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Abstract R eaction of cmplexN i S;P(OCH,CH,PH), ], with n itrogen base donor 1, 10-phenanthroline
( phen) was carried out in petroleun ether and acetone solutbn to ge green nitrogen base adduct 1, 10
phenanthroline bis (0, 0'-di( 2-phenylethyl) dithiophosphato) nickel( II), Ni S,P(OCH,CH,Ph),], phen
The adduct was characterized by elemental analysgs UV — visible and R spectia them al analysis and sin-
gle-ciystal X-ray diffraction The crystal belongs to the monocln systan, space groupP 2, /cwiha = 1
0987(9) mm, b= 2 1432(9) mm, c¢= 1 9025(5) nm, B= 98 68(1)° V=4 429(4) m’, Z= 4 D¢
= 1 370Mg/m’, F(000) = 1904 V= Q 743mm™ ', the fnalR = Q 057 andwR = Q 1492 Hr 3498 ob-
sewved refkctons (I (20(1)). TheNi( II) aton adopts a distorted octahedral geam etry w ith four sulfur at-
ans fom wo O, 0’-di( 2-phenylethyl) dithiophosphate ligands and t o nitrogen atans fran a phen ligand
The N tS distances rang fran Q 2474( 2) to Q 2505(17) mm, and the N iIN distances areQ 2081(4) and Q
2090 (5) m. The overall structure of adduct consists of 1D dhan-pair and 1D double-stranded helical
drain which fomed fran ntemoleailar -0 stacking C-H ...O and CH ...S hydwgen-bond ng nteractions
They are farther extended to 3D supmamolecular nework via C-H...O hydrogen-bonding nteractons
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Interest in the chem istty of m etal can plexes of0, O’ -
da kyldithiophosph ates continues to grw due to extensively
enpbyed as antioxdant and antwear additves in wmbber
and lubricating oild ™. The camplexes exhibit ren akable
varety n their coodinatbn geam etries mono; br, tetras
or polynuclear and the O, 0" -dialkyldithbphosphate lig-
ands act asmonodentatng chelatng or bridging ligands n
these C(mplexeé}g]. Furthemore the structures of theO,
0’ -dialkyldithiophosphates and the categories of the m etal
can bemodulated in an easily controlled manner to fac ilitate
the ndividual application The coordnation systan ofn ick el
(1I) is stongly dom inated by mononuclearity w ih 0, 0’ -di-
aky Hih bphosphates ligands witdh is much different fran

1 2010-12-15

that of the readily-chister-bm ng metals cooper( I), znc
(1) and siber( T)'".
d nate nickel( IT) canplexes can be stab ilized by the fom a-

And these square planar fourcoor

ton of fiveand sx-wominate adducts with neutral donor

lgands especially nitogen bases e g ehylenedian ne
(en), pyridine (py), quinolne 2 2-bpyridine ( bipy)
and 1, 10-phenanthrolne (phen). Thesen itrogen bases are
usually added to lubricating oils when he metal canp le-
xes of 0, 0" -d akyldithiophosphates serve as antixidant
add itives of lubricating oild”"”, husmanym etal adducts
of0, 0" -dialkyld ithiophosphates and nitrogen bases have
been synthesized during the last wo decade, but the al-

kyl groups of0, O -diakyHd ith iophosphates n these ad-
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such asMe¢ Et n-Py i-Py n-

[916]

ducts are very sinple

Bu and cycbhexthyl ect However onl several mo-
lecular and crystal stuctures of nitrogen bases adducts of
nickel( I1) canplexes with aryl dithiophosphates have been
reported where aryls are PhCH,CH,- """ andp -M eC.H,
— 9 5 further suudes on the nfliences of ammatic
moiety to the coord nate behavior of nickel( I) are stillnec-
essary Here we report the synthesis characterization and
crystal strucuire of 1 10-phenanthw Iine adduct of bis (0, O’
-di( 2-phenylethyl) dih bphosphato) nickel ( 1), Ni[ S,P

(OCH,CH,Ph), ], * phen

1 Expermental

1.1 Reagents and PhysicalM easurem ents

M eltng pontwas detem ined on a W C-1 m elting point
apparatus w ithout correction E lem ental analyses for caibon
hydrogen nitogen and sulfirw ere carried out on a Carlo-
Erba 1106 elemental analyzer The nfrared spectrun was
taken on aN icoletMX -1 spectmm eter by using KBr pellets
The U ltravioletvisb le spectroscopy n CHC] soluton w as
obtaned with a Jasco V-570 spectophotom eter The them al
analysisw as carred out w ith a Netzsch STA 409PC/PG n
dry amosphere at a heating rate of 10C * m ' fran 35C
to 700C. Single ciystal X -ray diffractbn analysis was car
ried out on an EnrafNonius CAD 4 X- my d iffractameter

A1l the chan icals were of analytical reagent grade and
used directly without further purification The con pound
(PhCH,(H,0),PSNH,Et'" and he canplex Ni[ S,P
(OCH,CH,PH), 1, ™ was prepared accord ng to the litera-
ture methods
1.2 Synthesis

A soluton of @ 198g ( lmmol) 1 10-phenanthroline
(phen) n 10nL petroleum ether ( 90— 120C) was added
dropwise to a hot solition of Ni[ S,P ( OCH,CH,Ph), ],
(0.356g Q Smmol) n 25mL petwlem ether ( 90 -
120C) ad 25ml. acetone under stirng The soliton was
stirred at40C Hr 30 m . the green gelatinous precipitate
was filrated out and purified by colunn chramatography on
V ( petroleum ether) = 20 1 ).

The bright green solution w as left to stand at roam tem per-

silica gel G ( 'V ( acetone) :

ature after wo weeks pale green prismatic crystals N i
[ SP(OCH,CH,Ph),],* phen (1) suitable for X-ray
analysis were obtained. Yield 45%, m. p, 150 -
152°C. Anal caled for C, H, N,O0,P,SNi C
57.85 H 4.85 N 3.07, S 14.04 Found (% ): C
57.95 H 5.02 N 3.13 S 14.35 UV-vis(CHCL)
Aa: 382 414 661, 1122mm; IRV, /an” ' (KBr):

m ax

Bis( 0, O’ — di( 2- phenylethyl) d ih bphosphato) N icke l( IT) 87
3027w, 2953w, 2885w, 1626 m, 1604m, 1496 s
1453 m, 1422 5 1378 m, 1341w, 1086 m, 1057 s

10285 996 vs 870 s 850 s 795 s 727 s 701 g
670 s 6565 601 5 495 s
1. 3 Crystallographic M easuren ents and Structure
Detemn ination

A pale green prismatic crystal of adduct 1 with dr
mensbns of 0. 35mm X 0. 20mm X 0. 15mm wasm ounted
on EnrafNonus CAD4 diffractam eter equ pped with a
graph iten onochram aticed Mo Ka
0.071073 nm) usig the® /20 scanmode at 290( 2) K.
A total of 8025 reflections w ere measured n the range of
1.44 < 0 < 25.01° ofwhich 7178 were ndependent
wihR ,, = 0.0021 and 3498 were observed with I >
20(1). The structure was solved by directm ethods using
progran SHELXS-97'?! and refned by fullmatrix least

squares w ith an isotrop ic them al param eters for the non-

rad iation ( A =

hydrogen atan's on F usng progran SHELXL-97'*,
spherical absorption correction w as carried out by progran
W INGX (Version 1. 70. 01)'*!,
placed in the geon etrically dealized positions w ith CH =
0.093nm (ammatic), 0.099 m (methylene) and refined as
rdingwithU _, (H) = 0.00110nm’ ( arylH) and 0. 00129nm’
(methyleneH).

Table 1 Crystal data and structure
refinen en t of adduct 1

A 1l hydrogen atam swere

Em pirical fomula CyHyN,NOLP, S,
Fomuk weight 913. 70

Ten perature K 290( 2)

V ohm e/mm3 4.429( 4)

Cystal systan M onoclinic

Space group P2 /

a /mm 1. 0987(9)

b /nm 2. 1432(9)

¢ /nm 1. 9025(5)

B/(°) 98. 68( 4)

A 4

Pt /(8" m™?) 1. 370

U mm™! 0. 743

F(000) 1 904

Cystal size 0. 35mm X 0. 20mm % 0. 1Smm
hooTh o -13/12

N . 0725

Loi 11 e 0/22

Reflections collecied 8025

Independent refletion s 7178( R ,,,= 0. 0021)
Data /restrain ts/ param eters 7178/2/516

G oodnessof fit on F 1. 067

M ax andm in transm ission 0. 8968 0.7811

Refinem entm ethod
R,wR,[I> 20(1)]

R, wR, (alldata)

Largest diff peak and hole /e rm =3

Fultkmatrix kast squares onF 2
0. 0577 0.1282

0. 01492 0 1581

859/- 478

a= 0.0619 b = 0. 0000

w= 1/[02(F %)+ (aP)*+bP] P=(F*+ ¥2)/3
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Table 2 Selected bond lengths (nm) and
bond angles (°) of adduct1

Ni( 1) -N(1) 0. 2090( 5) S(2)-P(1) 01972(3)
Ni( 1) N (2) 0. 2081(4) S(3)P(2) 0 1975( 2)
Ni( 1) -§( 1) 0. 2474( 2) S(4)-P(2) 01978(2)
Ni( 1) - 2) 0.24839(18)  N(1)-C(1) 01337(7)
Ni( 1) -S( 3) 0.25065(17)  N(1)-C(12) 0 1351(7)
Ni( 1) -S( 4) 0.24970(18)  N(2)-C( 10) 01332(6)
S(1)-P(1) 0. 1974( 2) N(2-C(11) 0 1365(6)
N(D-Ni(1)-N(2) 79 69(16) S(1)-N{ 1)-S(4)  90.95(5)

N(D-Ni(1)-8(1)  170. 23( 12) P(2)-S(3)-N{1)  82.52(7)

N(2)-Ni(1)-8(2)  9509(11) P(2)-S(4)-N{1)  82.70(7)

N(2)-Ni(1)8(3)  167.39( 12) N(2-Ni1)-S(4)  97.30( 12)
N(2)-Ni(1)-8(4) 90 19(11) N(2)-Ni{ 1)-S(1) 95 12(12)
P(1)-S(1)-Ni(1)  8449(7) S(2)-N{ 1)-S(3)  94.54(6)

P(1)-S(2-Ni(1)  8427(8) S(2) -Ni( 1)-S(4) 170. 94( 5)
N(D)-Ni(1)-8(2) 90 89(12) S(3)-N{ 1)-S(4)  81.36(5)

N(D-Ni(1)=8(3) 92 06(12) S(2)-P(1)-S( 1) 109. 81( 10)
S(-Ni 1)-S(2)  8127(5) S(3) -P(2) -S(4) 111. 21 10)
S(I)-N{ 1)-S(3) 94 36(6)

2 Results and D iscussion

2.1 Crystal Structure

S ngle-ciystal X-ray diffractbn analysis reveals that the
nitrogen base adduct 1 crystallizes n hemonoclni; space
groupP 2, /¢ The ORTEP view of 1 drawn at 30% probab il-
ity disphcem ent ellpsoids and the packing dagran in a unit
are shovn nFig 1, Fig 2 Fig 3 and Fig 4 respectively
The ciystal data and stucture refnenent for adduct 1 are
given n Table . The selected bond lengths and angles of
adduct 1 are gven n Table 2 The hydrogen bond lengths
and angles of adduct 1 are given nTable 3

The space group P2, /c albw s he wo expected optical i-
samers to be present in the cystal lattice Ni( I) ion adopts
a distorted octahedral geanetry w th four sulfir atams fiom
wo0, O -di( 2-phenylethyl) dithiophosphate ligands and two
nitrogen aton s of phen ligand In adduct L the square phnar
struciure of N i S,P(OCH,(H,Ph), ],'? has readily accan-
modated the bidentate phen ligand with o nitogen atoms
occupyng cis-positions while mantaining the mntegrity of
the o bilentate O, O'-di( 2-pheny lethyl) dih bpho sphate

lgands Sinihr cooddnaton geametly & seen i som e six-co-

ordinate analogues camplex or alduct Ni [ S,P
(O, CH,Ph), |, * b'pylm, Ni[ SP(OGH,Mep |,
by, and NiS,P(OCHMep ],* phed ™.

In adduct 1, theNi— S distances range fium 0. 2474
(2) to 0.25065(17
sk-coordnate anabgues Ni[ S,P(OCH,CH,Ph),],* bi
py7h (0.248 (5) 1o 0.2513 (5) Ni[ SP
(OCHMep 1, bipy"™ (0.24757(7) 10 0.2509 ( 6)
m), Ni[SP(OCHMep ], phe™ (0.2486(1) to

) nm, which are in he range of other

nm ),

Figure 1 Perspective view ofadduct1 show ing 30%

probabiliy hemal ellpsoids

0.2532(1) m) and Ni[ SP(OMe),] * phen'™ (0. 247
(1) ©0.252( 1) nm). And theN i-S d stances in adduct1
aremuch longer than those n the square planar Hurcoordi-
nate Ni[ S,P (OCH,(H,Ph), ], (0.22202 ( 11) ad
0.22228(13) nm)'®', resulting fran the change of coordi-
naton-gean etry and the ncrease n steric hindrance The
NiN distances are fairly similar n adduct 1 ( 0.2081( 3)
and 0. 2090(5) mm ) which is also n good agreem ent w ith
the bond lenghs found in these sk-wodinate Ni[ S,P
(OMe),] = phen'™ (0.208(1) to 0.209(1) m), Ni
[S,P(OCH,CH,Ph), ],* bipy"™ (0.2072( 13) to 0.2086
(13) m), Ni[S,P(OCHMeo],* bpy” (0.20600
(1) t00.2079( 1) nm), Ni[ SP(OCHMep |, *
phen'*? (0. 2082(3) to 0.2086( 3) m). The average dis
tances of the four P— S bonds (0. 1975(2) m) n adduct
1 is shorter than that n Ni[ S,P (OCH,CH,Ph), ],'*
(0.19889( 15)
ic hindrance has no sgnificant nfluence on the partal doub-
le bond character of these P— S bonds A Il otherbond dis-
tan ces are nom al

The NINiN2 SINi-S2 and S3-N iS4 bite angles n
adduct 1 ar s ilar to the valies found previusly in the six-
coordinate adducts Ni[ S,P (OCH,CH,Ph), ], * bipy ",
Ni[S,P (OCH,Me-o],* bipy'"™, Ni[S,P (OCHM ep],
« phen!™, and Ni[S,P(OMe),] = phen!', which are
79. 69(16), 81.27(5) and 81.36(5)°, respectivel. The
anall bite angks of he phen andO, O’-di( 2-pheny kthyl)
dithiophosphate lgands result n very acute bond angks for

nm ), which shows that the ncrease n ster

an octahedral geametry ThE distortbn is also reflected n
the bond angles beween the #rans lgands The S2-N rS4
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bond angle is 170. 94( 5) ° campared to 170. 23( 12) and
167. 39(12) ° for the NI-N rS1 and N2-N rS3 bond angles
The deviated of these angles frum i ealized octahedral gean -
etry is also duo to the fact that wwo fourmenber chelating
rings occur for the chehting0, O'-di( 2-pheny lethyl) dithio-
phosphates while phen foms fvemember chelating ring
Thereforg snall bite angles for phen and0, 0'-di( 2-pheny-
lethyl) dih bphosphate lgands as well as burand five-
manber chelatng rings lead to a very distorted octahedon
br adduct 1

The phen lgand and the nickel atan of adduct 1 lie
approxinately n one phne Atan C2 shows a maxmum
deviation of 0. 0075 nm fran the least-squares chelating
plane The atan P1 has amaxmum devatbn of0. 0013
nm fran the leastsquares dhelating plane defined by at
onsNj SI, Pl and S2. The largest deviatbn fran the
least-squares chelatng plane of Nj S3 P2 and S4 is
0.0128 mn for P2 much lager than that of P1
(0.00013 nm).

Interestingly, weak T-T stack ng and hydrogen bond
nteractions are found n the ciystal structure There exist
weak ntemolecular C3-H ... S1' hydrogen-bond ng nter
actons [ synmetry code (i): -1+ x, % z] between
molecules having the sam e configuration w ith distance of
0.3761(7) nm, which is shorter han that n canp lex
[Mn(NCS),(Em),] (0.3856nm, where Em & 1-
ethylimdazole) "', The C3H ... SI' hydrogen-bonding
nteractions link themolecules nio a 1D chan along thea
-axis as showed n Fiz 2. And interchain face-to-face
T-T stacking interactbns occur betw een aram atic rings of
phen ligands n the adjacent 1D chans C4~ C7/C11~
CI12 and C4" ~ C7" / C11" ~ C12"[ symmetry code
(i) 1x % z], with dhedral angles of 0. 00° and in-
terplanar distance of 0. 3604 (2) nm,
troid distance of 0. 3652 (4) mm, and slppage distance
0of 0.0594 (3) nm. The interplanar distance is shorter
than that i con plex Cu( phth), (H,0)"* (0.3647m) and
[Co( p -CIC,H,CO, ), ( phen) (H,0), 1" (0.3684nm ),
meawhile the centroid separation is shorter han that of
[Zn(H,0) ] (HL)"™ (0. 3672 nm, H,L is 1-( 4-hydroxyl-
pheny 1) -5-thioacetatetetrazol). Thus a ID chan-pair struc-

centro - to-cen-

ture unit abng the a -axis is assembled through the mnter
chain TT-T stacking nteractions and weak nterchan CO9-H
... 04" hydrogen-bonding nteractions [ symmetyy code
(1):, 2-%. 7, 7, with distance 0f0.3415(7) nm | (K&

2). An interesting feature of the 1D dhan-pair resides n
that all molecules constructng a 1D chain have the same
configuratbn and molecules n the adjacent different 1D
chain have the apposite configumtion

Table 3 Hydrogen bonds length (im) and
bonds angle (°) for adduct1

_ Z
D—H--A d(D/an) N I—fnmA) « D/nmA) ;(DI;I;A)
EERCE 0.093  0.2868 03761(7) 162.74(3)
COH...04 ii 0.093  0.2481 03415(7) 177.56(2)
C34-H... $2V 0.093  0.2958 03476(6) 143.47(3)
C30-H304...02°  0.097  0.2593 0 3469(8) 152.23(6)

*  Symmetry transfomations used to generate the equivalent atm's i
Sl x oy oz i 2-% -y -z ivd lox - 124y 1/2-z; &
2w — 1R+y, 12—z

Themost strking stuctumal feature of adduct 1 is that it
bms 1D helral han structure through potentially weak n-
temolecular C34H ... S2" hydwgen-bond ng mteractions
[ ssmmety code (iv): 1-x — 124y 1/2-z with dis
tance of 0.3476(6) nm] (Fg 3(A))'>™. Obviousk
the hydrogen bonds undoubtedly steer the rotatbn directn of
the helx The adduct1 is unifom ly spaced colunn abng the
b-axis The nearest Ni...N i distance w ithin the colunns is
2.1432m, and the repeating period n the helical chain is -
dentical wih the fomer I addition unlke themost doub-

lehelical complexes ™7,

duct 1 one exhbitng lefirhandedness and the other right
handedness are not entangled together but hydrogen bond ng

the adpcent helical chans n ad-

which are alternatvely offered by wo helical chans to gener
ate a 1D double-stianded helical chan as showed n Fi 3
(A). To illustrate h & clearly the lefi-and right-handed hel-
ical chans are represented respectively n Fg 3(B), 3
(C). Because lefrhanded and righthanded helical chamns
coex Bt in the ciystal stmcture  the whole crystal ismesan er-
ic and does not exhb it ch mality ™.

Furthemore the another inter-chan C30-H30A...02
hydrogen-bonding interactbns [ synm etry code ( v): 2-1x,
- 12+y 1/2- z with dstance of 0.3469( 8) nm| Ink
the 1D chan-pair and the double-strand ed helical chain nto
a 3D supramolecu hr newoik
2.2 IR andUV-vis Spectra Studies

The IR spectim of the nitrogen base adduct 1 shows wo
strong ntensity bands present at 1057 and 996 an” are ass gned
to V[ (P)-0-C) | stretching vbmtims while a strong band at
868 an’' is assigned to V| P-O-(C) | stretiching vbratbn Two
strong bands due to PS, asynmetrc and synmetric stretching
vbratbns n the adduct are observed at 670 and 601 an’’,
respectively | ' The weak band at 3027 an’ may be
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Figure 2 1D chain-pair strucure consist from T-T stacking C3-H...S1' interactons and C9-H... 04"
interactons (A), dotted lne indicating he hydrogen bonds (B) with party of pheny ethyl groups am ited for clear

*;3? # s,
&£
-
A,

¥ &Q)‘v A

» >

1)_‘0 }

Figure3 (A) 1D doubk- stranded helical chain fom ed
by C34-H... S2" hydrogen-bondhg intractions
(B) lefthanded and (C) right handed ( phen lgands
and party of pheny ethy | groups am ited for clariy)

o Y A

5
,

Pyl

p W

*

assigned to the unsaturated C-H bond stretching vibrations
of the phenyl group and 1, 10-phenanthroline lgand The
bands at 1604 1494, 1453 and 1422 cm_lmay be at
trbuted to the skeleton vibrations of the phenyl group and
1, 10-phenanthroline ligand but the bond at 1626 an’'
duo to V(C= N) stretch ng vibration of phen ligand' "',
The UV-vis spectum of the adduct1 nCHCL & shown
in Fig 4 The adduct shows an absorption bond at 268 nm
that can be attrbuted to ligand absorpton band and /or lig-
and-tom etal chage transfer band (IMCT). As expected
br high-sp n octahedral Ni( II) camplex spin allwed d+d
bands are obsewed at 661 and 1122 i that are assigned to
the3A2g_> 3Tlg(F) and BAZE_> 3T2g (F) transition respec-
tvely A weak band at 900 nm is duo to the spin-forbidden
SAZg_) 3E]g transiton The bands at 382 and 414 nm are at-
trbuted to the third d-d (*A,,” °T,,(P)) ford" octahedral

19, 9]

-3

Ni( II) complex '
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Figure 4 Ultravioletvisbk spectroscopy of adduct 1

2.3 Them al Analysis

Fig 5 indicates the TG-DSC cuwes at am osphere fran
35C 10 700C. The adduct 1 has a shap endothem ic peak
and has no weght bss at 152. 3°C, which is atirbuted to
heatasob ng of adduct 1 meltng The adduct 1 begin to
bss at 179.0- 279. 0C correspond ng to two 2-phenylethyl
oxyl goups (‘anal 25.46%, cale 26.52% ), whid isas
signed to the second weak broad endothemic peak at
206. 7C. Then thewekht bss of 18.22% for the adduct 1
at297. 0— 422.0C correspondng to 1, 10-phenanthroline
lgand (cale 17.09% ), which is assigned to he first exo-
them ic peak at 379. 4C and the third endohem ic peak at
387.9C. And last the continuousw eight loss for adduct 1
is obsewed above 422. 0C corresponding to removing the
resilual owanic ligands contiuously and there isn't themo-

effect any more at DSC curve

1104 )

1004
904

804

DSC/(mV/mg)

TG /%

704“
mj
50

40}

IEN) 200 300 400 500 62)() 700

Temp./C
Figure 5 TG-DSC curves of adduct 1

3 Conchlisions

A nitrogen base adduct I 10-phenanthroline bis (0, O’
-di( 2-phenylethyl) d ithbphosphato) nickel ( II), Ni[ S,P
(OCH,CH,Ph), ], * phen(I ) has been synthesized X-
ray ciystallography show s that adduct 1 consist of 1D dhan-
pair and 1D _double-stranded helical drain which fom el

fron T-T stacking of phen ligands and hydwgen-bond ng in-
teractions of C-H ...S and C-H...O. they are further extend-
ed to 3D supranolecular newwok by CH ... S hydwgen-

bonding nteractions

Nok:

Crystallographic dat excluding stucture factors for the stucuiral
analysis has been deposited w ih he Cambridge Crystllograph & D ata
Center as supp km entary pub licaton Na 774426 for adduct 1 Cop-
ies of the data can be obtaned free of charge va http //
www. cede cam. ac uk/deposit himl ( or from The D irec-
toy CCDC, 12 Unbn Road Cambridge CB2 1EZ UK by
Fax 0044- 1223- 336— 033 orEmail deposi@ cade can.

ac uk).
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