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Cu”-herbicide complexes: structure and bioactivity 



in the presence of 3.2’-bipyridine (hipy 1 as lipands. the anti- 
microbial behnviour and possihle structured r&ions 
( Scheme I 1. 

Wc also report the moleculi~r and crystal sIructurc of 
(aqua) ( 1.1’- bipyridinc )hisI ?-methyl --l-chlorc9-phcnox~ - 
axlnto kopper( II b I compound. 

2. Experimental 

The chemicals lhr the synthesis of the compounds were 
used iIs purchased. Acctonilrile ( CH ,CN ) wits distilled from 
calcium hydride I CaH, ) itnd CH ,OH from milgncsium ( Mg ) 
und W;IS stored over 3 A ml9leculi~r sicvcs. Dicthyl ether. 
anhydrous grade und absolute cthitnol WC~C IISCC~ without any 
further purilicution. 1.4-D. 3.1-D. 2.4.S-T. MCPA. 2.3-D. 
7.4DP. hipy. ilnd CWI,* 2H?O wcrc purchirsed lhm9 Aldrich 
Co. All chcmicids und solvents were rcapcnt griidc. 

IK spcctru ( 200-4000 ctii ’ 1 WCIV rccordcd 1911 i\ Pcrkin- 
Elnicr FT-IR I MO SI)CC1T(~111Ct12r with Si~lll~9lCS plT~9ilWl as 

KRr pelkIs. IJV-Vis spectr:~ wcrc rccordcd on ;I Shinti~d~t~- 
I (iOA duitl hetIm spcctrophotometer. Electron <pi11 r~s(~IliIIlc~ 
( ESR) sl9CCtrir wcrc rucorded 011 i\ Brukcr ESR 300 spcc- 
Iromc‘tcr cquippcd with i\ Viuhu M;hl~ ICII~~~IXIIU~C CIIII- 
Il’Ollc‘r. I~iph~l9yl~9iCl’yIllytllWyI U’ilh UUXI ilh ill1 C\;lClllilI 

slwhd, l~cmi tmpcrirlur~ mugnb’tic 1i9cIhur~im~il~ wcrc 
tarried wl wing I~uroduy’s ~iicllir~l with incrcury klrnlhio- 
~Y~II~~II~~~~I~III~~I~~( II ) i\h c;llihlunl. c‘. Ii IIII~ N ~kmb‘I1Iill n19rtl- 
yhih was pcrfkmcd oit II krkiii-ll,liiw 24M cl~~t~c~~Iitl 
unulyscr; CII was dclermincil hy citomic cihsorplion ~19cclmr- 
copy on II Prrkin-Elmer I lOO# ~~LIc~I’~~~~~~~IoI~~~I~~. Elcclric 
cc9nducIancc III~II~~C\IIIPI~I~ WCIV curried OUI with 11 WTW 
model L.1: 5.30 ccnductivily I~utlil iIId iI type C ~‘~‘11. which 
hiId II ccl1 conhl~nt of 0,006. Tl1ih rcprcscnts iI ml\iII1 villuc 
citlihGtIcd itI 3°C with p~9Iit~sium chloride. All IcmpcriIIurcs 
were controlled wiIh tIn ticcurilcy of & 0. I “C using iI Hi\i\kc 
thcrmorlcaric circulating system. Cyclic V~~lIi~ttlI~~~~~y stud- 
its wwc complctcd 1911 i\n Ecl9 chcmic AUIl1lilh Elcctrochem- 
icul ill9illysCr, Cyclic vi~lliu9in9clric cxpcrimcnth wcrc cilrricd 
oul in u three-clcctrodc cell. Ths working clcctrodc wm l9litI- 
inum. Und iI pl;Itinum wire WiIs used iIs thy! cl9~1nt~‘rclec1rl9d~. 
In uII cUscL. iin Ap/A&I cIccI~‘o~L‘ SiIItmIIed with KCI with 
used i\s the rcfcrcncc. The supporting clcctrolytc. IcIruclhyl- 
;ImInoniIIm pcrchlor;\te ( letup I WiIs pUrchi\s~d from Ciuh1 
Erhn. Prior IO iIs USC. it WiIs rccrystidlixccl Iwicc from cIhiII1l~l 
illltl dried untlcr vucLIum. Oxypcn wit!, r4_mnxxl hy lrurgiiig 
the soludons with l9urc nitrogen which hUtI been previously 
sitturittcd wiIh solvcnl vilpour. All elccIrc9chcmici~l mciISUrc- 
ments were pcrformcd itI 25.0 & 02°C. The tempcraturc wuh 
controlled by iI Ihcrmosti\ticidly controlled wilter hi\tl9. 

The tu9Iimicmbiul efficiency of the complcxeh lvah Ie,ted 
by their UhiliIy to inhihit the gro\vIh of microorganisms in the 
cUlIivation medium Mueller-Hinton broth f lalunn 1. The 
tests were performed according to the minimum inhihito? 
concentrations in p.g ml ’ with four hi1cteria specie\: 
.~lti~~~l~i~~i’~~c~l~l~.~ ~iI1)YlI.L Esdiwic-ltia cnii. Bili~illirs .x&fi/i.~ 
and Protcalrs hd~uriv. 

The concentration of microorganisms in the cultivation 
medium was IO’-1 Oh cfu ml ‘. Concentrations of 1600.800. 
400.200. 100 and SO pg ml _ ’ of the complexes in propylclle- 
~IYCOI were tested and the minimum inhibitory co”centr;L- 
tions ( MIC ) were determined. Propylcneglycol showed no 
antimicrobial action at concentrations up to I600 I.LF ml ‘. 

1’11~ sodium sultS of the lig;lnds wcrc prepared hj IIIC rc;Ic- 
Iion 0fIl1c protonilted ligund with NuOH or NilOCH 1 it1 ~nctll- 
anal. The white solids wc‘rc twr>stuIIized from mcrhannl and 
dried in air. 

MCPA ( 2.00 g, IO mmol ) wi\\ dissolved in CH ,OH ( SO 
cm’ ) ibnd CH q0Ni1 I 0.54 p, IO lllllll~I I WiIS added. After .%I 
min sIirrinp C&i2 * 2HJ0 (0.X.5 8. S n11n~1l ) in CH ,OH ( 25 
~111’ ) Wi\s ilddcd dropwisc. TIIC reaction miuturc \h’ilh stirred 
for I I9 ;119tl r~tl~d in volume under ~iIcuun1. MicrocrysI;\l- 
lint producI 016I1l C,,H ,( CH 1 ICI=OCH$OO I:( H$) )? iti\\ 
tlcpo4tcd ilI1tl cc1llccIcd hy liltr;rIion. CuI C‘,,H 8( C‘H i ICI= 
CM‘H$‘OO 1 :t I i_,O ) I ( 3 IIIIWI ) in CH ,CN ( 50 ~199 ’ I \+a 
tliaolvcd illltl hipy (0.47 g, 3 I~Ill~Ol 1 in <‘Ii JYV ( 2.5 6’111’ 1 
Wilk rrddctl nnd Ihc mixlrirc’ u’;I* rlirrcd for I h illNl kl’t 
IiFr SlO\tj C\‘il~9Ol?llicMl. C’Vydill4 01’ (“U(c’,,llI( C’H t lC’Iz 
OCl4JY3O 1 g NM.,C,-C,W ,N ) ( Ii20 1 ( I ) 4I:llrlc for X-raj 
sIriicturc dcIcrminalic9n wcrc deposilcd in it uc!c’L. YicldhO’~~ I 
tG\r~ltt~li~ wciyht: (i36.[0, CUIC. IOr CdJ4:,,CI~N&9&‘uI: C’. 
51.X0: H. 4. IO: N. 4.40: Cu. IO.00. FWIIJ: (‘a 52.45: 14. 3.X0: 
N.4.3S:Cu.W=10~/c. 18: I’ ,,,,,, (LW ‘b r’,,cC‘0:1: IA35 I\$): 
VI C-N ): I.#)0 ( \‘s ). I-VW ( \‘\ ): v,,,,,( CO, 1: IS(H) t \‘4 ) 
( KHr pcllct ). LJV-.Vis: A ( CIII ’ 1 ( 6. dmi mol ’ ~111 ’ I. 
DMF solution: IS. ISI SS 1: 33.10~ 3475 J. 

Tl1~ clilsh of cc1mplc\c\ \vtih pl’C’l9UI4 in iI 4milur \riI! 
CIJ( 1.3-B ) _4 hipy I( I_10 ) t 2 1, Y icltl SS’A . FtrrInIrla 

wcipllt: (977.Q. CilIc. lim CJ4~,,CI ,N$I,Ct\: C. 4h.W: H. 
2,‘)S: N. j, l S: Cu. ‘)A(). Found: C. 46. IO: Il. ‘.OO; N. 43: 
cu. 0. IOV . I’,,,,,, t Cl19 ’ ) e*,.(CO~): I(930 (ts): I’( C’=N ): 
147.5 (Vh). l3SS I\s): I’.,,,, ( C’OJ 1: I3KS t ~4 ) ( KHr pcllct 1. 
l.JV--Vih; A (cm ’ ) I F. dm‘ mol ’ cm ’ 1. DMI-’ 4uIion: 
ls.lS~so~:.3f.IoIS~ss~. 

(“‘u( &&l>l’),( l9ipy ) ( Hz()) ( 3). Yield (#A . hrdi~ 
uyig\ll: 705.~3. CilIc. lilr c’I,l-i2,CI ,N#-&?u: C’. J7.M): 14. 
_J,j(): N. j,()(): (_‘u. 0.00. Found: C. 47.%): 1-i. .t.h(k N. J..?% 

cu. O.hO% . I’,,,,,, ( Cl91 ‘1 IJ,,,(co,,: 1(93x (VA); r,IC=N): 
1477 (Vh). 14X? ( vs1: If.,,,, (CO,r: I3XH Ivs) (KBrpcllco. 



uv-vilc: A (cm ’ ) ( ,v, dm’ ml ’ cm ’ 9. DMF solution: 
15.Io(809: 33.10(2SOO). 

C~(2.4,5-T)~( hipy I( HI09 (4). Yield 60%. Formula 
weight: 746,75. Cult. f~ C~,H&&NJ&Cu: C. 41+8O; H. 
2.45: N. 3.75: Cu. 8.50. Found: C. 41.90~ H. 2.25; N, 3.70: 
cu. 8. IO%. V,“,, (cm- ‘1 v,.(C02): IMS (vs9; v(C=N): 
1475 (vs). 14as (vs9: Y.),,,(co:I: 138s (vs) (KBtpellet). 
UV-Vis: A (cm”- ’ ) ( 6. dm’ mol- ’ cm _ ’ ). DMF solution: 
14.75(65): 33.10(2485). 

Cu(2.4.D),(bipy9(H20) (5). Yield 60%. Formula 
weight: 677.82. Cak. for CI~H&I,N,O,Cu: C. 46.05; H. 
2.95; N, 4.15; Cu. 9240. Found: C, 46.40; H, 1.70: N t 95. ,r. *, 
Cu. 8.70%. Pm,,, (cm ‘9 v,,(COz9: 1635 (vs): v?C=N): 
147s (vs). 1445 (~9; I’.~,,,(CO~): 140s (vs9 (KBrpelIct). 
UV-Vis: A (cm .- ’ ) ( a-_ dm’ mol _ ’ cm _’ ’ 9. DMF solution: 
15.10(50); 33.1ot24ss9. 

MCPA ( 2,oO g+ 10 mmol 9 was dissolved in CH30H ( JO 
cm’ 9 and CHrONa (024 g, IO mmol ) was udded. Afier 30 
mia stirring CuQ. 1H*O (0.85 g. S mm01 9 and hipy I I .S6 
g, IO mmal9 irr CH,OH~ ( 25 cm’) wore uddcd dropwise. The 
nxtion mixture was refluxexl for I h. The hluc solution was 
reduced in volume and IelI for vlow cvuporution, Yield 60%. 
Formulw weight: 61 l,O, Cule, for CJ,H,,Cl~N,O+3: t2. 
S3JMk H, 3.9.Q: N. 9, IS: Cu. IOAQ, Found: C, 57, IO: H. 4.05: 
N, 9,1S; Cu, lOdMI%, Y,,,,,, (cm ‘9 r~,,(C029: 1600 (vs9: 
te(C’=N,: 1475 (~1. I445 (WI; u,,,,(CO~I: 140 (vs) 
( KBs pdlct~, UV=Vis: h (cm ‘b t R dm’ mral 1 cm ’ 9, 
DMF *cbhttion: lO,W 109; 14,,3()( 6S 9: 31,2S( 20309, 

ICur 2AS=P,t hipyb2)Cl (7,. Fornrulu wcipht: MS,9, 
Culr, for C~&,,Cl,N,O\Cu: C’. SO,SQ: H. 3,OS: N, 1~40: Cu. 
93ik Fautd: C, aSM6: H, 3,18: N, 8, lo: Cu, 9,10%, I?,,,,, 
(cm? rt#201b: 1613 tw; erg: N): l&f) (vs), I+&() 

fVs9: &),JC’O,): l39S (vn) (KBr p&zt). UV-Vis: A 
(em _ ’ b ( w dm’ tnol~- ’ cm ’ 9, DMP mlution: 1().8S( IS 1: 
14~7Wss9: 31.35(2025), 

~~ut~.4~DP9(hi~y~,~61~3#,D~lglHr8H (0). hmulu 
weight: 76ZWH, Cult. for Crr~IttCIrN40~C~: 6. 48.7~: H. 
4.8.t; Na 7.35: Cu. lW9, Rutnd: C, 58,SO: H, 520: N. 7.63; 
Cu. w,oW. v,,,, (cm ‘9 a,,,(CO,9: IS90 (vs): u(C=N): 
I477(vsI. It5jtvs9: v,>,,,(CD$ l404tvs) (KBrpcllrtt. 
UV-Vis: A (cm ’ 1 ( 8. dm’ nal ’ cm ’ 1. IIMP salutirm: 
If9.W339: I4.20(80); 31.2S(1(WO), 

(cm-‘) P,,(CO~): 1615 tvb,); I’(C=N): 14% (vs). 1460 
( vs); v .,,,,(C029: 1410 (vs9 (KBr pellet). UV-Vis: A 
( cm ’ 9 i E, dm’ mol- ’ cm ’ 9. DMF solution: 10.80( IS ); 
14.20(30): 31.00(2000). 

A &wk blue prismatic crystal of Cu[ C&&( CH.< 9CI- 
OCH,COO I?( NH&-C5H.,N) ( Hz0 9 ( 19 with approximate 
dimensions 0.20 X 0.30 X 0.40 mm was mounted in air, Dif- 
faction measurements wore taken with a Crystal Logic dual 
goniometer diffmctomctcr using grphite monr&u+muted 
MO r;ldiation. Crystal data and parameters for datu collection 
arc reported in Tuhlc 1, Unit cell &ensions wcrc dctcrmincd 
and refined using the unpular settings of 25 JNJtOJlliItic;I~~p 
centred mllections in the tunpc I 1’ S 20 < 23”. Intensity data 
wcrc recorded using &20 scanning to 28( max. 9 = 50” with 
a scan speed of 3..1” min _ ’ and iI Seal1 range of?,5 plus aIcy 
separation. Three standard refiections monitored every 97 
rellcctions showed less than 3.0% intensity lluctuation and 
no decay. Lorcntz and polarization correction were applied 
using Crystal Logic softwure. 

Symmetry equivalent duta were avcruged with H,,,,= 
O.OlSO to pivc 4963 indcpendcnt rc\Hcctions from u totill of 
S I28 collcctcd. The structure was solved by direct mcthods 
using the progrum SHELXS86 138 1 a~ld rAilcd by full- 
mWix Ie~tSt-SqUiIrcS teChniqUcs WI F’ with SHELXL-03 
I39j using 4962 rctlcctiais und relining 466 parumctcrs. All 
hydmgcn ritoms were locutcd hy diffcrcncr maps trnd theit 
positions ww rclincd ian@celly. All non-hydrogen utoms 
wdr~ rclincd ~iniutrtnrpisully, The tinal vulucs for N, H,, and 
8W. for 1111 dutu. arc O.(WO. (9, IO I I und I ,070, rcsfcctivcly , 
The maximum trnd minimum rchiduul l&0 ill the (inal tlif= 
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and g 3 = 2. IiS-224.1. The lowest ,q VAW only slightly i!htj\‘c 
2.00 is cunsistc’nt with un approximate d.., grounJ state ii,r 
the CuN,O chr<jmophorc with a distorted triganul-bipyrum- 
idul strrcochemistry. 

The X-band ESR spectru of polycrystallinc sumplcs ol‘ 1 
and 3 indicate the prcssncs of mnpnt’lic sxchunp ( Fig. 2 ). 
Using thr appmach empltlyycd hy Wnsscrman ct al. 148 I Ibr 
the spcctru of rundomly oricntcd <Jrgi\nic triplets. WC\ ussign 
the puir oI’ hands nt 2560 und 3620 (inush Us the Lo/ = I 
trunsitions H,, , und H,,2. Selling I:‘=0 ml using the 
quulitwrh 

\VC oh(ain ,q , = 2. I95 imd lhc a?ro-licld splitting pillUlllCWl 
0 c 0. I(K) cm ’ (T&c 4 ). WC \VIITC’ unuhlc to dctcc\ the 
cnrreponding g,, H, 1 id H,: Iinch. The hund itt IOW~SI ticld 
Lit * I600 GilUhS f,tfE4.15. 44 El 73 X IO ” cm ‘) UlUy ht2 
ikaigncd to thrl AIn = Z trunGtic\n hctwccn the I - I > imd 
I + I > kvc\l~. ‘Hull’-licld’ traMions huvc hccn ohscrvcd in 
;I erics ol’douhlc bridged dinuclcur Cu( II ) compounds I40- 
.S I I. while Gmilur t*ca+per nut&r hyprlinc splitting on the 
‘Ml-field hand hus hccn ohsurvcd Ibr the complex Cu( 2.4- 
DP) J Fpy ) t HJI) diluted in diumugnctic host I 37 1. The 
isotrtrpic signid with ,q = 2.302 mJ ,q i = 2.072 muy ho 
nssipncd to munonucknr spccics with S= I /2. The Cu*.Cu 
distance t 7.28 A 1 is in the tange. up 10 I I A. in which iI 
mngnctic cxchanpc bus hecn chord I40.42.4S.S I 1 and the 
vuluo ol’p,.,, = I .6S BM is indicutivc of this. 







plexes. The presence of one coordinated hipy molecule 
increases the efliciency about SW. except for the dinucleur 
complexes CuJ 2.4-D I.,. 2MeOH and Cug 2.3-D jJ - 
2MeOH which show similar behit\ iour rigainst fh*/wrid&r 
cwli and Bwi1l~r.s strhtih. while the presence of two bipy 
inctases the efticicncy drumutically by J-8 times. The anri- 
microbiul activity of bipy itself hits a healing action 
( MIC = 400 pg ml ’ ) ugninst all the tested microbial spe- 
cies. While the position of the chlorides in the phcnyl ring 
und the size of the chain do not affect the efficiency of the 
complexes. it seems that there is a structuritl relution. The 
dinuclear complexcs Cu2( 2.4-D)., - 2MeOH and Cu2( 2.3 
D), - 2MeOH ure more uctive than mononuclenr com- 
plcx~~ Cuf ~.-I-DPI~ * 2McOH. Cu( MCPA ) 1. 2MeOH und 
Cu( 2.4.S-T)z~2MeOH. Thih is in aprc‘ement with other 
dillUdCilr Cilrl~OXylilt~~ complexes 1 511. 

It is noticc:rhlr that the mot cl’ficicnt co~~~pou~~ds arc those 
of the type [ CuL( hipg !: ICI. but we do not know whether 
there is a r&ion hetwccn the cflicicncy und the churge of 
the conlplcx. The best inhibition is given hy ICu( MC- 
PA) ( hipy ) ,! ICI ( MIC = 100 p.g 111l ’ ) ;\guinht l~sc~hc~~il~lric~ 
W/i. 

4. Supplenienturp niuteriul 

Tublcs giving crystul datu und dctuils ol’thc structure dekr- 
minution ( IS 1. i~llisc~lrclpic IllCIlllill piII3lil~WI3 Of’ tile IlW~ t-I 
iII~)IlIS ( 2s 1. po~ilionul irntl ihotropic tllWllli\l purumelcrs 01’ 
Ihe bjdtU&!~lI UlOIttS ( 3s I iIIld h~td l~?Il~lllS. hd ~lll~~c\h Ids 1 
( .S pirgcs 1. ohscrvcd untl ~~illCllllll~d Wictui’c’ I’uclorh ( I9 
~;&WI ) Ullct il hlCI’CO\ icw pilCl\illg tli;ryralil iltI! klVi\iIilhlC l’ront 
thr! ;rulhor\ 011 wqwhl. 

The uuthor V. Tungouli~ thutlhs Mrh A. Athunils~iou rot 
liniWiill support. 
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