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Mb:ed-Ligaud Co~nple:.:es : Part V. Cobalt (Ill) 
Heterochelates with Ethyleaedibiguaaide 

R. L. D11tta aad lla MaiUk 

A series of Coballic hch::rDCho..""lllles have been prq>i~red by lhc action o( Q-ph.cnanlluulinc:, 
"'" '-dipyrid~-1. bi[lu.lnil.ilo or p:lyeinll on diaminc cth}·lcnc:-dlbi~nidc C"obaltUII) hydro:.: ide 
wlphate. The c:omrJna lln~ all quih: solubh: llnd bavc been c:haraacriscd by QDIIduc:t.a._ 
•nd equivalent weiaht mea~ur~ml!nll. The ch:c:lronlc: absorption Sf""JeClra revesl two Jipnd 
lleld band.s rcprnenlin!,! tho transition~ I I and I I The 

11--"'T A--·"'T 
II I& hl: :Z, 

llp.nda obe) their e~('ICCied po.llion In the •poc:trochcmlc.al seriOI. 

Partilll charactL'TiMlion of the leworotlllOI')I bi1uanidc ethylcne-dibipanide Cobahllll) 
d-camphor-IIUiphonatc dio~~.stCT\XJL'Om ... 'T h ... bo.."ell made. 

As studies were progressing in our Laborntory on the mixed ligand comp1cxe6 
of CohtJH Ill) having lwn bidentale b;gwnide ligands\ we thought this might be 
worthwhile to undertake u programme on qundridentate functioning bigwmidesi. 
The litcruture does not have any record of 11. C'oh:...ltic heterochclutc containing 
such 11 polydentuLe higuanide. Nor arc such examples common with nlher quu.dri­
dentate lignnds2 • 

While looking for a synlhetic route to such C'obaltic helerochelules contain­
ing the quadridc:ntale elhyl:mcdibiguunide. we f1lund tbHt 11. diamine ethylene­
dihigwmide Cobalt (I II) hydroxide sulphate had already heen reponed~. The 
quadridcnl.nLe ethylenedibiguanide, among other uspects. hH.Iil stabilised lripDihive 
siJver in the fornl of a four coordinated cationic complex, with an extl"'".J.Ordiruuily 
high stability constant and also tri- and tctrupositivc manganese in the form of 
first-ever examples of c11tionic complexes of mnng;.~ncse to be stabilised' hy nitrogen 
donor ligand~ ' · 1

• 

I. Dutta and Suklr. rwrxn in the scriu '·Mixed-Ligand Complexes", PD.rt 1-VT, lhi9 
loumul unu.:r publication. 

2. Slle for nample, (a) J<.yuno, Goucher and Bailar. J. Amrr. C'lit:m, Soc., 196!1, 87, 4461. 
(b) Leg •nd Cooke, lnor11. Cllt:m., 1965, 4, l!'i?b. 

l. Ray, Z.. mroriJ. ChC'm., 1960, 306, 133. 
4(a) RAy and ChAkrav11rty. thiB Joumof. J'j44, 21. 47. 

(b) Sen, Ghosh on..! Ray, ih/J., ~~~. 27. b\9. 
(c) Sen nm.I Ri.y, Ibid., JQSJ., 30, !'il'>l. 

S. R11y any Rly, this Jo11mo/, 19~8. 35. 595, 60 J. 
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The dia.tninc etbylencdibiguanide Cobt1t(III) hydroxide sulpltate is not 
known whether it h a cis or a tJllll8 derivative. In any cue, we found that when 
the subBtance was taken in aqueous solution and treated wiih hues. ruch u 0-
pbcnantb.roline O£" o(..:.'-dip)'lidyl. there was no immediate C"VOlution of a.mmonia. 
On warming on a water ba.tb. amm011ia was disengaged and a dark red solution 
resulled. On concentrating to a small volume and neutlalisiDg. tbe c:"atioul could 
be isola.Led. Both the heterocbela.tc Cll.lions, nB.Inely. 0-phe.nanthrolinc cthyk:ne­
dibiguanide Cobalt(IIJ) and "'"' '-dipyridyl ethy1enedibiguallidc Cobalt(lll) have 
been isolated in the form or. a limited nwnber of salts, such 11..1 sulphate, cbloride 
and iodide. The salts arc far more soluble than the corresponding his biguarude 
C.obalt (ITT) complexes. Conductance measurements are indicative of the tri­
univalent nature of lhe cations, although somewhat highec values are recorded due 
to a high room temperature. Bcside:l, the equivalent weights wer-e also dete.nn..ioed 
hy the ion exchunge Lechnique pursued in our Labor.1.tory. 1

•" 

On treating tbe diamjne base with bigu11nidc: around pH 8 on a steam 
bath once again there occurred evoluti\1n of ammonia and the bidentate bi.gu.anidrs 
slipped into the coordination zone... The heterobiguanide cation,. biguanide 
ethylenedibiguanidc Cobah(IH) was isolilted in the form of sulphate, chloride­
and the iodide. Here too. the solubility WHS much ht.rgcr than the othc£" hetcro­
higuanide Cobalt(III) complexes reported ~rlier from ou£" La.bomtmy. The­
conductance anlJ equivaJcnt wci!flts were also studied and found to be giving ex­
pected values. With a view to studying the resolution characterittics of tho 
complex, we did isolate the !ialt wilh d·camphor sulphonate u the anion. Our­
attempts to isolate the chloride-d-tartrete or the pure d-tartrate did not ma_teria.li.&e .. 
an oily product being obt.Bined. The camphor sulphonate WII.S fractionated and a 
crop (about 7%) was collected which showed a levo rotation [ ... ]o =- 135~ 

and the other fractions were all impure and showed very little rotation. Com­
pared to similar hetcrobiguanidc symcms reported earlier. the fim crop is. believed 
to be substantially impure. Tbd yield. poor as it WIL'!ii. discouraged us very 
much to pursue further studies in this context. 

TABLE I 

Conduc:tanc:r IIU.'usra·em~IIS in aqueous JOiutlnn at 36•. 

I. •[Co(O-phcn)EI(BigH),]CI. 3.5 H.O 
Dilution (in litres) 128 2$6 512 1024 

1\.P fl$ 145 165 16-J 
AoC 15U" 163.8 180.1 171.4 

1\oC (mean) 166.7 Av "'" SOO.I mhos. cor mole - 1
-

2. [Co(dipy) El( BigH).)CI. l.SH_O ; 11.,. = 50~.8 nmo.. em• male-'-

3. [Co(BigH)Et(BigH).}Cl.; II" = 509.1 mhD!I. em' r;nole - 1
• 

4. [Co(lly)Et(Bi&H)o]SO, L5H,.Q II"""' 328 mhos. em' mol" -• 

"' Et(BiaH), de~ianates one molecule of ethyhmcdlbiguanide. 

6. Dutta and SyamaJ. 1hi.l .IDHrrwl, under publication. 

!I 
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Glydne reacts with diamine hydroxide sulphate at Lhe temperature or a 
steam huh diaengagi.og ammonia and producing the permangana.te Yiolet beler· 
chelate, glycine ethylenedibiguanidc Cobaltrll1) Klfl, being isolated aa the sul­
phate salt. Conductance showed this to be hi-bivalent salt7 _ The equiw.lent 
weight as determined by the ion exchange l.eehnique Clime within the expected 
.spread of the tbcorctial wluc. {d. Tables I & 11)_ 

TARLE ll 

F.q11ivafrnt M~i.~?ht meu.surem.e11t&. 

Complex Found RaquiTed 

]_ [Co(O·phen)Et(BiiH).)Cl, 3.S H.O 22D 213 

2. [Co(O.phm)Et(BIIIH)o](SO,),., 4.S H.O 1.21 230 
3. (Co( diP)') l:.t(Bipf)o](SO.) ,_. 6fLO 2AO 231 

"'· [Co(dipy)Et(Bi&Hh]CI. 2.5 H.O 209 198 
5. (Co(BiJH)Et(Bielfla)(SO.)u 4H..O 210 200 
6. [Co(1lyl Et(BiJH) .)(SO,) I.~H.O 2.50 242 

The electronic absorption spectra of all these systems (Table Ill) have been 
recorded within the range 320 ml-" to 550 mp.. and compared with the similar com­
plexes reported earlier in this series. There is a close resemblance in the spectra 

<Of all these complexes and a 4ualitative spectrochemical series is obeyed. 

Complex 

0-phen ~ dipy ~ biguanidc > glycine 

TABLE m 

El«tronic absmption .spectral daJfl_ 

Band II 
~ max. W. number Molar B -:-. max. 

(m") .,. em-•~ (m~") 

tCo(O-pben) Et(Big.H).] (SO.),.. 335 30.000 1100 480-
496 

1Co(BlgH)Et(BiBH)o]CL, 355 28,200 

[Co(dlpy)EI(Bi&H)o](SO.),_. 

iCo(Jly)Et(B.igH)..:]SO. 360 27,800 

220 480-
490 

480-
490 
51~­
-~30 

Band I 
W.number Molar 8 

.(em-') 

:!0.800- 74 
20,200 

20.800- 220 
20,400 

20.800- \75 
:!0,400 
19,400- l7S 
18.900 

With a. view to extend such studi-es we cOnceived of preparing similar hetcro­
cbel.u.les containing meta-phenylcne-dibiguanide as the quandridentate functioning 
Jiga.nd. Although the trans diamine meta.phenylencdibiguanidc Cobalt(III) salts& 

7(a) Jones. "EEementary Coordination Chemistry'", Prentice HaJJ. 1964. p. 25•. 
(b) Dh•u. Z. aMrg. Clu!m., 1913, 80, 43 u cited in Ou~~M:1iano rt al, lnorg. Ch~m .• 

1963>, p. 286. 
8. Rly and Du Sarma, this Journal. 19149, p. 131. 
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have been descn"bed long bo.ck, all our efforts failed to obtain a material of 
reasonably crystalline nature. JD. our hands. the method always produa:d a 
sLicky mass whi<:b could not be crystallised. 

EXPERIME.N"I'AL 

Ethy~ibiguanide hydrogen sulpba~ and biguanide sulphate10 were pre­
pared according to published procedures. Diamioe cthylenedibigua.nidc hydroxide­
sulphate was also obtained by following a known mctliod~. 

I. 0-phenunthroline ~thyl~nedibiguanide Cobalt(!/) Sulphale : Diamine-
ethylenedibiguanide Cobah(JJ I) hydroxide sulphate 4-hyd.ratc (hereinafter ca.Ucd 
""diamine compound") (1 g.) waa dissolved in water (15 mi.) and treated with 
0-phena.nthroline (0.4 g.) and the mixLure warmed on a steam bath lill evolution 
of ammonia. ceu.sed. The solution wa.s then neut111.lised wilh dilute H~O!. con­
centrated further a.nd allowed to cool. The red crystals were fihered, wasbed with 
spirit and dried in air. Recrystallisation was effected from a small volume of 
water using about 2 gm. of the crude saiL. !Found : Co, 8.7; N, 24.9; so~. 

20.4 H::O (by loss at 120"). 12.0%; [Co(O-phcn)Et(BigHh](SO~)H" 4.5 H~ 
requires, Co, 8.5: N, 24.3: SO~. 20.8: H:P, 11.7% l-

2. 0-phn~tmthroUn~ ethyl~nedihiguanid' Cobalt(Jll) Chloride : 11lc: <fia.m­
ine compound (5 g.) was dissolved in water (SO ml.) and treated with 0-
pbenanrhroline (2 g.). The mixture waB digested on a ste.am bath till there was 
no further evolution of Rmmonia.. The solution was neutralised with dilute HO 
and treated witb, aqueous barium chloride dihydrate (25 g.). Tbc mixture was 
digested funher. filtered and fi1Lrate concentrated to a snia.n volume and cooled to 
obbain, red crystals of the chloride salt, which were further purified by recrysralli­
sation from B small volume of hot water. jFound : Co. 9.0: N, 26.2; a. 16.6 
and H~O (at 120"), 10.3%; [Co(O-phen)Et(BigH)2]Cl3 , 3.5 H~O requires, Co. 
9.3; N. 26.4; Cl, 16.8 and H~.O. tO.()% f. 

3. 0-ph.entmthroli~ ethy/~n~dibiguanide Cobalt(J/1) lodid~ : The iodide 
salt was obtained by the addition of K~ to a concentrated aqueou!il solution of tbe 
chloride salt obtained in sita by the above method. /Found : Co, 6.~ ~ N, 20.0; 
L 43.4; H:P (aL 120") 3.1%: [Co(Et(BigHh)(O-phen)]r:~ H_...O requires, Co .. 
6.8; N. 19.4; L 44.0; H::O. 2.8t)f.j. 

4. "('<'-dipyridyl ethyltm~dibillfllUiid~ Coha/t(/11) Sulphate: Tb.ia wu ob­
tained as fot' the 0-pbenanthroline complex. U!ling dipyridyl (.32). IFound: Co. 
8.5; N, 24.2; S04, 20.1 ; H:t<) (at 120") 14.8%: [Co(dipy)Et(BigH).:](S04h~ 
6H:!O requires. Co, 8.S; N, 24.2; so~. 2JJ.7: H:zO. 15.5%. f, 

9. InorJ. Syntheses, Vol. VI, p. 75. 
10. fbid., Vot VI, p. 65. 
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5. o(o('-dip}'ridyl ethynen~dibiRIIanidt' Cohalt(lll) Chloride : The diamine. 
-compound (2.5 g.) llnd dipyridyl ( .8 g.) were suspended ln water (about 40 m1.) 
.and wam1ed on a steam bath till ammonia evolution ceased. The solution was 
neutralised vrith dilute HC1 and lreated with bo.rium chloride dihydrate (1.5 g.) 
-solution. After digestion Lhe barium sulphate was filtered off, the solution further 
-concentrated, cooled and treated wilh acetone (ubout 10 mi.) and left overnight 
in a refrigerator. The shining red crystals were collected and washed with aoetooc 
and dried in air. !Found: Co, 9.9: N. 28.4; Ct. 18.3: H,_.O (at 120")' 1:6%: 
{Co(dipy)Et(Big.Hh]Cb 2.5H~.O requires, Co. 10.0; N. 28.3: Cl, 17.9: H~.O. 

7.6%.1-

6. .. .... '-dipyrid}·l rthylmt'dibiguanidr Cohalt(l/1) Iodide: The chloride 
"SOlution a.s obtai11ed above was treated witb Kl. wam1ed to obtain a clear solution 
"and was allowed to crystallise slowly thus furnishing red crystals. !Found : Co 
7.2: N, 21.0: T. 46.7%; [Co(dipy)EHBigH)~]£3 requires, Co, 7.1: N, 20.4: 
I, 46.3%. 1• 

7. "'-" '-dir.yridyl f•th)'lenrdihiguanidr ('oha/t(l/1) Nitrite: Obtained as for 
the iodide salt using sodium niLrite instead of polassium iodide. ~Found : Co, 9.1; 
N, 35.5 and H:.O (at 120") 1.5 %: [Co(dipy)EUBigH)~](N~h 0.5H....O .requires, 
Co. 10.0: N. 3S.7 : H:...O. 1.5%.!. 

8. Biguanidr ethylrnt'dihiguuflide CobultUll) SulphtJte : The diamine 
-compound (2.5 gm.) was suspended in water CIS mi.) and treated wilh a neutra­
lised (NaOH) solution of biguanide acid sulphate ( 1.2 gm. in 30 ml. water), 
'IDe mixture was warmed on a steam bath till entire amount of ammonia WaJ 

lost. The solutioo wu then neutralised wilh dilute H~.~. fihered, concentrated 
to about 20 ml and allowed ta cool &lowly. The deep orange red crystals were 
filtered, washed with alcohol and dried in air. I Found : Co, 9.6; N. 35.1 ; SO~, 
25.0: H,,. 12.5%: [CofBigH)Et(BigH)~(SO")l·" 4H~ requires. C.o. 9.8: N. 
35.0: S04 , 24.0: H20. I2.0o/',..l. 

9. Bigr~anU/e ~thyltmedibiguanide Cohult(l/1) Chloride : The above sulphate 
1181t (2 gm.) was dissolved in water und treated with an aqueous solution of 
harium chloride (.8 gm.). After filtering off the barium sulphate, the solution 
was concentrated to a small volume and allowed to crystallise. The crystals were 
.,.,,.•ashed with spirit and dried in air. !Found = Co, 12.2 ; N, 43.0: Cl. 2l.3% ; 
(Co(BigH)Et(BigHh]C13 requires, Co. 12.0: N. 42.7; Cl. 21.7% 1-

10. Bil{llanid~ t!lhyl~n~dibiJ,'l4UIIid~ Cobalt(!//) d<amphor-10-Srllpii(Jlfate : 
This was obtained by treating concenLnated aqueous solution of the above com­
plex cb~orido with that of ammonium d-camphor-10-sulpbonate in the cold. when 
shining crystaJs separated. ThCSCI were filtered and washed with acetono. 
!Found : Co, 5.3; N, 18.65; H:lO (Ill J20") 4.8%; [Co(B.igH)Et(BisH):)(CS)s, 
JH,P requires, Co. 5.2: N, 18.5; H:P. 4.7%!-
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II. Biguanid~ erhyknr.dibi11rumide Cobalt(l/1) Iodide : Obtained a.s ahi.o· 
ing red crystals following earlier proc:edlll'C8. Wound: Co. 7.9: N, 27.0; I, 
.50.8%; [Co(BigH)El(BigH)l!]I1 requires, Co, 7.7; N, 27.4; I. 50.0% I. 

12. Glycinat~ ethylenedihiRuanide Cobalt(lll) S!tlpluJtl!: The diamine 
compound (:2..5 g.) a.od glycine (0.4 g.) were taken in water (30 ml.) IUld bea1ed 
on a. steam bath till ammonia. evolution c:eued. The solution was concentrated 
cooled and scratched with acetone. The oil that scp11.111.ted first, turned into a 
crystalline powder, The powder wa& dried in a desiccator for a fe.w days and 
the hard mass was dissolved in almost boiling water (70 mL). The filtered 
bluiah·violet solution was concentrated (30-40 ml.) on 1:1 steam bath when shining 
a-ystals started appearing. The mixture was sufficiently cooled and the pe.rman­
ga.nate violet crystals collected. These were washed with spirit B.Dd dried over 
Ca~. JFound : Co, I 1.9: N, 31.8; so~. 19.6: H:!O (at 120') 5.9%; [Co(gl.y) 
Et(B.igH)dS<) ... 1.5 H:t0 requires. Co. 12.1 ; N. 31.8; so~. 19.8 ~ H:zO. 5.5%~-

EXPERIMENTAL METHODS 

CobBJL was estimated aa uJ'hydrous C'obalt(ll) sulphate, nitrogen by the 
combustion technique and the a!'lions by common procedures. Equivalent weights 
have been determined by our ion-exchange technique. Electronic spectra were 
recorded in Hilger Uvispek Spectrophotometer and conductance with a Phillips 
conductivity bridge. 
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