Synthesis and Structural Studies of Neel
Aminophosphine Ligands and Their

Derivatives

A Project ReporSubmitted
as part of the requirements for the degree of

MASTER OF SCIENCE
By

Shakil Ahmed

(Roll No.CY 14MSCST11019
Under the supervision of
Dr. Tarun K. Panda

AR Senfd dee damE

Indian Institute of Technology Hyderabad

DEPARTMENT OF CHEMISTRY
INDIAN INSTITUTE OF TECHNOLOGYHYDERABAD

INDIA
APRIL, 2016



Declaration

I hereby declare that the matter embodied in this report is the result of investigation
carried out by me in the Department of Chemistry, Indian Institute of Technology

Hyderabad under the supervision of Dr. Tarun K. Panda.

In keeping with general practice of reporting scientific observations, due

acknowledgement has been made wherever the work described is based on the

Bod]

(Signature)

findings of other investigators.

Shakil Ahmed

(Student Name)

CY14MSCST' 11019

(ROLL No.)

(Signature of Supervisor)

ii




Approval Sheet

This thesis entitled Synthesis and Structural Studies of Novel Aminophosphine

Ligands and Their Derivatives by Shakil Ahmed is approved for the degree of
Master of Science from IIT Hyderabad.

%M

-Name and affiliation-

Examiner

Dr. M. Deepa
Head & Associate Prof'essor
Department of Chemistry_

ian Institute of Technology Hyderabad -
llr(‘gll\girlsgn%, Sangareddy, Telangana, IndiaName and affiliation-

Examiner

Lok

-Name and affiliation-

Adviser

iii




Acknowledgements

| have taken enormous effort in this project. | have learned a lot in this process.
However it would not be possibl@ithout the kind help and support of many
individuals. | would like to sincerely th& all of them First, | would like to express

my appreciation and hedlt gratitudeto my supervisor Dr. Tarun KRanda for his
tremendous encouragement and guidance. | would like to thank him for encouraging
my project work and helping me to do my je work. It was really a great honor

and learning procedsr me to work under his guidance. His advice on my career as

well as on my project work have been priceless.

| would like to thank PhD scholar Mr. Harinaffdimullam for his guidance. | am
extrermely grateful to other PhD scholars Mr. Srinivas Anga, Miss. Jayeeta
Bhattacharajee, MiSuman DasMiss. Indrani Banerjee for their encouragement in

learning experimental techniques and their helpful thoughts in my Project work.

| would like to express mgincere thanks to Miss. Jayeeta BhattachakeeHarinath
Adimullam for their involvement inrecording Single Crystal XRDIR and U\
Visible spectra of my samples. | also cherish the sweet memories of all of my

classmates which | carry forward throughoyt life.

| am very much thankful to every research scholar in the Department of Chemistry.
[IT Hyderabad who helped me to record the Spectroscopic data, for | have completed
my project within the limited timeMy warm thanks to [IT Hyderabaandto the

Department Of Chemistry at IIT Hyderabtadprovidethe instrumental facilities



Dedicated to
My Beloved Parents,
Family and
Respected Teachers



Abstract

Three novelaminophosphineligands (containing direct -R bond), tert-butyl-
NH(PhP), 2-picolyl-NH(PhP) and 2Zpicolyl-N(PhP), have been synthesized via
aminolysis reaction of PRGI andtert-butyl amine and -picolyl amine(in case of
mono derivative reaction carried out in dd in case of di derivative in 2:1 ration)
respectively. Oxidation ofthe aminophosphines with elemensalenium gave the
correspondingselenides2-picolyl -NH(PhP=Sg and 2picolyl-N(PhP=S@.. The
borane derivatives were synthesized by reaction ef @minophosphines and
BHs:.SMe. The bromides daert-butyl-NH(PhP)were prepared by the oxidation of it
by bromine.The newcompounds were characterised B¥MR, IR spectroscopy
Furthermore, representative sesithte structures of theompoundsvere determined

using single crystal Xay diffraction analysis
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1.1Introduction

The chemistry of aminophosphine lignads of typgRMNHR & ¢ o n c e FNnbomulgisodd r e c t
of the interesting and challenging area indhlganometallic chemistryn recent years the research

in organophosphorus chemistry is mainly focused on the design and synthesis of numerous novel
phosphorus baseghosphineligands for synthesizing newer and better metal complexes with
improved catalytt activities. Aminophosphines arene of the phosphorus and nitrogen based
ligand classAlthough this aminophosphine chemistry is now known for many years and well
established one, it continues to attract considerable attention from chemists due teits wi
application in diverse fields>. The phosphorus chemistry at its initial phase is mostly dominated

by compounds containing® and PO bonds, but the situatidras changed recently. In last two
decades compounds containing direédl Bonds enjoyedéhtense attention from chemists owing

to the presence of polarNP bondwhich, in principle, can be the cause of exhibitaudylitional
reactivity for these ligandsThis class of ligands is nhow an emerging and expanding itself into
diverse fieldsThe polar ature of the PN bond make these ligands extremely sensitive to air and
moisture. In spite of that the research in this field is gaining momentum day by day mainly due
one reason the polar nature of the-R bond make this class of ligand very rich initHigand

behavor and subsequenttiieir usesn catalysisin few cases due to their unstable nature mainly

to protic acid, they found their limited utility. But ilast few decades several new class of
aminophosphine ligands containing dirediiond wth substantial stability had been synthesized

and these had been investigated to be one of the most promising ligand class. This ligand class
enjoyed additional advantage due to their wdellined structure, structural diversity in their metal

complexes andrelatively higher stability. Aeir facile synthesis and their capability to act as



catalyst in various reactiomsake them more special ligand clagariations of electronic, steric
and stereochemical parameteray be ahievedthrough thdunctionalization of aminophosphine
ligands withadditional dondfunctional groups attachet the amine or phosphinen a very
simple manner vitheir straight forward synthetic route&minophosphine ligands exhibit various
coordination modes to the metal centiresheir complexes due to the fact they contain multiple
donor atoms as well as the presence of the aditicproton. The various possible cooraliion

modes are shown Bchemel.

M Ml
| M 1 | M
R,P< ) RoP<
2 NH R,P N\R' RZP/N\R‘ r}j
R R
1 2 3 4

Scheme 1Most common binding modes of aminophosphine and amidophosphine ligands

In case of middle/late transition metal (M), aminophosphine Igands usually coordinates to the
metal catre k! (P) fashion as in® while k* (N) type coordination is not known till daté/hile
aminophosphineRR:N H R digands are deprotonatednionic amidophosphines [BRRR 64dre
readily obtained which showa higher affinity toward electroposigunetalsbecause ofheir
increasechucleophilicity at the Msite than the parent aminophosphine liganidscase ofearly
transi ti o amidophdsphine ligakids were found to exhiBitP, N) coordinationas

shown in 2, and, althougless common, alsdt (N)-coordinatiorto the metal centres in these case

are known as shown in 3, while in the preseoficboth early and middle/lateamsition metals,
amidophosphinégands were shown to act e&bridging ligand therebforming heterobnetallic
complexes of the typd* ° In addition to theirinteresting structural features, aminophosphine

ligands exhibits numeus reactivitiesreatinga range of synthetically useftriansformation$
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For examples in case of  vinylidene and allenylidee complexes
[RUCp(PPBNHR)2(=C=(C)»= C H R*@Gafpd][RuTp(PPINHR)(=C=(Ch= CHR'@) 9§ 0,1; R =
Ph,nPr ; RO = al tkspyraoloyboratd) aninffagmoleculaddt i on of t he
t o tcérleon diitheumulene moietiad been observé&cheme 2 resulting in the formation

of novel fourmembered azphosphacarbenes

/
RSB:C(:C):C/ _ Ru_cll’c\ . RS)__C/CZC\
R,P ) "\ R,P—N NN
2 \N \R, 2 \R'
Rl/ \H

Ru = RuCp(PR,NHR") And RuTp(PR,NHR")

Scheme 2l nt r amol ecul ar addition of t h eU-carbbRobd

a cumulene moiety.

Complexes of the types [RuCp(PRIHPh)(CHCN)2]" and[RuCp*(PRN H R 6 )3CNJH (R =
Ph, tP r , HR,0GFsF have been showto react with terminalleynes and diynes to result in
amido butadieneomplexes involving PRIHR & | i g a n"8 Bunmténgt malaréporietithe
synthesis of the dinucleautheniumcomplex [Ru(CO)(e?-PPh)(e2-PhPNMePPh)(k*(C,P)
C(= O)NMePPh)] containing a carboxamidphospharuthenacyclicmoiety. Herberhold et al.
reported thepreparationof half sandwich complexes of the type [MCp(G@) = O)N(S

NHPtBu2)PtBuz)] (M = Cr, Mo, W) by reacting [MCp(CGH] with PtBuzPN =S=NPtBu..2° In

addition, iron complexegFeCp(CO}PPRNHNMez]" bearng a hydrazinophosphine ligand,

which is very similarto PRN H Rl@gands, was investigated to reagith nBuLi to give the

carboxanido-phosphaerracycle [FeCp( CO)(k?*(C,P)(C=0)-NNMez-PPh)]*L. Oztopcuet al.

11
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reportedthe synthesis of iron (lltomplexes containing aminophosphine ligands of the type
PRRNHRO wher eiPR, 3HAR &8a Cy and described the reactivity of these complexes.
They have shown that these complexes when treated with strongfbaseslanovel cyclic four
memberectarboxamidephosphaferracyclevia the intramolecular addion of the amine moiety

of thebifunctional aminophosphine ligand according$esheme 3'2.

,O
[ Flel— =0 Base [ Fe4_(|:/
R2P\ i R2P_N\
. ?
R'

| Fe|= Fe(CO),Br,(PR,NHR"), | FeCp(CO), |

Scheme 3. ntramol ecul ar addi t i onnamimophosphimes ligaNdHtB 6 mo i

coordinated CO.

The aminophosphinégands that contain ilN units such as  phosphoraneiminaBsPN]",
phosphinimines [R2PNRbS,] diphosphanylamides[R2PNPR], and iminophosphonamides
[(R2P(NR92]” are well known today as ligands and many group demonstrated their potency
main-group and transitioimetal chemistryPreviously our group have reported the chemistry of

some aminophosphine ligands that contain dire®t Ponds in lanthanide and main group
chemistry. Our groupbés wor k i s inbphosphiseeligands o war d
chemistry. Our group recently have reported the synthesis-@ipldenylphosphine?, 6
dimethylaniline [PRePNH (2, 6Me2CeéHs)], [PRRPNH(CHPR)], [PRPNH (CPhR)], their
chalcogenides [PRP(O)NH (2, 6MexCesH3)], [PhP(S)NH (2, 6MexCsHs)],

[PhP(Se)NH(CHPH)], [PhP(Se)NH (CP¥], and their alkali earth metal complexes. This unique

12



class can potentially bind through hard nitrogen, phosphorus donor atom and as well as via soft
donor atom selenium and sulfur.

Now we turn our focus to thiae bis(diphenylphosphino)alkidryl amine and their derivatives.
Among various aminophosphine ligandsis(diphenylphosphino)alkidryl amine and their
derivatives are getting special attentioecause otheir simple synthet procedures, relatively
higher stability than the usual aminophosphine ligands and their ability to form complexes with
trangtion metals such as palladiumlatinum, copper®® 4 The presencef the bulky groups
attached to th phosphorus center rendeéheaminophosphine more stable agaimgdrolysis®®.
Thesdigands can be furtheuhdionalized via the introduction @dditional donor group® the

amine or phosphine backbones. They are definitely very attracting as the functional group can be
changed to modifythe chental and physical properties ofhe final product. Many
aminophosphine ligandsheir derivativesand theircomplexeshave beervery usefulas ce
catalysts in a number of catalytic reactiolfs”. In addtion, some aminophosptés and their
derivatives have also been investigated to astanticancedrugs '8, herbicides as well as

antimicrobial agentsamany even as neuroactive agents &s8,

13



1.2 Scope of the Work

Our grouphave recentlyeporedthe series of phosphine amiff@pPNHR] R = 2,6-Me>CsHs3,
CHPh, CPh) and their chalcogen derivatives [PR(O)NHR], [PhP(S)NHR] and
[PhP(Se)NHR] into thechemistry of alkali metalsand the heavier alkalirearth metals.
Homoleptic and heteroleptatkaline-earthmetal complexearevery interesting due to their wide
applicationin variouscatalytic reactions includingthe ringopening polymerizatiomf various
cyclic esterg! 22 the polymerization of styrenand diene$® and the hydramination and
hydrophosphination ofilkenes and alkyné$.Determining the structures aneactivities of
alkalineearthmefal species is an important stepvard the design and development of effiti
catalysts; however, fultealization of he catalytic potentlaof theseelements still requires
substantih advances in the understandirig their basic coordination na organometallic
chemistry. These alkalirgarthmetal complexeare moreoxophilic and electropositivie nature
in comparison to thogmmplexes faned from earlyransition metalsTo stabilize thesextremely
oxophilic and electroposite metals, avide variety of nitrogen dsed ancillary ligands, such as
tris(pyrazolyl)borate$® aminotroponiminate€ b-diketiminates,?’ iminopyrroles?® and 1,4
diazal,3-butadien€® have been introduced to prepare wdbfined alkalineearthmetal
complexesAnd the catalytic activity and theelectivity of theealkaline-earthmetal complexes
can becontrolled via a wetdefined nitogerrbased ligand architeatel Thesalkaline-earthmetal
complexes can also be stabilize by aminophosphine ligamiimophosphinesan coordinate to
metals throughhe hardnitrogen and phosphorutnor atoms, forming highly strained three
membered metallacycle, as reported BRoesky and other$®3! The aminghosphine
chalcogenides can form eithe fourmembered metallacycld,the nitrogen and the chalcogen

14



atoms (O, S, Se) coordinati® the metal center, or two e threemembered metallacyclas
stabilize the metal comgkes, which is what we obsex in alkali-metal and heavier alkaline
earthmetal complexe® Thus,due to the presence of thradjacent potential donor atontae
polymetallacyclic structa motif of the metal complexasas exploredTo enrich this cherstry
we turned our focus on synthesizing new aminophosphine ligand (containing diielcbils)
bis(diphenylphosphino)alkidryl amine and theiderivativeswhich can stabilize the complexes
via donation through hard nitrogen and phosphorus donor atdnmasase of their chalcogen

derivatives extra stabilization comes from the donation of additional soft donor atom (S,Se).

15



1.3 Results and Discussion

Thenovel N(diphenylphosphine®-picolyl amine and N,Mbis(diphenylphosphine2-picolyl amine
were synthesized by the treatment of chlorodiphenylphosphine vpito®lamine in toluene in 1:1
and 2:1 equivalents a20°C and at room temperaturespectively(aminolysis reaction)3cheme 4.

The compoun@ and3 were characterized by analyi/spectroscopic techniques.

EtsN

Et;N
X X X
| Eph2 ~_ Toluene, r.t. (j\/NH Toluene, -20°C Ej\/H
= - = + e
N *PPh, N 2+ PPhCI NT>Nppn,

(1:2) 1:1
(3) ™ ) ()

Scheme 4Synthetic route ofigand2 ad 3.

The absorption peak of-N in FT-IR spectrum in case & is present as in case of starting aniine
As expected the absorption peak at 800 isrobserved in case @fwhichindicates the formation of
new RN bond. The stretching frequency observed at 1432 aocounts for the presence ofPR
bond stretching. IAH spectraN-H proton peak is observed at 3,88m which is also present ineth
starting 2picolylamine The multiplate signals at.51-7.46 ppm is due to the proton present in 2
position ofpyridine ring ofpicolyl group The multiplate signat 7.39ppm is due to the presence of
proton in 4posiion. The other multiplate & 327.14ppm accounts for the aromatic protons attached
to phospbrus centre. The triplet at 2.8pm is observed due to GHrotons. The chemical shifalue

in 3P {1H} NMR is observed at3.35ppm. This signais considerablyshielded than that of PRY

16



(81.5 ppm) due theslectron donating property of nitrogebofiding of phosphorus and nitrogen,

delocalization ohitrogennonbondedone pair into the vacant 3d orbital of phosphorus).

In case o8 N-H peak is absent which was present and thepresere ofstretching frequencat 798
cmit accounts for the newly formedM-P bond. The absence ofil peak in*H NMR also proves
the formation of3. In case o8, in the'H spectra peaks in the regior®8.7.10ppm can be assigned
as the protons peaks of the ardim@rotons, among which thgeaks in the 8.03.89 ppm region
belongs to the aromatic protons of the picolyl group and the peaks #7.I(fipm region belongs to
the other aromatic protonghe peaks at 3.33 and 2.06 ppm corresponds to the protoN$iadndi
CHz group. In the 3*P {1H} NMR the chemical shift value is observed58.89 ppm This signal
appears in somewhat deshielding zone &#3.35ppm). This is due to the fact that the electron
donation from nitrogen is getting shared between two phosphorus @trokmore delocalization
of electronsméaking each of the phosphorus certoenparatively less rich in electron density than its

mono analogu@).

The seleniunderivative 2a of ligand 2 was prepared by oxidation of ligardwith the elemental
selenium at 6% in toluene and the borane derivatBewas synthesized by reaction of BEMe>

with ligand2 in toluene at room temperature respectivEBlgheme %.

X X X
] H 2 eq. BH;.SMe, | H 1.2 eq. of Se | H
— N. - 7 N. - 7 N._
N PPh, N PPh, N ||:|>ph2

Toluene, 65°C
+ + Toluene, r.t. u 8o
BH3 BH,
(2b) (2) (2a)

17



Scheme 5Synthetic route for selenium and borane derivativiilgahd 2.

IR stretching frequency at 7881 accounts for the4R bond stretching in selenium derivati®e of
ligand2. Another stretching at 569 ch{characteristic for P=Se stretching) indicates the formation of
new P=Se in th&a. In the'H spectra of this ligandhe peaksobservedn the region 7.75.70 ppm
represents theroton peaks of aromatic proton of pyridine moiety of the picolyl group, the peaks
observed in the region 7.5026 arises due to the aromatic protons of the phenyl group attached to
phosphorus centre, the peakss&9, 1.58 ppm can be assigned as the proton pediNfoy -CH,

group respectivelyIn the®P {IH} NMR spectra a signal &3.76ppmis observed. This chemical
shift value ismuch more deshielded than that of its parent liga@8.35ppm). This reflects the fact

that in this case the phosphorus electronsfuantber delocalizedin the phosphorus and selenium

double bond (P=Se).

The stretching frequency at 888v* accounts for the 4\ bond stretching in selenium derivatizie

of ligand 2. The characteristic absorption peaks in thelRTpectra at 604m™* and 2381cm? are
alsoobserved which can be assigned as the pedkdd®?B bond stretching anB-H bond stretching
respectivelyln theH spectra of this ligand, the peaks observethénregion 7.84.69 ppm can be
assigned as the proton peaks of aromatic proton of pyridine moiety of the picolyl group, the peaks
observed in the region 7.4811 accounts for the aromatic protons of the phenyl group attached to
phosphorus centréye tiplet at 3.09 ppm and the signal at 2.27 ppm corresponds to the protons of
NH, -CHz group and the chemical shift value at 1.21 ppm represents the protdtdzajroup. In

the3P {1H} spedra one signal isbserved at 57.68pmis observed as a doublet which indicates the
coupling between phosphorus and boron. Again this chemical shift value is observed in deshielding
zonethanthat of its parent ligan@ due to the electron donating property of phosphorus to the electron

deficient boron atom (i.e., delocalization of phosphormsbondecdelectrons in the 1B dative bond).

18



In 1B {1H} spectra of this ligand chemical shift value appeard 26 and-34.3 ppm respectively.

The presence of two peaks indicates that there is two types of boron which is actually the case. The
chemical shift value appeared as a double84 ppm. This indates that this signal arises due to

the boron centre attached with phosphorus centre, asghal is doublet due to coupling between
phosphorus and boron atom. The signall8t5 ppm corresponds to the boron centre attached with

the nitrogen of the pidine moiety of picolyl group. This signal is more deshielded than that of boron

attached to phosphorus.

The synthesis of selenium derivati8a of 3 is achieved by oxidation of ligan8l with 2.2 eq. of
elemental Se at 86 in toluene and the borane detive 3b of 3 is prepared by the reaction of ligand

3 with 3 eq. ofBHs.SMe at room temperature in toluene respectivElgheme 6.

BH;
se T
X,  PPh, X)  PPh, X)  PPh,
O\/'{L  22eq.5e ij,h\ 3eq.ofBHy [ | ¢
N PPh, - N PPh, ~ N ‘PPh
ge Toluene, 65°C Toluene, r.t l 2
BH; BH3
(3a) (3) (3b)

Scheme 6.Synthetic route for selenium and borane derivative ofNNdiphenylphosphinp2-

picolylamine.

In FT-IR spectrum oBa the absorption peak at 7847t is observed which proves the formation ef P
N-P bond and the characteigsstrong absorption peak at 5667 indicates the formation of new
P=Se bond which was nptesent in thgarent ligand. In the'H spectra of this ligand, the peaks
observed in the region 8.0095 ppm arises due to the protons of aromatic proton of pyridine moiety
of the picolylgroup, the peaks observed in the region -7.4% accounts for the aromatic protons of

19



the phenyl group attached to phosphorus centre, the triplet at 3.74 ppm and the signal at 2.35 ppm
corresponds to the protonsidfiH, -CH, group respectivelyin 3'P {1H} spectra one triplet signal

(with satellite pak) is observed at 71.99pm observed. This proves the formation of P=Se as the
satellite peak i®bserved due to the coupling betwegdrsphorus and selenium atofine chemical

shift value which appears cadsrably in the deshielding zone than its parent ligau(s6.89ppm)

indicates thdurther delocalization of phosphorus electrons in the phosphorus and selenium double
bond (P=Se). This chemical shift value is eweach more deshielded than its mono ample 2a
(53.76ppm) which is expected one as the extent of delocalization is more in thigtlvasetrogen
nontbonded lone pair electrons are getting shared by two phosphorus aedttben again the
delocalization of phosphorus own electrons in the double bond between phosphorus and selenium
(P=Se)) The solidstate structure of compourda is established by single crystatrdy diffraction

analysis.

Compound3a crystallizes in tk monoclinic space grou@fn having 6 independent molecules in
the unit cell. The FSe distance 2.094(& which is in good agreement to the reported value of
P=Se which in turn proves the presence of double bond between P angaS€&he P2N2 and
P1-N2 bond length is 1.716] A and1.719(6)espectivelywhich is slightly longer than the parent
aminophosphine ligan8 (P2-N2 bond length = 1.702(#). The C6N2 bond length is 1.497(8)

A which is slightly longer than the parent ligah@C6-N2 bond length = 1.468(%). The details

of the structurbparameters are given frable 1. The solidstate structure of complex 2 is given

in Figure 1.

20



Figure 1. ORTEP drawing of3a with thermal displacement parametetsawn at the 30%
probability level.Hydrogen atoms except (H1, Hare omitted for clarity. Setted bond lengths
(A) and bondangles (degSe2-P2 =2.1007(19) Se1P1 = 2.094(2), RN2 =1.710(6) P1:-N2 =

1.719(6) N2-C6 =1.497(8)A, P2C19 =1.834(7) P2C26 =1.785(7) P:C7 =1.807(7) P1-C13

= 1.824(7) PEN2-P2 = 127.2(3), CeN2-P2 = 117.0(5),C02-P1 = 112.4(5),NP2Se2

116.5(2), N2P1-Sel= 113.3(2),C262C19 = 105.8(3),C1P1L-C7 = 106.0(3),C26°2Se2

112.1(3), C19P2-Se2 = 112.0(2), C1B1-Sel = 114.9(3)C7-P1-Sel = 109.9(3)

In FT-IR spectrum of ligan@b the charateristic absorption peak at 6887*and 2376cm™ are
observed which can be assigned as the peakdédrB bond stretching anB-H bond stretching
respectivelyln theH spectra of this ligand, the peaks observed in the region78731ppm arises
due to the protons of aromatic proton of pyridine moiety of the picolyl group, the peaks observed
in the region 7.3%.91 accounts for the aromatic protons of the phenyl geatgched to

phosphorus centre, the triplet at 5.36 ppm and the signal at 2.70 ppm corresponds to the protons

21



of TNH, -CHz group respectively. The chemical shift value at 1.11 ppm arises due to the protons
of -BHs group In 3P {1H} spectrum of3b one signhat 73.10 ppm is observedrhis chemical

shift value shifted twards the deshielding zone comgarely to the ligand® (56.89ppm), which
account for the fact that the phosphorus-honded lone pair of electrons are donatedeoteon
deficient boron entre(further delocalization of phosphorus electrons in the phosphorus and boron
dative bong making the phosphorus centre electronically les9.rlont'B {1H} spectra of this
ligand chemical shift value appearsE.5 and-34.5ppm respectively. The presence of two kind

of boron peaks indicates that there is two types of boron which is actually the case. The chemical
shift value appeared as a doublet®3t.5ppm. This indicates that this signal arises due to the boron
centre alched with phosphorus centre. The signal is doublet because of coupling between
phosphorus and boron atom. The signalat5 ppm corresponds to the boron centre attached with
the nitrogen of the pyridine moiety of picolyl group. This signal appear®ie deshielded region

than that of boron attached to phosphorus.

The solidstate structure of compoufitl is established by single crystalray diffraction analysis.
Compoundb crystallizes in the orthorhombic space group Pbca having 12 independetiie®le

in the unit cell. The RB2 bond length i4.922(5)A and the PB3 bond distance i$.924(5)A.
Theyboth arein well agreement with the reportedlue of 2.1019(8) A for [{P#(BHs)}2CH]

which clearly indicates that the bond between phosphorus and bardatise bond. The NB1

bond length isL.599(8)A which is considerably shorter than that eBmbond distances which
indicates that the bond betweerBNs much stronger than theB?bond. This is due to the fact

that relatively more electron donating nature of nitrogen than that of phosphorus makeB the N
bond stronger than-B. Also the better matching of orbital energies which are involved in

overlapping in NB bond than that of 8 case accounts for this observed shorter length-iBh N

22



case The P2N2 and PAN2 bond lengths are.704(3)A and 1.717(3/ respectively which are in
well agreement to the value ofNP bond length in the parent ligar®d(P2N2 bond length =
1.702(3)A). Also the C6N2 bond distance i$.496(4)A which is slightly longer than the parent
ligand3 (C6-N2 bond length = 1.468(3). The details of the structural parameters of this ligand

is given inTable 1 The solidstate structure of complex 2 is giverFigure 2.

A

L.

Figure 2. DIAMOND drawing of 3b. Hydrogen atomsare omitted for clarity. Setted bond
lengths (A) and bondngles (degP2-B2 =1.922(5) P1-B3 =1.924(5) N2-B1 = 1.599(8) C6-

N2 =1.496(4) P:N2 =1.717(3) P2N2 = 1.704(3)C7-P1 =1.806(4) C25P1 =1.795(5) C13

P2 =1.794(4) C19P2 =1.806(4) P:N2-P2 =128.16(17) N2-P1-B3 = 111.1(2) N2-P2B2

119.3(2) C6N2-P1 =113.3(2) C6N2-P2 =115.2(2) C13P2B2 = 110.2(2) C19P2B2

111.1(2) C7-P1-B3 =112.9(2) C25P1-B3 = 107.73), C19-P2N2 = 102.88(15) C13P2N2 =

107.86(18)
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The N-(diphenylphosphinagrt-butyl amine bromidevas synthesized by the treatment of 1 eq. of
bromine to theN-(diphenylphosphinaégrt-butylamine (formed in theaminolysis reaction of
chlorodiphenylphosphine with-@icolylaming in toluene in 1:lequivalents a@°C) in toluene at

room temperature (Scheme 7).

Et;N H 1eq.Br, H B
%NHz +  PPh,CI - ——N-PPh, - N—PPh,

Toluene, 0°C Toluene, r.t. / Br

Scheme 7Synthetic route foligand4.

In IH NMR spectraof 4 a broad peak #&.58 ppm is observed due to the presendeéNéf proton
which was also preseirt the starting amine. The chemical shift valats.887.83 7.727.67,
7.51-7.39 ppmcan be assigned for the pamaeta, orthqrotons to the phosphorus atom of the
aromatic ings attached to the phosphoraspectively. The sharp singlet signal at 1.24 ppm arises
due to the presence of protons @Hs group.In the*C {1H} NMR the peaks at 32.03 and 27.85
ppm arises due tihe presence dértiary carbon of-C (CHs)s) andprimary carbon of CHsgroup
respectively. And the peaks¥33.82, 132.25, 131.45, 129.8@m can be assigned as the peak for
aromatic carbonsin 3P {1H} spectrum one signal at 34.58 ppm was observed which is
accompanied by 2 satellite peaks. Thisue tb the presence ofi Br groupwhich areattached to

the phosphorus atom, and they coupled with the phosphorus to give satellite peaks.

1.3.1Single-Crystal X-ray Structure Determination:
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Single crystals of compound 5a and 5b were grown from a solotid@M under inert atmosphere
at-41°C. In each case a crystal of suitable dimensions was mounted on a CryoLoop (Hampton
Research Corp.) with a layer of light mineral oil and placed in a nitrogen stream at 293 K. All
measurements were made on a Oxford Bup& X-calibur Eos CCD detector with graphite
monochr omat i c ACadistich. Grystal Batha Arl 4tructure refinement parameters are
summarized in Table 1. The structures were solved by direct methods (Si8R)efined orr?

by full-matrix leastsquares methods; using SHELXIZ*. Nonhydrogen atoms were
anisotropically refinedAll hydrogen atoms were tated in the difference Fourienap and
subsequently refined. The function minimized wBa/[(Fo2T F?)? (W= 12(F§) & (aP¥§ + bP]),
where P = (Max(F?,0) 2R / 3  ${f.2X flom dbunting statistics. The functions R1 &R

were @||R|T |F|)EIF| and Bw(Fo2T F2)YE(WF.*)]Y2, respectively. The ORTEB program was

used to draw the molecules.

Table 1 Crystallographic data f@a and3b

Crystal 3a 3b

Empirical formula C23H15N200.1PSe C23H13B3Clo.od\2P2
Formula weight 431.97g/mol 414.68g/mol

T (K) 293(2) 293(2)

a(A) 1.54184 1.54184

Crystal system Monoclinic Orthorhombic
Space group P 2/n Pbca

a(A) 9.7110(2) 20.6326(7)

b (A) 17.4530(3) 15.4062(8)
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c(A) 17.5618(4) 20.7287(8)
Uo 90 90.00

b ) 100.015(2) 90.00

20 90 90.00

V (A3 2931.13(10) 6589.03(50)
z 6 12

Dcacg cn® 1.46823 1.254

e (hm 3.450 1.972

F (000) 1304.0 2537.0

Theta rangdor data
collection

7.2'10 142.34°

8.34 to 141.96°

Limiting indices

11 O 81009 k20

Ol 0O 21

24 O HL50 Ol X4

Ol O 25

Reflections collected
/ unique

8846/ 493dR(int) = 0.0194]

17337/ 6267R(int) = 0.0518]

Completenesw theta 98.07% 98.55%
=71.25
Refinement method Full - matrix Full T matrix

leastsquares on¥

leastsquares on¥

Data / restraints / 4939/0/325 6262/0/397
parameters
Goodnesf-fit on P 2.013 1.006

Final R indices
[I>2sigma(l)]

R1=0.0786, wR=0.2674

R1=0.0831, wR=0.2346

R indices (all data)

R1=0.0884, wR=0.2776

R1=0.1238, wR=0.2939

Largest diff. peak and
Hole @ A®)

3.76£0.99

0.28£0.49
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1.4 Experimental

General Information

All manipulaions of airsensitive materialwereperformed with the rigorous exclusion of oxygen
and mosture inflamedried Schlenkype glassware either on a dumhnifold Schlenkline
interfaced with a higlvacuum (10* Torr) line or in an argonffed M. Braun glovebox. THF was
predied over Na wire ad distilledunder nitrogen from sodium anétzophenone ketyl prior to
use.Hydrocarbon solvents (toluene ang@ntane) were distilled undeitrogen from LiAlH: and
stored in the gloveboxH (400 MHz),*3C {1H} (100 MHz), *'B {1H} (128.4 MHz), and®*P {1 H}
NMR (161.9 MHz) spectra were recorded on a Bruker AVANCEIO0 spectrometer. A Bruker
ALPHA FT-IR instrument was used for tHeT-IR measurements. Elemental arsals were
performed on a BrukdEURO EA instrument at thindian Institute of Technologidyderabad.
The phosphinemine [PBPNH(picolyl)] compounds were prepad according to the literature
proceduregdBH3-SMe2] elemental sulfur and seleniumere purchasefiftom Sigma Aldrich and
used without further purificatiolNMR solvents CDG and GDs were purchaseffom Sigma

Aldrich and dried by either molecular sieves (CE)@r aNa/K alloy (GDe) prior to use.

1.4.1 Preparation of1, 1-diphenyl-N-(pyridin -2-ylmethyl)phosphinamine (2):

In a dry Schlenk tub@.388gof chlorodiphenylphosphinel(.82 mmaol was added dropwis® a

solution of 1.17 gof 2-picolylamine (10.82 mmol) andl.0952gof triethylamine(10.82 mma) in
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toluene (® mL) at roomtemperature20°C under argon atmosphere. The whole mixture was then
stirred for another10 h. The seht was removed under reduced pressure. The solid was washed with
hexaneo get a white solidYield: 2.23 g, 71%*H NMR (400 MHz,CDCls) U (ppm) 7.51-7.46(m,

4H, ArH of Picolyl group), 7.327.14(m, 10H, ArH), 3.34 (s,1H, -NH), 2.30(d, 2H, -CH>). 3P {1H}

NMR (161.9 MHz,CDCls) Ui (ppm): 43.35 Selected FAIR peak (cm): 800(RN), 1432(RPh).

1.4.2 Preparation of P, P-diphenyl-N-(pyridin -2-ylmethyl)phosphinoselenoic amid€2a):

In a dry Schlenk tub®.123 gof ligand 2(0.420 mmo) and elemental 0.033gf elementalSe
(0.420 mma) were stirred in toluene Q(ImL) for 6 hat 55C. The reaction mixture wéstered.
The filtrate wasoncentrated undeeduced pressure anehexane (3nL) was addedo washand
to yield it as apale white solid.Yield: 0.091g,58% H NMR (400 MHz,CDCl) t (ppm) 7.75
7.70 (m, 4H, ArH of Picolyl), 7.507.49 (m, 4H, o to P,ArH), 7.467.44(m, 4H, m to P,ArH),
7.26(m, 2H, pto P,ArH), 5.29(s, 2H, - CHy). 31P{1H} NMR (161.9 MHz,CDCl) ti (ppm):53.76

Selected FIIR peaks (cri): 794 (RN), 1456(RPh), 1635(C=C).

1.4.3 Preparation of 1, 1-diphenyl-N-(pyridin -2-ylmethyl)phosphinamine-borane (2b):

In adry Schlenkube0.123g of ligand 2 (0.420 mmol) and 0.063&f BH3.SMe (0.840mmol)
were stirred inoluene (20 mL) for 6 At room temperaturd& he reaction mixture was concentrated
to ca. under reduced pressure adterane (20 mL) was added wash the solid. Then it was

recrystallized from hot toluene to give a ppédlow crystalline solidYield: 1.2 g, 78%H NMR
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(400 MHz,CDCl) U (ppm) 7.84-7.81(m, 1H, ArH of 2¥ positionto N of Picolyl), 7.79(m, 2H, ArH
of 39 positionto Nof Picolyl group), 7.69 (m 1H, ArH of 4" positionto N of Picolyl grouy), 7.48
7.11(m, 10H, ArH), 3.09(s, 1H,-NH), 2.27d, 2H,-CHy), 1.21 (s, 6H-BH3); 3P {1H} NMR
(161.9 MHz,CDCl) U (ppm):57.66 B {1H} (128.4 MHz, CDQ) U (ppm) -13.5 (B attached to N),

-34.5 (B attached to PRelected FIR peaks (cri): 839 (RN), 1436 (PPh), 1619 (aromatic C=C).

1.44 Preparation of N-(diphenylphosphino)}1, 1-diphenyl-N-(pyridin -2-

ylmethyl)phosphinamine (3):

In adry Schlenk tube&.388 gof chlorodiphenylphosphin€l0.82 mmol) was added slowly to a
solution 0f0.585 gof 2-picolylamine (5.41 mmol) antl.0952gof triethylamine(10.82 mma) in
toluene(20 mL) at room temperature. The resulting white suspension was stirred for 8 h, and the
solvent was removed under reduced pressure. The solid was washed with hexane to yield it as a
white solid (yield: 2.0512g, 80%;.m: 160 162°C). *H NMR (400 MHz,CDCls) ti (ppm):8.03

7.89(m, 4H, ArH of Picolyl), 7.727.10(m, 20H, AH), 3.33 (s, H, -NH), 2.06(d, 2H,-CH>). :3C

{1H} NMR (100 MHz,CDCl) & (ppm): (Gam: 159.8; 148.6; 139.2135.7; 132.8; 128.8; 128.1;
121.5), (Gnz: 57.9).3'P{1H} NMR (161.9 MHz,CDCl) U (ppm):56.89 Selected IR, m (cH:

799Pi Ni P), 1427(PPh).

1.45 Preparation of N-(diphenylphosphoroselenoyP, P-diphenyl-N-(pyridin -2-

ylmethyl)phosphinoselenoic amid€3a):
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In adry Schlenk tub&.20 gof ligand4 (0.420 mmol) and elemental 0.0660f elementalSe
(0.840 mmol) were stirred in tolueri® mL) for 6 hat 65°C. The precipiate was filteredThe
reaction mixture was concentrated under reduced pressurenaxdme $ mL) was addetb wash
the white solidand then it was recrystallized from dichloromethamgield itas a whitecrystal
Yield: 0.1702g, 63%; m.g283-285°C."H NMR (400 MHz,CDCL) {i (ppm): 8.00-7.95 (m, 4H,
ArH of Picolyl), 7.49-7.26 (m, 20 H, Ar H); 3.74 (t, LHNH), 2.35(s, 2H, CH); 31P{1H} NMR

(161.9 MHz,CDCl) ii (ppm): 71.95Selected IR peaken?): 794 (R Ni P), 559(P=Se).

1.46 Preparation of N-(diphenylphosphino)}1, 1-diphenyl-N-(pyridin -2-

ylmethyl)phosphinamine-borane (3b):

In adry Schlenktube0.20g of ligand 4(0.420 mmol) and 0.095721f BH3.SMe> (1.26 mmol)
were stirred in toluene (20 mL) for Ghroom temperaturdhe reaction mixture was concentrated
to ca. under reduced pressure arterane (20 mL) was added wash the solid. Then it was
recrystallized from hot toluene to pajellow crystalline solidYield-2.2089g, 78.83%'H NMR
(400 MHz, CDC$) U (ppm):8.31(m, 1H, ArH of 2"¢ positionto N of Picolyl), 7.98 (m2H, ArH

of 39 positionto N of Picolyl), 7.73(m, 1H, ArH of 4" positionto N of Picolyl), 7.396.91 (m,
20H, ArH), 5.36(t, 1H,-NH) 2.70(s, 2H -CHy), 1.11 (s,9H;BH3). 3'P{1H} (161.9 MHz, CDG)

U (ppm) 73.10 ppm. B {1H} (128.4 MHz, CDGJ) i (ppm) -13.5 (B attached to N)35.9 (B

attached to PET-IR Selected peafcm): 604 (RB), 2376(BH), 1433(RPh).

1.4.7 Preparation of 1, 1-dibromo-N-(tert-butyl)-1, 1-diphenyl phosphoranamine(4):
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In a dry Schlenk tube 4.1985 g of PICI (19.03 mmol) was added slowly to a solution of 1.392 g of
tert-butyl amine (19.03 mmpland 1.89256 g of triethylamine (19.03 mmol) in Toluene (20 mL) at
room temperature under argon atmosphere. The resulting white suspension was stirred for 8 h, then
filtered. To the filtrate hexane was washed and the all volatiles were removed unded necissure

to result a white solid. To a solution of this white solid in 10 ml of toluene, 1.5205 g of bromine (19.03
mmol) was added. The whole mixture was then stirred for anotherl10 h. The solvent was removed
under reduced pressure. The solid was washild hexane and kept for recrystallization in
methanol.Yield:6.9g, 8794H NMR (400MHz, CDC¥) U (ppm) = 7.697.49 (m, H, p to P, AH),
7.447.40(m, 2H, m to P, Arl), 7.367.18(m, 2H, o to P, Ar), 1.24(s, 9H)13C {1H} NMR (100

MHz, CDCE) U (ppm): 133.82(ipso to P), 132.25(o to P), 131.45(m to P), 129.87®), 32.03

Cichzy), 27.85 (CH) 3P {1H} (161.9 MHz, CDCE) Ui (ppm) = 34.59 ppm.
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1.5 Conclusion

In conclusion we haveuccessfullyreported the facile, straight forward synthesis of novel
mono(diphenylphosphino)picolyl amine and bis(diphenylphosphino)picolyl arante their
selenium and borane derivatives. In addition we also successfully synthesized
mono(diphenylphosphint@rtbutyl amine bromide. The compounds are characterized by NMR,

FT-IR spectroscopic analysis and by the Single CrystRlay Analysis.
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