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SYNTH. REACT. INORG. MET.-ORG. CHEM., 26(5), 723-733 (1996) 

SYNTHESIS AND CHARACTERlZATION OF COPPER(1) AND 

SILVER(1) COMPLEXES CONTAINING THIOAMTDE LIGANDS 

De-liany Long", Dong-siang Zenp", Xin-quai1 Xin"  *, >;loo-ytng Hu;ingb and Hei-sheng Kanpb 

ABSTRACT 

Mononuclear complexes of the t!ve (PhJ')?MLX. d i e re  M = Cu, Ag; X = CI, Br; L 
= dithiooxaniide, thiourea. aminothiourea, have been s!.ntlicsized and characterized by 
elemental analyses and IR spectra. The X-ray crystallographic structure determination of 

(Pli3P)2Cu(C2~N?S?)Br is reported. Dithioosaniide acts as a nionodentate ligand through 

one S atom coordinated to Cu. The coordination of the Cu atom IS a distorted tetrahedron 
with a Cu-Br distance of 2.482(3) and CLI-S distance of 2.356(i)  A 

INTRODUCTION 

Recent studies on copper(1) and stlver(1) complcucs and clusters i n  our laboraton 

demonstrated that sonie substances containing pol! dcntates such as hqO,,S,.;- (M = Mo. 
W) ediibit strong nonlinear optical properties. Examplcs arc h4S;OCu2(PPh;)l (h4 = Mo. 
W) I and M O ~ S I A ~ ( P P I ~ , ) ~ ~ .  I n  attenipts to imitate tlic pol!~dentate M0,S4.,'- ( h l  = Mo. 
W) with dithiooxaniide andor synthesize thioamide containing Cu(Ag)-Mow)-S clnsters 
\re obtained thioamide conipleses of the type (PIi;P)?MLX. \vIiere M Cu. AS. L = 

thioaniide; X = CI, Br. In this paper wc would likc to report their syntlicsis and 

723 
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724 LONG ET AL. 

characterization as well as the result of the X-ray crystal stnicturc deterininntion of 
(Ph3P)2Cu(Cz&N2S2)Br 

RESULTS AND DISCUSSION 

Svnilieses and Rencrron of ihc I'nriiplexc 7 

(PIi,P)~CIi(C2HINIS2)Br ( I ) .  (PlijP):AS(C2H4NIS-)C[ (2) a id  (PIi:P)ICu(CH,NIS)Br 

(3) were obtained from the reactions of (Pli,P)&fNO: (M = Cu. Ag) w i t h  tliioaiide and 

MelNX in CIlzCllsolution. \\hich take place as sl ionn belo\\ 

2 
M = Ctt. A g ,  R = NH2, C-NH2, X = CI. R I  

(Ph;P)2Cu(CHjNiS)CI (4) \\as prepared by using the nen method of "solid state 

reaction at low temperaturc", \diich was developed in recent years and has been applied in 

synthesizing niore than t\vo hundred clusters and coordination conipnunds ' The 
advantage of using this method is that the reaction can take place without solvent and 
sonietinies generates tinusual products ' . 6  . Since CuCI is insoluble in dichloroniethane and 
hard to react with other materials. the solid state reaction method was applied to s!iithesize 

(4). The reaction is as follo\vs. 

C 

tf 90 "C 12 II 2Ph3P + CuCl + H2NHNCNH2 - CrudeProduct 
Solid S t m  

The compositions of all compleses obtained \ \crc deterniincd I)! clciiiciitnl aiialyscs 

aiid IR spectral data listed in Tables I and 11, respcctivd! Thc C O I I I ~ I C Y C S  are air-stable 
and soluble in coninion organic solvents such as acetnniti-ilc. dichloronictliniic. chloroform 
and tetrahydrofiiran. but insoluble i n  hesane and ethanol 

Attempting to replncc X- with MoS,'. or WS,'. results 1 1 1  (Ph;P);M.M'S, ( M  = Cu. 
Ag and M' = Mo. W). \\-hich are all k n o w  conipounds' These reactions occur as slioir-n 

beloiv: 
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COPPER@) AND SILVER0 COMPLEXES 725 

S 
I I  

+ 2 Xd + PPh, + 2 H2N-C-R 

Wien X- is substituted. the thioamide ligands arc also lost. This indicates that 

M'S?. tends to fonii bidentate complexes and the coordinating abilities of thioaniidcs are 
weak coinpared to those of M'S4'-and/or PPh; Fui-therniore. it is notevoithy that n e  have 

obtained MoOSjCu2(PPhj)2(P!.)2 from the reaction of (H,N):MoOSj. Cul. PPh; and Py '. 
but we have never gained analogues \\)it11 thioamides instead of P!.. 

in frnred Soectro 
The important IR fi-equencies of these compounds are giveii in Table I I .  The 

characteristic absorption bands of ditliioosnmide. thiourea. aniinothiourea and Ph;P are 

also shown in Table I I  The bands of PhiP are priniaril!, tinchanged bcforc and after 
coordination, while the bands of thioamidc are shifted The alterations of \* C=S bands 
appearing at about 1190 ci1i.I are veQ' significant. dicreas the shifts of \' C-N bands are 
small 9 .  This sho\vs that the thioamides coordinate to metal IUO the S atom and not the N 
atoms, which is consistent ivith the crystal structure of ( I )  i i i  this work and (2) ' 

Molecular Stnrctiire of fPhj~7Cii(CzHJV&)Ur ( I )  
The structure of (Ph;P)?Cu(C2FtN?S?fBr is siio\vn in Figure I .  It IS a  non no nuclear 

complex with the Cu atom as coordinating center. which has a tetrahedral coordination 

involving Br. two P atoms from PPhj and onc S atom from ditliiooramide. The 

dithioosaniide acts as a monodentate ligand through one S atom coordinated to Cu and 

exhibits a trans configuration. The S( I)-C( 1) distance IS slightly longer than that of S(2)- 
C(2) owing to the influence of the coordination of S(  I ) .  The ditliioosnmide niolcciilc is 

almost planar except for a slight deviation of the coordinated S atom froin the pIn11c 

The Br-Cu-S. S-Cu-P and Br-Cu-P angles deviate a l i t t le (not larger t l inn h") from 

the tetrahedral value. t\liilc the P-Cu-P anglc is iiiiicli larger (the dcviation IS 14.3") o\\ing 

to the interactions bet\\ccii the t\vo bulk! pliospliine Iigands. The average Cu-P distance I S  

2.289(5) A. \vhich is the L I S L I ~ I  valuc fouiid in other Cu(1) compoti~~ds containing phosphine 

ligands. such as (PhjP)2CuX 'I' and (Ph;P)ICuS:P(OEt)2 I '  . Cu-Br and Cu-S distances are 

2.482(3) and 2.356(5) A. respectivel!.. which arc comparable to 2 4% I(5) A for the Cu-Br 
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726 LONG ET AL. 

Table I The Analytical Data of Cu(1) and Ag(1) Coinpleues Coiitniiiiiig Tliionmide 

Compounds Empirical Color M.  p. Y i d d  Eleiiieiikil aiial!ws (70) * 
forinula ("C) ('%) c H N 

(I) (Pl~~P)~Cu(dto)Br C39H34C~~BrN2PZS2 rcd 1x4 71 8 58 12 

(57 "I) 

(2) (PIi3P)ZAg(dto)CI C,8H34AgCIN2P2S2 red 213 79 < 5 s  05  

(57 91) 

(3) (Ph3P)ICu(iu)Br C37H34CtlBrN2P2S color- 205 84 6 59 07 

lcss (59 72) 

(4) (PIiJ')~Cu(>it~i)Cl C ~ - H ~ ~ C U C I N ~ P ~ S  C O ~ O I -  I58 86 i h l  'XI 

lcss (62 IS) 

4 4; 

( 4  7 5 )  

4 .?9 

(4 35) 

4 70 

(4 61) 

4 R I  

(4 94) 

3.60 

(3.55) 

3 54 

( -3 .5  5 )  

1.08 

(3.87) 

5.78 

(5.88) 

dto = CIHJN2S2. dithioosamide: [t i  = CH4NIS. thiourea: atu = CHiN3S. aiiiiiiohourea. 

* Calculated values are giveii i n  parentheses 

Table I1 Selected IR Data (cm ') for Throaniide Complexes 

Conip v N-H (v C-H) 6 N-H v C-N v C=S v C=C (Pli) v P-C 

PPh3 (3018) 1178, 1411 1095 

dto 3300 1585 1430 I190 

( I )  3332 3132 1577 1132 11SO 1478 I398 1095 

lU 3300 1610. I590 1130 1090 

(2) 3321 (3059) 1590 1433 1181 1477 1412 1091 

(3) 3272. 3170 1609. 1625 1111 1070 i s o .  1407 I094 

atu 3360. 3250 1615. I535 1435 I170 

(4) 3268. 3184 1630. 1581 143.3 I159 14x2 I0')6 

(3058) 1518 
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COPPER0 AND SILVER0 COMPLEXES 727 

Figure 1. Molecular structure of (Ph3P)1Cu(CJ-LNzS,)Br(2). Displacement ellipsoids are shown at 
the 30% probability level. H a tom are omitted. 
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728 LONG J3T AL. 

distance found iii (PIi:P);CuBr i '  ;ind 2 302(4)-2 3 7 3  I )  A for the Cii-S distaiiccs found iii 
(Ph,P)?Cu(HL)Br ( H L  = 2( IH)-p ridiiiethioiic. 2( 1ffl-p riiiiidincthioiic. I .3-dili!.dro- I - 

1netl i~l-21f-i i i i idnzole-~-tl i ioi i~) '' 
There esist iiitra- aiid iiiieriiiolccular Ii!.drogcn hoiid iiiteractioiis like tlint iii 

(P1 i2P)~Cu(C~~SISI )C14 bct\\eaii N (  I ) .  N ( 2 )  niid tlic Rr ntoiii i i ;  the present structiirc. 

N(1) . B r -  3 ZX( I )A ,  Dr- l I (2)-Nl  = 159(l)"and N(2'). Rr = 3 . 3 4 ( I )  A. Br-H( j ' ) -N(Z) = 

I58( I)". Froiii the  X -H-N  aiislcs and X-N distances. \\c C;iioi\ :lint [lie N- l i -Br  li!,drogcii 

bond is not so strong as tlint o f  N-H-CI B! the linkiiig o f  N( I)-H-Br. n CuSCN-t-1-Br ring 

i s  foniied in the iiiolcculc. and b! [lie bridging o f  N(2)-11-Br. the iiiolcctilcs coiiiiect ni t11  

each other aiid form an am!  o f  pol!.incr cliaiiis ninning nlong [ l ie ( I  ay is  (scc Fig 2 )  

EXPERIMENTAL 

All reagents \\'ere o f  A .  R or C. I' grade and used ns received IR spectra in  the 

4000-400 cni range \\ere obtniiicd on a Nicolet 170ss FT-IK spcctropliotonictcr as KHr 

pellets. Carbon. h!.drogcii niid nitrogeii niinl!.ses were pcrfoniicd \\ ith n Pcrkiii-Elmer 240c 

eleniental aiinlyssr 

Preunrn/ron ofthe Co\yh.vc,.~ 

IPli;P),Cu(C,~tNIS)Br (/) aiid ( P I ~ , P ~ I A ~ ~ ~ _ , ~ ~ ~ , S ! ) C I  (21 A iiiistiire o f  (P1i;P)~CiiNO; 

or (Ph;P)?AgNO; (3 iniiiol). ditliioouniiiidc (0.36 2. 3 miiiol) and Me,NBr or Me,NCI (3 

inniol) in CH?CI. (50 mL) \ \ a s  stiri,cd for 0 . 5  I1 31 rooiii tciiipernture niid then filtered 

(PhjP)ZCu(C2H,NIS.)Bi- ( / /  and (PIi:P)~Afi(C2H,NIS2)CI ( 2 )  ci? stallizsd ns red cnstals 

while the  solution \\as evaporated slo\vl!. in air. The crystals \vere collected b!. separating 

them froiii the crude products inechanically. 

LPli;P~,Cu(CH,N:S)Br ( 3 )  This conipouiid \\'as preparcd in the saiiie \\a!' as above I\ i t l i  

thiourea instead o f  dithioosnmidc. and then cnstallized in CH:CI: as coIorIess crystals A 

selected crystal was scniiiicd oii a Eiiraf-Nonius CAD-4 diffractoiiietcr with  Ma Ka 
radiation (?i = 0 71073 A)  giiaiiig [lie cell paraiiieters. triclinic. space group P I .  1-1 = 

9.71(5), h = 11.97(2), L- = I 6  08(4) A, n = 85.3(1), f l  = 80.7(3). y = 7 0 . 1 ( 2 ) O .  1,' = 

1736( 10) A'. The results o f  the clcinental siialyscs are listcd in Table I 

fPhlP),Cu(CH~N;S)CI f4)  A \vcll-grouiid miyture of CriCI (0 10 g. I miiiol). 

aininothiourea (0 09 g. I niiiiol) aiid PIi;P (0.53 g. 2 iiiiiiol) \\as put into n rcnctioii tube 

A white solid \vas generated b!. heatiiig tlic inistiire at 90 ,,C for I 2  li under pure nitrogen 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
B

ri
st

ol
] 

at
 2

1:
18

 2
7 

Ja
nu

ar
y 

20
15

 



COPPERO AND SILVER0 COMPLEXES 729 

Table I l l .  Sclecced Bond Distances (A) and Angles (") Tor (PIi ,P)~Cii(C~H~N~SI)Br 

Br-Cii 2 .4820)  Cu-P(2) 2 240(5) 
cu-P( 1 )  2.298(5) CU-S( I )  2 356(5) 
S( 1 )-C( 1) 1.68(2) S(2)-C(2) I0.3(2) 
N( l)-C( 1 )  1.27(2) N(2)-C( 2)  I ..; I (2)  
C( 1)-C(2) 1.56(2) N( I)-Br 3 24( I )  

P(2)-CU-P( 1 )  I23.8(2) F(Z)-Cu-S( I )  10') 2(2) 
P(2)-C+Br 104.7(1) P( I)-cu-S( I )  IO4.1(2) 
P( I)-Cu-Br 104.0( I )  S( I)-Cii-Br I10.8(1) 
C( I)-S( I)-cu I 13.8(5) N( I)-C( I)-C(Z) I I6( I )  
C(2)-C( I)-S(I) I19(1) N( I )-C( I )-S( 1 ) IZi(1) 
N( 2)-C(2)-S(2) 12S( I )  N(Z)-C(Z)-C( I )  11;(1) 
C( I)-C(Z)-S(2) I20( 1) N( I)-H( I ) -Rr  I iO( I ) 
N(2')-H(3')-Br 15S(1) 

N(2')-Br 3.34( 1 )  

Symrnecy code: (i) 1 +x. !. z 

Figure 2. Packing diagram viewed down the a axis 

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
B

ri
st

ol
] 

at
 2

1:
18

 2
7 

Ja
nu

ar
y 

20
15

 



730 LONG ET AL. 

Table IV. Atoiiiic Coordinates and Equivalent Temperature Factors (A') 
for Nori-H Aloms In (PIi,P),Cu(C~H4N2S2)Br 

Atom X V 

0 9628(2) 0.21085(9) 02561(1) 
0.8230(2) 

tJ.3514(5) 

0 8632(1) 
O.637( I )  
0.307( 1)  
i) 547(i) 
0 39 I(2) 
0.8 I 2 (  2) 

(1.5829(4) 

0 8801(4) 

(1,778(2) 
(I 725(2) 
0 703(2) 
0.73 1( 2) 
0 7S1(2) 
0.825(2) 
0.681(2) 
(1.632(2) 
0 720(2) 
0.864(2) 
0.9 1 3 (2) 
I .O67( I )  
1 131(2) 
I271(2) 
1 . 3 5 3 2 )  
1.298(2) 
I ,  1 54( 2) 
1.049(2) 
I .006(2) 
1 240(2) 
1.331(2) 
I2S4(2) 
1.140(2) 
0 767( I )  
0.7 I7(2) 
I) h j S ( 2 )  
0.61 I ( 2 )  
(I 65X(i) 
0 738(2) 
0 817(2) 
(l.897(2) 
0.854(2) 
0.728(3) 
0.642(2) 

0.1331(1) 
0.1574(2) 
0.3151(3) 
0.0792(2) 
0.0871(2) 
0.2897(7) 
0.2147(7) 
0 2417(9) 
n . 2 6 ~ 2 ( 9 )  
0.1217(8) 
(l.0867(8) 
0.122(1) 
0.189( I )  
0 . 2 2 3  1) 
0.1922(8) 
-0.0095(8) 
-0.024( I )  
-0 092(1) 
-0.1428(9) 
-0.130( I )  
-0.0625(9) 
0.0759(6) 
0.1001(9) 
0.096( 1 )  
0.07 I(  1) 
0.015( 1) 
0:0489(8) 
0.0656(8) 
0.0002(9) 
-0.013(1) 
0.010(1) 
0.106(1) 
0.1189(8) 

-0.02 83 (9) 
-0 .( 1869( 0 )  

-0.073( I )  
-O.O16( I) 
(1. I1~16(S) 
0.148( I )  
O.I87(l) 
0.216(1) 
0.21 I (  1) 

0.0083(7) 

-0 I 117(X) 

C(66) (1 690(2) 0 170(1) 0 069( I ) 
* B,, = (8n2/3)Z,Z,I $i,*:l!*a,il, 
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COPPER0 AND SILVERU) COMPLEXES 73 1 

atmosphere 

layered with 2-propanol (10 niL) 

The soltition obtained b! e\tractlng tlic p~odiict \ \ I t11 CHfI. (40 niL) \\as 

Crystals of (4) appeared several da!s later 

Renclion of (Ph&W.X wi th  (Etfl)?Mo.Y, or (Ei,h'l1 lV.S,. 

The reaction of (PIi;P)?Ag(C2H,N2S,)CI (2) and (Et,N):MoS, is givcii as an 

example. (2) (0.79 g. I iiimot) and (Et,N):MoS, (0 25 3. 0 5 n1riiol) \vci-e dissolvcd in 

CH2CI: (20 niL) Red plntc-like 

crystals were produced froni the filtrate aftei a fe\\ da!s 1R and clcnicntal anal!xx sIio\\ 

that it is (Ph,P);Ag:MoS,. Other reactions tindcr siiiiilar coidtions as above also gave 

products tvitli the compositions of (Ph;P);M?M'S,. \\liere M = Cu. Ag and M' = Mo. \Y 

Aftcr stirring for one hour. the iiiistiire \ \as filtcrcd 

X-rnv Cna/o/ Strnct~irc I )ciernirnolion of (l 'h$)~C~i (C2HiN>Y2)Hr ( I )  
Diffraction nieasiirenients \\'ere made on a Enraf-Nonius CAD-4 diffractometcr \\,it11 

Mo K a  radiation (1 = 0 71073 A). A selected ci?stal \\it11 the dimension of 0.22 x 0.20 x 

0.18 mni was sttick to the end of a glass fibre b!. neutral .jell!. and scanned The w i t  cell 

parameters were dcterniined and refined b! setting the angles of 25 intense reflections 

(10.98 < 0 < 11.65") and least-squares f i t  un i t  cell constants and orientatioii matris The 

following unit cell parxiieters \\ere obtained. moiioclinic: space group /'2i/11 (# 14). o = 

9.574(5), b = 19.422(6). c = 19.610(4) A. p= 92 ~ ( 4 ) ~ .  v =  3644(3) A'. z = 4. n, = I 44 

g/cni3, F(OO0) = 1608. / i L  = 19.1 1 cni-i. 

The data collection \\-as performed by the d 2 8  scan nietliod withill the range of 28 < 

50". The scan speed \\as lo\\;er than 4.  I2 "/inin and scan width \vns 0 5.i + 0 55 tan0 v) 
(in a). The reflection data \\ere corrected for Lp factors and enipii-ical absorption 

correction. A total of 7042 reflections was collected", of which 2272 \ \ t i t t i  I > 2,50(4 
were treated as significant. The structure was solved by the direct nietliod MITHRIL and 

refined by fiill-matrix least-squares techniques " . Anisotropic teniperattirc factors \verc 

applied for all non-H atoms. H atonis were positioned geometrically and not rcfined The 
last least-squares q c l e  !.ielded the agreement factors of R = 0.07 1 and R,, = 0 073 (\Y = 

I/02(F)). Goodness of f i t .  1.29, = - 0.385. residual extrenia 111 final diffctcnce 

map: niax (Ap) = 0.259. niin (Ap) = - 0.206 e k'. 
A11 calculations \yere perfornied on a Micro-VAX3 100 computer ttsing the 

TEXSAN package I h  Atomic coordinates and thermal parameters are listed 111 Table 1V. 

SUPPLEMENTARY MATERIALS AVAILABLE 

Full lists of atomic positrons and tliei ma1 painmeters. bond distances and angles. 

observed and calculated structure factors are available from the authors up011 icq~cst  
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