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Abstract

The thesis work describes the functionalization ahidazolin2-imine (la, 1b and 1¢) on the
exocyclic nitrogen (the imine nitrogery phenyl isocyanatend chlorodiphenylphosphine. We
prepare N-(1,3-di-tert-butylimidazole2-ylidene}Né-phenyurea 2a, N-(1,3-dimesitylimidazole2-
ylidene)}No-phenylrea2b, N-(1,3-bis-(2,6-diisopropylphenyliimidazole2-ylidene}Né-phenylirea2c
ligands by reacting inidazoline2-imine with phenyl isocyanate at ambient temperatiiee expand
imidazolin2-imine into the novelmidazolin-2-ylidene1,1-diphenylphosphinaminkgand family we
prepared 1,3-dimesityimidazolin2-ylidenel,1-diphenylphosphinamine 3b and 1,3-bis-(2,6-
diisopropylphenybimidazolin-2-ylidene 1,1-diphenylphosphinamine 3c ligands by reacting
imidazolin2-imine with chlorodiphenylphosphine in THEH,Cl, mixture at ambient temperature.
Further functionalization was done on themidazolin-2-ylidene 1,1-diphenylphosphinamineby
making its chalcogenidefkeaction ofl,3-dimesityimidazolin2-ylidene 1,1-diphenylphosphinamine
with H,O,, elementalsulphur and selenin affords corresponding oxidesulphde and sénide
derivatives, 1,3-dimesitylimidazolin2-ylidene P,P-diphenylphosphinicamide  4b, 1,3
dimesitylimidazolin2-ylidene P,P-diphenylphosphinothioicamidéb and 1,3-dimesitylimidazolin2-
ylidene P,P-diphenylphosphinoselenoicami@b respectively in good yieldZompounda, 2b and2c
are introduced in the late transition metal chemistry to prepare nickel complexasd(7b) and to
explore its possible application in organic transformatidih.the compounds are characterized by
spectroscopically such as NMR, IR, UV and solid ssatgcture established by XRD.

R R R R O
N N N /
i_Ph _Ph PPh,CI _ H  Ph.N=C=0 N L
[)ZN—P\ R [ —=N—P, [ =N — [ =N~ N
N Ph N Ph N\ N H
\

R R R R
SRt
4b : R=mesityl, X=0 3b : R= mesityl la:R="Bu . 2a: R='Bu
5b : R=mesityl, X=S  3c : R=2,6-diisopropyl Ib : R= mesityl 2b : R= mesityl
6b : R=mesityl, X= Se phenyl 1c : R=2,6-diisopropyl 2¢ : R= 2,6-diisopropyl
phenyl phenyl
Scheme 1.
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1. Introduction

Ancillary ligands with nitrogen as the coordinating atom ased extensively in homogeneous
catlysts, either as neutral or amnionic amido and imido dondrs Alternative to the
cyclopentadienyl derivativesamidinate [RC(NR),]" and guanidinate [fRIC(NRW),]" ligands now
find use as bidentate ligastio metals across the periothble’. Another class of important ligand in
organometallic chemistry is carbeng&se isolation of 1,dis-(adamantyl)imidazeR-ylidene (1Ad),
the first crystallographically alénticated carbene, by Arduengmd ceworkers constitutes a
landmark discovery in aganometallicchemistry. The strong electrodonating capacity and high
nucleophilicity of these carbeng®HCos) can be attributed to the capability of the imidazolium ring
to effectivey stabilize a positive chargbl-heterocyclic carbenes are strongonor than the classical
Fischer and Schrock carbefeThis NHCs upon methcoordination formscomplexes of the type
(Im)MLn (Fig 1) which has many application such as homogeneous cafalysiterials scienéand

in medicinal chemistfy The same priciple applies to organic imidazoline derivatives ImX
containing an exayclic atom or organic moiety X attached at thpdaition of the Nheterocycle, so
that species such asn2ethylen, 2-imino-, 2-oxo- and 2thioimidazolines (X = Ch NH, O, S) can
be prepared More recentlythe reactivity of these carbene centres towards amdssexploitecby
Matthias Tamm and his ceworkers to prepare imidaze?-imines®* a new class of ligand,

particularly basic and nucleophilcsubclass of guanidines type of ligand.

S h
RI N R' N
I >: —>MLn I+)>—l\<iLn
R N R N
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Im Im(MLn)
h h
R N ) R N 20
;[ =X | H—x
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ImX
X=CHy, NH, O, S

Fig 1. Resonancstructure of imidazole based ligands.



Deprotonation of imidzolin-2-imine (IMNH) affords monoanisic imidazolin2-iminato ligand(ImN")
which can be act as 20, 4~ electron donors These types of ligands arelosely related to
phosphoraneiminato ligands #R\"), in which the Nheterocyclic carbene (Im) is replaced by a
phosphine moiety and also isolobal with cyclopentadieny! litfdfiGchene 2). It is known iditerature
thatthe coordination chemistrgf imidazolin2-imine ligandwith ealy to late transition metal, rare earth
metals and transition metals in high oxid&an state andhas many applicationsin catalytic
transformatiofi"**such alefin polymerizationand alkene metathesis reactions, has proved to be more

active than metallocene catalyst.

R
R’ N @_/-\v @@_/\v
@MLn =0 | ®)—=N-MLn < R3sP—N—MLn
R N\ N\ N
R

Fig 2. Isolobalrelationship of imidazolir2-imine with phosphoraneiminatand cyclopentadienyl ligand.

Imidazoin2-imine ligand is nowone of the importardreasn organometallic research field, continuously
research going on to modify or functionaliziéas ligand to increase more $ application and activity.
Imidazolin-2-imine can be functionalizeoly varyingsubstituent onthe imidazole nitrogen, on the olefinic
part and on the exocyclionine nitrogen. It is known in literaturecompounds having a number of
substituent®n bothimidazole nitrogeratomssuch agert-butyl, 2 4, 6-tri methyl phenyl2, 6-diisopropyl
etc. Monoanionic midazolin2-imine can act as a monodentate ligand (J),adding substituent on the
exocyclic imine nitrogen this ligand can be changed fromonodentateto bidentate tridentate and
bridging **(Fig 3). Adding a functional groupX (where X is nitrogen, oxygen donor moiety) exocyclic
nitrogen made ibidentate(ll), linking two imidazolin2-imine fragmens made it also bidentat@ll),

adding one functional group between two imidazoli2-imine fregment made it tridentate (1V).



Mono(imidazolin-2-imine) Bis(imidazolin-2-imine)
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Fig 3. Coordination modes ahodifiedimidazolin-2-imines.

So far n literature many functionalized mono and bidentate imidaimine ligands are reported, some
selected examplare shown ir{Fig 4). From early to late transition metal and rare earth metaladgires
been reported wh imidazolin2-imine. In our group themidazole2-imido group 4 metal complexes and
their reactivity are explicitly studiéf] in contiruation with this study weare focusing to functionalize the
imidazolin-2-imine moiety wih phenyl isocyanatd¢o prepareN-imidazot2-ylideneNé-phenylreate
ligand™® which is a tridentate ligand can coordinate through both nitrogen and oaymes(Fig 5) and
with chlorodiphenylphosphine to prepaienidazolin2-ylidene1,1-diphenylphosphinaminetype of
ligands.P-N ligands are of another class of important ligadde of various PN ligands is one of the
alternatives to using cyclopentadienyl ligandsN Rigand systems, such as monophosphanylamides
(R.PNRG)*®2°, diphosphanylamides [(BRLN] Y, phosphoraneiminato ERNY®,
phosphiniminomethanides  [(RNPR0,),CH]?,  phosphiniminomethandiides  [(RNPR,),C]?* and
diiminophosphinates [R(NR0)] are well known today as ligands and have proved their potency in
transition and rare earth metehemistry. Some of the early transitiemetal complexes havingTR
ligands in the coordination sphdraveapplications in areas such as the activation of small poealgtve

molecules, homogeneous catalysisorganic synthesisRoesky® and ceworkersintroduced one chiral



phosphinamine [HN(CHMePh)(PBRh into the early transitionmetal chemistry as well as in lanthanide

N0

chemistry.
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Fig 4. Selected example of imine nitrogen fuctionalized imidaz&limine.

In our group, N-(diphenylphosphine2,6-dimethylaniline [PBPNH(2,6Me,C¢H3)] and their
chalcogenides and their complexes with alkali metals already hassyetesizetf. Imidazolin-2-
iminodiphenyphosphine type ofidand are capable of coordinate threedonoratoms (N, P) and
soft doror atom like (S, Se) witlheavier alkaline earth metalgig 5). Only one report is known
where imidazolir2-imine was functionalized onhé imine nitrogen byp-tolyl isocyanateand
thioisocyanateto prepareN-imidazol2-ylideneNi-p-tolylureate andthioureate igands and metal
complexes with titanium, nickel and palladitimSimilar kind of compounds areported where
auhors usedmidazoiln-2-imido-metal (M= Sc, Mo, Ti ) complexes with isocyanate,, O§NCS
et
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Fig 5.

For each metal the binding modgtligandis not sameKig 6), where scandium binding throudiNé
position, titanium binds through nitrogen and sulphur. Similar kind of ligand reported with titanium
where instead of higher oxidation state of titanium ligand coordinated through sulphur and nitrogen.
Depending on reaction conditions coordination moéldigand can be varySo far best of our
knowledge onlyfew reports are there for nickel with functionalized imidaz@imimine whereas the

other transition metals areore exploretf.
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Fig 6. Rareearth and transitiometal complexes with functionalized imidaze#fimines.
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2. Aim of the project:

Imidazdin-2-imine ligand is nowone of the important areas in organometallic research field,
continuouslyresearch going on to modify or functionalized this ligand to increase more of its
application and activityTo enrich this family of ligand we focused design a new ligand system
including the imidazolir2-imine fragment inthe ligand structureto prepae N-(1,3-di-tert-
butylimidazole2-ylidene}No-phenylrede 23, N-(1,3-dimesitylimidazole2-ylidene)}No-
phenylreae 2b, N-(1,3-bis-(2,6-diisopropylphenylimidazole 2-ylidene}No-phenylrede 2c ligands

by reactingimidazoline2-imine with phenylisocyanate at ambient temperature

Also we were interested to extend the imidaz&limine ligand by phosphine group to get related
imidazolin-2-ylidene 1,1-diphenylphosphinamine and its chalcogenides (O, S, 3%&
dimesitylimidazolin2-ylidene-P,P-diphenylphosphinicamidéb, 1,3-dimesitylimidazolin2-ylidene
P,P-diphenylphosphinothioicamide 5b, 1,3-dimesitylimidazolin2-ylideneP,P-
diphenylphosphinoselenoicamid®. Due to various coordination mode 24, 2b and 2c varying
reaction condition with thenetal precursor we aieterestedo study thegeometry and reactivity of

this ligands in the coordination sphere of nickel. To prepare the nickel complex as metal precursor
we used Ni(acag)and N-imidazoleNé-phenylueate ligand in THFThese metal complexes can

showhigh reactivity towards catalysis in alkeneypokrization or metathesis reactions.
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3. Results andDiscussior]

3.1 Synthesis of N-imidazol-2-ylidene-N&phenylureate ligand : 1,3-Dimesityimidazolium
hydrochloride and 1,3bis-(2,6-diisopropyl)imidazolium hydrochloride was prepared by the
conventional proedure using 1;diazabutadiene withp-formaldehyde and chlorotrimethylsilane
(TMSCI) (Scheme2). Corresponding 1;8i-tert-butylimidazoliumhydrochloride was prepaiteby one
pot synthesis oftert-butyl amine withp-formaldehyde and glyoxglScheme3). Free N-heterocyclic
carbenewas preparedy reacting imidazoliumhydrochloridewith potassiumtert-butoxide (Scheme
4)'®. The free carbenaindergoes Staudingéype reaction by treatment with trimethylsilyl azide in
boiling toluene to give the carsponding Nsilylated productDesilylation was accomplished by stirring
10,11

in methanol undeambient temperatur® obtain the corresponding imingka, 1b and1c)
4).

(Scheme

R
o) (CH,0), + TMSCI  _N
Y EtOH 7\ n \ CI
R-NH2 +//—’ _— R—N N—-R [>
(0] N@
R

R=2,4,6-trimethyl pheny]l,
2,6-diisopropyl phenyl

Scheme 2. Preparation of 1,3-substituted-imidazolium hydrochloride

HCl, %

NaHCO3

/O N
NH2 + (CHzo)n + //—/ _— > | \> Cr
o) N ®

N

Scheme 3. Preparation of 1,3-di-fert-butylimidazolium hydrochloride

Compound2a, 2b, 2c can beachievedby the treatment of liganda, 1b, 1c in toluene with phenyl
isocyanate at ambientemperature (SchemB). Compound 2a, 2b and 2c was characterizedby
analytical/spectroscopic techniquesiahe molecular structus@f thesecompound were confirmedy

single crystal Xray diffraction analysis.
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R R R R
N t N ; N SiM N H
. KO'Bu N3SiMe lvies MeOH, Reflux ,
[ \>@C| > [ >: 3 3 > [ >=N [ >=N
N, N, Toluene, Reflux, N, 8h N,
R R 3 days R R
1a : R='Bu
1b : R= Mesityl
Scheme 4. Preparation of Imidazolin-2-imine. 1¢ :R= 2,6-diisopropylphenyl

r\iR H R0 /@
) Toluene N
[>: N [N>——N)J\ N
H
\

+ Ph-N=C=0
N\ r.t
R R
2a:R="!
1a: R='Bu ZZ_F;_ 3” "
1b : R= Mesity! - = Viesly

2c¢ :R= 2,6-dii Iphenyl
1c¢ :R= 2,6-diisopropylphenyl ¢ ,0-dliSopropylpheny

Scheme 5. Preparation of N-(imidazole-2-ylidene)-N'-phenylureate ligand.

A strong absorption at 1627 enfior 2a, 1648 cm* for 2b, 1650 cm* for 2c in the FFIR spectrum
proves the formation of new C=0 bond, however the acyl stretching frequeBay 2tband2c are
substantially lower than the that of tfiee phenylisocyanate (267 cmi?) indicating a marked
decrease in TO bond stragth upon formation of the ureahis observed stretching frequency is also
slightly lower thanthat of comnonly observed in organic amides, manifestatiorof the electron
delocalization from the azole ring to the agybup, resulting in further decreasing theG@bond
order.The absorbance for C=N bond stretching are well in thee®p region (1550600)cm*.The
imidazolium backbonerotons of2a resonate as a singlet in thel NMR spectrumat Ui 6.22 a
downfield shit from that of the imidaze®-imine 1a (i 5.94 ppn). For2b down field shift ofolefinic
protonswasobserved at 5.80 ppm from thatXdd (i 5.71 ppm).In caseof 2c alsodown field shift of
olefinic protonswasobserved at 5.87 ppm from thatIaf (U 6.21 ppm).Theo andm-CH protons of
parent phenyl isocyanate experience a downfield shift ir@m7 and 6.92 ppm in phenyl isocyanate
to 7.87 and 7.27 ppm iPa. 'H NMR clearly shows that downfield shifting @NH peak which is
observedn 4.285.00 ppm region for compouridy, 1b andl1cto 5.86.2 ppm for compoun@a, 2b
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and2c due toadjacent carbonyl grouproves formation of new Ml group adjacent to carbonyh
13 NMR of 2a, 2b, 2c C=0 signal observed at 157 ppm, whereas imidaZijtidene (NCN)

observed at 150 ppm same for all three compounds.

3.2 Synthesis of various N-imidazolin-2-ylidene-1,1-diphenylphosphinamine ligand: The
synthesis of noveN-imidazolin2-ylidene1,1-diphenylphosphinamindigand 3b and 3c can be
achieved by the teatment of 1,3-dimesitytimidazolin2-imine and 1,3bis (2,6
diisopropylpheny)imidazolin-2-imine with chlorodiphenylphosphine in THEH,Cl, mixture (3:1)at
ambient temperate (Scheme 6). The compounsl 3b and 3c were characterized by
analytical/spectroscopic techniques and the molecular struofuB® and 3c were confirmed by

single crystal Xray diffraction analysis.

NR THF:DCM NR
_ . .H rt,8h _Ph ® ©
[ )=N +  PPhCl + EtN [ =N-R ¥ Et;NHCI
N N e
R R
1b : R= Mesityl 3b : R=Mesityl
1c : R= 2,6-diisopropyl phenyl 3¢ : R=2,6-diisopropyl phenyl

Scheme6. Synthesis of B-substituteeimidazolin-2-ylidene 1,1-diphenylphosphinamine

The strong absorption band forHlin the compoundb andl1cis absent for compour@b and3cin
the FTEIR spectraMoreovera strong absorption arour®®4 cm* ( for compound3b) and 916 crit
(compound3c) indicates the evidence of newly formedNPbond into theligand precursor. The
absorption bandor P-Ph (1128cm™) and C=N (853 cm?) bond stretching are well in the expected
ranges. IfH NMR spectra, the imine proton of timidazolin-2-imine ligandwhich was present in
the range between 4.20 and 4.77 ppm is absent for com@buartd 3c. The multipletssignals ati-
6.956.72,8.01-7.89 and 7.247.07 ppm can be assigned for the two phenyl raitachedto the
phosphorus centr&he olefinic protonspresent in the imidazolium ring case of botl8b and3c are
found to be same with that dfb and 1c respectivelyat 6.28 ppmIn case of3c the two 2,6
diisopropylphenyl ring on th&l-substituted midazolin ring is not in the samplane and shows two

15



different singlet if"H NMR spectra at 1.13 ppm and 1.31 ppm. In case of comp8iitite fouro-

methyl groups are equivalent angagate singlet observed for andp-methyl protonsin **P-{1H}

NMR spectra, in compund 3c shows only one signal is observed4dt2 ppm representing one
phosphorous atom presantthe moleculeThe significantly high frequency shift of the phosphorus
atom compare to free chlorodiphenylphosphine (81.5 ppm) can be explained due to higher electron

donating capability of imido nitrogen to the phosphorus atom.

Figure 7.Solid state structure of compoust. Selected bond length&) and bond angles)(are
given.P(1}xN(1) 1.674(2), P(1C(29) 1.840(2), P(2L(23) 1.848(3), N(3C(1) 1.384(3), N(:C(1)
1.301(3), N(C(1) 1.376(3), N(3C(3) 1.395(3),N(3)-C(13) 1.436(3), N(2C(4) 1.438(3), N(H)
P(1)>C(29) 98.43(10), N(ZP(1)}C(23) 104.99(11), C(29(1)}C(23) 97.06(10), C(IN(1)-P(2)
124.58(17), N(LC(1)}N(3) 122.8(2), N(1)C(1»N(2) 132.5(2), N(2C(1}N(3) 104.65(18),C(1)
N(3)-C(13) 124.52(18), C(IN(2)-C(4) 125.86(18).

The solid state structuref compound3b was determined by Xay diffractionanalysis.Compound

3b crystallizes in triclinic space group-1with two molecules per unit celbtructural parameters for

16



compound3b are given in Tabl®. The molecular structure of compouBl is shown in Fig7. In
compound3b C(1)}N(1) bond distance 1.301(3) demains almost same to that ofmidazolin2-
imine (1.298(1) A) and clearly fall in the range expected forM @uble bond (1.28.). This is also
supported by the fact that the imidazole heterocycles in compglusstions no significant change
having N(2}C(1)-N(3) 104.65(18), from the imidazole heterocycle of tbempoundlb, which have
105.0(1Y. The RN bond distances icompound3b, P(1)}N(1) 1.674(2) A shows a slightly shorter of
bond length compare to moal RN bond distances 1.656(8)observed for [2,8Vle,CsHsNHPPh]*
reported byour group The angle C1)-N(1)-P(1) is 124.5817)° is deviated from linearity presumably
due to the steric crowding between the phenyl groups over phosphorus atom arestiiegroups

present in the imdazoliumring.

H,0, N %
[N>:N_P\\Ph

Ph

N Ph
[N\F N"Psen

THF

3b 4b

Scheme7. Synthesis ofl,3-dimesitylimidazolin2-ylidene P,P-diphenylphosphinicamidéb.

1,3-dimesitylimidazolin2-ylideneP,P-diphenylphosphinicamidéb was synthesized by reactingp

in THF with equivalent amount &1,0, (Scheme’). In this reaction nascent oxygen generated which

is bind with P(lll) to convert it to P(V).Strong absorptiobandat 1260 crit can be assigneds
characteristid®=0 bond st&tching in the FFIR spectra of compoundb. Stretching frequency for P
Phobserved in the expected region between 110 cm' and for PN (915 cm'), C=N (1623cm

1) similar with that of compounab is that no significant change by the oxygen on phosphdhss.

'H NMR spectra of compountb shows that the two phenyl group on phosphorus has same chemical
shift in the expected region 7-107, 7.056.97 ppm. Fouro-methyl groug on mesityl are

equivaknt from same chemical shift value in the region 1.97 ppmoldimic protons present in the

17



imidazolium ringare observed in same chieal shift value with that ofcompound 3b and1b. In
the 3'P-{*H} NMR spectraone signal is observed at 4.8 pprdicatingone phosphorus atom present
in the molecule. The significantly high frequency shift of the phosghatom compare to free
chloradiphenylphosphine (81.5 ppm) can be explained due to higherosletnating capability of

imine nitrogen to the phospius atom.

N2
C2( / P1 9:9%
(l Ny C28
c3(s
N3
C{\f 9 A,
cs" CQ
C})CG

Figure 8. Solid state structure of compousd. Selected bond lengthd) and bond angles)(are
given P(1}0(1) 1.476(2), P(EN(2) 1.597(3), P(1C(22) 1.808(3), P(3L(28) 1.80(4), N(3}C(4)
1.427(4), N(C(2) 1.398(5), O(FP(1)}N(1) 120.44(16), O(HP(1)}C(22) 109.98(15), N(HP(1)
C(22) 108.43(16), O(HP(1}C(28) 109.56(16), N(P(1}C(28) 101.32(17), C(22P(1)}C(28)
109.57(15), C(EN(2)-C(2) 110.3(3)N(1)-C(1)}-N(3) 121.9(3), N(1)C(1)}N(2) 133.2(3),N(3)-C(1)
N(2) 104.9(3).
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Compound4b crystallizes in the monoclinic space groB@;/c with four molecules per unit cell
Structural parameters for compoudl are givenin Table 2. The P(1)N(1) bond distancén the
compound is 1.597(34, shorter than the correspondiaglfide and selenide complek612(18)A.
The P(1)C(22) and P(1C(28) values are 1.808(%), 1.807(4)A respectively $milar to the values
reported in the literatur@he PrO distanced.476(2)A are in good agement for considering thé' P
O bond as double bond and isomparable with the literaturd1.4736(19) U in 2,6
'Pr,CgHsNHP(O)Ph]**. The phosphorusatom is also sphybridized andadopts a tetrahedral
geometry,and the bond anglesf O(1)}-P(1)}C(28) 109.56(19) O(1)-P(1}C(22) 109.98(15) O(1)
P(1}N(1) 120.44(16), N(1)-P(1)}C(28) 101.32(17 approximately similar to ideal bond angle
109.45. The solid state structure of the compound reveals that intramolecular hydrogen bonding
present betwee®(1)-H(19c).

1,3-dimesitylimidazolin2-ylidene P,P-diphenylphosphinothioicamidéb was prepared by reacting
compound3b in THF.CH,CIl, mixture in (3:1) ratiowith elemental sulphuin 1:2 molar ratio
respectively at 96C (SchemeB). In FT-IR spectrum of the compourfsb, the strong absorption at
666 cm* is observedwhich can be assigned as characteristic Bes®d stretching, N stretching
observed at (87 cmit), P-Ph (L435cm™), are positioned well in the expected regamd similar with
the compoundPhP(S)NH(2,6-Me,CsHs)] previously reported by our grotfo The*H NMR specta
of compoundbb shows two sharp singlet of andp-methyl group on mesityat 2.18 and 2.30 ppm
respectively Phenyl protons on phosphorus observed in the expected fange 3'P {*H} NMR
spectra one signal observed 35.8 ppm, downfield shift compare to the compoudid 1,3
dimesitylimidazolin2-ylidene P,P-diphenylphosphinoselenoicamidéb was prepared by reacting
compound3b in THF/CH,CI, mixture in (3:1) ratiowith elemental sulphuin 1:4 molar ratio
respectively at RC (Schemed). In the FFIR spectra of compounéb absorption at 965 cth
characteristioof P=Se bond stretchindgn the 3'P-{'H} NMR spectra onesignal observed at 25.7

ppm, up field shift compare to the compolsid
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4 Toluene 1l
[ >:N—P\ + X 90 °C > [N>:N_F<\Ph

Ph

3 X =S (5b); Se (6b)

Scheme8. Synthesis ofmidazolin2-ylidene 1,1-diphenylphosphinamimeechalcogenideSb and6b.

Figure 9. Solid state structure of compoubt. Selected bond lengthd) and bond angles)(are
given.P(1}N(1) 1.612(18), P(3(28) 1.824(2), P(3L(22) 1.828(2), P(2p(1) 1.952(8), N(2X(1)
1.311(3), N(2)C(4) 1.437(3), N(2C(1) 1.359(3), N(LP(1)}C(28) 1@.18(10), N(1)P(1)C(22)
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108.66(10), C(28P(1}C(22) 101.83(9), N(XP(1)}S(1) 119.36(7), C(28P(1)}S(1) 111.10(8),
C(22)P(1)S(1) 111.91(8)C(1)}N(1)-P(1) 130.92(18), N(2E(1}N(3) 106.09(17), C(EN(2)-C(4)
124.45(17).

Compoundbb crystallizes in therthorhombicspace grou®2;2;2; with four molecules per unit cell
Structural parameters for compousll are given Table. P(1}»S(1) bond distance in the compound
is 1.952(8)A, similar to the compound reported in uoup [PhP(S)NH(2,6-Me,CsH3)]** (1.951(8))
A, andnormal RS doublebond length i1.86 A). The @1)-N(1) bond distance 1.311(%), P(1)
N(1)-C(1) bond angle 130.92(18are almost same with compou8ldl is that not effected by sulphur
atom. P(13N(1) bond distancd.612(18)A same with compoun@b and 4b. Like compound4b
phosphorus is in tetrahedral geomeffe solid state structure reveals hydrogpemding between
S(1) and H(8cb) and between N{@{21) hydrogen.

C32

C18
C33

II

c23
\j)C27
H11c
C9
C11

Figure 10. Solid state structure of compou6t. Selected bond lengthd) and bond angles)(are
given.Se(1}P(1) 2.108(9), P(AN(1) 1.609(3), P(2X(22) 1.821(3), P(2L(28) 1.824(3), N(L(2)

21



1.306(4), N(3)C(4) 1.445(4), N(EP(1)}C(22) 109.57(15), N(tP(1}C(28) 102.69(14)N(1)-P(1)
Se(1) 118.08(10), C(2B(1}C(28) 101.47(13), C(22P(1)}Se(l) 112.40(12), C(2H(1)}Se(1)
11092(11), C(IN(1)-P(1) 132.3(3).

Compoundbb crystallizes in therthorhombicspace grou2;2,;2; with four molecules per unit cell.
Structural parameters for compoufid are given Table. The A'Se distance of 2.809) A is in
agreement with theeported value and can be considered asSeRlouble bond?(1)TN(1) 1.609(3)

A, C(1)TN(1) 1.306(4) A are also similar to thatf compoundbb. Like compoundb, the phosphorus
geometry igetrahedral and the bondgies around the phosphorus atom are also similar. However,
hydrogen bonding was olised in the selenium compound between nitrobh) and H(11c) of

mesityl substituent.

Table 1 Selected NMR values of compou8ld, 4b, 5b, 6b.

Compound H NMR (ppm) 3p 1hy
0-CHs | p-CH; | NCH | mCHmesiy) NMR (ppm)
3b 2.21 2.43 6.01 6.80 42.5
4b 1.97 2.29 6.40 6.82 4.8
5b 2.18 2.30 6.58 6.77 35.8
6b 2.21 2.30 6.60 6.77 25.7

3.3Nickel complexes:

Recently, the ligand is introduced in transition metal chemistry, it is observed that the titanium
compounds are highly active as polymerization cat@lg5tAs we have syntheside number ofN-
imidazoleNo-phenylureate based ligands we are interested to explore its chemistry towards late
transition metal chemistry and the poss#gbplication in organic transformatign

Synthesis ofbis-[N-(1,3-di-tert-butyl imidazole2-ylidene}No-phenytureato]Ni@cac) 7a can be
achievedby treatment oRa in THF with Ni(acac), the reaction mixture was kept under reflux for 3
days.Filteredover @lite andrecrystallized from CH,Cl, (Scheme9). The smalldecrease in the£D

stretching frequency BB8 cm') from that of the free ligan®a (3c-o0 1627 cm') is however
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consistent with aneutral binding mode of the ligand by oxygen lone pBmoad N-H stretching

frequency observed at 3338 ¢nC-O stretching frequency observed at 1258'cm

>3 0
N
[ =N
N H
Bu 2a

Ni(acac),, THF
Reflux, 3 days

T |

Bu

NG
Bu @ [N>=N\[|/N©

o]

4 Bu
/Bu

N .
0., Y .0
N\/) io’wl‘oé
By E
e} tBu\
AL N
O
H N
By
Ta

Schemel. Synthesis obis-[N-(1,3 ditertbutylimidazole-ylidene)}No-phenylureato]Ni(acagya.

We expected, &li-O bondpresent in Ni(acag)cleavage will occuto produceacetytacetonateby
loosingN-H protonof the neutral ligan@ato afford the monoanioniform to coordinatewith nickel
ion in bi-dentate fashionHowever to our surprise, it was observed that insteadlie® bond
breakage, a hexacoordinated compléxis formed by coordination of two ligand2a, to the
Ni(acac}. This can be attributed to the fact thaHN\proton is not much acidio afford monoanionic
ligand. Due to bulkiness of the ligand the exocyclic nitrogen of the imida2simine fragment not
coordinating,instead of more electronegativiof oxygen is coordinating with its lone pairasdy

proved bythe lowcarbonyl stretching frequency in the metomplex than from the ligarizh.

Compound/awas recrystallized fro®H,Cl, and crystallizesn triclinic space group-1 having one

molecule per unit cell. The solid state structure of the compkexs given in Figll The
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coordination polyhedron of the compl@a is formed by the chelation dbur oxygen atoms othe

two acetylacetonate ligand moiety along with two oxygatoms from the N-imidazoleNo-
phenylureate ligandn the nickel complexthe nickel atom is surrounded by a tetragonally distorted
octahedron, with acetylacetonatexygen Ni(1)-O(2) and Ni(1)O(3) are 2.015 and 1.99&
respectivelyand with ligand Nj1)-O(1) bond length is 1.024. Ni-O bond distance are in the range
of found in diaquabisacetylacetonatonickeltficomplex. In diaquabisacetylacetonatonickel(ll) the
acetyl acetonate residue is plannégth a mean deviation of seven atoms from the Isgisares plane

of 0.04 A. In case ofither acetylacetonafeagment, thenickel atom ¢ not lie in the same plane but
0.32A above of it. In complexa nickel atom is coplanar with the four oxygen atoffitse solid state
structure revels hydrogen bonding interaction betweéth &d acetylacetonate oxygen atoms, also

between carbonyl oxygen of the ligand and;@kbtonis that between O(1H(10a).

Figure 11. Solid statestructure of compound@a. Selected bond lengthd) and bond angle$)(are
given. Ni(1}0'(3) 1.998(2), Ni(1)0(3) 1.998(2), Ni(1)0(2) 2.015(2), Ni(1)0'(2) 2.015(2), Ni(1)
0/(1) 2.103(2), Ni(1J0(1) 2.103(2), O(1L(12) 1.280(4)0'(3)-Ni(1)-O(3) 180.0, Oi(3Ni(1)-O(2)

24



87.81(9), O(3Ni(1)-O(2) 92.19(9), &3)-Ni(1)-0'(2) 92.19(9), O(2Ni(1)-O'(2) 180.00(13), @3)-
Ni(1)-O'(1) 89.96(9), O(3Ni(1)-O'(1) 90.04(9), O(2Ni(1)-0'(1) 90.96(9), O(3Ni(1)-O(1)
89.96(9).

We have dona sepaate reactiorwith changing thesubstituent on the imidazole ring nitrogeom
tertiary butyl to mesityloy maintaining the same reaction condition but the crystal structure shows C
N bond is breakinglue to maypresence ofomemoistureand amine is coordinating with Ni(acac)

the whole ligand is attached due tebHnding interaction of carlngl oxygenand benzene hydrogen
(Scheme @).

H
o THF, Reflux v
3 days 1 WO
N /© + Ni(acac > C NG D
[ >:N)]\N ( )2 O(N. ~0
| .
Ni
_____ H
N\(/
2b 7b

Scheme 0. Synthesis obis-[N-(1,3-dimesitylimidazole2-ylidene)}Ni-phenylureatdyli(acac} 7b.
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Figure 12. Solid state structure of compourTd. Selected bond lengthd) and bond angle$)(are
given. Ni(1)-O(1) 2.007(12), Ni(1)O(1) 2.007(12), Ni(HO(2) 2.023(12), Ni(HO(2) 2.023(12),
Ni(1)-N(1)' 2.160(15), Ni(1IN(1) 2.160(15), O(HC(3) 1.260(2), N(1C(6) 1.424(2), O(1INi(1)-
O(1) 180.0(5), O(1INi(1)-O(2) 88.06(5), O(INi(1)-O(2) 91.94(5), O(1INi(1)-O(2) 91.94(5),
O(1)Ni(1)-O(2) 88.06(5), O(2Ni(1)-O(2) 180.0, C(6N(L)-Ni(1) 119.43(11), C(HD(2)-Ni(1)
124.61(11), O(ENi(1)-N(1) 94.02(5), N(1}Ni(1)-O(1) 85.98(5).

Compound7b was recrystallized fron€H,Cl, and crystallizes in triclinic space grolsl having
one molecule per unit cell. The solid state structure of the comflleis given in Figl2. The
coordination polyhedron of the compl&k is formed by the chelation dbur oxygen atoms othe
two acetylacéonate ligand moietieslong with two nitrogen atoms from aniline. In the nickel
complexthe nickel atom is surrounded by a tetragonally distort#dh@dron, with acetylacetonate
oxygen Ni(1)O(2) and Ni(1)O(1) are 2007 and 2.023 A respectivelyand with ligand Ni(19N(1)
bond length i2.160A greaer thanNi-N bond A lengths found in som&chiff base compleX of
nickel with nitrogen donor ligand (1.83%) -O(1)}-Ni(1)-N(1) angle is 94.02(8) N(1)-Ni(1)-O(1)
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angle is 85.98(8) In plane O(2)Ni(1)-O(1) angle is 88.06(5) similar to 90 ideal angle of

octahedral geometry.

UV-Vis spectra of nickel complexes:
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Figure 13.Uv-Vis spectrum(10°M) of 2a, 2c, 7aand7b in CH,Cl.
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Figure 14. Solid statdJV-Vis spectrum oRa, 2c, 7aand7b.
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UV-visible absorption spectra 88, 2c, 7aand7b were measured in GBI, at room temperature

and displayed a nearly comparable absorption pattern at 230, 280, 260, 210 nm. Upon complexation
of Ni(ll) to 2aas shownn Fig. 13, the increase in the absorption peak at 230 nm was observed, while
it was not increasechuch for compoundb. The solidstate U\visible absorption spectra @, 2c,
7aand7b were significantly different from that of solution (Fig. 14). A broad absorption peak from
200400 nm in the solid state Uwisible spectra oRaand2cwere attributed tohe ~ to “* transition

of ligand.In the solid state UWisible spectra in case @b storng absorption band observed at 550

nm which is not observed in compound as due to strong ligand field splitting as nitrogen donor ligand

coordinating with nickel(ll).
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4. Experimental Part:

General Information: All manipulations ofair sensitive materials were performed with the rigorous
exclusion of oxygen and moisture in flasdeed Schlenkype glasswaren a dual manifoldchlenk
line, interfaced to a high vacuum (1@orr) line. THF, dioxanewas predried over Na wire and
distlled under nitrogen from sodium and benzophenone ketyl prior toGI3£1, was dried with
calcium hydride and phosphorus pentoxide and kept with moleshilses. Hydrocarbon solvents
(toluene anch-pentane) were distilled under nitrogen from LiAleind stored in the glove bo¥
NMR (400 MHz),*C-{*H} (100 MHz) and**P-{1H} NMR (161.9 MHz) spectra were recorded on a
BRUKER AVANCE 111-400 spectrometer BRUKER ALPHA FTIR was used for FIR
measurement. Elemental analyses were performed on a BREKIE® EA at the Indiainstituteof

Technology HyderabadPhenytisocyanate was prepared acdngpito the literature procedufe
Synthesis ofN-(1,3-di-tert-butylimidazole-2-ylidene)}N&phenylurea (2a) :

To a toluenesolution of 1,3di-tert-butylimidazole2-imine 1a (300 mg,0.949 mmol), 5%excesof
phenytisocyanate (0.990 mmol) was added and the reaction mixturstitrasifor 2 h. The solvent
was evaporated imacuum and the recovered solid was purified by rapentane wash to afford
spectrascopially pure white solid*H NMR (400 MHz, CDCJ): i1 7.87 (d, %J4n = 8.0 Hz, 2H,0-
CHheny), 7-25 (t,33 = 8.0 Hz, 2H,m-CHpheny)), 6.90 (£33 = 8.0 Hz, 1H,p-CHpheny)), 6.22 (s,
2H, NCHCHN ), 1.49 (s, 18 HCCHs). **C{*H} NMR (100 MHz, GDs): i 158.3 (C=0), 150.4
(C=N), 142.1 (Gso@heny)> 128.6 O-CHpneny)), 120.1 P-CHpneny)), 117.2 (M-CHpnenyy), 112.3
(NCHCHN), 58.6 (NCMe), 29.1 (GCHs) ppm FTIR selected peak&m™ ): 1627 (C=0), 2979(sp’
CH), 3155(aromatic CH), 328N-H).

Synthesis ofN-(1,3-dimesitylimidazole-2-ylidene)}»N&phenylurea (2b) :

To a toluenesolution of 1,3dimesitylimidazole2-imine 1b (300 mg, 0.949 mmol), Ni(acacjvas

added and the reaction mixture was stirred for 12 h. The solvent was evaporated in vacuum, and the
recovered solid was purified by apentane wash to afforspectroscopilly pure orange solidH

NMR (400 MHz, GDg) : U 7.10 (d, *Jun = 8.0 Hz, 2H,0-CHneny, 6.91 (t,%Jun = 8.0 Hz, 2H,m-
CHgheny), 6.72 (S, 4H, WCHmesity), 6.62 (t, *Juy = 8.0 Hz, 2H, p-CHpheny), 5.80 (s, 2H,
NCHCHN), 5.68 (br s, 1H, NH), 2.24 (s, 12l8;CHs(mesityi), 2.04 (S, 16Hp-CHzmesiy). FTIR
selected peakem™): 1580 (C=N), 1647(C=0), 2916(sp’ CH).
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Synthesis ofN-(1,3-bis-(2,6-diisopropylphenyl)imidazole-2-ylidene}N&phenylurea (2c) :

To a toluenesolution of 1,3dimesitylimidazole2-imine 1b (300 mg, 0.949 mmol), Ni(acacjvas

added and the reaction mixture was stirred for 12 h. The solvent was evaporated in vacuum, and the
residue washed by-pentaneto obtainorange solicand recrystallized from toluendH NMR (400

MHz, CsDg) : U 7.42(t, *Jun = 8.0 Hz, 2Hp-CHpipp), 7.26(d, *Jun = 8.0 Hz 4H, m-CHpipp), 7.00

(d, 33 = 8.0 Hz, 2H,0-CHghenyl), 6.88(t, *Ju = 8.0 Hz, 2H,m-CHheny), 6.75 (t, *Jun = 8.0 Hz,
2H,p-CHhenyn), 6.61(s, 2H, NCHCHN )6.21(br s, 1H, NH),2.95 (sept., 4H, BMe), 1.30(d, 12H,

CHs), 1.19(d, 12H, CH). **c{*H} NMR (100 MHz, GDe): Ui 157.2 (C=0), 150.5 (8N), 146.4
(Cipso(dipp), 140.6 (Gosoeheny), 133.0 0-Caipp), 123.9 6-CHpheny), 120.6 p-CHphenyy), 118.5 (-
CHpheny), 116.7 NCHCHN), 28.8 CHMe), 24.6 (CHCH3), 23.3 (CHCH3) ppm. FTIR sekcted
peaksicm™) : 158 (C=N), 1650(C=0), 2962sp’ CH), 3053(aromatic CH), 3419N-H).

Synthesis of 1,&imesitylimidazolin-2-ylidene-1,1-diphenylphosphinamine(3b) :

In a dry £hlenk tube (200 m¢0.626 mmol) of 1,&li mesityimidazolin2-imine dissolved in 10 ml
THF:CH.Cl, mixture(3:1), to it 0.1 ml (0.626 mmol) chlorodipherptosphine, @ ml (0.626 mmol)
triethylamine added. The reaction mixture was kepambient temperature for 2 Under stirring.
Filtration and evaporation under vacuum afford orange colour solid. The title compound was
recrystallized from THF/pentanéH NMR (400 MHz, CDCY) i 7.55 (m, 6H, mCH+ P-CHphenyl),
7.28(d, 33y = 8.0 Hz, 4H,0-CHphenyl), 6.82(S, 4H,m-CHpesiyy), 601 (s, 2H, NCHCHN), 243 (s,

6H, p-CHs(mesity), 2.21(S, 12H,0-CHa(mesity)- > P-{*H} NMR (161.96 MHz, CDCJ) i 42.5ppm. FF

IR selected peak (cf): 924 (P-N), 1128 (RPh), 1653 (C=N), 30% (aromatic GH).

Synthesis of 1,alimesitylimidazolin-2-ylidene-1,1-diphenylphosphinamine(3c) :

In a dry hlenk tube (200 md.495 mmol) ofl,3-bis-(2,6-diisopropylphenyl)imidazolif-imine 1c
dissolved in 10 mTHF: CH,Cl, mixture (3:1), to it 0.09 ml (0.495 mmol) chlorodiphemphosphine,

0.06 ml (0495 mmol) triethyl amine added. The reaction mixture was ke@mbient temperature

for 2 hunder stirring. Filtration and evaporation under vacuum afford orange colour solid. The title
compound was crystallized from THF/pentati¢ NMR (400 MHz, GDg) : U 7.49(t, 3Jun = 8.0 Hz,

2H, p-CHpipp), 7.25(d, 3 = 8.0 Hz 4H, m-CHpjpp), 5.97(s, 2H, NCHCHN ),3.12 (sept., 4H,
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CHMe), 1.31(d, 12H, CHs), 1.13(d, 12H, CH). **P-{*H} NMR (161.96 MHz, CDC}) Ui 41.2ppm.
FT-IR selectegeak (crit): 916 (RN), 1110 (PPh), 1617 (C=N), 3055 (aromatici).

Synthesis ofl,3-dimesitylimidazolin-2-ylidene-P,P-diphenylphosphinicamide(4b):

In a dry Schlenk (160 mg, 0.318 mmol) of 1,3limesitylimidazolir2-iminediphenylphosphine
dissolved in4 ml o THF, to it 0.1 ml HO, addel and kept for 4 hn room temparatur@nder

stirring. Solvent evaporated in vacuum and the crude product purified by columnatbgoaphy.
Recrystallize from EDAc/pentane atgom temprature *H NMR (400 MHz, CDC}J), Ui 7.08 (m, 6H,
m-CH+ p-CHpheny), 6.97 (d,2Ju = 8.0 Hz, 4H,0-CHneny)), 6.82 (S, 4HM-CHmesiy), 6.40 (s, 2H,
NCHCHN), 2.29 (s, 6Hp-CHa(mesityl), 1.97 (S, 12HO-CHs(mesity). > P-{1H} NMR (161.96 MHz,

CDCly), Ui 4.85 ppm. FTIR selected peatcmi?): 915 (P-N), 1109(P-Ph), 1260(P=0), 1623(C=N),

3052 (aromatic GH).

1,3-dimesitylimidazolin-2-ylidene-P,P-diphenylphosphinothioicamide(5b) :

In a dry Schlenk (100 mg, 0.198 mmol) of 1,8imesitylimidazolin2-iminediphenylphosphine
dissolved in 3 ml of toluene, to it (6.36 mg, 0.198 mmol) elemental sulphur added and kef€at 90
for 12 h under stirring. Solvent evaporated in vacuum and the crude prodifigtdpby column
chromatography and ceystallized from CH,Cl./pentane atoom temparatureH NMR (400 MHz,
CDCl3) Ui = 7.19 (m, 6H, m-CH+ p-CHheny), 6.99 (d,*Jin= 8.0 Hz, 4H0-CHpheny)), 6.7X(s, 4H,m
CHmesity), 6.58 (s, 2H, NCHCHN), 2.30 (s, 6l8:CHa(mesity)), 2.18 (S, 12HP-CHamesity). °C{'H}
NMR (100 MHz, GDg): U 146.7 (NCN), 146.6 (P attached R®), 141.3 P attached R®), 140.3
(Cipso(mesity), 138.9 (0-CCHg(mesiy), 136.6 0-CCHsmesiyi), 130.7 (P attachedo-PhC), 130.6 P
attached-PhC), 129.0ZP attachedn-PhC), 128.8 P attachedn-PhC), 128.7 (m-CHmesity), 126.9(P
attachedp-PhC), 126.8 P attachedp-PhC), 115.7 (NCHCHN ), 21.07 p-CCHzmesityy), 18.7 (0-
CCHamesity))- P {*H} NMR (161.96 MHz, CDGJ) i 35.83 ppm. FT-IR selected peak (ch): 710
(P=S), 911 (M), 1434 (PPh), 1561 (C=N), 3052 (aromaticil).

Synthesis ofl,3-dimesitylimidazolin-2-ylidene-P,P-diphenylphosphinoselenoicamid€6b) :

In a dry Schlenk (100 mg, 0198 mmol) of 1,&imesitylimidazolin2-iminediphenylphosphine
dissolved in 3 ml of toluene, to it (18.76 mg, 0.396 mmol) elemental selenium added and kept at 90
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“C for 12 hunder stirring. Solvent evaporated in vacuum and the crude product purifieduloync
chromatography andecrystallizel from CH,Cl./pentane atoom temparatuteH NMR (400 MHz,
CDCl3) i 7.21 (m, 6H,m-CH andp-CHpneny), 7.14 (d,*Ju= 8.0 Hz, 4H,0-CHipheny), 6.77 (S, 4H,
M-CH(mesity), 6.06 (s, 2H, NCHCHN), 2.30 (s, 6H-CHsmesity), 2.21 (S, 12H,0-CHsmesityi)-

13c{*H} NMR (100 MHz, GD¢): Ui 146.7 (NCN), 146.6 (P attached B, 141.3 (P attached B

140.3 (Goso(mesity), 138.9 0-CCHsmesiy), 136.6 p-CCHgmesiy), 132.7 P attachea-PhC), 130.7 P

attached-PhC), 129.0 P attachedan-PhC), 128.8 P attachedn-PhC), 128.7 (M-CHmesity), 126.9 P

attachedp-PhC), 126.8 P attachedp-PhC), 115.7 NCHCHN ), 21.07 p-CCHzmesity), 18.7 ©-

CCH3(mesityl) - 31p {1H} NMR (161.96 MHz, CDGJ) i 25.77 ppm. FTIR selected peak (cf) : 965

(P=Se), 917P-N), 1615(C=N), 3049(aromatic GH).

Synthesis ofbis-[N-(1,3-ditertbutylimidazole -2-ylidene)}-N&phenylureato]Ni(acac) (7a):

To a solution of 1a (200 mg, 0.636 mmol) in THF, Ni(ag4t$3.39 mg, 0.636 mmol) was added

and kept under reflux for 3 days. The solution was filtered over celite and concentrated under
vacuum crystallize fromCH,Cl,. FTIR selected peaké&m™): 1588 (C=0), 3338 (NH), 3050
(aromatic CH)1258 (GO).

Synthesis ofbis-[N-(1,3-dimesity imidazole-2-ylidene)}N&phenyl ureato]Ni(acac) (7b) :

To a solution of 2a (200 mg, 0.636 mmol) in THF, Ni(ag4t$3.39 mg, 0.636 mmol) was added

and kept under reflux for 3 days. The solution was filtered over celite and concentrated under
vacuum crystallize fromCH,Cl,. FTIR selected peak&m™): 1553 (C=0) 3048 (aromatic CH),

1263 (GO), 2961(spCH).

Table 2: Crystallographic data for compoungis-6b.

Crystal 3b 4b 5b 6b
CCDC No - - - -
Empherical Formula Cz3HasN3P Csz7H4oN3O5P C33H24N3PS Cs3HauN3PSe
(4b. Dioxane)
Formula weight 503.60 607.71 535.67 583.57
T (K) 150(2) 293(2) 293(2) 293(2)
& (U) 1.54184 1.54184 1.54184 1.54184
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Crystal system Triclinic Monoclinic Orthorhombic Orthorhombic
Space group P-1 P 2i/c P2,2,2; P2:2:2;
a() 8.8079(6) 8.4818(4) 8.7492(4) 8.9524(3)
b (0) 10.3470(8) 31.2129(18) 18.4412(1) 18.2570(8)
c (U) 16.7289(8) 14.0448(9) 18.4412(11) 18.5025(8)
U (®) 89.195(6) 90 90 90
b 80.155960 103.174(6) 90 90
2 (%) 69.595(7) 90 90 90
v (U9 1406.17(18) 3620.4(4) 2977.6(3) 3024.1(2)
Z 2 4 4 4
D caicg CMi® 1.189 1.115 1.195 1.282
g (mm™) 1.051 0.957 1.660 2.366
F (000) 536 1296 1136 1212
Theta range for data| 4.57 to 70.56 de¢ 3.53to 70.75 | 3.39to 70.79 de¢ 3.40to 71.11 de
collection deg.

Limiting indices -10<=h<=10 -10<=h<=10 -10<=h<=6 -10<=h<=6
12<=k<=12 37<=k<=37 20<=k<=20 22<=k<=18
20<=I<=15 12<=I<=17 22<=1<=20 22<=1<=13

Reflections collected/| 9935 / 5287 16013 /6827 6407 / 4510 8084 / 4885

unique

[R(int) = 0.0220]

[R(int) = 0.0314]

[R(int) = 0.0208]

[R(int) = 0.0243]

Completeness to thet 97.7 % 98.1 % 88.5% 97.8 %
=70.56
Final R indices R1 =0.0633, R1 =0.0828, R1 =0.0368, R1 =0.0381,
[1>2sigma(l)]
wR2 =0.1822 wR2 =0.2317 wR2 = 0.1027 wR2 = 0.0989
R indices (all data) R1 =0.0674, R1 = 0.0905, R1 =0.0384, R1 =0.0444,
wR2 = 0.1867 wR2 =0.2411 wR2 = 0.1050 wR2 = 0.1059
Largestdiff. peak and | 0.715 and0.547 | 0.435 and0.296 | 0.187 and0.197 | 0.148 and0.342
hol
o eA? eA eA eA
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Table 3: Comparison between theoretical and practical values of comatund

The structure of compoundb was freely optimized without any geometrical constraints using
density functional theory (B3LYP -811+G(2d,p)). The optimized structures were in excellent
agreement with those established witiRAy diffraction analyses.

Bond Lengthf]/anglef] Experimental B3LYP/6-311+G(2d,p)
P1-N1 1.674 1.698
P1-C29 1.840 1.855
P1-C23 1.848 1.864
N3-C1 1.384 1.393
N3-C3 1.395 1.392
N3-C13 1.436 1.432
N1-C1 1.301 1.287
N2-C1 1.376 1.397
N2-C4 1.438 1.435

N1-P1-C29 98.43 99.686
N1-P1-C23 104.99 102.856
C29P1-C23 97.06 98.190
C1-N3-C3 110.14 110.404
C1-N3-C13 124.52 124.552
C1-N1-P1 124.58 127.671
C1-N2-C2 109.64 109.706
C1-N2-C4 125.86 127.924
C2-N2-C4 123.95 122.189
N1-C1-N2 132.52 133.573
N1-C1-N3 122.82 122.314
N2-C1-N3 104.65 104.105
C3-C2-N2 108.12 108.078
C2-C3-N3 107.52 107.707

34



Table 4. Comparisorbetween theoretical and practical values of compaimd

The structure of compoundb were freely optimized without any geometrical constraints using
density functional theory (B3LYP -811+G(2l,p)). The optimized structurevas in excellent

agreement with those established witiRAy diffraction analyses.

Bond Lengthf]/anglef] Experimental B3LYP/6-311+G(2d,p)
P1-N1 1.597 1.635
P1-C28 1.807 1.828
P1-C22 1.808 1.834
P1-0O1 1.476 1.493
N1-C1 1.292 1.292
N2-C1 1.371 1.387
N2-C2 1.398 1.397
N3-C4 1.427 1.434
C1-N3 1.368 1.386
C2-C3 1.350 1.344
C3N3 1.399 1.391

NI-PI-C28 101.32 102.69
NI-PI-C22 108.43 106.76
C28P1-C22 105.97 105.36
N1-P1-O1 120.44 120.52
C28P1-01 109.56 110.60
C22P1-01 109.98 110.54
C1-N1-P1 138.9 135.19
C1-N2-C2 110.3 109.53
C1-N3-C4 126.10 124.63
N1-C1-N2 133.2 133.36
N2-C1-N3 104.9 104.66
C3N3-C4 126.8 125.06

35



Table 5. Comparisorbetween theoretical and practical values of compdind

The structure of compounfib were freely optimized without any geometrical constraints using
density functional theory (B3LYP -811+G(2l,p)). The optimized structurgvas in excellent
agreement with those established witiRAy diffraction analyses.

Bond LengthA]/anglef] Experimental B3LYP/6-311+G(2d,p)
P1-N1 1.612 1.632
P1-C28 1.824 1.837
P1-C22 1.828 1.843
P1-S1 1.952 1.918
N1-C1 1.311 1.298
N2-C1 1.359 1.381
N2-C2 1.390 1.388
N2-C4 1.437 1.436
C1-N3 1.365 1.383
C13N3 1.434 1.438
C2-C3 1.320 1.345
C3N3 1.400 1.393

NI-PI-C28 102.18 103.21
NI-PI-C22 108.66 108.40
C28P1-C22 101.83 101.90
N1-P1-S1 119.36 118.32
C28P1-S1 111.10 111.35
C22P1-S1 111.91 112.09
C1-N1-P1 130.92 133.54
C1-N2-C2 109.32 110.23
C1-N2-C4 124.45 124.82
C2-N2-C4 126.10 124.93
N1-C1-N2 122.32 123.43
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N1-C3-N3 131.32 131.63
N2-C1-N3 106.09 104.79
C1-N3-C3 108.82 109.62
C1-N3-C13 126.60 127.31
C3-N3-C13 123.62 122.64

Table 6. Comparisorbetween theoretical and practical values of compd@ind

The structure of compoun@b were freely optimized without any geometrical constraints using
density functional theory (B3LYP -811+G(2l,p)). The optimized structurevas in excellent

agreement with those established witiR&y diffraction analyses.

Bond Length[A]/anglef] Experimental B3LYP/6-311+G(2d,p)
P1-N1 1.609 1.630
P1-C28 1.824 1.837
P1-C22 1.821 1.845
P1-Sel 2.108 2.149
N1-C1 1.306 1.299
N2-C1 1.365 1.381
N2-C2 1.396 1.388
N3-C4 1.445 1.439
C1-N3 1.356
C2-C3 1.327 1.345
C3N3 1.403 1.393

NI-PI-C28 102.69 103.41
NI-PI-C22 109.57 108.94
C28P1-C22 105.97 101.72
N1-P1-Sel 118.08 117.98
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C28-P1-Sel 110.92 110.02
C22P1-Sel 112.40 112.22
CI-N1-P1 132.2 134.46
C1-N2-C2 109.0 110.20
C3-N3-C4 123.0 122.55
C1-N3-C4 126.7 127.38
N1-C1-N2 122.0 123.56
N2-C1-N3 106.2 104.83
C3-N3-C4 128.0
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5. Conclusion: We have demonstrated thenfionalization of imidazolir2-imine at the imine end

of the ligand by phenyisocyanate and chlorodiphenylphosphine. The phosphine derivatives were
further used to synthesis varioushalcogenidescompounds (O, S, SeN-imidazok2-imine-No-
phenylureate ligands were introduced into the nicktemistry and two nicketomplexes were
prepared. It isobserved that the ligand is not enough acidic to be deprotonated rather coordinate
through oxygen atomsf the ligands to the nickel center. The structure of all compound were
confirmed by Xray diffraction analysis. Theickel complexs ae potentially active tde used as a

olefin polymerizatioror in variousorganic transformations.
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Appendix:

Supporting information:
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Figure 1. *H NMR (CDCls, 400 MHz 25°C) of N-(1,3-di-tert-butylimidazole2-ylidene)
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Figure 2.°C NMR spectra oN-(1,3-di-tert-butylimidazole2-ylidene}Nophenylreate2a
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Figure 3. FT-IR spectra oN-(1,3-di-tert-butylimidazole2-ylidene}Niphenylreate2a.
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Figure 4. *"H NMR (CDCls, 400 MHz 25°C) of N-(1,3-dimesitylimidazole2-ylidene}Ns phenylreate
2b.
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Figure 5. FT-IR spectra oN-(1,3-dimesitylimidazole2-ylidene}Ni phenylreate2b.

Figure 6.'"H NMR (CDCls, 400 MHz 25°C) of N-(1,3-bis-(2,6-diisopropylphenylmidazole2-
ylidene)}No-phenylrea2c.
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