diethyl ether. The precipitate was filtered and
then washed with hexanes to obtain a brown color solid. Yield: 0.19 g. 5 mg of
the product was dissolved in 10 ml of tetrahydrofuran and 10 ml of water in a
scintillation vial to form a yellow solution. The material was tested for

ammonia borane hydrolysis.

Example 82
N',N%-bis(di-iso-propyiphosphino)benzene-1,3-diamine with cobalt dichloride
HN—P'Pr,
CoCl,
-» catalyst
THF, 60°C
HN—P'Pr,
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then washed with hexanes to obtain a brown col or
solid. Yield: 0.19 g. 5 ng of the product was

waele@soimad in 10 m of tetrahydrofuran and 10 PET/0A2008/000943

water in a scintillation vial to forma yellow
solution. The material was tested for 20 anmoni a
b@@@l% (bYd76l 9 0. 658 Fxafibl) vadladded to a solutlon of N N3-bis(di-
- bi s(di-1so- pro%l phosphi no?) benzene- 1, 3-di ami ne
lso-pmxipm"m)beammﬁ-1 digmine’ P0202@o@, | 20 \05;87 mmol) in

tetrafigB B0 b abas IS PD, BB WEt BT T Sfcreom

tempedatace tfor zﬁosohmuietsn foﬂonl\BkaOé’Cdfor 3 hours resultmg in a
i SO- Fhosphl no) benzene- 1, 3-di am ne (0.
changeos 730%0 rpm plug dor Biwsh &88RAN ("ﬁomﬁt?”a*m\@sr g%ii?ﬁi ofer
455G \@p@, stirred at room tenperature for
ammﬁ]‘hnu esn (#f@\&elg by 60C for 3 hours resulting in a 5
change of color fromblue to bluish green. The

was tested for anmoni a borane hydrolysis.
Exa’@’tﬁré#e 83 1,

1,3-bis(Pifsoprdp hyihirfpe

AR PR IR 0 NP BEALID, gplogds

hydrate/ - catalyst ! NEt3, 80C PiPr2 ethanol, 28 hr This
conpound was prepared in situ. A suspension containing
rut henium(111) dfrde hydrate (RuC 3-3H20) (0.15 g,

0.60 mmol ), yAe(l,3-  RuCl3H0
bis((dii soprhosphﬁ'roj—lmth'y-l—)r'bemwe (0.20 g, 0.60
mol ) and 15 et hyl amegescb®. 12 g, 1.20 mmol) in

ethanol (10 m) vasstiehaes2bar 24 hours at  80C
After the reaction nmikture was cool ed down, the solids
WeTHeis f cbtmpoaddofas prepared in situ. A suspension containing

ruthenium(ill) chloride hydrate (RuCls-3H20) (0.15 g, 0.60 mmol), the 1,3-
bis((diisopropylphosphino)methyl)benzene (0.20 g, 0.60 mmol) and
triethylamine (0.12 g, 1.20 mmol) in ethano! (10 ml) was stirred for 24 hours at
80°C. After the reaction mixture was cooled down, the solids were filtered off,
washed with ethanol (5 ml x 3), and then dried in vacuo. The product was
purified by extraction with hexanes (50 ml x 2), followed by evaporation the
solvent in vacuo to obtain a solid product. Yield: 0.21 g. NMR spectra showed
a mixture had formed. 10 mg of the product was dissolved in 10 mi of
tetrahydrofuran and 10 ml of water in a scintillation vial to form a brown

solution. The material was tested for ammonia borane hydrolysis.

Example 84
Triphenylphospine with cobalt dichloride

THF
2PPhy + CoCl, ~— > cafalyst

A mixture of 20 mg (0.154 mmol) of cobalt dichloride and 90 mg (0.343
mmol) of triphenylphosphine was warmed to 60 °C in 5 ml of tetrahydrofuran
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washed with ethanol (5 m x 3), and then dried in
vacuo. The product was purified by extraction with

wheooane”3{ 50 m x 2), followed by evaporati on PEECA2008/000943

solvent in vacuo to obtain a solid product. Yield:
0.21 g. NWR spectra showed 20 a m xture had fornmed. 10
for 5 Min@estdiRl ePdsIeil ofagater aaRl akfed. NABQ cal 59fm? 1.62 mmol)
tetrahydrofuran and 10 mMi of water in a scin illation
was agddgd atgopgr iempesabua reswting inhydrogenmyolition. was
tested for amoni a borane hydrolysis. Exanple 84 25
Tri phenyl phospi ne with cobalt dichloride THE 2 PPh3 +
Exan@bé:BB catal yst A m xture of 20 ng (0.154 mmuol) of
balt dichloride and 90 ng (0.343 .mmol) of
1,4- bts(qflﬁh@w;lpbﬁwaﬂomtm W(/fﬁﬁ?@é”ld&fé@"tel n5m of
tetrahydrofuran 97 WO 2008/ 141 PCT/ CA2008/ 000943
for 5 mnu nd therggg il of algstded. AB
(ca. 50 1.6R nmmol) Was added at room tenperature
resul ti ngzPI n hy@hogen evol uti on. Exanple 85 5 1,
4- bi s(di phenyl phosphi no) butane with cobalt dichloride
+ CoCl2 -- THE -- - catalyst Ph2P PPh2 A m xture of

2?\ mkte 4620 mqa {0.154 nerfBRIdF cdbak ldisHisiIeaAd 7% Mg (0.176
.176 nmmol) 1, 4- bi s(di phenyl phosphi no) but ane _was

mmok&f riedt- hl&idmheoylnh@pmnomutame wag M@ﬁmﬂom ar?Cr oy Sanl of

;
tetratfRithfy s iilhed i HlpntS WLl RSP R puf 2 (@2 00
mg, 1162hyemofewaseaddedi ah.robimateinpeffiudd resulting in hydrogen
N , N2- bi s- (2- (di phenyl phosphi no) benzyl ) cycl ohexane- 1, 2
evolutighani ne with cobalt dichloride NH HN CoCl2 catal yst
/ \ THF, 60C\ PPh2 Ph2P CoCl12 (0.0015 g, 0.115 mmmol)
was added to a solution of N1, N2-bis-(2- 20
Exanfpde Bbenyl| phosphi no) benzyl ) cycl ohexane- 1, 2- di am ne

N’,Niglhp(@(a%he%yk)]hsos%o?)bér?zyl)cyclohexane-1,2—diamine with cobalt
dichloride

NH HN CoCl,

—» catalyst
THF, 60°C

PPhy Ph,P

CoCl, (0.0015 g, 0.115 mmol) was added to a solution of N1,N2-bis-(2-
(diphenylphosphino)benzyl)cyclohexane-1,2-diamine (0.076 g, 0.115 mmol) in
tetrahydrofuran (3 ml). The reaction mixture was then heated at 80°C until all
CoCl; dissolved (<3 minutes), resulting in the formation of a blue solution. A
1 ml portion of the reaction mixture was taken and water was added, and the
color of the reaction mixture turned red. Then ammonium borane (AB) (ca. 50
mg, 1.62 mmol) was added at room temperature, resulting in extensive

hydrogen evolution.
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tetrahydrofuran (3 m). The reaction m xture was then
heated at 80C until all CoCl2 dissolved (<3 m nutes),

wo emali#i4sey in the formati on of a bl ue sol uti onPCECA1008000943

portion of the reaction mxture was taken and water
was added, and the color of the reaction mxture

Exam&ﬂt‘ ggd red. Then ammoni um borane (AB) (ca. 50 25 nm,

62 mol ) was added at room tenperature, resulting
1,3-bistdideeprepylphesciyes malbyhhersieneowitadinaiosy btmmooctene)
008/ 000943 Exanple 87

Chlo”ﬁ?%d' (di -iso-propyl phosphi no) net hyl ) benzene with
(iridiumbis(cyclogeiene) chloride] dimer PPPr2 \ +
0.5 [Ir(COE)2Cf]12 | sdpropanol _ catalyst P Pr2 5 The
title conpeund was prepared according to the
l'iteratuye progedure: (Moul tiesproganod.; Shaw, B. L. J.
C S COfem Cop CalYGRERERNS. 1076 It - 1024) .

mmol ) of anmoni\y .ane (AB) was added, resultl ng in
the evolution of a |afge amount of hydrogen 10
Exanple 88 (a) Isolation of the free

2T 0bitizy¢drhpojred asgrepardd gemmding t@'the Hitﬂ\(latum pBodedure:

(Mouldh,i Bt Hrkar A6, Goen KGve OB fons: 497451020

- 10%@?'20|r§gdbﬁffh@fmt Bﬁae7(§ngn‘(o O%Snﬁﬁ’@lﬁdﬂér‘éduw&)lved in

dr oxi g, wat er € suspensi on
tetrah;yaisofsrrarl laed theg &g 91 aadmm@ va@nrreww@ hareae (AB) was

added; B3 din in e SRUPE bRl SHRURE ot Pifea¥f 20 (h)

2- (benzyl t hi o) et hanam ne with netal conplexes 99 WO

2008/ 141439 PCT/ CA2008/ 000943
Example 88

(a) Isolation of the free 2-(benzylthio)ethanamine ligand
€]

@
. H,;N S
H3N S 1 equiv. NaOH . ./
CH,Cl,

To a suspension of the benzylthio ethanamine hydrochloride (0.5 g, 2.4

mmol) in dichloromethane (5 ml) was added sodium hydroxide (0.1 g, in 5 ml
of water). The suspension was stirred vigorously and the two layers were
separated. The solvent was removed under vacuum at 0°C. The ligand was

obtained as a yellow liquid.

(b) 2-(benzylthio)ethanamine with metal complexes
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[RUC12(CO D)] n catalyst toluene H2NS 0.5
[Ir(coe)2Cl]2 catalyst toluene Cod 2 catalyst THE

wabios/1e@apound was prepared in situ as descri brdr/ahznes000943

In a typical experinent, benzylthio ethanam ne (0.2
g, 1.2 mmol) was dissolved in toluene (5 m) and the
solution was then added tguaL,@dspgNsi on of dichloro
1,5 5 cycl ooct adi ene rut i reafaliRe C12( COD) | n
in toluene (5 m). The /mi xPYP® was then stirred under
argon at 100C for 2 hoyrs. The solvent volunme was
reduced in vacuo to approximately 3 ml and a solid was
preci pi tained adding ether (10 m) to obtain a
reddi sh brows prpayct [ ThHeIMaRePli t| eg af t hese
catal ysts are | r\the hygu@leysi s of amoni a
borane. 10 The r tions with cobalt(ll) chloride
(CoCl 2) and chl orobisfcycl ooctene)iridium(l) dinmner
[ITCI(COE)2]2 were perfornmed simlarly. The three
catal ysts prepared in the section (section b) were all
tested for ammonia borake hgearipl ysis. 15 HOMOGENEOUS

CATALYTI C AMVONI A BORANE FIY‘DI?%’Y&'S’ Blavhl e 89:
(Co{ HN( CH2CH2#Pr 2) 2) C 2J catal yzed AB hydrol ysis 319

NMYhis Gofdgo i Wasoprep@eédifg GHe G2 Bestriied} abave wWasa typical
dissolved in 20 m of tetrahydrofuran and then 20 m
expergpentapepzyiio etheanaining. (9509 mir M) WAR npphiepe
5 mfSEP B ST eR g BTSSR BRI 1.5
cyclocdtadiend twutheniuinh i mlfﬁmﬁff [nRudCEE(O@m ein. tABenas(5adaied The
. ti 2.432 q, ' 1.0
mixtuffoma A9 SHrechanASEAGEn 2 40050 TREZ HEBe The; solyent
volurﬂaegg\?ds_t ¢ddGO89 iRl vaSid Heakpgrdihbteler 3 miteard r'$tsdlido waid

Itions were performed under an " argon atnosphere
precipitatied by addisg giben (YQnd) teeobtdin aareddish drown predoctwdhe

. ..2008[ 141439 [,CA2008/ 000943 [ dr.o .
actvifs Bf G Cay e ade i o i AVAIPLY M afhfd Horne.
The thirdhetibHs. Th@ithesul tsbali@) shovehlordéi gur (CECI) and
chlorobis(cyclooctene)iridium(l) dimer [IrCI(COE).]. were performed similarly.

The three catalysts prepared in the section (section b) were all tested for

ammonia borane hydrolysis.

HOMOGENEOUS CATALYTIC AMMONIA BORANE HYDROLYSIS
Example 89: [Co{HN( CH2CH2P'Pr;)2)Cl] catalyzed AB hydrolysis

319 mg (0.732 mmol) of [Co{HN(CH;CH2P'Pr,),}Cly] was dissolved in
20 ml of tetrahydrofuran and then 20 mi of water and 107 mg (0.350 mmol) of
HN(CHZCHQPiPrz)z were added. The flask was immersed in a water bath that
was held at 40 °C and the temperature was allowed to equilibrate for 5
minutes. AB was added in portions (2.432 g, followed by five ca. 1.0 g
portions) and the hydrogen evolved was measured in an inverted 8000 ml
graduated cylinder. The first two AB additions were performed under an

argon atmosphere and the subsequent runs were in air. 5 ml of
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Exanpl e 90: (Co(HN(CH2CH2PPh2) 2) C12] catal yzed AB
hydrolysis 5 24 ng (0.042 mml) of

WO SopHNUEH2CH2PPh2) 2} Cl 2] was di ssol ved in 10 P@i/Cat008/000943

tetrahydrofuran and 10 m of water at 41 Cin an argon
at nosphere to forma yellow solution. AB was added in

tetrargzgrofﬁpaﬂgnd & QR Bt WHRdy w@é?é ?d&@é to tVé hiixiuRe priBi ié e third

dition resulting in th ormation of a red col ored
run. Ebe ueswts) ar@rshowrhin Figdreogen evol uti on was neasur ed
with a 100 mM burette. The results are 10 shown in
Figure 10. Exanple 91: N,

Exa bOSKC?OM\V (CHACHFApFeh] Eé’t)ak@@éIYAB ﬁy/ap%lﬁg ane- 1,

di am ne cobal t dichlorid ng of
|\|Q4|mg 149 $@2-rpanol)pof [Dy{HN(CHzCHzPPhg)z}CIQ] was dissolved in 10

ml of é&g#ﬁ}gﬁggh %‘?@éi@ o n;},rf‘t;\fé%e? I?ﬁ i & sgﬂ ?rggh rlbgm‘r‘?%BﬁHe to

form taeyélﬁiw @bmftlbhanABnWaécbddedofn vat 50 mgﬂqemmmrﬁolgmrtlons
tmosphere _and the m xture was warnmed to 40 C. Al

(with %e Ir@@l@gdltmw]efumgg i dar tprEnadionif ke eRjered: m{ytlon() and
i SR SFRTBPHS ALl St b 1o A Crhi gins ae

showhRa Higurap)0. ( H2ZNCH2CH2PPh2) ClZJ A sanpl e of 6 ngy
(0.00586 mmol ) of [Ru(binap)-(H2ZNCH2CH2PPh2) d 2] was
di ssolved in 20 mMl of a 1:1 m xture of tetrahydrofuran

Exa@é’ RN TN %206‘?’31’ -tdl ﬁhowné)%@hﬁﬂl)@%‘l’oﬁe@@%ﬂ Qddlbﬁnne

inverted graduated ‘cyl indér, and t
cobalpldéeotdariden a wat er bath at ca. 40 C and the terrperature

sallovved to stabili for m nut.es. Bi
ane ¥HE9PRdded ?fg t he>i xt uf® in cé lg R P%(Bs(g
tolylpﬁelsbmﬁ@memgch Bﬁeiarresu Zdwammems:obatte cmehfomldlsred(o 0648
der an argon at rms?tere and the |ast run
g

mmobenfasaﬁlm@alved 8110 Mgk tateanydrelugnandd Osmquterpv@qﬁrean

o e

mmoB \&Qs lmi’d@‘d am Itla@)rddodigﬂrathastofouhbdma§ mgaswedovitis a 2 L
é[ CH2Pt EUZ 2?13:&C8H1€t( H(C)] was
grad%@é&yhm SEHIRAre SNOWE P ARG Yot Ur an and then 20

m of water vvas added. The flask was connected to an
i nverted graduated cylinder (ca. 8000 m) and was then

ExampfeftXsed in a
[Ru(binap)(H.NCH2>CH2PPh2)Cl2]

A sample of 6 mg (0.00586 mmoi) of [Ru(binap)-(H2NCH2CHPPh2)Cl:]
was dissolved in 20 ml of a 1:1 mixture of tetrahydrofuran and water. The
flask was sealed and connected to an inverted 2000 ml graduated cylinder,
and then placed in a water bath at ca. 40 °C and the temperature was allowed
to stabilize for 5 minutes. Ammonia borane was added to the mixture in ca.
1.0 g (0.0324 mol) portions. The first five runs were performed under an
argon atmosphere and the last run was performed in air. The results are

shown in Figure 12.

Example 93
[I{HN(CH2CHP'Bu3) 232(CsH13) (H)(Ch]
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5 water bath at 41 C. Ammoni a borane (6.00 g, 0.194
nmol ) was added rapidly through a solid addition

wo covsek14and the flask was seal ed and t hen openBdI/Ca2008/000943

t he hydrogen nmeasurenment apparatus. The results are
shown in Figure 13. Exanple 94 10

Cﬁ's%gers Wiéigﬁﬂd/d i Igﬂ Soludibh 35%@”@'@9‘7% PRSoRNF

no) et mn I ri cat al yZed ammoni a bor ane

[lr{HNﬁSZHbGI-&E &ledH(BuEhs)(-H)(-Ck)\B Wes/ lglledooin "gir- 5. B0oml  of

tetrahyQisaantad tiaca il st a Afed: LR e copppeird

to an ifdHedlgiduated B?hﬁd&r'(@&" Bgoﬁlnﬁﬂ?%\ﬂ@ Wa$ &en amarsewlat @

ammoni a borane drolysis conditions utilizi ngq’ bi s( 2-

water (fith @t 139Gy b&nynpnmmrane)(étqwg ) @iPAaval) oyascgdded caridly

throuslfr? ?%I%%ﬁ & M?%M@W@?ﬂem?d Egdéhen og&n&d to

the hydlrog@® ntddsuteent apparalusiuThé réuiE arendhovef indFigQred13.
ng/ M tetrahydrofuran solution of

bi s(2-(ditertiarybutyl phosphi no) et hyl)am nechl orocycl o

|- 20 hydri doiridiun(il|
Exam?fé ?Ey(d)(csﬂlgl){&hzlcﬁzég(zpt 8312} 2] was added in air

Chlorb@ytﬁ@od‘fbnplhydrldoﬂls(fﬁ-édltertﬂarpbutw#mapwmétbyamm er

had been i nmer foréglve mnutes in a water

f/d’U'Bﬁf’)nW\t@r'}Gegta’Q@’oﬂ’ on OlfSiSane was added in three
ca. 0.5 ¢g portlon§®érun 1: 0.5000 g; run 2: 0.4992 gq;
run 3: 0.4997 the hydrogen formation was
measured afte hy addi ti on TieF/Mesults are 25

shown in Tabl eNJ_.., ‘O—ﬁl—? 0 ngy, 1.43X10-3
mmol ) of a FW hydf? 28 Csol ution of

/
bi s(2-(di tert| y utyI priosphi no) et hyl ) am nechl orocycl o
octenyl - hydri mlil)
[ r(H)(CI)(C8H13){N CH2CH2Pt Bu2} 2] was added in air
(Notet Qh@GoIIchnngftV\m éxpenmentsr areothe 86r%hpododQrréngtanderds to
e dfor ive 30 mnutes in a water

Wh‘CfbéfCh 1hSI '8 tg??gf‘i?"ﬂn@ MRS AP% hor ane was added in three
1%%@%%%8@%@#&9&;@@96%@@3 Ouﬁhﬁng bis(2-

portions (run 1. 0.5000 g; run 2: g; . run

(d'terﬂars'bommowimhQ)Bﬁwl)ﬂwne@éﬁrwcmtwlmldﬁwsw@H)
tr(H) N - IO, EHOPBULT of 85 ¥C!G /T & Shown Tn Table 2.
a) (25 °C); 1.0 ml (10.0 mg, 0.0143 mmol) of a 10.0 mg/ml tetrahydrofuran
solution of  bis(2-(ditertiarybutylphosphino)ethyl)aminechlorocyclooctenyl-
hydridoiridium(ll1) [Ir(H)(CI)(CeH13}{NH(CH2CH,P'Buz}.] was added in air to 80
m! of a 1:1 mixture of tetrahydrofuran/water that had been immersed for five
minutes in a water bath held at 25.0 °C. Ammonia borane was added in three
ca. 0.5 g portions (run 1: 0.5000 g; run 2: 0.4992 g; run 3: 0.4997 g) and the
hydrogen formation was measured after each addition.  The results are
shown in Table 1.

b) (40 °C): 1.0 mi (1.0 mg, 1.43x10° mmol) of a 10.0 mg/ml tetrahydrofuran
solution of  bis(2-(ditertiarybutylphosphino)ethyl)aminechlorocyclooctenyl-
hydridoiridium(111) [Ir(H)(CI)(CgH13){NH(CHZCH2P‘BU2}2] was added in air to 80
ml of a 1:1 mixture of tetrahydrofuran/water that had been immersed for five

minutes in a water bath held at 40.0 °C. Ammonia borane was added in three
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The present disclosure denonstrates that iridium
conplexes with the 5 (R2PCH2CH2) 2NH | i gand system (R

WOe2008n41439 ybut yl , i sopropyl and related gr oupBQT/CA2008/000943

exhi bited good to remarkably high activities. In
particular, it was found that the conplex

ca. 0% g(é’orﬂghé gtr W(Y B@DE'Q Gyl )s00e gh red QCY)%GMC%)EEH& the

ridoiri I's capabl e of produci ng
hydrqgen ﬁlfﬂfatlbydhlaﬁg measnred gfteneach addéion2the rexswlts are shown
mTa&ﬁngl yst loading of 0.03 nmol % (for ca. 1.5 g of 10
nia borane). Since a PEMfuel cell is expected to

Opﬁ’feﬂﬁﬁes%stnt Gfisdlosire derbastratee pat Mdigin @émpryx@e%tmhe
er tenperature was_ determ ned. At 40 it was
(RszJb‘lg A0 ligande gystert (R = tertlarybutyl lsopropyl ‘and related

arou By A SIS BRI e, Jn g s

foun@fﬁheCtthby dom@mx fals(ﬂe(tiltemarybutylbahpllsampwohanbcyrgo&aeml-
mnutes with a renarka

hydrlﬂemw@(luk i3 g@pable gl pogdugig .auﬁlé %rleglvevﬁcgiiwégéﬁsm 7-8
mmugﬁ%'i‘dzémc%ﬁea%Ig&h%aﬁuﬁé‘%woﬁu |toR b &8 5\'?(]98 of

catal ysts are conpare H gher hydrogen yie
ammoaia beraoie) ai Siede \d PEMrftg&HeJellparenpgec’amMDaeltabe ah &0 % or

nighej.{He dRfabhrTED R 4 Begioedm PRERILES EB SHIcupethi At 20

°C, ]1E Wadit 68udd 4RalC 190 kA §t|"'ebi“s@2%il/é’t|atﬁ)uﬂﬂ§ﬁ@bﬂrﬁne)-

e wat er/tetrahydrofuran or to neat neth
ethylmmme@hloracycﬁ@p@enwhy@mﬂmsdnumﬂalbucaneeffeqtdswﬁmenrﬁe@ﬂa@gn

in yié'g\%@ﬁo?{@rﬁ mség ?A}/ ﬁ{ﬁhghy pﬂﬁ&teggﬁ ! e@?ﬁéﬁ@bﬁﬁﬁ)w catalyst
Ioadlhﬁl Sfed e oty Theshs tekeiibyd hbove et RISt 0 |°Coarteemyw

ydridoiridium(l11l) was recovered. |ndee

the s@am!arﬂyuaw@tvm@h 8l ather catalysts@reneeBpaLgd. kdﬂls@ h%f%rogen

1 cysl t
yidb A1, B\ IS e gheya e gy
amnﬁiriimm@lrars@lsam;?e ﬁfepdned anrtmsaadga}r]e htylGIchgen ﬁlﬁid?,\lmﬁlgmg

ct copy. of .t he xtuonrretano-D450vvstat
from @Vé %ﬁl‘)@éﬁb?%@'ﬁ ‘\ronéispem es is present that
ex\WI’{é‘nt fhe \Q’Qta'?y"sﬁ Fseﬁe@@d‘ Qg Sthat wa@eﬂt@trﬁh?@@f&hn%v\hd) Cu’ﬂéat

di splay a large P-P coupling of
methgmet or etharane neuesqiuml'a:énmedtaiely formed The red speCIes

rormp RSl 54 LB T IR Bt PR e
(dlteﬁla‘rgﬁkiglbhbb ﬁln hwamueadhmrb |@lo¢t¢dvlhgend@iadm(uuwnwas

exchange WI sol vent nethanol. 103 WO

recogeeg 14|M§9dPC2W@A2CMﬁW30m31§|S Af pheastarting ( majerial bis(2-
(dlteﬁka&ﬂ)@ﬁoﬁagg%. %ﬂ?ﬁé%m&?&oéf&&ggnﬁ?%ﬁ&oﬁlié?unlf(‘?’l?)

€ reaction’ o
were obtained from a deep red ethanol solution of the compound at —45 °C.

3p NMR spectroscopy of the mixture in methanol-Ds shows that a new
phosphorus containing species is present that exhibits two *'P resonances at
& 45.9 and 41.2 which display a large P-P coupling of 325 Hz. The "H NMR
spectrum shows the presence of the bis(2-(ditertiarybutyl)ethyl)amine and
cyclooctenyl ligands. Hydride and the N-H resonances were observed
although this may be due to rapid hydrogen/deuterium exchange with the

solvent methanol.
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beenst r uct@Rtainedndi caté@d t hat theydr ocHESEN

(d|teﬁia'ryﬁxﬁ@‘}étﬂpr&hbgﬂhﬁw%&rﬂﬁ?%ﬁ Ii}ﬁ‘%&?ﬁ{\ nychid f;:;?ﬁcﬂﬁm(m)

with gidms)ugm tmaﬂgpyc Ib?ﬁmi@me) The 0‘?1BHNMR fwédtmmmf thél phaduct
el n oun Qry, S (0] | t

Showao 508 G5, Sk ds D8 Pabndr 2l s Ghe of 308t BEhach e H NMR

speciitf - how

(ditertiarybutyl)ethyl phosphi ne)am nechl orocycl ooct eny
| hydrido iridium(lll) wth potassiumtertiary
wheisnida The 31P NVR spectrum of the productPGI/€Azoas/000943
two doublets at 8 56.8 and 52.7 (Jpp = 368 Hz) and the
1H NMR spectrum shows the presence of cycl ooctene and
bi & pRodiativiieh bi simitar B VTS spestuet (sl seah meFigueand} has
A single crystal was obtained and a prelimnary X-ray
fien o of " 'bi(e-

erti arybut yl prh splqlr%se ncehyI farri n 8'3(/)8 toeggt enypﬂydr |'§%2'

(diteftiaryislityiphbsphine)ethgvaraime Iy anast he schenme bel ow) whi ch

t hen reductlveLy ellmna 15 cIo ctene {0 formt

pridbdaiPgle Trustal et Phay Slminagy p structure

indlc%féecwC é’ﬁPH%a i éhlrﬁlﬁé%ﬁ ﬁl’c‘Smr rrhﬁﬁ%gl?{“q’{?ﬁt beBn

cycl ooctene |igand cause

y
effegébsphoand - boutiek t er téampglelut yl bga(ﬁddﬁert@s&tﬂylph@spfﬂhe)

ethyl%%ﬁ%gﬁclggﬂmgﬁrﬁ@%g{(l)gpggZ%Weti\l_ %%out bemg tbound by
theoh, 6f fsl %éewbnhmﬁy Haﬁﬂbﬁ%r@kﬁéé@@Qtaeftﬁ)ﬁatlbhdcbftimer%dhéte

was observed that a sol ution of

bIS(Zb(ho}stetha(rmbufevfnhoaptzm@gﬂhyhewﬁcry@)aocgnwmmmwIum(lll)
speciil s PR S Sl e dn NBIAP ciminates

cycldbete s Ird> ¢d§ﬂn¢ the ipflod @etf OThe tdsymmetry mbmdt tap thee 61@{) me

upon st andi ng overni ght under anp ar t nosp

speczyn&é%rprewmﬂelys@ Herult (Bf| regiricted,rata 'ﬁﬂl aEh@snt ﬁmﬁoéﬁtgne

oI B PR DA,

et hyI ignechl orocycl o
be i ed fromthese
rea |onSHo currln
200§/
priopo J th e-Hoed
tetr hy r of ur an/ wat er
conpl ExFéad that it fo

bhydridoiridi uptielel) can
oI ents indicates tha‘t t he
co I/ei( ely reverS| |l e 104 VWO

0R09U ‘T"
:' in aI oh
he q2- cycl octene

mpl t
o\ ve
Synthesis of bis(2-(ditertiarybutyl)ethyl)amine(cyclooctene)iridium

not observed

It was observed that a solution of bis(2-(ditertiarybutylphosphine)-

ethyl)amine chlorocyclooctenylhydridoiridium(lll) in either tetrahydrofuran-Ds
or benzene-Ds spontaneously loses hydrochloric acid to form the n’-
cyclooctene complex upon standing overnight under an argon atmosphere (as
seen in the scheme below). This indicates that the formation of this complex
is thermodynamically favorable. That bis(2-(ditertiarybutylphosphine)-
ethyl)aminechlorocyclooctenylhydridoiridium(lll) can be isolated from these

solvents indicates that the reactions occurring are completely reversible.
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i medi ately in these solvents due to the highly
favorabl e solvation of the |iberated hydrochloric

w@eiod/1m3e he pol ar sol vent environment (as seePCT/ARI08/000943

5 schenme below). PtBuZ CiPtBuZz 1 H- HCl H CP BU2 I
N-11r ~l~ clBuZz PtBuZz + HCI(solvent) It is believed
Accbl‘tﬁh IS/hGit dsf pRipvReas that e AR cBRPIER fo'ﬂmbﬁelrpeélé&'ﬂﬂ or

etrahydro uran and tegrah drofuran/ water are
tetrawdgefwem!waéqerf sQjventsvg the wo-cyeloveteniesgoroplexzre thth forms

t obt ai ned hapo
mi R RERD i SR APt duBoR the highhy Biorae malvatian pf the
I
lbei(aglécti elmrt | arrﬂwybut 3?1&?8%;?]? npé))la?r I\E(zlger(mtdenwronment (as seen in the
schemerkelawybut yl phosphi no) et hyl ) - N-
nmet hyl et anam nechl orocycl ooct enyl hydr,L oiridiunm(lIl)

(vid ra) whi ch ganiit | ose hygfochforic acid in
an afal a’?mus fashlgn howg a si ngliet Enly in the 31P

oYy r‘s——qu'e kanel/ B4\ 15 A
SI NQQ% f r &ith heal ydro ur an/ \g m xture
isollated after | ar gs_excess Qf ammoni a borane
was hydi6lzyzed. The Bleal — di spl ays’ & 31P{1H} NMR

resonance at S 64.0 (|+mc;|d<i|»ednl or omet hane- D2) and the

b SR e RBasRORY B B Rl Y GRS b o
tetré?%rbﬂ@éh bﬁdﬁteﬁﬁﬁ‘ydr@%réhmbr afe due %sa&en?@ﬁ%s We also
obtai ned an X-ray' structure of the conplex whi ch

note ndhatt éldet haP t Rcoapeeira obtained methanol-D4 and

o AR, S S SRR A 2
(d|térﬁhryfb@ajlpllﬁ(?h?in@lsﬁk{QC(Gﬁégl%ﬁﬂ{L&ylphbsgmﬁd)ahymeffent

| Ona coordi nat ed
methyletanaranesuIOypIRSIanmRs By IdatGRHE T lvigyr infea).  which

can ERE P MBIEBH B p gl et g ony

the ?’GTNMR@ﬁéét(ﬁm@anﬂm tiskelkutionfin ametbanal-Dor ane purity
upaon .UtI|IZ in bIS

(A siale, OB fioba e AeiraivarpiuaanNaten BELYR 1es:Sekyed

aﬂe?@qéid@'erx Qéé"’ﬁf' himonia borane was_ hydrolyzed. The material
g QCI)(CSH13){NH(CHZCH2 Bu2) 2] catal yzed anmoni a
lSﬂdﬁNSﬂ.ﬁe

HﬁwM\IMBI resthanee at i @hO0Wusdichlarpeethane-Bs) and the
H Rﬁﬁﬁ”s&?c i BF %Sdgcr)n%p & BRSNS resdhances due to the bis(2-
(ditertiarybutyl)ethyl)amine ligand in addition to a hydrido signal at & -23.99.
We obtained an X-ray structure of the complex which indicated that the
complex bis(2-(ditertiarybutyl)ethyl)aminechlorodihydridoiridium(lll) had
formed. The structure (as seen in Figure 15) features a pseudooctahedral
ligand arrangement with a  meridionally  coordinated  bis(2-
(ditertiarybutyl)ethyl)amine ligand. The hydride ligands are bound to the

metal center in a cis orientation.

Example 95
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5 results are shown in Table 3. Exanple 96 Sol vent
ef fects upon

whe@ga41ad t erti ar ybut yl phosphi no) et hyl ) am nechP@r/0A2008000943

o- octenyl hydridoiridiun(lll) [1r(H) (d)
( C8H13) { NH( CH2CH2Pt Bu2} 2] cat al yzed 10 ammoni a bor ane

Effechydrdﬁ YSigtnmBRid" eaCHdréﬁ‘e msfgﬁ% )oth a%t:ﬁ?/ﬁ ri b%&f

procedure la ( above exc pt t

(d/tert/arybgbﬂpfmwomno)et]hyéamlmc:fdemaml@oa;\enyﬂwdndogidﬁm(/ﬁlht er
i) Ren TPl Plo A Bl P e R 288 e i Bornd s

Thbagabtich Was.: cakfed bt @8lddsthibed e peddcturé ecabARd The
above was perforned in a 1:1 m xture of

resultsere showinonuratie 8nd wat er. The anti ci pat ed
envi ronnental concerns regarding the utilization of a
sol vent such as tetrahydrofuran led to the
Examp[@g'snati on of a variety of other solvents. D ethylene

ycol di met ether and triethylene glycol dinethyl
Solvedt ool iupoymbisePar g Pty Phasaied PTu T Res ooy dio-

bl ' t
octenyMEFRORBIFHINFT FrEA(CHCHRSNHICFRCIIRIP  Petdyzed
ammom/adm&fdse\lmydrolmsal nost identical rate in a 1: 1

e eBeln AR A8 o Yt ol 5% &
1b (4?5 r"‘%3'}0|ab6§le""eﬁ&%;}’[emat W CébWéwteﬁﬂ%?@duﬁIQeBaV@sa a) 1:1

ni‘ficantl ower environnental 1npact than
dlglymetwaihyoatoﬁﬁr(hrf(_‘orord|bg| e, trlgkymeiwgtﬁrzat e&@n‘?chedr c) 1:1

etharBUH S Gn Tt st ord Son BT AR | 55 72

r ghiel daﬁalyﬂc n@actimn@ésdribedt dtsoverivas Perfdimeticiacd i onmixttire
t he sol vent conposition was chaaggd to.a 75:25

of tetrahugiofuraat @ndr avater. o Themantiginaied pREECBRRMEhqANFRITS
regargﬁﬁ; ?Ij?%eutﬁﬁgtl A N6 h¥gfvgﬂ{3r§%helag ; 8%‘%@%?161%& %9874

Pes (as cormpare
examindtidnesf arvaristy Sf atllar slolwam)s DnetbtblenbLglyc@tdimmmyl ather

e
choséﬁ‘ aE%thsptéf efflel ‘éh§§tltu{é§ &ﬂﬁ‘qd ﬁ)t tth%ir lsﬁ%lémy I ¢ghs fund

y proceedi ng al cohol ysis, rather than a
that thyedrecacyenqomeaeds ovith ao&lmsza@@ntmizta@ in a 1:1 mixture of

dlglyrgsn%rﬁﬁag% %ﬁ 2& 2ﬂglggﬁlcanﬁ7 g\]:v];?%te dV}'HQ water. The

poter’ﬂiafﬁ(o? dtHhh6r hs & ¥bient, PhaRRNsNeX dpected to have a significantly
et hyl ) am nechl or ocycl ooct enyl h % ridoiridiumlll)

lower{ |grvifppIsntak impgrl 3panHetrehydeefuramsu o) iglyaie y%d also
examlr'{rrg).m as?&ﬁuﬂESntRX draql yfd So@t if0wGs found that substituting

tetrahydrofuran/water (1:1) with ethanol/water (25:75) results in no change in
the rate of the reaction. If the solvent composition was changed to a 75:25
ethanol:water ratio, a remarkable effect on reactivity was observed: the
hydrogen yield was increased to 98% after 10 minutes (as compared to 72%
after 10 minutes in our standard run). In absolute ethanol, the rate of
hydrogen evolution was increased further and the reaction was completed (99
% yield of hydrogen) in ca. four minutes. In the latter case the reaction is

likely proceeding by alcoholysis, rather than a hydrolysis reaction.
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5 The reaction was described as in (i) above except
the solvent conposition was either (a) ethanol:water

wWQ@2008541460) et hanol :water 19:81; (c) ethanol : R&L/€A2008/000943

12.5:87.5 or (d) ethanol :water 75:25. The results are

shown in Table 6. 10 Exanpl e 98 Effect of added
Exampwegani ¢ salts (i.e. sodiumchloride, [ithium

chl ori de or tetraet hyl ammoni um chl oride) in

Effechiof (othaapt eenrania@ian iqsh saiehioh d)sinfditertiarybetylphosphino)-

efhyf)%%ﬁéﬁf?é% VP PP BB A ) (rl Gt P (O

PBupLicatdips e anmnyshialporhse hparbysis 864pirgn was carried
out as described in (i) above except water was

r dpPace@rction vas tdracribgyl a6 i (Bf abaver exeeptadeoselvent

comsFRHt 58 A5, ERancielh 257 361 Sl sy o

ethanbfwater)2.6187. 8tor €} bmaammwmszizsorlrr@rebmcdrmhdm in
40 Ml of water. The results are shown in Table 7. 20

Tablete effect of a Iinmited nunber of additives on the
bis(2- (ditertiarybutyl phosphi no)ethyl)an nech
| orocycl ooct enyl hydrido-iridiun(l 11) catalyzed
Exampéa@ﬁi on was al so exam ned. Wen the reaction was

Eftocl i A1 PGS R e engebr cibride. AL $higridesor
tetrastHPSAARIdNbhYcHISHE) - in B (2- Mt&ﬁla)‘y&ih‘?lpﬁ@sbﬁlﬁo} Hﬁlg-am/ne-

wat er 25 concentration in ni ¢ phase

chloreeyeéaaeteryihydridoimdivimgUil) d [ﬁlﬁldt(@z‘)( n u@dle/vs){Nr‘déCa"zCHz Bug}]
”con itions. ’}Xﬁl gater/tetrahydrofuran t hat
caa)@ﬁq{gpm%pp@]e 985SV 1i t hi um chl ori de or two
eqHEVRIRN6S v(,@@%;amém out iad| &’é@cribfed inetiy apbby | Sweph waier

chloride little effect on the reaction rate was

was repianededith ithex éapd@ nggofasat@matednaqhygu@@@dlmmimm éb)

ot Saq A o SSHOLHE o 35 o ATSABESEH ke b genR

(4.6 ml’gl) CHf Uttraeti/igmafonium @Iﬂbﬂdje’tm@scﬂml‘m aa(onlaglewater. The
ydrol ysis 107 WD 2008/ 141439 PCT/ CA2008/ 000943 Pt Bu2

resulbt%aﬁhnwrblnhbleﬂ -Ir N H | / 1C Fi3CdO PtBu2
PRt offect of a limited number of additives on the bis(2-

(ditertiarybutylphosphino)ethyl)aminechlorocyclooctenylhydrido-iridium i)

catalyzed reaction was also examined. When the reaction was performed in a
1:1 mixture of saturated aqueous sodium chloride and tetrahydrofuran the
activity was substantially lower. This likely due to the lower water
concentration in the organic phase due to the separation of two liquid phases
under these conditions. In a 1:1 water/tetrahydrofuran that contained either
0.162 M lithium chloride or two equivalents (based on iridium) of

tetraethylammonium chloride little effect on the reaction rate was observed.

Example 99
Effect of hydrogen (structure 1) vs. methyl (structure Il) substituents on
nitrogen in bis(2-(ditertiarybutylphosphino)ethyl)amine type iridium complexes

in catalytic ammonia borane hydrolysis
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I Il Used standard conditions as described in
procedure 94b above: 1 mM of a 1.03 ng/m solution of

wQ@2qoditsgse i ar ybut yl phosphi no) - N- ( 2- PCT/CA2008/000943

(ditertiarybutyl phosphi no) et hyl ) - N- et hyl et hanam nechl
orocycl ooctenyl 5 hydridoiridiun(lll) was added 80 ni
of a 1:1 mxturPe of tetrahydrof a@/vvater that had
been preheat 240 C for fivg€ mjnutes. Ammoni a

bor ane was in ca. Osfsztmons (run 1. 500.3

ng; 2. 499. 3 0Q ) anehr r- yr ogen

evol utiony Eﬁ Thascr 1’ ovvn in Table
8. ngands tltue effects he catal ytic
reaction wer m ned. For x@npl e, substituting

the NH in bis(2-
(d| tertiarybutyl)ethyl phosphl ne) afi nechl or ocycl ooct eny

hydri doi ridium(lI11) for
2 l{séldt gfendard, gon tlynwesqusa:rlbﬁe AR .pa?sg&ﬁ?&rw%fbo%ﬂwoﬂéw
| -
of rr%yet L;:B-e?’t hanzgmmnecﬁf)lg}lggycl ooct elgdlf%mgpbggfl %sPhn??)lll\l)(z
(dltertlaB/b‘iE)ﬂphd#pl’BhO)Myl)’-N mEtherthahamMﬂmoabmjoec)tengbul ts
r ctiv in £
nyarggr@hanhfurayadied sl ot A rusRid.af tefaRohPafyater
that hdd fB?éerfEFeﬁ“édt@éi t6 0 °@Xfé?|f|v§nﬁ1|rﬁﬁé§| yAﬂrmq@ﬂé i bﬂrtah@sNas
and for the study of a range of |igan
addedtieraa. the g\peftionsdryn 15 580smMak @t 4@%DMAER @%o@mg)(wd

the hgpgclig?ﬁl(%\{oj{ﬁ%w% IC'B%%% %ﬁn‘gﬁ%? %%"ﬁﬁg %tngnec Mo o-leathe &i do

' ﬂ_l%éhdrébbét}tuéﬁttéﬁeﬁ@dn tAgsatH Itidesaation metie@xﬁmlsedtt For
or 40 C PAd2 | THFMO H + AB 250r40 0OC C PAd

exanplad = adasebatifutingot e: prifiSosed stNbcture Mos wo bis(2-

(dite%’%%@%ﬁ@lpﬁ%éﬁ@ﬁgﬁﬁ@%& ngcyc’r’ao&énﬁ ydrfiohiSntml) for

a N(Cﬁﬂﬁid‘?ﬁﬁﬁtlw %O?Phn@)ﬁlhp@—%@i@ibm{dbhgﬂll;lcid@)eﬁm)d)'U'
was added to of a 1 ure o
metrylathangrnsehiatcwipatarePye Rt e WIS S sty |
in th%%cﬂeﬁ{e Qb&/%fafe%'hltg% By §Iﬁ§htfdr&56 |H‘d@:‘ﬁ(tﬁ§5 in AatElticlammonia
orane was hr ee : portions (run
borate KydsoRSisy; This nadlcetwgﬂmtgther UH 31019 fys 2 g0t esaptial for

exceﬁ%ﬁ%@t%kf?%}?ﬁt@%%lsvaergd Wit all&&=rdf ?ﬁle lefy of g%hae Hifigands
where the N-H moiety is substituted for N-R groups (R = alkyl, aryl, etc.).

Example 100
Bis(2—(diadamantylphosphino)ethyl)aminechlorodihydridoiridium(III) catalyzed
ammonia borane hydrolysis at 25 °C or 40 °C

(\pAdz
, M THF/H,0

/ N —ir—H + AB
H / 25 or40°C
Ci
PAd,
Ad = adamantyl note: proposed structure
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b) 40.0 C A nethanol solution of bis(2-
(di adamant yl phosphi no) et hyl ) am nechl or odi hydri doi ri di u

wOorgdoBmy144. 0 m, 1.5 ng/m, 1.60X103 nmmol) waRCEHGA2HS8/000943

to 80 nl of a 1:1 mxture of 10 tetrahydrofuran and
wat er that had been equilibrated in a 40.0 C water

bahh 25 0r dg:veam 14igesmgAMN0i 58 b%ﬁ\%ﬁ VesmpRaedf | 'ﬁ)IS(Z-
three ca. 0.500 g portlons run 1: 4995 @g; run

(diadamentylplyosphimo)ethyd)apuipgclypr Wdﬂ@lm@ldmﬁban“@&oladé@a to

o0 m{ s T BB of DAchSBHb P SR il B B o fpuifetea
in a 2520 PCayaterbyth o fi Vé%ﬁﬂﬂé@mﬁimomb&mréh@ wert adddd in three
reacti on proceeds at_a very simlar rate at

ca. O S1IEATtIORS (18s1: PR0SA: D & O ¢R2cdiciag:,b-5026 ) and
the h?ﬁl%ﬁ;tebhe g\fe §'n¥§ Lfrl%{ri‘a”ﬁﬁe 5 s'&BtéﬁwigWamsfd vity

BIbS(g (40. IOlylcl o?(exy: pAosphnmﬂ)andiyl ) asdlutearh| or ofli hy dxis(@-
(dladzmaotxdg%@ofmrz@tzﬁ) rernPo S R iaum e 8 * gy %1 5
mg/n§5 ?99&16@ Onifiol)PY4s 28ddad 2B 086 mt - 4 W1Sm{@eofof

tetralfytrofurao tmvdng'(rj&rgbai ha% glelre;}nl etanilhfetﬁd by a0y i water ibaith
t
T AL Y T W LT

(run 11023998 gg rQ:‘m"@t(?'SOde1 rfJﬁ)B fo. sy neha@ghe &h evolved
bor ane ded in gortl ons and the

was mmsumh Té\eonew swa%sh@waum dablestOb) 40.0 C A

(D38 tam 3EbElBL o B b fera are shanged fiam eiamu
adangaéﬁT IoltAl)Z%ré) éh/%gg’dglys’fib r@acﬁ@@ p\/@eb’éfgsdtéaﬁﬂtéﬂlgsm\;\lgg ratg aet 25t ‘:)C
to thestandasd testrun. ftdd e, bie adamaay arbraHes CalRhsaphed
a sligitfloph B Gl he StdeRa i’ 0 ) "as. added and

the hydrogen evol ved was neasured. The results are
Jtn Tables 11 and 12. 5 For the cycl ohexyl
Exa’%’ﬁsw uted catalyst, a significant drop in catalytic

Bis(20ditydibNe\Ash SR n)ethylaninbbhigRodipdritiok@iGm(lll) catalyzed

ammonia borane hydrolysis at 25 °C or 40 °C

(\PCM
, /H THFH,0

25.00r40.0°C

a) 25.0 °C: A 10.2 mg sample of bis(2-
(dicyclohexylphosphino)ethyl)aminechlorodihydridoiridium(lII) was added to
80 ml of a 1:1 mixture of tetrahydrofuran and water that had been equilibrated
in a 25.0 °C water bath for five minutes. Ammonia borane (500.0 mg) was
added in portions and the hydrogen evolved was measured.

b) 40.0 °C: A methanol solution of bis(2-
(dicyclohexylphosphino)ethyl)aminechlorodihydridoiridium(lII) (1.0 mi, 1.5
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Exanpl e 102 2,
6- Bls((d||sopropylphosphlno)nethyl)pyrldlned|chlorohyd

wo pasAsmBdi un(l11) 10 catal yzed amroni a bor anBCT/CA2008/000943

hydrolysis. PPr2 / \ N+ 0.5 [IrCl(COE)2]2 catal yst
THF/ H20 AB 25.5 C P Pr2 This reaction was perforned

mg/rnderse et gendly "RaBheiddled! 18 rso %l aof C&- 10+ SmibaGrd of
t et rahydrof uran sol ution of 2, 6-

tetrabiydiafdiansand syaiepted mnn!@eyemanylhpra}ed dn e OHG metgidbath

for Gy P Ao BCHHBC S Cd B sl Mt s logn

evolvsd wae mehasiiredatThefresulls aigwhiden i Tabiég 19 @id agmoni a
borane was added the hydrogen evol utign was neasured.

ThiEor #agicyslohexylssihgiituted qalplyst.13 significaningyiop ipgatalytic
act.\@gr ébgrom g Ibggbgga@ear{y%ebym s by catal yst

(dii sopropyl phosphi no) - 4- et hyl phenyl ) am ne and
chl oraén s(cyclooctene)iridium(l) diner 25 P Pr2 0.5
Exampfe ¢8€)2C112 THF/ H200 N-H - catal yst Benzene, rt

T T O

catatjeedrarbednianboraveduutrelygisanpl e 94b above except 0.95
mg in 1 mM of tetrahydrofuran of the iridium
contai ning catalyst was used and the reacti on was
per f or med ran argon atnosphere. 0.5004 g of
[ rane was added and the evolved 5 hydrogen
asu ed The results are shown in TedAM014. O her
' N oEdirFiGRPAlr | dium Torfkkstes fﬁat ﬁ' have

PPr,
This reaction was performed under an argon atmosphere. 1.0 ml of a

ca. 0.8 mg/ml tetrahydrofuran solution of 2,6-
bis((diisopropylphosphino)methyl)pyridinedichlorohydridoiridium(lII) was
added to 80 ml of a 1:1 mixture of tetrahydrofuran and water that had been
immersed in a 25.5 °C water bath for 5 minutes. 0.5027 g of ammonia borane

was added the hydrogen evolution was measured. The results are shown in

Table 13.

Example 103
Catalytic ammonia borane hydrolysis by catalyst derived from bis(2-
(diisopropylphosphino}-4-methylphenyl)amine and

chlorobis(cyclooctene)iridium(l) dimer

PiF’rz
0.5 [Ir(coe)2Cl)2 THF/H,0
N—H » catalyst———>
Benzene, rt 40.0°C
PiPrz
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i ncl ude
2, 6-bi s((diisopropyl phosphi no) net hyl ) pyri di nedi chl or oh

wq@eosder3d ri dium(l11) and the PCT/CA2008/000943

bi s(2-(diisopropyl phosphi no) - 4- et hyl phenyl ) am ne

derived iridiumcatal yst. The ammoni a bor ane

hygpe! Yist

Ny 9k aﬁiéﬁlr*,rt%rﬁ I@{aﬁ, d%&?oﬁﬁf@%s%s%ﬁb@ﬁ iRt SroRBhGre ExBmple 94b
abovsi §((Qemth@cmgwxw pﬂoﬁpmtmydrcﬂulwi parthadridiam cedtaining

di um cat
Catab!sé(‘ﬁ‘a%di“ﬁéat QPyBB‘?yF%Fg'QBhiVYﬂﬁ Re"f/Medi wedes an argon
tmdbpheRé anec eof N G| AR
aim bor ane hyg‘!}%g gf at 4%% I)QtoBuz TH F/ H20 éﬁH‘éﬁieaevolvgd
hydrgges w@s reaagrednd heirestiltsas: shawgt in Takler Bhydr of ur an

(PPN G4 Shotainingofidivmy ompiRkes tatwe, baveitesisd
mclutj@r hodi Un(z'@-b?e?(@llls@&@@wph@s&@in @ﬂwyﬁp}nénéﬂ?&hl&r@hyﬂndo-

etrahydrofuran/ water m xture t been

iridiuge(lily i band edthen 2bis@- @ll@omlph@@phm)ﬂ me&l@ylnhenml)@.mne
h 0

derl\%dg ?ﬁcﬂu%ﬂ%&éaé%%&%e%%@ﬁﬁlaw% r%ﬁ%&?@?g ?atg%/%rr fiele

cataﬁ]at!i weld . offa RiNRilar geaghitudet i thendis(Rqdicyoloberplbbasisinc)-
6 gen t(gst ed. This catalyst al so had an ammoni a

ethyhamipedeiye p@g.;rg CAIANgSY hat was comparable to 25 that
of the bis(2-(d icycl ohexyl phosphi no)ethyl)amn ne
iridiumcatal yst. Exanple 105

ExamBpt 294 di al kyl phosphi no) et hyl) ani ne (al kyl =

Bis( 1 QR ANeHON R 6 elRTera fraarianesienasaLoghm()

catafRbdl agRdnrhoRine h §Iv5fmezofwrol ysis 111 WO
008/ 141439 PCT/ 000943 PR2 TH F/H20 /N CoCl 2
+ABH4OC(FHT&Pr Ph, Oy z
THF/H20
Q 395°C
PBUz

One ml of a 83 mg/ml tetrahydrofuran solution of bis(2-
(ditertiarybutylphosphino)ethyl)amine-2,4-pentanedionaterhodium(l) was
added to 80 mi of a 1:1 mixture of tetrahydrofuran/water mixture that had
been equilibrated in a 39.5 °C water bath for five minutes. 0.4994 g of
ammonia borane was added and the hydrogen evolution was measured. The
results are shown in Table 15.

A PNP ligand containing rhodium complex has aiso been tested. This
catalyst also had an ammonia borane hydrolysis rate that was comparable to

that of the bis(2-(dicyclohexylphosphino)ethyl)amine iridium catalyst.

Example 105
Bis(2-(dialkylphosphino)ethyl)amine (alkyl = isopropyl, cyclohexyl) and
bis(diphenylphosphino)ethyl)aminedichlorocobalt(ll)  catalyzed = ammonia

borane hydrolysis
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a)
Bi s(2-(diisopropyl phosphi no) et hyl ) am nedi ch/ or ocobal t (

wo 2gos/1§@sd HN( CH2CH2P' Pr 2) 2j C12J cat al yzed amoDPCECA2008/000943

borane hydrolysis: A 319 ng (0.732 mml) sanple of
Bis(2 5

(dii sopropyl phosphl gt hyl ) am nedi chl orocobal t (11)
[ Co{ HN( CH2- CH2P' Pr2)R}Cl 2] was dissolved in 20 m of
t et rahydr of ur an nd then 20 mM of water and 107 ng
(0.350 nmol ) of THF/H0

bi s(2-(diisoprg pho %? no) et hybham ne
HN( CH2CH2P' Pr 2) 2 wereZadded The flask was i mrersed in
a water bath that hel d_at 40 C and the
tenperature was al to Bgdiififbfate for 5 10

0 ol owed BYS(Er(GESCHIaRY pheSpaiathgRengdlytao0ba (1)

[Co{fbwgogﬂg@nz _JI) %%a Tgﬁ? WhBflohid ForahBMS/dreNsisS RO Iimg

uated c irst two ammoni'a borane
(0. 73@dd| t| ons werrml) perfor medsampler an ar gor®fat mospher 8is(2-

(isqibpYRhasn o A AR Bar PR, added IGOTHINCH:

CHgFﬂP?(z‘)é}CFz] Wlasoﬂlsbglveéiﬁntm nilNofr @trakpdrofiv@nr &5dithén @0em!| of
shown i'n

wateB|a§\@21@a|rpﬁe(ﬁ>ﬂprw§pﬁ|)rﬁf) kistdr(diigeprRRYIRNASEhNQ stV @mine

HN(GRFIETE: weTF RIBEY T Radklat YARRrSETa uREF BAfh that

was etd Zat (40 PiCe myldp thas m@mpe)aiul'qlvs)maﬂeWBd hioo equdlbadute( fdr)5
Co{ HN\( CH2 P

. Ph2) 2 ) di )
MINU{&S. r &W’GPB%P%W”&nWaé@}drﬂe o M'BIPE 28 \é? O&O\"’ﬁmath\? five
ca. 1‘;)‘% %{f;ﬁ ﬁfd?%i@?’fg{j éet Hxé%g@hae\)’(ﬁbécp\(}(/a%oh%éta'ggﬁq mﬁnm@?ﬁed
800Q l'rg grafitumléi egdrmdter onTheeil(cjsttWam?omlaéqrenmdwm@ were

red col ored sol u nd t
perfasgiestTadeurh AYach gBRFRIRTecti Mo nabsu R utihs Sert o
5 ml'dT t@%ﬁh?drb?uraﬁ)and 5 ml of water were added to the mixture prior to

(di cycl ohexyl phosphi no&et hyl ) am nedi chl or ocobal t
the ﬂ(nrd yun.2Ehe cesyity aie ehavaHinP 6{ cat al yzed ammoni a

b°@a€%ﬁ$¥<§éﬁ%@bﬁ?yﬁﬁ'hb@éﬁ}%’)g%’ﬁf(’g%”%%"égb%‘@8Eébfq{m“ss” :

CHgf?ﬁ;ﬁDngrﬁEIg@ﬁéd %EhmanbmeaﬂMIysm a 280mign(0.042 mmol)
r n

o salseérm?n‘iéwpm%?ewqﬁﬁ%ﬁbaﬁwﬂgﬂb%ﬁgm%@%ﬁﬁBSBeEOQ?NQ?H

CHzlgPI]tz)?}%fl ?%f de@}ﬂnmmbﬁ ARFuraA A 20t SeWater

141439 P 1 CA2008/ 000943 was
at 41ce®meaneargoo atirosphere teeformeayetlewsalutigip aAmrenigriprane

was SRR IS b P S B b BalleB by o
the gdr?g{ét@hgaﬁ)éﬁgé@i;%bl&\é@ YENItIVAP dMeatiy efdroden reesliltion was
measured with a 100 ml burette. The results are shown in Table 17,

c) Bis(2-(dicyclohexylphosphino)ethyl)aminedichlorocobalt(li)
[CoCIx{NH(CH,CH.PCy3)z}] catalyzed ammonia borane hydrolysis utilizing
standard 40 °C conditions: A 1.0 ml sample of a 0.98 mg/ml (0.98mg, 0.002
mmol) dichloromethane solution was added to a 500 ml three-necked flask
under an argon atmosphere and the solvent was removed with an argon flush.

80 ml of a 1:1 tetrahydrofuran/water mixture was added and then the flask
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5 For base netal conpl exes containing N(H) (CH2CH2PR2) 2

ligands (R = tertiarybutyl, isopropyl, phenyl,
weyeBokka3yl ), the cobalt containing catal ysts PQI/Oxams/000943

to be the nost active. The tertiarybutyl substituted

conpl ex proved to have low activity. In contrast, the

was ¢<§ﬁi@c€éﬁ’ to tk@‘ﬁiﬁfbgéﬁ‘i'néé/éﬂr@ﬁ%y 'a Hﬁa‘iﬁé bhﬁﬂuhbrated in a

rrpexes were nofe active than etertla

40.0 %leadgubafarf@r five suinutest ¢1.5008 exﬂﬁl%mrmd)wfsamnmoma borane
was %ﬁgcg%ci'a%deﬁnen th nﬁy&\%%t neévol\)_@c? l\faslﬁwea@%\lg‘d t'FIfi‘é rgé)ﬁns are

showhdh T @By phosphi no) et hyl ) am nedi chl orocobal t (11),
anmoni a borane could be added in nulti

5 qr@nhthasedsetal gorlexes aPRtaining .N(H)G@ﬂ&lﬁgﬁqaénz!igancﬂsjm =

teﬂlawg %7 é@ﬂ"‘%i&?‘%h{:w?ﬁ%l SHe cobalt containing catalysts

proveahtoniesl Itlmdﬂ hwstaetieg t (Thie) tert!arybumb’s lﬂ)siﬁutbxdwavhwlex Iwoved to
ni.a borane when 15 added in nmujtiple portions,

nave TaBABINEY SHLGRNIAR. et FOPiopYbPhenYl e EYelohomi| SLBSateY
comd%é;[ép RRAK Y GrROSEVPLA! R tLATEISS P BhalBUE AR iHelsb atier

10  exmpBess had (siinilsopetiptjeptmepaianotieerhyTalde tedhows dhatcfob dis(2-

(diisoprdmoReRrE eI TanfBe S ioss S, wBimmeRiR o harna SO

be add)ed N Bit2Gok GHRRHIRR i) éat@ﬁ;sahw RestaREIDAUL Rt O TRk

hydrolysis with standardi zed conditions

17 <shpwer 2 thatr' pthe N- compiex Hbls(QNdmheBty$FBTOSPhlnopvethwb

L

15 addedr‘ihrmdltrﬂl‘é odtanzaldrnd Thble618 spws2thd @ctMibbofmtiid koafplex
gdl i sopropyl pho ghl no) et hyl ) am nedi chI or ocobal t (
bls(21(¢9cyplﬁ> exyighogphidg ipegdichi@ase@itihoos3s ca. 3 m
of tetrahydrofuran vvas added to 80 ml of a 1:1 m xture
of tetrahydrofuran and water (equilibrated in a 25.0
Exarr{plwd()ér bath for five mnutes). 500.2 ng of ammonia

Bis 258 ol e oS Fe Rt vh AT N R ana L oy CalgvCr
20 CHZWI bysomopisyEabiliddorop ﬁlpﬁogﬂw%)ethyl)amlned/bromon/ckel(ll)

i S I-&ndl I sopr opyl phosphl no) et hyl’) am nedi br ononi ckel (I
[NiBr¥ Is )jg}]v ncatglyzed ammonia borane hydrolysis with

standardized conditions (25.0 °C)

(1 (T

_~N—0CoCl vs. _N—Ni—Br g

o

+ AB (note Ni complex proposed structure)

H

THF/HZOl 25 ¢

a) Bis(2-(diisopropylphosphino)ethyl)aminedichlorocobalt(ll). 6.8 mg
25 (0.0156 mmol) of bis(2-(diisopropylphosphino)ethyl)aminedichlorocobalt(ll) in
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m of water and 40 m of tetrahydrofuran and placed in
a 500 m three-necked flask. The vessel was placed in

w@2@8/10148® wat er bath and allowed to equil i br ap€I/€ar008/000943

five mnutes. 498.4 ng of amoni a borane was added and
the 10 hydrogen evol ution was neasured. The results

e
ca. 3 P Yad SRRt ol of 11, e of

tetrahiydkefuran yangawaden ¢equilbratad imc 2660t hah wme( S_bath for five

I h hi th di ch|
mindt§b1- OR0RY b P GBS Kot Jiém GOpRRnana: tiy Jivofdgen
evolativm edisahkasiedt heni un(1 1) di nmer cat al yzed anmoni a
borane hydrolysis at 40 C NH----C  '"Pr2P(r? C

ﬁlsn‘ﬁafﬁmromh@smnﬁvetbylflamlrmdztyomo@ckel(///) P8 IOr g of

bls(%kdu(s?pfbdél 2105 opyq)@ﬂ'{@g& ﬁ%sh%r%gni@ Irf?l)wsaosI l(Jitls's% Vel in 40

ml oéWaydar)md nednlcdﬂﬂ tetrahyd ifinianrdrd pladetan a6G0 Afldedel fedked
a 1:1 mxture of tetrahydrofuran/water. The

flask | afike WasSseb Va8 Riaced dAnaceel te watqrnbem end abogedi to
h t
caub A B AAEE" 198 i BRSNS e

ure was a
hydrbgen ®voilutionesas maasured bidrearesulté &ré@lhawg in Ilﬁalblie ﬂUDl )
added to,the ure.and the hydrogen vol une
Waih?ecopa@aled‘t O;Bés(ft’l)’l VIS PW@FRMSQ[“ %thw%m"%%d"awéno-
keiipwn i nywkgbl e 2gighiige conkex ti ha bis(2-
nie p?(z d?N sopropyi phgsphl no) et hyl )acn%vﬁedl chﬁ ono- s(
(d"sqamqwln hinp)ethybBamiredichietandbalidr t he st andar di zed
conditions. The activity of the catalyst is quite
high but is lower than the iridium standard bis(2-

Exarigie 1@F t i ar ybut yl phosphi no) et hyl ) am nechl or ocycl ooct en

| -hydridoiridiunm(l H. 114 WO 2008/ 141439
Bls(% mmwy))eﬂ%)@gp/@eqm;lororuthemum(II) dimer catalyzed

1, 1' - bi napht hyl
amn?or%%ﬁbﬁéer% P%wsﬁﬁﬁ?bbgﬂﬁanam ne:jl cﬁl oror ut heni un(l1)
[ Ru( bi nap) ( -PPthCI z] catalyzed 5 ammonia

borane hydr I
i PIP
PryP. /Cl\ ry . AB THF/H20
40 °C
|Pr2P ‘ {/Plprz

Cl~

~§

A 1 ml sample of a 6.8 mg/ml solution of bis(2-(diisopropylphosphino)-
ethyl)aminedichlororuthenium(ll) dimer was added to 80 ml of a 1:1 mixture of
tetrahydrofuran/water. The flask was sealed and connected to an inverted
2000 mi graduated cylinder, and then placed in a water bath at ca. 40 °C and
the temperature was allowed to stabilize for 5 minutes. Ammonia borane
(0.5013 g, 16.2 mmol) was added to the mixture and the hydrogen volume
was recorded at one minute intervals. The results are shown in Table 20.

The complex bis(2-(diisopropylphosphino)ethyl)aminedichloro-
ruthenium(ll) dimer was tested under the standardized conditions. The
activity of the catalyst is quite high but is lower than the iridium standard bis(2-
(di-tertiarybutylphosphino)ethyl)aminechlorocyclooctenyl-hydridoiridium(lll).
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cl H/ PP2 /N2 +AB THF/ Water | Ru 1-1 11-1 D 40 C Ph2
Il Ph2 A sanple of 6 ng (0.0059 mol ) of

wWQ@2@8Ap43{ di phenyl phosphi no) -1, 1' - bi napht hyl PCT/CA2008/000943

2- (di phenyl phosphi no) et hanam nedi chl or or ut heni un(I 1)
was dissolved in 20 m of a 1:1 m xture of
tetrahydrofuran and water. The flask 10 was seal ed and
connected to an inverted 2000 m graduated cyli nder,
Exarmapte 108en placed in a water bath at ca. 40 C and the

2,2 BB e o Na L Tl arrha i vt ur 8IFiPheRyIbhogDhigo)-
ethah@nticdichprarefirtiunlth. [RiminadRlNCLECHIPPAIRIG catalyzed

ammesa peréme hgdrolysisir. The results are shown in 15

Tabl e 21. A rut heni um di phosphi ne am nophosphi ne
conpl ex 2 j di ph@ yl phosphi no) - 1, 1' - bi napht hy!
2- (di phen 0sph et apa m ne-

di chl ori derut hei un‘?\L )N& aI 59 t estediateAs i ndi cat ed
in Table 21 anoni a_- be a 2 epeatedl y
with the égalnlgg S|gn|f|caq activity 20

over tine hnpl B 109ct,
3-Bi s((ditertiarybutyl phosphi no) net hyl ) benzenecar bonyl

h )
coheSg Beg W oss ety stoStAUB Y BNEsp i1

binap:hthyg) Bu2za(mwheoymospnmpwbammdojemgtrmm@l)7 gwas
: . 0
dissBefin 20 Ml S 1T FBhEe X BtAnudsaiusan.and watst e, fask

wasl! ﬁdvédltd?ﬁnb@ﬁiﬁédtéd wasan imesiddy 2000 mB@raduanéd kylinder, and
tetrahydrofuran/water and the reacti on vessel was

thenpplased in @ walgithath igdcd. 40 “E5a0d dhe dempsrafyre vagmiioned to
stabﬁgg% \c/]ﬁﬁ]f‘ﬁggeesul Rt B&%nE%é’IggBerg\gﬁgHé Rt Sn ca. 1.0

s ar e shown

g (0.0324 mol) portions. The first five runs were performed under an argon
atmosphere and the last run was performed in air. The results are shown in
Table 21.

A ruthenium diphosphine  aminophosphine  complex 2,2'-
bis(diphenylphosphino)-1,1'-binaphthyl 2-(diphenylphosphino)ethanamine-
dichlorideruthenium(ll) was also tested. As indicated in Table 21, ammonia
borane can be added repeatedly with the catalyst retaining significant activity

over time.

Example 109
1,3-Bis((ditertiarybutylphosphino)methyl}benzenecarbonylchloro-ruthenium(li)

catalyzed ammonia borane hydrolysis

P'Bu,

i cO THF/H,0

Ru + AB »
25.0°C

l c

P‘Buz
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22. The activity of the “~PCP pincer conplex 1, 3-
bi s((ditertiarybutyl phosphi ne) net hyl ) benzenecar bonyl ch

wo eoosderssd heni um(l 1) towards amoni a borane PCT/CA2008/000943

hydrol ysis was determ ned and was found to be of a 10

simlar magnitude to bis(2-

(dicyclpiexyl pigosphimenabhy! ) gmdipch! aaagyue! oocseny! hys-
_dridoiridi un(fﬂbf I).( Exgrrpl e 110FCat al Wc anmoni a s
bis((ditertiatybwpdpbosphigolmetbyl) benzanatarharyictioomithies{um (Il swas

. diterti-arybutyl ph hi I i.ne,an .
aissqied {f S 51 ReaRAORURb &R P8 rdRastion vemsepas
placé®in BXwater ath Be@6IBChHNL3 g B 'aRimbdhiaFbériane Wais added
catal yst THF/ H20 40 C AB Rhenium catal yzed amonj a
and e Andragear evgidiien wes meageredro Thetreghijsi eee shawnaindTalge
292 m of water were added to 22 ng of of the materi al
" formed in the reaction of

tb_rTicﬁ! olrEoilmtl?' S(La_fi phehil Iohd?_ipﬁi n\ihrditmiérur}(‘e‘,lbmpleh 1,3-
. bis(dia osphi no) et am ne r _ =
bls«fi@élﬁ@@&lpgpsmﬁn@m%&wa%zer@&@&&&%'s%d%ry.twguwﬂ& )
towardis ?ﬁ{i‘ﬁgﬂ% |thl¥abgélﬁé‘e§|g§@)zyd§§%| c?é’tgrrﬁ fAed 9¢ %\J&d to b% of a

evo ack solid appeared 1n the

“similaeacti on 25 mimagndudéter ca. 14 mitutes. The resubisg2-

(dicy%[pg}?%}ﬁ)%sbHing?ghsl)azr%ine%ﬁonrﬂglcy?cl%%c e%(/)llh\y?g Hctloiﬁzllfu%%:al?).
bi s(2-(ditertiarybutyl phosphi no) et hyl)am nechl orocycl o
- octenyl hydridoiridium(I11) [Ir(H (d)

ExarpolgHi 8) { NH( CH2CH2Pt Bu2} 2J cat al yzed 30 ammoni a bor ane

rolvsis.or vol ysi deg p e 11 .
Catalffit e po3ARR0 I BEB Pr THERDY cdetted Sram bist2-
(ditektidryb giiphialsphinogethyainine tagthickorruxybis(tyipheaylphosphine)-
t etrahydr of uran/water sanple is described: (a) A 1.980
rhenynn@®/)e641 mol) sanple of amnmoni a borane was added to

150 mM of a 1:1 mxture of tetrahydrofuran/water in a
ca. 600 i Parr bonb. Tne bomb was seal ed and 5 seal ed

and the sol utiog,was_pressuri zed HFo®% PRI it b argon
andr¢d@siPhsBnt edr,huﬂa/zirﬁgs\ﬁ@ﬁ,%fpressure (t hi‘sy process
gy

was repeated folt times). A 1.
THEM,0

[+
AB 40 °C

Rhenium catalyzed ammonia borane hydrolysis: 10 ml of
tetrahydrofuran and 10 ml of water were added to 22 mg of of the material
formed in the reaction of trichlorooxybis(triphenylphosphinerhenium(V) with
bis(dialkylphosphino)ethylamine (where alkyl = tertiarybutyl or isopropyl)
above. 54 mg (1.749 mmol) of ammonia borane was added and the
hydrogen evolution was recorded. A black solid appeared in the reaction

mixture after ca. 14 minutes. The results are shown in Table 23.

Example 111

Solvent effects upon bis(2-(ditertiarybutylphosphino)ethyl)aminechlorocyclo-
octenylhydridoiridium(ill)  [Ir(H)(C)(CsH13){NH(CH,CH.P'Buz};]  catalyzed
ammonia borane hydrolysis or solvolysis under pressure
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m of a 1.03 ng/m tetrahydrofuran solution, 1.5X103

mmol ) of bis(2- (ditertiarybutyi phosphi no)ethyl)
wa@pdoseeaBor ocycl ooct enyl hydri doiridiun(l11) waBCT/adei®s/000943

via syringe and then the vessel was seal ed and the gas

pressure was 10 neasured as a function of tinme. (b)

FOThéite réh TR Were edarfigd duteinaBNBiRiRr f@@hi@ﬂeaﬁ”@S@nly\ﬂﬁe
0010 g (0.0648 nol) and _the catal yst mass was

tetrahydrojuwi\@ater apnle l% deseahed:Ha) fod B30 %éﬂ&“r'@ﬁ')t%@éﬂple
of %ﬁ?cﬂhé‘ RAARE RS %@én%d (_tlc_? 4j§g_ éﬂ%ﬁ)%i é}ﬂ&tdrpts

cat t mass was 1. resu

tetraayercﬁhmm/vatermkal €a.2800 i Feat bbb, cThehomia wasr sewed and

roI si s under ressure was i nvest i gat ed

sea'ﬁ¥ &ng e.stoéfttqrbwgl PEGFPIRBSAHP 7 R a&a%%'m? W%by%msd

o P () e s ). Ym0

mi ofures w08 omiFohl siermahadrofmsani twlutlcm alhSA10% mmbanolf binE2-

e SRRl ol B SRy SRR ues
addét OM Siffge SHAMREY tH vedwRl Q\?ésaéé’eﬂéé dristhedgagrdshaie was

respective catalytlc activity wwth respect to amoni a

meapyreshas gy finstioni of . timex dhpFer the etmancdmat@r ren gehemmonia

borel RS B2 083P UL A 888 Mol endiKp 3oy Reks P R mo

1. 5x@o %rﬂa)BL{%) Ex)pme meo%aéthah@nem\uhe arﬁmc&% Bbraﬁh@ﬁ’ﬂhes ofas

ed to a 500 necked fla

1. 99&@(@1@5&%@@'%6@ thﬂ@a@ivﬁrmsswaétbg vy Bxéﬁapraa'ol) The
,esugglalrgsﬂgwn ,hefrébtléj g cont aining ca. 500 ng of ammoni a

was connected to the flask and 30 then ca. 1 ng
( 1Cataigtic arnmorgarboraoé ttydoolysi urider paesdyretwas inviestigated

usms gﬂ,gﬁc& ?éi(feq HZ\\%PQZ% llrélégéky PC':;/? 990%%/0 ooc?enylhydrldo
mdlLPH(lbry( & Qﬁé’ *&bfé?)}éit hiHg @fﬁdﬁ%@Wa%r%Yﬂ' 29 iétl’éﬂy)&‘@'ﬂréiﬂ%‘ter

') was added. The flask was seal ed and

(1:1) hens aﬁo&a@bamlarsneauﬂs i inegbs@juted gthane! ﬂa@rrf@ﬂﬁi@fbﬂmﬂﬁ?@d

s oo RS AR a7 SRR )

Table 25 provides a summary of the catalysts tested and their

respective catalytic activity with respect to ammonia borane hydrolysis.
Example 112: Effect of alcohol solvents on the production of hydrogen from

ammonia borane

PtBU2
( Solvent
N— Ir + NH3BH; —————
Q 40.0°C

PtB Uy

Experimental procedure:

An 80 ml sample of the solvent was added to a 500 ml 3-necked flask and
was heated to ca. 40 °C for 5 minutes. An L-shaped solid addition tube
containing ca. 500 mg of ammonia borane was connected to the flask and

then ca. 1 mg (1 ml of a 1 mg/ml solution of the catalyst in the appropriate
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a) Solvent = 100 % et hanol. Anmpbunt of amoni a bor ane:
500.3 ng (16.21 nmol); anount of

Whe@ga414ad -t ert - but yl phosphi no) et hyl ) am nechl oPCD¢aLw8/000943

tenyl - hydridoiridiumIll): 1.00 ng (0.0014 mmol); T =
40.0 C. b) Solvent = 50 % ethanol, 50 % water. Anount

solverﬁt)grrm(agl z(:ldbbrane 50te0 10 ny dat@ly0 nmol ) ; ms@ui-tert-
of IS |
butymwpbH@%VH@W@TW'9f9ﬁvﬂeeﬁ?6b’%‘&'§iﬁ¢%‘69t%ﬂw) s | added.

The Sﬂ’?éméé )ngge ) ark wad- tﬁ@&"}n@@ﬂéél o?ér veral infeCtoCadd the

vent = utanol . Anoun amoni a bor ane
amn&ﬁhﬁa bom@wé mti%reamoh)mlxalreu ntheo§as volume was then recorded
tert - butyl phosphi no) et hyl ) am nechl or ocycl ooc

atOQ%HWUt 1'8‘%%!?1 doiridiun(111): 1.03 ng (0.0015 rmol);
a) sElven‘ﬂ& Q06 % BthaRblY eﬂhourﬁ%f%rﬂnﬁ%ia(aﬂe}ané%db 3ah§1(16.21

Anmount of ammoni a borane
mm@lhtamourmtfofmls(@zéd@-&rt-bgtwphOSphmo)ethyl)ammechIorocyclooctenyl-

hij et hyl nechl ctenyl - hydrid
nyar BTG 1 SRS - oig Bl oy d B2 20 & ho'e)
b) SoRlenert 56 % Mhgndls gnr%ma@r ABURt oPhnnomial ForaAe2660.0
503. Bﬁﬁg (16. 30 nnDI); amount of bis(2-(di-tert-

mg but yl fHdSBNI no) eMAl) ani necWNBHBEYcl 0o&f enyl - Bj#2-@oitert-

butylgt gﬁlﬂoﬁé@gﬁfm%é&Ior@ggﬁ%é’tgﬁypwdnd&%ﬁlqm?l)Cf ddo mg

I SOpr opan
(0. oamwnnal)bﬁmmao °$99 9 25 ng (16.19 mol); anmount of

) SBENT 5T Regh ATOHEL AT BMBRgRin Seeensi, O hT dng 44625

mmdlf dtfbuh Jf big AR LRI elny aninédniBrdeycfboctenyi-
hydrgimndlum(ﬂbrmﬁ)éngﬁO@OOSrrgn"(oi)eTzMﬂrﬁ)fQ amount of

i S(2- (di<fert- 30 .
@ SEyE)F 'ﬁ‘%@%%@?% B0 Shiwaler AMBRYT AT EINYa hRneEP9-7

mg | di um{{d.bd: 1. 02mfbl), (0. 001gmannt): T f42 0 Gisf@(di-tert-
Sol vent = 25 %lsopropanol 75 % wat er. Amount o

butyiphesphincdeihyheminsttorecigopaienybhydridoiridinmilins  d1.98 mg

(0. OQ ?%é@ Tterd 8 WD 2008/ 141439 PCT/ CA2008/ 000943
y hi no?et yl ) am nechl or ocycl ooct enyl - hydri doi r

e) Sdli\veﬁ’(HHOO %.i88prapandl). (rhduntrof Jamroniad bofarie: 503.3 mg
Sol vent = 100 % net hanol . Armunt of a ni a borane;
(16.302. 8 ny (MBY ol ) ; 2BRBGHt  of bis(2-(di-tert-

buty?iéhzf?ﬁpW)e%?f)énﬁﬁgdﬂl&l&%&%&%}@ Hy&r)@dmaraﬁﬂhgr 0y b 00fmg
(0.0015 mmol); T =40.7 °C.

f) Solvent = 75% isopropanol, 25% water. Amount of ammonia borane: 499.9
mg (16.19 mmol); amount of bis(2-(di-tert-
butylphosphino)ethyl)aminechiorocyclooctenyl-hydridoiridium(ill):  1.00 mg
(0.0014 mmol); T=41.0 °C.

g) Solvent = 50% isopropanol, 50% water. Amount of ammonia borane:
500.0 mg (16.20 mmol); amount of bis(2-(di-tert-
butylphosphino)ethyl)aminechlorocyclooctenyl-hydridoiridium(lll):  1.02 mg
(0.0015 mmol); T=42.0 °C.

h) Solvent = 25 % isopropanol, 75 % water. Amount of ammonia borane:
500.8 mg (16.22 mmol); amount of bis(2-(di-tert-
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5 hydridoiridiun(lll): 1.00 ng (0.0014 mmol); T = 40.3
C. j) Solvent = 75 % nethanol, 25 % water. Anount of

wa@pemni@3ibor ane: 502.7 ng (16.28 mmol); anpunkCDEA2008/000943

bis(2-(di-tert-

but yl phosphi no) et hyl ) am nechl or ocycl ooct enyl - hydri doi r
butyipthospkinb)ethyllammethlor6Byddeddtenyichydridbirididi®i(I1).C. 0198 K)mg

Sol vent = 50 % et hanol, 50 % water. Anobunt of ammonia
(0.0G; 14 mweol);: b5 49.0§- (16. 18 nmol ); amount of

i) SJ@P%Z 480 %5hk hanh mount (ﬂl ammom? borane: 502. ydrq 16.29

| phosphi no et am nechl orocycl ooct eny ol r

mmolyiamduntl gf bid(26(di- @-b@@lﬂ%@hn@ébﬂyl)ﬁmwl@ro@y_clooct_enyl-
hydrgoérézbr(n&lill)tlgpg 120 9010854 amol); f4L §§Y -goncentration in

| hi
i) SolNng ﬁh@}@%@gﬁ. zlis) %‘18/%?& %BGMPBPQWEW%@'%GZ 7

diun(I'l1) cat rogen generation (40
mg shown(16:2&i gur e mmoI)The ef faroountf i soppbpanol bis(2-(di-tert-

outy RBSReEhNartheiid &y SlbadEhvnrridgiidium iy dr ¥0i

(0.00 18 HiFbl); I = apbatyzed 20 hydrogen generation (40 C)
is shown in Figure 17. The effect of methanol

k) Selyaokrtdtatd methanadi 8Q 2o mter( efmount of ammonia borane: 499.6

mg |b3|t ﬁlnﬂqol??hl no) %%A)? am necépng{"qlcycl oog%enyl I'Béj(@' @p{éﬁ_

catalyz hydr ogen generation (40

butyﬁim\e'ghlrb)éthgl)a@uri&hIcﬂﬁcWobﬁthEh;m‘r&Bﬁndlum(Bk)j osiud?2 mg
een described with reference to what are
(0.0 8unelyT cHiPdéred to be the preferred exanpl es, it
ReS{IEStO be understood that the disclosure is not

Imted to the discl osed exanples. To the contrary,

t h&hdi sodftesaiir e ofs | mbetated t consestratien i ous  bis(2-(di-tert-

buty%phcqo;%t%gég%rﬂr?e %Ig%lﬁgg&tgp {h&a Hggngnt S@fl)n g lo ) gaGt%lyzed
hydr% éh FenefbtiorPWd 4@)&5@%% iRFHigires1@nd pat ent

applications are herein incorporated by reference in
t héhe eeffectt yof o isherenans! excencentiation eadph bis(2-(di-tert-

o fESeEp T B o B Py PR PR bz

hydﬂo?@ﬁ fsh (10 TG iershood inFiglie BNtirety. Were a
119 VIO 2008/ 141439 PCI/ CA2008/000943 term in th

prébent effasti calfi onMedhanfiind GAHCEBLEEeR nedn di ft?'%&erj'lt‘?/t
buty\ Hﬂ?ﬁ’igﬁ‘&)g(,ﬂ.'ﬂ%@'ﬁ?"@{"ﬁgf@??h& Woelﬁggﬁ‘f(ﬁﬂ ce, chiifyzed

hydr@génrgmewtldmma te) iseshown in Figure 18.

While the present disclosure has been described with reference to
what are presently considered to be the preferred examples, it is to be
understood that the disclosure is not limited to the disclosed examples. To the
contrary, the disclosure is intended to cover various modifications and
equivalent arrangements included within the spirit and scope of the appended
claims.

All publications, patents and patent applications are herein
incorporated by reference in their entirety to the same extent as if each
individual publication, patent or patent application was specifically and
individually indicated to be incorporated by reference in its entirety. Where a
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120 WO 2008/ 141439 PCT/ CA2008/ 000943 TABLE 1:
Bi s(2-(ditertiarybutyl phosphi no) et hyl)
worzeveasl4ey ocycl ooct enyl hydri doiridiun(1l1) catBtTeaehos/000943

amoni a borane hydrolysis at 25 C. Vol H2 Vol H2 (run
Vol H2 Time (mn) (run 1,mM) 2,mM) (run 3,mM) 00O

term(]n tbe PBes) applicatibr?i8FodAd t& be dddinetidifieienly On adotdnent

835 5,830 860 900, 6 8 900 920 7 915 915 925
'”CO@%Q‘dee@ZBY refeegnses e glggmt@@ Ryoyided freyol isdo-papygas
I arybut yl phosphi no) et hyl )

the &rﬁnﬁﬁ (ragtgécae?f%oct enyl hydridoiridiun(lll) catal yzed
amoni a borane hydrolysis at 40 C. 10 Time Run 1 (vol
H2, Run 2 (vol Run 3 (vol (mn) mM H2, mM) H2, m) O
000 1120 165 115 2 290 345 255 3 440 485 380 4
565 605 485 5 670 710 570 6 745 765 645 7 810 810
710 8 855 850 760
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9 890 870 800 10 910 895 830 11 925 905 830 121 WO
2008/ 141439 PCT/ CA2008/ 000943 TABLE 3: Effect of
wa@pomni3iborane purity in bis(2- (d itertiarybRPtHCApINS800943
phi n o)ethyl)aminech
| orocycl ooctenyi hydridoiridiun(l 11) catalyzed
TABRE™PNBs( %ﬁéﬁlM@lpﬁ&bﬁhlﬂb)éﬁﬁylﬁ Vol (ni, Vol (M,
mine¥florb&clo bn§|%dr|d&HH%m1)ecbWe% AfPa pBHTR Vol

nia anmoni a anmoni a anmonia (m n)
hydré%rsla % lg'ISr‘Z) borane 1) borane 2) borane 1) borane 2)
000 O 0

D

0—0—1—320-365-8Q 225201120 290 345 270
435 145 280, 3 440l AL, ,§§5 2§'§EZ 49 ﬁgh’% 565 605 670
745 415 526——5 o7 fJ.ﬁ’OQL 855 50& 390~ 45 765 925
940 570 646—7 819810 g?g(LG 1063 P16 ""2@ 8 855 850
1040 1050 (646 {39’:‘? 9—89 5L7O 10%0:“%‘5“& B 700 10 910
895 1085 1110660 710—5-"FTABLE Selve onpari son
i rinl \lran or 1-5 5nglnudr §| an) % i -
(di gl yme, H+rghyre—eor—tetiahydrgtot-am)—HA—bi s( 2
(diterti ar*bu%ﬁh@sphﬂﬁg)ephﬁag%eeh@ cycl ooct eny
| hydri doi fidiun( 5 }1) &4y 6 1 29%0r ane
hydr ol ysi g_at 25 60 \o!89Py . /01900 glyme Tine
Vol (m, Vol (m 7Mdiglyidigly885(m 920 (nin) std
1) std 2) {1) 2) B0 0900 0 0 920120 16 100 182 40
2 290 345|325 378 75 P2840 4859802 5359255
10 920 920 925
5
TABLE 2: Bis(2-(ditertiarybutylphosphino)ethyl)
aminechlorocyclooctenylhydridoiridium(lil) catalyzed ammonia borane
hydrolysis at 40 °C.
10
Time Run 1 (vol H;, | Run 2 (vol Run 3 (vol
{min) mi) H,, mi) H,, ml)
0 0 0 0
1 120 165 115
2 290 345 255
3 440 485 380
4 565 605 485
5 670 710 570
6 745 765 645
7 810 810 710
8 855 850 760
9 890 870 800
10 910 895 830
11 925 905 830
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4 565 605 665 660 155 5 670 710 765 752 195 6 745

765 832 820 235 7 810 810 875 865 272 8 855 850 905
w@998341339 9 890 870 920 920 345 10 910 895 925PCEREA3BB/000943

10 122 WO 2008/ 141439 PCT/ CA2008/ 000943 TABLE 5:

Sol vent conparison (ethanol vs. tetrahydrofuran) in

TABWLS(Z-s Effect of ammonia  borane  purity in

(dite 'lrf&)n%rﬁ I85ERAGIRY8Fi GMBIlﬁﬁﬁﬁ)einy
E ro# SIS% leydg ¥sn§ 3()\’:?@ rmg& @

cata (m, Vol (n, Vol (M,

AIAL \/nl {-rd- \Inl adl) nf_rL’)l Qfd 2)

C |r| T AL n 7 -A—S5t6
ECOH 1) EtQH 2) E{ OY %5 o" ( r 0 o @iy o0 16 '%5

90 1 0 03 2 260'm 40 148
P R T e v A 7@.,@@
66g (670 50 6 7gb /651) 740 75§ 670 7 83FQ 810 710,

829 tslfrg“j 189) —850 /gb —870 q’;iguo 9 830 870 8004

964 940,367 TARTE 6 Eidsect Ot gs/aTOt COBETt Tt OFgg

T 1at 191 S) =
Cditerticsy 'tbrﬁi“"e;“h. et hyHr aaHRechtorbtyetooetetar
LEZUE LAJ? n 7 5007 550

8

i

LHPAH (18800 3) (NS 42)2}cadDlyzed 640

andgni-a @Bgr ane S 0ldr ol W0 oy AHP08 | Ti e K19 I yn 250870

1981123895 7150, PBRW, ﬁ;ijiP et han®15%t hanol  #4Cnanol 690

ot Banal 886 hanal870 1070 1080 650 700
10 910 895 1085 1110 660 710

TABLE 4: Solvent comparison (diglyme, triglyme or tetrahydrofuran) in bis(2-
(ditertiarybutylphosphino)ethyl)aminechlorocyclooctenylhydridoiridium(lll)
catalyzed ammonia borane hydrolysis at 25 °C.

Vol (ml, | Vol (ml, | Triglyme

Time Vol (ml, | Vol (ml, | diglyme | diglyme | (m}, run
{min) std 1) std 2) 1) 2) 2)

0 0 0 0 0 0

1 120 165 100 182 40

2 290 345 325 378 75

3 440 485 522 535 115

4 565 605 665 660 155

5 670 710 765 752 195

B 745 765 832 820 235

7 810 810 875 865 272

8 855 850 905 895 310

9 890 870 920 920 345

10 910 895 925 925 380
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0000O0O0O 1 120 150 100 100 180 110 2 290 320

200 200 480 350 3 440 460 300 300 740 710 4 565 580
w@3®s3833900 1050 5 670 660 460 440 1020 1160PCBCAADS/000943

740 530 510 1080 1180 7 810 800 600 580 1120 1180 8

855 850 660 620 1140 1180 9 890 900 720 680 1160 1180

10 910 920 780 720 1160 1180 11 925 960 820 760 1160

'E’r%'rrf O8eHaNgdrs L lalg(2
(dltegir? fbhﬁ? R?‘n ylr) ec 93 tﬁpmﬁy Hﬁglf III)n
ol f‘ ‘?’3.“9 fiywﬁssag O et hyl ) -
m nanH or nmml\;ma\égn\/l hydri doiri di HE3 Iyl I!Zr?]ll @
: eq
gz,@@?wf;gc;:gg e RO (eI i
eVl (rindlstd 9 ﬁ_jarﬂ\pl FtAQ\"J\()(QO
00 11120 1{3050 53652 20d13p 210 180 '% 4480 po 33120320
4 565245 4380445 345470 365 505 55@406 74532 565 %49
7 810350 640710 485355 @60 640 753009 8904&b| 665 309(
10918 |75 &80 {8106FABI E 885 Ff f ect 540 |hydr 68k 500
(strultlure 879 |vs, 7i@fhyl 5{&truct ursé0I[1) sBIGL i t UEAIDS
10 onbnitraggen in765 645 740 750 670
bi s(27(di tenodilaryiBaeyl phadsphi no) etshyl|) am e [ ype 745
iridiam caespllexessomn caved yti c argronl a beg@ne 800
hydr obysi s sab |40 @70 800 915 890 850
10 910 895 830 940 920 890
11 925 905 830 960 940 920
TABLE 6: Effect of ethanol concentration on rate of bis(2-

(d|ter1|arybutylphosph|no)ethyl)ammechlorocyclooctenylhyd ridoiridium(l1l)

10 [Ir(H}(C)(n'-CgH13{NH(CH.CH,P" Bus}] catalyzed ammonia borane
hydrolysis at 40 °C.

Tme [ Stdrun | 25% | 19% | 12.5% | 75% | 100%

(min) 1 ethanol | ethanol | ethanol | ethanol | ethanol
0 0 0 0 0 0 0
1 120 150 100 100 180 110
2 290 320 200 200 480 350
3 440 460 300 300 740 710
4 565 580 380 380 900 1050
5 670 660 460 440 1020 1160
6 745 740 530 510 1080 1180
7 810 800 600 580 1120 1180
8 855 850 660 620 1140 1180
9 890 900 720 680 1160 1180
10 910 920 780 720 1160 1180
11 925 960 820 760 1160 1180
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Structure | Structure Il Tine Vol (M, Vol (M, Vol

(m, Vol (M, Vol (M, Vol (M, (mn) std 1) std 2)
wG@e@s33148un 1) run 2) run 3) 0 0 0 0 0 0 0O 1PAROA2®BE000943

115 40 80 80 2 290 345 255 125 150 135 3 440 485 380

210 220 190 4 565 605 485 295 280 250 5 670 710 570

370 340 300 6 745 765 645 435 410 350 7 810 810 710

TAB£%57 5@ﬁe&59 ao%e%ﬁﬁo g%t a 9%}%& ﬁ%g
or t rgg% % ? ﬁ R §)e )-
ami [Ir(H)(Cly(n'
5 CsHy) 6‘?1‘7‘ ﬁﬂ)@?ﬂ‘?l boaNe dyArdy s hydri do
|r|d|unf|||\ atalvzad ammopi a borane hydrol ysis at

25 C. Tiimdimgl | el @M va(mlevglrﬂnl VoMol \o| H2 (i,
(min) std(mMD) g $id1N I pNaCly yn HiCHyN IEMNCH 0|0 0 1
220 285255 200 2 mmE 510 Ubo 49® | 3 710 a2k 635 675

4 770 680 7151800 120 790 69D| 745 WEI0 6 7980 700 745

900 5 TABLE 20: BRI P-(d 1%dane?itiy] phosphdhp) et hyl )

am nechllorodihydri @8 i di A | 11)330at al yzed2®moni a

borane hydrol4sis &85 |40 Q5 430 445
5 670 35 505 . 550

6 745 40 565 640

7 810 50 605 710

8 855 60 640 755

9 890 65 665 790

10 910 75 680 810

TABLE 8: Effect of hydrogen (structure ) vs. methyl (structure I1) substituents
10 on nitrogen in bis(2-(ditertiarybutylphosphino)ethyl)amine type iridium
complexes in catalytic ammonia borane hydrolysis at 40 °C.

Structure | Structure |l
Time Vol (ml, | Vol (ml, | Vol(ml, | Vol(ml, { Vol (ml, | Vol (ml,
{min) std 1) std 2) std 3) run 1) run 2) run 3)

0 0 0 0 0 0 0

1 120 165 115 40 80 80

2 290 345 255 125 150 135

3 440 485 380 210 220 190

4 565 605 485 295 280 250

5 670 710 570 370 340 300

6 745 765 645 435 410 350

7 810 810 710 495 500 450

8 855 850 760 550 550 495

9 890 870 800 605 595 540

10 910 895 830 655 605 580

11 925 905 830 700 630 620
15
20
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Ti me Vol
run 1)

(std 1 Vol
run 2)

(m, Vol

(m, Vol

(m, (mn) M)

run 3) 00000 1120 70 55 65 2 290
waewsasa3dlo 3 440 255 200 160 4 565 340 270PQI/OA2[®8/000943
670 415 310 250 6 745 470 355 285 7 810 525 395 320
8 855 560 420 350 9 890 590 445 375 10 910 605 465

TABEE®: B ztﬁﬁh&ar%ntﬁﬂ)ﬁés%rﬁﬁo e ﬂhﬁé&hlﬁmmrm&mlbﬁ(m)

[ lo cat al yzed ammoni a
catal %@f@aﬁe d;%uﬁlé hge*dﬂﬁ%é éﬁzb ?e Vol H)?i (m, Vol H
(M, G- it 2—535 25
3 710 4 ni a $"h 5/5,(3“{&?' 6;\3% 1\6"&'?‘2 115 9
125 1014 Ug 11 200871 00943
TABLE—12: i s(2= ( IZQd’ yct Ullb'éélé I1U5}Qé§5l O) Et_h)éhé
2 535 510 490 490
3 710 625 635 675
4 770 680 715 800
5 790 690 745 860
6 790 700 745 900
5
TABLE 10: Bis(2-(diadamantylphosphino)ethyl)
aminechlorodihydridoiridium(lll) catalyzed ammonia borane hydrolysis at
40 °C.
Time Vol (std 1 Vol (ml, { Vol{(mi, | Vol (ml],
{min) mi) run 1) run 2) run 3)
0 0 0 0 0
1 120 70 55 65
2 290 165 130 110
3 440 255 200 160
4 565 340 270 210
5 670 415 310 250
6 745 470 355 285
7 810 525 395 320
8 855 560 420 350
9 820 590 445 375
10 910 605 465 400
10
TABLE 11: Bis(2-(dicyclohexylphosphino)ethyl)
aminechlorodihydridoiridium(ill) catalyzed ammonia borane hydrolysis at
25 °C.
Time Vol Hz (ml, | Vol Hy (ml,
{min) std. 1) run 1)
0 0 0
1 220 15
2 535 25
3 710 40
4 770 55
5 790 70
6 85
7 100
8 115
9 125
10 140
15
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10

am nechl orodi hydridoiridiunm(l1l) catalyzed amoni a
borane hydrolysis at 40 C. Tinme Vol H2 (M, Vol H2
W@ Rog/141¢ad n) std. 1) run 1) 0 0 O 1 120 10 2rCPOA2@DS/000943
3 440 45 4 565 65 5 670 80 6 745 100 7 810 115 8
855 130 9 890 145 10 910 160 11 925 170 12 185 13

TABLE32: Bis |c Pohedfiphb8pRitd)ethyly 240 18 250 19 260
am"%%'%é& .d‘% Hifutiil gatalyzed ammonia porane hydiolysis.at,

]
40 drido- iridiun(lll) catalyzed amoni a borane
25 C__Ti
T%drgl )1/Es_)| Sgatzgﬂme VAT W H2 (mMm) 00 1
(min) std. 1) run 1)
0 0 0
1 120 10
2 290 22
3 440 45
4 565 65
5 670 80
6 745 100
7 810 115
8 855 130
9 890 145
10 910 160
11 925 170
12 185
13 195
14 207
15 220
16 230
17 240
18 250
19 260
20 270

TABLE 13: 2,6-Bis((diisopropylphosphino)ymethyl)pyridinedichlorohydrido-
iridium(ll) catalyzed ammonia borane hydrolysis at 25 °C.

Time Volume
(min) H, (ml)
0
10
15
20
25
30
35
40
42
45
10 50
15 65
30 150

WOINO|OIB_|WIN|=|O

©
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425 530 635 740 8 42 9 45 10 50 15 65 30

150 10 126 WD 2008/ 141439 PCT/ CA2008/ 000943 TABLE
wa2008Ta439 yti ¢ anmoni a borane hydrol ysis by cap@i/garo0s/000943

derived from

bi s(2-(diisopropyl phosphi no) - 4- et hyl phenyl ) am ne and

5 chlorobis(cyclooctene)iridiun(l) dinmer. Time (mn)

VoI (mM) OO0 110 2 30 3 45 60 575 6 80 7

gfs\(Bz %%q{?%qz )]a%moill % TeAlﬁlyﬁr EPS catalgst d%rlvecb from
%\?

5 cmor (I annnnla bor ane and
urB! (mn) VqurreHZ(M)OO 1
20 2 25
Time
(min) Vol (ml)
0 0
1 10
2 30
3 45
4 60
5 75
6 80
7 90
8 100
9 105
10 110
TABLE 15: Bis(2-(ditertiarybutylphosphino)ethyl)amine-2,4-
10  pentanedionaterhodium(l) catalyzed ammonia borane hydrolysis at 40 °C.
Time (min) Volume H, (ml)
0 0
1 20
2 25
3 35
4 40
5 40
6 40
7 45
8 55
9 60
10 65
11 75
12 80
13 90
14 100
15 115
16 120
17 125
18 135
20 150
22 165
27 200
30 225
40 285
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33 440 540 6 40 7 45 855 9 60 10 65 11 75

12 80 13 90 14 100 15 115 16 120 17 125 18 135
wWQ@0085014392 165 27 200 30 225 40 285 127 VE¥TT/CA2008/000943

2008/ 141439 PCT/ CA2008/ 000943 TABLE 16: Bis(2-(d

I i sopropyl phosphi no) et hyI )arri nedi chl orocobal t (11)

TABLE({ HN(1GHZCHZ® idbetotly|SHesphi EtHyNERIIhEdiERbARbalt(ll
[Co{FhN{CN CH,P F%)z at5ly§@8@mrﬁ6ﬁ%or§ E?‘I%dﬁw'%ig%sm 'da@( )
amnmoni a |1 e anmnmoni a

borane (mn) (mM) borane O 0 2.423 9.5 10940 0.5
125 10 11160 1 688 10.5 11400 1.5 2888 11 11587 2

5250 11.5 117/ 7%tal 3] 6AR&LNYOY Py 17 THAMEID | Amount
Time | Vol. H; | ammonia Time | Vol. H; | ammonia
{min) (ml) borane {min) (mb) borane

0 0 2423¢g 9.5 10340
0.5 125 10 11160
1 688 10.5 | 11400
1.5 2888 11 11587
2 5250 11.5 11775
6010 954 mg 12 11900
3.5 6625 12.5 12000
4 6925 13.5 12150
45 7488 980 mg 14 12338 960 mg
5 8445 14.5 12713
55 8738 15 13030
6 8800 15.5 13290
6.5 9040 880 mg 16 13525
7 9550 16.5 | 13650
7.5 10050 17 13750
8 10200 17.5 13800
8.5 10400 18 13850
9 10640 955 mg 19 14000
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3.5 6625 12.5 12000 4 6925 13.5 12150 4.5 7488 980 ny

14 12338 960 ng S5 8445 14.5 12713 5.5 8738 15 13030
WG28800143%. 5 13290 6.5 9040 880 ng 16 13525 MNCPEA08/000943

16.5 13650 7.5 10050 17 13750 8 10200 17.5 13800

8.5 10400 18 13850 9 10640 955 19 14000 128 WO

2008/141439 PCT/ CA2008/ 000943 TABLE 17:

L T

Armoma Tlms Total Vol Anmoni a (mn) H2 (rﬂ) Bor ane

(Hﬂ AL (M) _Par 234 8 05
T 1 0 bAETE doa 105 5818 15 o}7 4 51 r@‘*ﬁ;’“ﬁ 3
Time 15| BtatoMog| Ammeniad 16 300.2 |3in80. 4| I6ab @O Arondd | 1
) 173087 Ho§n@ 17.5 3093 | gy 81} 4 48 310 ghi 81 5
5 310, 8.5 19 311)2 6 14624 318. 3
815 155. 7o 331.4 55 ng 7 159 ®P b 342548
0.5 2.4 |48 mg 14 235
1 10.6 14.5 264
1.5 28.8 15 2774 | 51 mg
2 546 15.5 291.8
2.5 76 16 300.2
3 804 16.5 305
3.5 81.1 17 307.7
4 81.2 17.5 309.3
45 81.4 18 310.1
5 81.5 18.5 310.9
55 118.5 19 311.2
6 146 | 49 mg 19.5 319.3
6.5 155.7 20 331.6 | 55 mg
7 159 20.5 342 4
7.5 159.9 21 3515
8 160.3 21.5 3594
8.5 160.7 22 3654
9 160.8 225 3707
10.5 223.9 23 375
1M1 2296 23.5 378.8
11.5 232.2 24 381.9
12 233.5 25 386.6
12.5 2342 26 390
13 2346 29 396.1

129



7.5 159.9 21 351.5 8 160.3 21.5 359.4 8.5 160.7 22

365.4 9 160.8 22.5 370.7 10.5 223.9 23 375 11 229.6
WQ@33008/18i482 8 11.5 232.2 24 381.9 12 233.5 25 3BOI/6A2008/000943

12.5 234.2 26 390 13 234.6 29 396.1 129 WO

2008/ 141439 PCT/ CA2008/ 000943 TABLE 18:

Bi_s(2-(di cycl ohexyl phosphi no) et hyl l\nedi c Iorocot[))au
TABLE é%‘od I%ﬁﬁwm@%&) ey ) Sainedinaracoballin
[c:c%k»ﬁ« Hr&iﬁz%%i) ] wetalyze @@W&ﬁja&}&ﬂ@ ydrehvsis iLdiizing

standaree40 PGioondifwinsgM) 0 0 115 2 20 3 30 4 30 5

40 6 40 7 42 8 45 9 50 10 55 5 TABLE 19:

Bi s(2-(diisopropyl phtisgehi no) et hyl}) am nedi chl or ocobal t (

1) [CoCl2{N H( CH2O®' Pr(NRirpl) is. bi s(2-

(di i sopropyl phosphi ho) et Wyl ) ami @gdi br ononi ckel (11)

[ Ni Br 2{ NH( CH2CH2F' Py 2) 2} |1 lcat al®¢zed ammoni a bor ane

hydrolysis with 10| stangardi zed [conditions (25.0 C).
30
30
40
40
42
45
50
55

QOO INIO || W

-

TABLE 19: Bis(2-(diisopropylphosphino)ethyl)aminedichlorocobalt(ll)

[CoCl{NH(CH,CH2P'Pr2),}] VS. bis(2-

(diisopropylphosphino)ethyl)aminedibromonickel(ll)

[NiBro{NH(CH,CH,P'Pr2),}] catalyzed ammonia borane hydrolysis with
10 standardized conditions (25.0 °C).

Time Vol Hy (ml, | Vol Hy (ml,
(min) cobalt) nickel)

0 0 0
1 5 0
2 10 5
3 15 5
4 20 10
5 30 12
6 40 20
7 55 25
8 62 30
9 75 35
10 85 50
11 100 55
12 110 65
13 120 70
14 130 80
15 140 90
16 145 95
17 155 100
18 163 110
19 175 112
20 180 120
25 220 140
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Ti me Vol

H (M,

Vol

H2 (i,

(mn) cobalt) nickel)

0

00 150 2105 3155 42010 5 30 12 6 40 20
W@2®8126398 62 30 9 75 35 10 85 50 11 100 55PCT/2A118/000943
65 13 120 70 14 130 80 15 140 90 16 145 95 17 155
100 18 163 110 19 175 112 20 180 120 25 220 140

130 WD 2008/ 141439 PCT/ CA2008/ 000943 TABLE 20
TABLiE (2204 i Bisf#- (ﬁbgﬁppm@mhqﬁmmmtbyé)ﬁnneadlchlororuthemum(ll)
dimercts. didiunn stendand ¢atalyzediammoni& borandihydralysis gadd °C.
catal yzed ammoni a borane hydrolysis at 40 C. Ti ne Vol

H2 Vol HZ ok HP Vooh, RRVORG | (woit), { MotHARu(ktd 2) std
3) conpl lexmin)0 [0(Ad 0 Q (sid 220 (653)115cHnplek) 200 345 255
35 3 440 485 3480 @O 0 0 0

1 120 165 115 5

2 290 345 255 35

3 440 485 380 70

4 565 605 485 120

5 670 710 570 165

6 745 765 645 180

7 810 810 710 220

8 855 850 760 260

9 890 870 800 300

10 910 895 830 340

11 925 905 830 380
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4 565 605 485 120 5 670 710 570 165 6 745 765 645

180 7 810 810 710 220 8 855 850 760 260 9 890 870
w@®s30339 10 910 895 830 340 11 925 905 830 3BOI/CA2M8200943

WD 2008/ 141439 PCT/ CA2008/ 000943 TABLE 21:

2, 2' - Bi s(di phenyl phosphi no) -1, 1' - bi napht hyl 2-

phenyl hosphlno ethanan1nedlchlororuthenlu
TAé‘-%(lbl nap é—@ﬁ( P"@épﬁl'}ﬁ))éw "Zinaph Yborane2
(dip gyt mno)em@amlned h pmtberqmrm( Doo 160 2 210
[RU(B"ED()(HzNQHM'lz@’h:QGQ] cateﬁlﬂ@:(d amnini® bosargBydrolys020
10 3550 11 3960 12 4200 13 4630 14 5230 15 5775

16 6095 17 6625 Time
(min) Volume (ml)

0 0

1 60

2 210

3 570

4 1540
5 1960
6 2000
7 2110
8 2430
9 2920
10 3550
11 3960
12 4200
13 4630
14 5230
15 5775
16 6095
17 6625
18 7255
19 7720
20 7960
21 8100
22 8450
23 8740
24 8950
25 9230
27 9645
28 9755
29 9855
30 9900
32 10025
33 10130
34 10315
35 10620
36 11060
37 11490
38 11780
39 11900
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18 7255 19 7720 20 7960 21 8100 22 8450 23 8740

24 8950 25 9230 27 9645 28 9755 29 9855 30 9900
w3@20080023 33 10130 34 10315 35 10620 36 11RGODCA3INS/000943

11490 38 11780 39 11900 5 132 WD 2008/ 141439

PCT/ CA2008/ 000943 TABLE 22: 1,

TABLEI 47,0 1 b ol ?%rﬁ%uvwﬁ ﬁ?%%&%% e EEaRIyEHdo-
ruthemjumdl) watalyzed aemniemia)bojane Rydalysis. 0 0 1 2 2 5 3
15 420 525 630 7 35

Time (min) | Vol H; (mi)
0 0
1 2
2 5
3 15
4 20
5 25
6 30
7 35
8 40
9 40
10 45
11 45
12 50
13 50
14 55
15 55
16 59
17 60
18 60
19 60
20 62
25 80
5
TABLE 23: Catalytic ammonia borane hydrolysis by catalyst derived from
bis(2-(ditertiarybutylphosphino)ethyl)amine and
trichlorooxybis(triphenylphosphine)rhenium(V) (40 °C).
10
Time(min) Volume (ml)
0 0
1 6
2 7.8
3 9.2
4 10.6
5 12.5
6 14.1
7 15.6
8 17.4
9 18.9
10 20.8
15 28.7
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10

8 40 9 40 10 45 11 45 12 50 13 50 14 55 15 55

16 59 17 60 18 60 19 60 20 62 25 80 5 TABLE 23:
w@2adoahyisL anmoni a borane hydrol ysis by cat al yBECT/CA2008/000943

derived from bis(2-(d

itertiarybutyl phosphi no)ethyl)am ne and

trichl orooxybi s(tri phenyl phosphi ne)rhenium V) (40 Q.

10 Time min Volune (M) 00 16 27.8 39.2 4

10.6 5 12.5 6 14.1 7 15.6 8 17.4 9 18.9 10 20.8
TABISE28. 7 283 WD 2008/30itdidt0 PCTEAA808/ 000943  bis(2-di-tert-
butylphosphine)ethyl)aminechlorocyclooct-1-enyldihydridoiridium(iil)
catalyzed ammonia borane hydrolysis under pressure at 40°C.

Time | THF/Water | Ethanol/Water | Ethanol
(min) (psi) (psi) (psi)
1 5 7.5 5
2 125 20 11
3 19 25 20
4 26 35 32
S 32.5 42 42
6 39 48 52
7 45 53 63
8 51 58 72
9 56 62 80
10 61 65 87
11 66 68 92
12 71 73 96
13 73.5 75 100
14 775 78 102
15 81 83 102
16 83 84 103
17 85.5 85 105
18 88 87 105
19 91 87 105
20 92 90 105
21 94 92 105
22 95 93 105
23 97 94 105
24 98 85 105
25 98.5 96 105
26 99.5 96 105
27 100 97 105
28 101 98 105
29 102 99 105
30 103 100 105
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TABLE 24: Sol vent effects on bis(2-di-tert-

but yl phosphi ne) et hyl ) am nechl or ocycl ooct - 1- enyl di hydri
waleiositgi4gn( I 11) 5 catal yzed anmoni a bor ane hydrPCI/ga2m8/000943

under pressure at 40C. Tine THF/ Water Ethanol /Water

Et hanol mn (psi) (psi) (psi) 1 57.55 2 12.5 20 11

9,25 26 48 52 7 45
gﬁ 025" Pt CitalypsScand, Calalysie Ammanig, Berane
lysis. °W1%C iyly 5 5521 @ mliminy medergte activitys 46 —
inyse, '18“@@“‘8%’ F&ca. Bp mEmingls. 105 18 88 87 105 19
91 87 105 20 92 90 105 21 94 92 105 22 95 93 105
23 97 94 105 24 98 95 105 25 98.5 96| NPEBH2B6weleh 96
105 27 100 97 &%isalyszts 101 98 105 29 [102 99 105

@\ Moderate
N N\nBu hydrogen evolution
N——Ru—Br

/k "Bu
CO Ph, € p, Excellent hydrogen
N evolution

Active
ooryy
P. N

H, (|3' H, Moderate
CN\RU/NJ hydrogen evolution
P | p
R | B
o
R ='Pr, 'Bu, Ph

0_ Moderate
P\R?' /“2 hydrogen evolution
an ]

H— Good hydrogen
H :
PhsP @ 2 evolution
>Ru\/N
PhyP l N
Ha
o]
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30 103 100 105 10 134 WD 2008/ 141439

PCT/ CA2008/ 000943 TABLE 25: Summary of Catal ysts and

w@22a0al1yt48 Ammoni a Borane Hydrol ysi s.

Not e t heCT/CAa008/000943

activity =15 ca. 10 mM/mn; noderate activity = 10 -
50 m/mnute, high activity = >_ ca. 50 m/mnute.
lyst Mbderate "Q N "BU hydrogen
evolution X Br ¥L~ N uer r OC 9Bu | Romdaatigie Cl
H2 Excel | entphtg gen 2evoI ut i on P N evolution .Rul
Ph2PIIh2ph ’;ylve ~/ zP~ul \' N PN
Phz H2 Cl HZP@I/TIZ ate
(‘P'sz Good activity
(of
/N—Ru/—PPha
H i /
Cl
P'Pr,
__©—ipr Moderate
I
" c
RZP‘/ \NH2
R='Pr,Ph
¢l Hydrogen
H
I N evolution
Phap Ru
N
a =
Good hydrogen
(PhsP)sRuCl, evolution, deposits
black solid slowly.
PR, Moderate
NH—CoCl, R ='Pr, Ph
PR,
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I 1 Ru/ N~ hydrogen evol ution
Ph Moderate \ P\ |
WO 200B8/1P329 H- H Good hydr ogen
Ru--- ~ Ph3P/ \ NH2 C

PJR R Jd

I/ Nz hydrogen evol ution
Ph3P(r) O H2 evol BXT/0A2008/000943
135 WD 2008/ 141439

R O, tBu,
jul--1poO

PCT/ CA2008/ 000943 C Cood activity Ph3P~ H2 Ru~~

NH HN Cocl
Lo catalyst
PAr2 Ar2P

Ar = para-CgH,CH,3

Ph3P—NH2 o P Pr2 cood-activi L\I 1 Cl Ql\ll nnh? H_Cl
PPr2 |/ Mbderate 0 C / N cp | Hydrogen
evolution

_CoClh | catalyst
PPh, Ph,P

Moderate activity

Moderate
hydrogen
O——CoCl; R='Pr, 'Bu formation, deposits
black solid.
PR32
PR, Active, deposits
2 E + CoCl, —® catfalyst .
NH black solid
2
R ='Pr, '‘Bu
,%\N Moderate
\nBu
NS® o hydrogen
- Br THF i
\ e+ OOty i Yt evolution,  black
Br . .
N/\ﬁ/nBu solid deposited
PPh, THE Moderate
* CoClp — > catalyst hydrogen
PPh - ;
2 evolution, deposits
black solid.
THF Moderate
2PPh; + CoCl, — > catalyst
hydrogen

evolution, deposits
black solid.
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R2 PV--/NH R ="Pr, Ph O Hydrogen H2 Ph3P-R uN
evolution CI Good hydrogen (Ph3P) 3RuC 2 evol uti on,
waeleweditsd bl ack solid slowy. PR2 Mderate NETZORR@SM0943
='"Pr, Ph PR2 136 WD 2008/ 141439 PCT/ CA2008/ 000943
Hydrogen evolution NH HN CoCl2 ' catalyst PAr2 Ar2P
I \—Ar—=nara—CeHACHR—P Moderate—act ivi f\L N-N-_CoCl 2
_r catal yst ﬁ'ﬁ”hZP PR2 Moder at e hy'é%‘?ﬁﬂ'?ﬁ" hymg@nz
R="Pr, tBu for i on, deposits black Js
Active, deposits I Cl2 catal yst I\@%ﬁ%e‘k sol |
R="Pr, t yoera lifetime.
PtBU2
PBu, Excellent activity,
(’ long lifetime
N-——Ir
L
PtBUZ
PPr, Moderate
< l H hydrogen
HN——;IF——H evolution, long
@, lifetime.
P'Prz

0.5 [Ir(coe),Cl),

&\ Toluene
PPr;

Z

catalyst

Good activity

(Pphz

THF
NH, + 0.5 [Ir(COE),Cl], ———— catalyst
triethylamine

Moderate

hydrogen evolution

e

—N

L

THF
+ 0.5 [ir(COE),Cll,——» catalyst

PPh,

Moderate activity

O—PPr,

+ 0.5 [I(COE),Cll,—— catalyst

O—FP'Pr,

Excellent hydrogen

evolution
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"Bu N//(r) Bre hydrogen \ /N + COCl 2 THF cat al yst

triethylam ne evolution, black Bre i-11'"\4,nBu solid
waelepeditsed CPPh2 THE catal yst Moderate + Co(i@I/CA2008/000943

hydrogen PPh2 evol ution, deposits black solid. 2

PPhS + CoC12 THE catal yst l\/bderate hydrogen

‘PTB’E:ZExceI I ent hydr (=

Hi --~:Dlifetine. 2 PtBu2
Wl ong lifetine %‘f\‘l"@‘?ykec a
of at g~ hydrogen HN ~r-H evol ution,

long C life —-/ 'Pr P' Pr2 Good afctlwty 05[Ir
coe) Cl

O—PPh, Moderate

hydrogen evolution
+ 0.5[I(COE),Cl};, ————> catalyst

O—PPh,
O—PEt, Hydrogen
evolution
+ 0.5[I(COE),Cll; ————™ catalyst
O—PEt,
HN—FPIPr, Hydrogen
evolution
+ 0.5 [Il{COE),Cl}, ——> catalyst
HN~—PIPr,
PBu; Moderate
§H hydrogen evolution
Cl
P'Bu,
PPr, Good  hydrogen
isopropanal evolution
+ 0.5 [ICOE),Cll, — ™ Catalyst
PPry
Excellent

hydrogen evolution

I(COE),C
[ir{ )z P MCOBLCT: o atalyst
R =Ph, Tol, Xy!
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H3C N ( 2 |2 catal yst
0.5 [Ir(COE)2CI ]2 THE
WO 2008@p1489 i et hyl am ne

H3C N + 0.5 [Ir(COE)2C1]2 THE -

Tol uene P Pr2 PPh2 Moderate +
catal yst hydrogen evol ution NH2
PPh2 C PPh2 Mbder at e acPCWCA008/000943
catal yst PPh2 O P Pr2

Excel | ent hydrogen evolution \ / + O 5
[lr(COE)2C1]12-'Q catalyst QP Pr2 138 WD goog/umqo
PCT/ C‘A20 0943 O PtBu2 Excel | ent 1%@@@6 activity
evol uti \ /[ C O P1Bu2 O PPh2 Moderate hydrogen
evol uti Mrcggga 2C1]2 --t-------- catal ys
O PPh2 wg{h g evolution +[0.5
[1r(CCE 2CI¢ cat al yst O PEt2 HN P Pp2 Hydrogen
evolution/_+ 0.5 [Ir(COE)2C92 catal yst HN P Pr2
P Bu2 Moderal'e
0 —PpiPr, Moderate
hydrogen
Ni—Br
evolution, black
0—PPr, solid deposited
Good hydrogen
Ph, evolution, short
P _C o
< . /NI\Cl lifetime
Ph,
Moderate
(PhaP)2NiCl, hydrogen
evolution, deposits
black solid in air.
Pd(PPhy), Moderate
hydrogen
evolution, deposits
biack solid in air
Moderate
PiPr, hydrogen evolution
NH + Pd(COD)CIz——TﬂE—> catalyst
NEt,
PPr,

140



10

15

20

25

30

KL"H hydrogen evolution i ~d PtBu2 P Pr2 Good
hydr ogen isopropanol evolution \ / + 0,5

wQ LoogBOEP2 Cl Jz catal yst OP' Pr2 Excel | ent hydrPQBOA2008/000943

evolution NH HN [Ir(COE)2C 12 catalyst THE PR2 R2P R
= Ph, Tol, Xyl 139 WO 2008/141439 PCT/ CA2008/ 000943
PPh2 Moderate activity THE NH2 + NiBr2 catalyst dp
WE pbl—NaMhyl am ne PPh2 0-P Pr2 Moderate hydrogen N -Br
evol ution, black O0-P Pr2 solid deposited Good

L A Broustm SHtoost epmiovol ot on, ©
de@gsi t sontacting a solution comprising at least one ligand-stabilized
metal catalyst with at least one compound of the formula 1,
R'RZHNBHR’R* (1),
in a solvent under conditions for the solvolysis of the compound of
formula (1),
wherein R', R? R® and R* are each simultaneously or independently
selected from H, branched or unbranched fluoro-substituted-C+_zpalkyl,
branched or unbranched Cizoalkyl and Ce.14aryl or any two of R', R?,
R® and R* are linked to form a branched or unbranched Cs.joalkylene,
which together with the nitrogen and/or boron atoms to which they are
attached, forms a ring; and
(b)  optionally collecting hydrogen produced in the solvolysis of the

compounds of formula (1).
2. The process according to claim 1, wherein R to R? are different.

3.  The process according to claim 1 or 2, wherein R', R, R® and R* are
each simuitaneously or independently selected from H, branched or
unbranched fluoro-substituted-C1.1palkyl, branched or unbranched Ci.jpalkyl,
and Ce.0ary! or any two of R', R?, R® and R* are linked to form a branched or
unbranched Cssalkylene, which together with the nitrogen and/or boron atoms

to which they are attached, forms a ring.

4. The process according to any one of claims 1 to 3, wherein In a further
embodiment, In another embodiment, R, R% R® and R* are each
simultaneously or independently selected from H, branched or unbranched
fluoro-substituted-C1.galkyl, branched or unbranched Cisalkyl, and phenyl or
R" and R? and/or R® and R* are linked to form a branched or unbranched C..
salkylene, which together with the nitrogen atom and/or boron atom to which
they are attached, forms a ring.
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bl ack solid in air. Pd(PPh3)4 Mderate hydrogen
evol ution, deposits black solid in air Mderate

wo2M@B243ydr ogen evol ution NH + Pd(COD) Cl2 THEPCHCAROWSD00943
N Eta P P r2 140 WO 2008/ 141439 PCT/ CA2008/ 000943 WE
CLAIM 1. A process for the production of hydrogen
conprisin a) contactin sol uti i si.ng, at
| edd¥e Bfﬁé?%fsﬁ GLRARG &7 Plazf%d{a ‘@h‘?ﬁ?ﬂh%qcéggﬁg t firegach

H |east one conpound of the formula 1, R R2HNBHR3R4

" (1), in a solvent under conditions for the sol vol ysi s

of the conpound of fornmula (1), wherein Rl, R2, R3

A RifcesS ARPor Tl A o8s O SRS LS, Wharein the Solution

s afrhme TUHRb b 8clusler 8L sondiranched or unbranched
20al kyl and Co_14aryl or any two of RlL, R2, R3 and

R4 are linked to forma branched or unbranched

| kK t th,th t
s Piben aseaflid B TR insfoin toe 1P ST Me o pater
to the Waldh miefbld olveht RibetaRehl abduebberd tdabsdregen
produced in the solvolysis of the conpounds of

formula (1). 2. The process according to claim1,

8. acadrageen Sertheidcoiabt 7 WeceH] e rUSLVASNERG igo-s0.

are each sinultaneously or independently sel ected
fromH branched or unbranched

9. f1 Jd1eoPrOEBSS REGOEINGIO Flgin 18y Wwheseintha avatsr misgiblersabeant is

nd C6 _loaryl or any two of Rl, R2, R3
an éﬂ\gﬂgﬁéﬁiélécqqoﬁked to forma branched or unbranched

C2. 6al kyl ene, which together with the nit rogen and/ or

10. Ploﬁg‘nne grto%rergs accordmg}l\po glgmtl gexvh%rrgm%te %?tlgeerqé tetrahydrofuran

11.  The process according to claim 9, wherein the alcohol is ethanol.

12.  The process according to any one of claims 1 to 5, wherein the solution

is an alcohol.

13. The process according to claim 12, wherein the alcohol is a Ci.40

alcohol.

14. The process according to claim 13, wherein the alcohol is a Cq.

salcohol.

15.  The process according to claim 14, wherein the alcohol is ethanol,
methanol, 1-propanol, 2-propanol, 1-butanol or 2-butanol.

16. The process according to claim 1, wherein the metal catalyst

comprises an alkali metal.
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4. The process according to any one of clains 1 to 3,
wherein In a further enbodi nent, In another
wepmsdiment, RL, R2, R3 and R4 are each si nmul PEHeaLmBg00943
or independently selected fromH, branched or
unbranched 30 fl uoro-substituted-C _6alkyl, branched
or ynbranched Cl 6al kyl ph
17. andIRs PrecessAGeeTding ‘Flﬂlér&iq'@e V‘ferl%ﬁﬁnath% %ﬁ#é‘ﬁéﬂe"@* is lithium
u L
(L PRERE(EE, Betasshfn i), SIEHTARD) RIS B fahtEm .
at t ached, fornB a ring. 141 WO 2008/ 141439
16, ;i GRS Saor TG dBPEE SEREEA, 1 Sl cllay
com%ﬁg§§%§,QRQQﬁgbgahQﬁegwy one of claims 1 to 5 wher ei n
the solution 5 is a mxture of water and a water
n150|ble solvent. 7. The process according to claim6,
ein the ratio vol une, 9f ter . to,the water .
. SHT PSS AR gt R 1 EouiBrab e, A Bp S metal is
ber?muﬁp(BeT)On'?agnBBRjrﬁ [(NRE SEalditer® T(@aﬁ Gtiohtiah{Sh) /batidrar @a) or
he ratio by volune is 50:50. . The process
radpgR 6R@)-ng to claim8, wherein the wat er m scibl e
solvent is an ether or an alcohol. 15 10. The process
according to claim9, wherein the ether is
20.t etTmyﬁrméss amaccortling Tee glaiacess whewinli thg: trpetdiaicatalyst
wherein the al cohol is ethanol. 12. The process
C°”HEE%¥H?Hd3P%kBH¥abne of clainms 1 to 5, wherein the
solution 20 is an alcohol. 13. The process according
to claim12, wherein the alcohol is a Cl-1o alcohol.
21.25 e pree&r anessding ctor diaigy 20, chenairl Ihewpdrleckn metl is
al cohol

a'umwt{mém Bl apal angdn e B (1S, BalGE DS % (B8), or

bisaihasp! . 1-propanol, 2-propanol, 1-butanol or
2- bu anol 30 16. The process according to claiml1,
wherein the netal cataly conprises an al kali netal.

2. a0 I, RS crataelng B 3 LB e

conhpriddistand-block or transition metal.

23. The process according to claim 22, wherein the d-block or transition
metal is scandium (Sc), titanium (Ti), vanadium (V), chromium (Cr),
manganese (Mn), iron (Fe), cobalt (Co), nickel (Ni), copper (Cu), zinc (Zn),
yttrium (Y) zirconium (Zr), niobium (Nb), molybdenum (Mo), technetium (Tc),
ruthenium (Ru), palladium (Pd), siiver (Ag), cadium (Cd), hafnium (Hf),
tantalum (Ta), tungsten (W), rhenium (Re), osmium (Os), iridium (Ir), platinum

(Pt), gold (Au) or mercury (Hg).

24. The process according to claim 23, wherein the transition metal is
ruthenium (Ru), cobalt (Co), nickel (Ni), rhodium (Rh) or iridium (Ir).

25. The process according to claim 1, wherein the metal catalyst

comprises a lanthanide.
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(Li), sodium (Na), potassium (K), rubidium (Rb),
cesium (Cs) or francium (Fr). 18. The process

waemendispyg to claiml, wherein the netal catal BGI/CAZ08/000943

conprises an al kaline earth nmetal. 19. The process
according to claim18, wherein the al kaline earth
nmetal is beryllium (Be), magnesium (M), calcium
(Ca), strontium(Sr), barium(Ba) or radium (Ra). 10
20, Lh es di cl er,
26. Th% ?5?5?& e?cc%?&ﬂ | Stggcfgﬂn g on\iv]rfreraé 0 tﬁéllér@ﬁamde is
lantlmmass(Lahpcocreﬁum t(@egtl apméﬁdywﬁwnel(ﬁ’r)t, hmep:dlyhmam (Nd),

PromB NP AR (o), SHERIATPL). SAdoT Ly ”dkf%"} bium
(Tb)Z?dy }Fk?suﬁ’ﬁmo S AR ()L %r&gﬁ‘ogﬁﬂ) tM‘@IﬁIrﬁ'qT f‘yﬂerbium

catal ys conprises’a d or tran
(Yb)rmtlatetlum(laa The process according to claim 22,
wherein the d-block or transition netal is scandium
(Sc), titanium (Ti), vanadium (V), chromum (Cr),
27. mﬂ%@”%?@céé\éq)acddr@lﬂg( &) claiAbal t wHeein ﬁhék%etél\“ éatalyst
copper (Cu), zinc (Zn), yttri um (Y) zirconium (
compirises @m gatimjde. nol ybdenum (M), technetium (Tc), 25
ruthenium (Ru), palladium (Pd), silver (Ag), cadium
(Cd), hafnium (H), tantalum(Ta), tungsten (W,

28. 1 hEI"ﬁ\'eUmch@% acflﬁ)?@!llo@1 toCslhim i 27 divHereih ithe ddtididergnactinium
(Pt), d ( u% or nercury (Hg). 24. The process

(Ac)aémmun r@,‘hi Prefastinium (Pahetranwm (i), tnektdnipmo(Npe pitoniym
(Pu)?o or Rty Hﬁi“ umﬂagbnir)o%erwé'nﬁﬁme' Bﬁég\' Iﬁ&ﬂﬂ}er(Cf)

he process
einstdinium 1(Esr)hefwlmumhe¢Fm)t ahendélelivmt (Md)]pmloseBum (No) or
| ant hani g 143 WD 2008/ 141439 PCT/ CA2008/ 000943 26.
lawreREIUR feféss according to claim 25, wherein the
| ant hanide is |anthanum (La), cerium (Ce),
praseodym um (Pr), neodym um (Nd), pronethium (Pnm,
29. sarhiei proceSeaccending taiglairiu),, wherdoh the catalyal ) comprissisuone

5 (Th), .d hal mi bi Er),
e e e I e A A
The process according to claim1, wherein the netal

catal yst . . . - .
30. The process according to claim 29, wherein the co-ordinating atom is

phosphorous, nitrogen, oxygen, carbon, silicon, germanium, sulfur, selenium

or arsenic.

31. The process according to claim 29, wherein the ligand comprises a
phosphine, arsine, diphosphine, imine, pyridine, amine, carbene,
aminophosphine, diamine, aminodiphosphine, diaminodiphosphine,
dicarbene, aminocarbene, phosphinocarbene, alcohol, ether, aminoether,
phosphinoether, aminoalcohol or aminothiol group.

32. The process according to claim 29, wherein the ligands are selected

from, one or more of:

(a) phosphines of the formula (il):
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conprises an actinide. 10 28. The process according to
claim 27, wherein the actinide is actinium (Ac),

wao b@situms{ Th), protactinium (Pa), uranium (U),PCT/CA2008/000943

nept uni um (Np), plutonium (Pu), anericium (Am,

curium (Gm), berkelium (Bk), californium(Cf),

ei nstei nium (Es), fe HJBQFIT) I nmendel evi um (M),

nobel i um (No) or nci urq)(Lr) 29. The process

according to cl ai m 1 vvherel n the catal yst conprises

one or nore |igands having at |east one co-ordinating
which bidentaie 3u. tncra@tam andsareahirat ar aghiral ropaedetate phosphine

oo P8 L R H SRR P BBy pecid

frons @heubsttmte@r ofsuBBiittted T1.4JdlRyIp msesgutamuobdlsubsﬁmted Ca
claim 29, wherein the Ijé'gand conpri ses

103”?9{W§pmﬂ‘$é'bsﬁ1iué¢¢1e0f dsph pm%e%wﬁvﬂ@a'kpfyr.LWiSHbst'tuted or
sub&flifle €27 %ﬂe o Qﬁ@hﬁg jﬁ dj' ﬁm "€ simyltaneously or
phESp odi phosphi POEnS,

am nodi ine, diamn di car
indeprindently b@%ctpuosmnnooaslmsmmtedl ccmholsubeﬁthtyd, C1-10alkyl,
am no

unsistRaer o SHHBEd0Caasaliarylp B uas AL & Agbtiuted Ca.
mcyedoaukmu 2ths PW@?&?M‘ of Qaﬁuua?ébdg s 3Yally ;@k R&f)%ﬁ' 55{ OR’ R R®

re o hosphi nes o or mu
are BOG@éd.ﬂdgﬁﬁeP@WW@ﬂ)&hGOb)ﬂ#BfeﬂRﬁF@}b'Bﬂ(Utegi rinigi leaving 4 to 8

atorpg Bt Be ahsritabe, 5ol SniltdyadhatSRsbichaid

grmﬁjsea@mﬂdémeousl y or independently selected 5 from
unsubstituted or substituted Cl_10al kyl, unsubstituted

(b) kis(phesphinoybédireor tetadariale ligandsweidhefaradadill):

substituted C3.10cycl oal kyl , unsubstituted or
substituted C6_14aryl, ORS8 and N(R8)2 and R8 is

si nul taneousl y BPR'IP@émrrdRAt Iy seliigted from
unsubstituted or substituted Cl1_10al kyl,
unsubstltut ed or substituted C2_1loal kenyl

unsw%?%l tut'e 1oop1sE@§th2uér%d r%ép%@mdéﬂﬁ}’%é’abhb{éd {°f R® R°

or substituted
andA®’, RAdaDisR8eleatesl tuondedswmgmutadrortmtfscmtutedrm Cmalkylene

and i ihDstiued GhisHbs D RedirakbLend Whdesiafemar seminal
subSHUERR 64 A bR Yhéed tégetter & P3RS iAcRdIRNERIatoms to which
they are attached, one or more unsubstituted or substituted 5-14-membered
monocyclic, polycyclic, heterocyclic, carbocyclic, saturated, unsaturated or
metallocenyl ring systems, and/or one or more of the carbon atoms in Q'is
optionally replaced with a heteromoiety selected from O, S, NH and N(Ca.
salkyl) and Q' is chiral or achiral;

(c) bidentate ligands of the formula (IV):

R13R14P_Q2_NR15R16 (IV)

wherein R'® and R are, independently, as defined for R-R’, Q? is as defined
for Q', and R and R are independently selected from H, Ce.isaryl, C1.
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(b) bis(phosphino) bi-, tri- or tetradentate |igands
of the formula (I11): 15 RORLOP-QL-PR11R12 (I11)

wob@sein3R9, R10, Rl11 and R12 are, independentPT/Cag008/000943

defined for R5, R6 and R7, and QL is selected from
unsubstituted or substituted Cl-ClOal kyl ene 20 and
unsubstitut ed, or subst.i tLﬁted Ci1-d oaléezral ene where

roalkyyj ae@nCaoecygianlind Withsthe fentaNdnate Lrae2gysionlyy! being

: ; orm including the atonms to which they
Opt'é\r?éeﬁtaét%gﬁ@g?’ one or nore unsubstituted or substituted

(d) Hetérboyelibbgarts ofdthedghula, (Mol ycyclic, heterocyclic,
carbocyclic, saturated, unsaturated or netall ocenyl
ring systems, and/or one or nore of the carbon atons
in QL is 25 optional W_Q@;p{yace ith a heteronoiety
selected fromO0O, S, NH and N(ClL °~ 6alkyl) and QL is
chiral or achiral; (c) bidentate |igands of the

formul,a (LV).: 3R14P- (2- NR15R1 l. 30 wher.ein 3
| ouTts i b, ol iEntai Tiobhag ety o BSISRR B or

subltitttetPadphatitesr ndardhati@ Retdrdbyad dofniagdrom 3 to 10 atoms
i ndependently selected fromH, C6.14ar C1l 145 WO

|
of whishe!l 12 f1aee pdwterouehusgested from Ry IS, AhdNHand NCiealkyl

. o | i t P k- 1.
W'th@fﬁ@éﬁ'gg?%’hs t?gﬂr%(: %fﬂ %ﬁ%é?#@ﬂ%@?ﬁ’ﬁ Aed: (d)
(e) diatriiephosbhindsi gfahdowhula@hfar@viiha (V): 5 Hy- Q8- Hy
(V) which are bi- or tridentate |igands wherein Hy is
unsubstituted or subtituted aromatic or non-aromatic

het erocycl e 18Rj_pyiar HORP R PpVR2L0 of which 1
to 3 are a r?é?grsglrrgi ;%/@S)E?cht%dlafrowr& N, NH and
NC1. 6al kyl RO’ Ni@*-PtiR')-€raNHR? at ofWlipei ng C and @B
is as defined for Q; (e) di am nophosphi nes of the
formula (M) or (VIl): RL7R18N- (- P(R19)- (- NR20OR21
wheteth) or  RLI7NH 4- P(R19) - 5-NHR20 (VI1) 15 wherein

-R21 are, independently, as,defined for R15 and
R”-%garmgdemem&rmwf apdefined foeR and @gaﬁq‘ igs detingd for R®

and 49 LRI AE sdldefined for Q™

(f) diamines of the formula Vil or IX:

RZRZBN-QP-NR*R?® (VIll) or
R®NH-Q®-NHR*  (IX)
wherein
R%-R?* are, independently, as defined for R'® and R and Q° is as defined for
Q"
(g) thiophenes of the formula (X):

T-Q-NH,  (X)
which are bidentate, wherein T is unsubstituted or substituted thiophene and

Q" is as defined for Q'; and

(h) amines of the formula (XI):
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(f) diamnes of the formula VIIl or I X 20
R22R23N- Q6- NR24R25 (VI'11) or R22NH Q6- NHR24 (1 X)

wob@sRIn3R22- R24 are, independently, as defi neRlCT/OA2(88/600943

and R16 and Q6 is as defined for 25 Qi;
t hi ophenes of the formula (X): T-Q7-NH2 (X) 30 which

are bidentate, whereL,Bal~B n stituted or
deniat e, e Rl

substituted thiophen s’as defined for Q;
and (h) amines of the fornula (XI): 146 WD 2008/ 141439
PCT/ CA2008/ 000943 mfébs Q@S- NH2 (X)) ich are, _

whigh qgtbidentalh avieerei a%aageaaﬁﬁﬁea oR* 8, R'RS & sphur

and%}dé Jjé’ﬁH@' @ @B is as defined for QL. 5 33. The
pr ocess accoré)l ng to any one of clainms 1-32, wherein

the process is perforned at a tenperature of betvveen

20C to about 60C. 34. The di
33. 3 TN 90otHarering o 3P oBewo! AR, T tmathere Be Rrocess

is p ﬁ&ﬂﬁ%@kyé?erﬁge@& SPoete@nPd %@P@%%fb%‘u(‘%t@ claim

wherein t cat yst 1s dissolved in the mxture
of water and the water mscible solvent to forma

34. I T BOCSHHACEPIFITGLO ST ANBPTaIB ARG IoFeSs & Heffened

ata%ﬁ@%ﬁ'étmré gqu-;hormgenous mxture 37. The process
ding to claim1, wherein the ligand-stabilized

netal 20 catal yst |s soluble in the soI ution. 38. The

35. b PG wodoss acsAtng 16 e wBRE she stafrics sigsated i
the %QQRTrS'dngéfér“érﬂi S HatdRiiiblet SEVERORE R homogenous

performed 1 n an argon atnosphere.
mixture.

36. The process according to claim 35, wherein the compound of formula |
is added directly to the homogenous mixture.

37. The process according to claim 1, wherein the ligand-stabilized metal

catalyst is soluble in the solution.

38. The process according to claim 1, wherein the process is performed in

an inert atmosphere.

39. The process according to claim 38, wherein the process is performed

in an argon atmosphere.

40. A method for the hydrolysis of a compound of formula (1) as defined in
claim 1 comprising contacting the compound of formula () with at least one
ligand-stabilized metal catalyst in the presence of water under conditions for

the hydrolysis of the compound of formula (f).
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40. A nethod for the hydrolysis of a conpound of
formula (1) as defined in claim1 conprising

w@oeouwsact4dng t he conpound of fornmula (1) wth apCt/easios/ 000943

one 30 ligand-stabilized netal catalyst in the
presence of water under conditions for the hydrolysis

- Pfl ERGEETIBG PvalE R barbpontd iR d'ge Adrgga i

clalrﬁ ¢Qim%fi§ﬂn§’fcoﬁt§dﬁﬁb&hé|aorﬁ|§0@fﬁf ongskmula (9 Wltmal least %ne

n‘E)rlsm contactlng t he conpound of fornula (1) w
hgam' ahilizedometall ¢ajalys gttm pseﬁgocmfaa selyent yades ﬁOlﬁCHBOﬂS

htions for the

for BERBRGE bt o BB BB o2 (1) s 2. A

hydrogen generation system conprising at |east one

am ne borane of the fornmula (1) as defined in c¢laim
42. 1, Aphydirogen wraﬂ@aﬁarsgqnammer&nm Bast Qe ppupe borane
of tﬁe 38|1r?{|9llayiJ J Ss sty AYQLRhYE | & l% LV BRE- hgﬁ‘?ld@taﬁl?@d metal

ogen gener at| on system aiccor Ing to

catadympand;larﬂg)haoly’nic and/oc bypaniyticesalveminpr i si ng t he at

| east one am ne borane of the fornula (1), a second

conmpartnent conprising the at |east one

43. | 1 g80hpdRBERI gdtfbramdmbystemt %'c&éﬁdmd"‘ft?%fén‘% Jii‘eccﬁrhbﬁémg a

or second Conpartnment further conprises the solvent
flrstmmwartmantswmpnsnogﬁhﬁ|at deasioneoaming bor@netafdheifemaula (1),

a séﬁc&rﬁaa ﬁp@&#\%ﬂ? g%rilptlgl‘%gfrﬁ"con lg%lp S%% gﬁ%ﬁﬂd sqa&li@éd metal

catddgstendfieréin 4he filke dry decgsd cgﬁﬁsarameﬂn faytﬁéemompnses the
according to claim43, further risin

solvenk apdavmeans el cembining dhe .centealta’o ohife ﬁ&sg camna%ﬂ%wt with
the %Eééﬁd %B%oa%%&fi\t&; Ydt vher B Rbnlch@S GrORBniHinvdte r;ydro%en

eneration system Aceordi ng to d

is gofieated.ns 42- 44, wherein said systemis fI uidly

connected to a proton exchange nmenbrane fuel cell
(PEMFC). 25 148

44. The hydrogen generation system according to claim 43, further
comprising at least one flow controller to control a flow rate of the at least one

catalyst or the at least one amine borane.
45.  The generation system according to any one of claims 42-44, wherein

said system is fluidly connected to a proton exchange membrane fuel cell
(PEMFC).
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