
Miz.ed Ligaad Comple:sn. Part II. Hetero BiguaDide 
Co (III). and 1-Am.idiao-0-Ethyl Urea Bis 

Biguaaide Cobalt (Ill) Compleses 

R. L. D11tta and 8. Sarllar 

By tba action of rubstitutcd biguanldc:s on tho Cil diamrn.Jne bls bl«tJanlde Cobalt(DI) 
base, a urie11 of hetero blguanide Cobalt(UI) C'Om:PIClcs of lhe type:. [Co(AA) (B(JH).] •• 
(AA- mdhlll blp~.~nlde, elb) I toi~:unnick n:r pt\cln~l btp.anidc:) have been synthlllbed and 
~aracteriJed. Tbae give cx[!eeted c:onductnncc valu~ and oqulvalcnt weilhts. AbsorptiOD 
apectr.LI atadlel reveal two liJ,Iml lMd bands aroun.J 21,000 em-' and 2(),000 em -•. A 
compari8011 reveals very close lipnd Bcld stromglh set 3)' the subcdtuted b.iguaJlides cORlpu-ed 
lo big;uanlde il~elf. 

'IlK I:ODiplcul, methyl bipanidc bis bl&unidc CobaiLUin and ethyt bipanldc b~ 
bi8Uanide Cobalt(lll) have ben NBOive.U lhmuah lh.e fractionation of th11 Chloride-d· 
l&rtnte and the d-campbOI'- 10- sulphonate. The aul[lflatc sa liB o( lbe pure optically KtiV11 
levo calion!: ha"c: been chancteri~- 1 h~ M\'c the follO\.I.ing rotation c:baracteri!:lic~ : 

J.[('o(MeBi.J!H) (1Jii!H),](SO,), .. aq. 

1-[Co(EtBiBJI) (Bidlhl(SO,), .. aq. 

[lVI],, e: (-) 7JtifS. 

[M],, " (-) 2.."'91". 

Tbe corresponding pbe:n)•l bigunidll complex &bowed no evidence of under1oing any !'810-

Juti.on at lbe Na-0-line. 
A number of ulh of the betrnchelate, 1-arnidin~bylurea bis blau.anide Cobah(fil) 

bave at..:. been !)'JUheii.rOO, adcqwnd) c:haracterl~ and ro~elvw via c:h1oride·d·t..arlnle.. 
1be pure 1-sulphate is characterised. Fndionalion of the d-camflhor 10-'51:11flhonate J"f'Ovidcl 
lhe d·liOmer. The rollltion chancteriniCI are : 

1-[Co(AE.UH)(BI!lll.}d·l.arl aq. [M],. -(-) 2197• 

1-fCo(AEliHl(Bip.H).](SO,), .. aq.IMJ,. =(-) 21!17•. 

This paper reports for the first time synthe3eS, ch.uracterlsation and resolution 
of a number of het.ero higuanide C'oballfllll complexes~and comes as an interesting 
extension of our programme on mixed-ligand complexes'. Looking into the 
literature of melal biguanidc complexes:: it is ciCilr lllll.t though much clforu have 
been: lavished on homobiguanide complexes of a VHriety of Lransition metal ions. 
nothins has been done so far towards hecerobiguanide complexes. In this report 

1. Dutu. and Sarhr. Pap.:n in the series ''Mixed Lipnd CompkxesM, thi8: Journal. undm
public:ation. 

2. Rly, Chena Rn:s .• lllt'il, 81. 3\l; Around 90 JIAPCII'I orii\nating from his laboratory 
have been covered i.n th.i3 cxtellent R"oillw. P'or pRpcn appearing afwr this R'Vt&:W, 
Sen, SneiiC'e & Ct~llur,, Jlllbl, 27, ~1. SO!, S41!.; 1962, ::iiS, 1!.44; Obosb and Sinha, 
this /QIIr!Wl, 1961, 38, 179 ; 196), 40, 2A-9 ; 1. lnorR. N11c-l. Ch~:m., 1964, 28, 1103 ; 
RAy, I. lnorr. Nucl. Ch•m-. \965. 
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we descr:lbe tbe corresponding Cobalt (III) complcx.c:s. wblch furnish some lntar
C3ting lnsta.llcc where the coord.ioatioo sites arom1d Cobah(lD) are occopl.cd by 
differently substituted blgua.nidcs.. Beskles. 1-amidino-O«bylurea. which bas 
llUlDY similarities to blguanides with regard 10 wmplexiDg propcnics. bu also beeD 
used to provide a heterochelate. 

Tris blguanide Cobe.lt(III) waa nMOlved1 lhrough the fracdonal crystalllsa
tion of the Chloridc-d-tartmto and a high yield of the levo isomer rca1.i.sed due to 
a second order asymmetric transformation. 

Thfs above trb biguankle Co(ll) case baa been claimed to be the fin1t Inor
ganic example by the authon. We have however noted, the tris blgua.nkl.e c:a.sc 
W"d.S not the first ooe. Mucb earlier tris oxalate chromium (UI) has been resolved 
through strychnine in alcoholic medium gtvi.ng primarily the dextro form and la 
aqueous solution. lhc lc..-o fonn"'. Besides the tris blguanide cue a limited few 
are also known today e.g., the resohrtion of trls-o-pbenanthroline Fe(ill) antlmonyl
d-rart.rate giving a high yield of the levo 00mc:,a and lhe anenic(V) Catec:bol 
complex" again in alcobol through quinine etc. Recently a few substituted cate
cbolates have also been found ro give rise to a SCCQnd order a.symmetric rra.oafor
JJUtlioo in alcobof7. 

In this c:oo.text we need to mention that the homochelatcs of phenyl bigua..Didc 
Coba.tt (Ill) chJoridc-d·fartrate was resolved earlier in a normal Dl8.1llle.r8, both the 
de:xtro and Jcvo being obtained In nearly equal amounts, with no evideo.ce towards 
asymmetric transformation. The bornoclJelate tris (NI-isopropyl N 1-p-ch1oro
phenyl) biguanlde Cohah(lll) also underwent apparently a normal resolution•. 

When Cis diam.ine bis biguanide Cobalt( III) base is healed with methyl 
biguanidc. ethyl biguanide (a.t pH 7) or 1-amidino-o-etbylurea there occvn evoln
tioo of ammonia leading to the formation of tho co-responding Cobalt(IIl) bceero
cheJate bases. Treaunent with dilute acids andlor metathetic reactions leads to the 

11 [Co(MeBig:H) (BigHha(OH)a 

/ 
C,is[Co(NH3 ) 2 (BigH) 2](0H)~ -- "'" [CofEt.BigH) (Bi@H):](OHla 

' ' "\~ [Co(AEUH) (Big'H):](OH). 

isolation of a number of salts of the complex c:ation.s. In the case of tbe tris bigua· 
nidc Cobah(III) chloride, [Co(BigH)JJCII, treatment with one mole or &ilvcr-d· 
tartrate and evaporation to dryness had lod- to the Isolation ol the t.rls biguanide 

3. RAy and Datta. this IDflmm, 1941. 18, 289. 
4. Werner, BD, 1912. 45, 3061 Ill cited by Buolo In Bailer, "CbcmJRry ol. lbc Coonll-

nalion Compounds'". 
S. Dwyer .00 Gyafu, J. Proc. Ruy. &K. N. S. Walel, !91!10, 83, 263. 
6. ROMIIIhelm Ul<l PJatG. 86. 1925, f.S. · 2000. 
7. 1..a1tUu 11nd JOI]II!.., lrwq. c:ll-.... 196), 2, I43. 
I. 51~ Dutt and RAy, thJ111owmDI, 1060, aT. 641. 
9. Spacn et al.., Cllnn . .A.bn., l96l. ~7. 410, 

!I 
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Cob&lt(UI) cbL>ride-d-tartraloe. We have. however, found LhBt treatment of the 
aqueous solution or the lris-chlorlde witb a.n excess of sodium-d-t.artrate, always 
povided g6stening crystals of the betero bi&wutido Cobolt(III) cblorido-d
htrtrate instead of the pure d-tartrate. 

I. [Co(MeBigH) (BlaJI).)CI.. 

Dllutioru (In lit~) 

TABU! J 

64 

II• ll4.2 
lv< 1~.41 

IZII 
12.4.3 

147.11 

L~ 

LH.O 

170.59 

512 

158.0 

172.50 

1024 

169.6 

180.60 

A"- (M~n) 165.44, Molu conduct.anC&l- 4%.32 mhos. em" mole·•. 

2. {Co(PbBigH)(BiaH}o]Cl. 2.5 H,O, Molar conductai'IQ:.,. 439.31 mhos. cofmole- 1
• 

3, [Co(EtBi!!H) (BlgH).}CI. 2.2H.O. Molar conductance- 517.S mhoa.. an• mole-•. 

4. [C.o{AEUH)(Bi&H).)CI. 0_5H.O, Molar C()IJO.Ju..-\anc~- 44l mho&. an• mote·'. 

The 1\~ valua. were calculated by Walden formula 1"4..,. ,..,, {l+.69ZXnaxn.xv·l) 
Where A• =- the equiva!l:nl conductanCil al a de!inlle dilution. 
Y - dilution in litrc.1, n. &. n, the Ylllc:nci.:s ol tho ion1. 

Tho ~omplc:at chlorides gave ex~tcd values of molar ~onduct11.m.:e. provided 
the prevailing tcmperolturc was taken into considerntionl 0_ Besides the equivalent 
weights of the chloride and Lhe niuale-salts agree well with the values ohlained 
from analytical results. 

TABLE IT 

Dn~rmination of £quivalr111 wrighJ.s_ 

Complex Equivalent we1&bt 
Requlrcd Pound 

1. (Co(MeBigH) (BiaH),]Cla 160 I~ 

2. [Co(MeBigH)(DisH).](SO.)..., SH..O 203 10) 

3. [Co(PhDigH) (BigH).)Cl. :Z...5H.O l9Q 174 
4-. (Co(PhBigH) (IJigH) .](SO.)t.o 5H,O 22J 2!6 
5. (Co(EIBlgR) (Bi,gH).)CL ZH,o 176 170 
6. [Co(AEUH) (BigH),](SO.), .. H.O 183 161 
7. [Co(AEUH) (Di&H).]CL O.SH.O t68 1S9 

Next we completed the absorptlon spectral measurements and found out that 
as usual the complexes exhibit two 1igand field absorption bands, one aroWld 
28,000 em-land the other around 20,000 em- L_ For comparison,. the spectra of 
tris biguaoide chloride is also given. This would show that the substituted 
biguanldes and the amidino-o-ethylurea set a very close ligand field around 
Cobatlt(III) as does biguanide itself_ 

10- Jonea. "Ekmentary Coordination CbemJJlry'•, Pratiec H11l, 19164, p. 254. 
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"C"ABLE III 

Ahsofption J~tral clwrucUri.<otics. 

Band u Band 1 
Complex. >..Mu W.numbclr Molare ). Max W. numbes: Molar 

P. 

I. {Co(MeDigH) {Bi&}l) a]C1. 350- 2Sl'iOO-
3.55 21100 

220 ~5 '2.1l00 'n5 

2. [Co(BtBi1H) (BisJi).]CI. 3SO- 28600- :!6S 480 20800 275 
355 28100 

3. [Co(PhBiiH) (Big}{).](SO,), .. 355 28200 275 430 20800 210 

4. {Co(A£UH) (Bi&R),JCI. 35:5' 28100 2.10 47S 21100 :us 
s. [Co(Bi&H)a]Cl. 3~ :zs-oo- 220 47.5 21100 235 

355 211200 

The resolution itudies show that lhe chloride-d-Lartrates as prepared in this 
work: (Vide E.ll:perimenlal) geL rractionated to a consid.etable extent right during 
the prepantlion. Thus the crop (about 50- 60'% of the total theoretical yield) is 
distinctly levorotu.tory, which on further fmt.:tionalion provide the pure levorotatory 
isomer (in about 85% of the above yield). Thus the lecbnique of Lhe reso]:u... 
Lion. we ha~ adopted. provides a partial resolutioro and a quickf:r route to obtain 
a good yield of the pure Jevo isomer. Some irr.pure dexlrofntction may be col
lected from the original mother liquor on long standing. This, however, hBI not 
been investigated in much details. This resolution hehavi.our was observod in all 
the three: cases, namely, of melhylbigua.nide t>isguanidQ Cobalt(IIJ) and the 
corresponding ethylbiguanide and 1-amidino-0-~thyJ urea complexes. 

TABLB IV 

Complex Spcc:ific Mol...- T llll1penluR 
Rotlltion Rotation 

Cl 
I. [Co(MeBlsH) (Biglf).]d-tart 4.SH.O (-)365' (-) 2328" 30"C. 

2. [Co(Mil8if!H) (Bill H),] (SO,),.,., :t~H.O (-) 390" (-) 2266" 30"C. 

Cl 
3. [Co(&BiPi) (BlaH).)d-tart 4H.O (-)37.5" (-)2411" 30"C. 

4. [Co(EIBit!HCBlRHlo](SO.), .. J.SH:O (-) 18.5' (-) 2291" JO"C. 

a 
s. reocAEUH) (Biaft)o)d·tart 4.SJLQ (-) 337" (-) 2197" 27'C. 

6. [Co(ABUH) (BIIIH).](SO!),,• 3H.O (-) 37~' <-1 ztcn• l7'C. 

(] 
7{1L) d[Co(BIPJ),)d-tad SH.O (+) 340" (+) 2161' 3I"C. 

Cl 
~~·c. (b) [Co(BiaH)o]d-tart 5aO (-) 3)5" (-) 112.9' 

8. d A I(Co(BiiH}o](SO.),_. 3.5H.O (± ). 34!i"Z.S. (±) 20152' 31'C. 
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For the dextro methyl bigUanide bi• biguanJde Cobel.t(Ill) Carnpbcr sulpbo
natro1 [.c]0 = <+> 143"; ·M], = (+) 1530". For the doxtro methyl blguanldc 
bi.'l bigua.ojde Cobalt(III) Iodide [ ot]0 = ( +) ISS" ~ [Mjr, = ( +) 1150". Foe 
the ethyl biguanidc bis biguanide Coblllt(lfl) camphor sulpbooatc, [. ] 1 = ( +) 
150"; [M10 = (+) 1720". For the dextro 1-a.midino-0-ethyJ urea bis bigua
Dide Cobalt(fll) Camphor 5Uiphonate [ ],. = <+> tso•; rMl, = (+) 1734". 
The Iodide salt of lbe dextro ethyl Piguanide bis biguanide Cobult(III) cation and 
I he de.xtro 1-amidin~-elhyl ureu his biguanide Cobalt (Ill) cation gave practically 
no rotation. 

Optical rotations were measured in a student model C.arl Zci.u Polarimeter. 
giving reading upto ~= 0.05". Accuracy of Lhe above rotation values are limired be
cause of only moderute accurdcy that the Polarimeter t)(fered and also because 
of the limitations offered by the coloured Co bu. It( nr) solutions (0.06 - 0.1% 
solution). 

The re601uhon of 1he d-campiK,r sulphonate diastt...·riuoomcr is J10flDUl offer· 
ing hotb dextro and Jevo rotatory fruction, the levo diustercoi.bomer appearing 
first. However. our allcmpts lu prepwe the iodide sail by lrilunuing with con· 
centmted NaJ or KJ 110lul.ion gave in the case of methyl biguanide oompla on 
iodide salt with poor optical activily 1 [ .]1, = + 155 •) and In 1he case m the ethyl 
biguanide there was practically no rot.ulion. Tl'lls rapid lo55 of optical activity in 1he 
case of etbyl biguanide complexes calls fur detailed 51udy of the ma:mmuion 
reactions. However, these types of examples are not entirely uncommon in tbc 
literatureu-u. The l-amklino-0-ethyluroa case is also t:omparable. 

We wuuld now compare the resolution studies with all the other tris biguanide 
Cobu.h(lll) complexes that have been resolved. It is thus obscr\"ed lhaJ. tb~ 

substitution of one biguanidc hy mcth)'l biguanide or eth!<l ~iguanide does not 
retain tbe property of exhibiting the second order transforllhl.tion with respa."t tu 
the ch.Loride-d-uutrdte diastereo isomers. Be.sides. the resulting heterocb.clates 
have rotation values whk..-b are indicnlive of a greater asymmetry introduced in rbe 
L"Omp1ex, tbougb somewhat lower Lhao what is o~I"Wd In tris pben,yl biguanide 
Cobdt(l r.n systelffl. In tris biguanide Cohdt(IU) as well as lhe present ca.scs.. 
Lhe lcvo rotatory chloride-d-tartro~.te fonn the less: soluble fraction. The diu.sten:o
~mcrs as also the optically active (Xlmplex: sulplwte w~re quite st.able in solution 
around 30"€', since no recemisatioft took plaoo even on lilllnding for days together. 
The samples also did not undergo any reccmisation in the solid crystalline stab: 
when these were heated in 120"(' fo~ several hours. 

Phenyl higuanide alliO ret~o~.:tet.l with cis diamine his hi.gu.anide Co bah (III) 
forming the corresponding heterochelatcs. The complex had .'1 Lrend to turn 
oily. so thal we tlid not spend mucb efforLS for isolution ('If a number of salts. 

11. W..Jl;;r ~~ ul, lMJ .. 1~. 2'7, 2371. 
I'Z. C'.map rr al, lnorr. Ch~m., 1965. 4. 14~. 
IJ. lnors. Syntbac-;, P11rt VI. 1'1· 65: 
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However. we wish to record that ouc cftorta to resolve and separate the d.iastereo
iaomeiii of lbc phaoyl biguanidc his biguanide Cobalt(lll) chloride·d·tartmte did 
aot prove S"<'C"'Wdul in so far as Lhe sodium-d.-line wu concerned. 

BXP.EB.IMBNTAL 

.Biguanidc acid sulphate. methyl biguanlde acid sulphate, ethyl biguanide add 
sulphate and phenyl biguanidc hydroc.b.loride were all prepared by following 
standard procedures 1 a ~·. The 1-amidino-0-etbylureu. bas been prepared as des
cribed. elscwhcre1 ~. 

CilH:li.amine bis higuanid" Co halt( til) base WLl& prepared as will be described 
later111• 

l. Methyl bigwmirule his bif.(l~lllide C'ohu.lt (//I) .sulphatt> : Meth~-' biguanidc 
acid sulphate (.12 gm.) was dissolvc'Q in Wf&ter (20 mi.) and neutralised with 6N 
N:10H till faintly alkaline. This methyl biguamde solution was added to a sus
peru~ion of cis diamine bls higuanidc Cobalt(IJI) base (I gm.) in water (10 mi.). 
There W"dS irnmedhttc CYolution of ammonia, and the mixtura was digested on a 
steam both till free from ammonia. It W1l.8 then neutralised to pH 6.5-1 with 
dilute H~O... The complex sulphate separated readily and was cooled thoroughly 
in ice. This was recrystallised from hot water, washed with alcohol and air 
dried. I Found: Co, 9.8: N, 34.6; S01, 24.1: H!!O (at 120"C) 14.8%: 
[Co(BigHh(MeBigH)](S04h:s SH~O requires. Co. 9.7; N. 34.5; so •. 23.7 and 
H~. 14.8% J. 

2. Mt:thyl bigwmide bi.s biRrtanide Cohult(/1/) chloride: MC\hyl biguanidc 
(.72 gm.) was dissolved in hot water (about 20 ml.) and treated witb Ba~ 
(.75 gm.) in water (10 ml.). BaSO-~. was tilten..-d off and the filtrate neutralised 
wilh 6N NaOH till faintly alkaline. Tbis was tbcn ad(.)ed to a suspension of cis 
diamino bis biguanidc Cobalt(lfl) base (I gm.) in v. ato!r (5-6 ml.) aud digestci 
oo. a Slea.Dl bath when all the B.DlmOI1ia wus expell«l. the solulion was neutmlised. 
with dilute HO wnen the yellow chloride sslt of the complex began to separate ouL 
The solution was further cooccnk"ated,. cooled tboroughly in ice and the product ro
crystaiiiscd From hot water. ~ chlo~ snlt was obtained as yellow powder. 
!Found: Co. 12.4; N. 42.9: Cl. 22.2%: [Co(MeBigHl(BigHh]C1~ requires. 
Co. 12.3; N, 43.7; C1. 22.1% t-

3. Methyl NE,lf.UJ11idt" bis hlg11u11id•• CoiN.Jlt(lll) iotlide : .'Vlc-thyJ biguanilk 
his biguanide Cubalt(lll) chloride ( l gm.) was dissolved in a minimum volume 
of hot water, and treated with a conecntmted solution of 1CI (3-4 ml.). There was 
an iJ:nmodiatc precipitation of the yellow iodide sall of the complex. It was 
treated as usual.. l Found : Co, 7.6: N, 2S.5 ; I. 50.0% : [Co(MeBJ.aH) (BigH):z]Ja 
requires, Co, 7.8 ; N, 27.8; I, 50.4% :. 

L4. RAy and Cbakravarty. this J.,.,mal. 1941. 18. 600. 
tS.. Duna and llly, this IOW7tlll. 1959, 38. 499. 
16. Duaa md Sarhr, thl! !lelia, und..'t" pabHadion. 
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4. Methyl hif!lltlllicle biJ hi.rmanide Coha.lt (II I) nitrllle : A concentr.tlcd 
:;olution of Methyl bfgmmide bis higuanide C"obnlt(JIJ) chloride in hot water W"dS 
treated with a conccntruted llOluLion of NuN03 • On cooling in a refriaerator 
overnight it gave the bright red crystals nnd these were collected as usual. 
!Fnund: Co, 10.8; N. 45.34Jf; [Co(MeBigH)(BigHb](NO:.h rcqujres_ Co, 
IO.S ; N, 45.0% 1-

5. Mt-thyl iJiguw1idt' his hi!(lltmich· Cuhtllr( Ill) t·lrlorldt>·d-umrcJII' : Methyl 
biguanide (2.4 gm.), :&.Cb (2.5 grn.) and cis diamine bis higlli.lnide Cnbaltllll) 
base (3.5 gm.) were treated as above, anti o.fter neutralisation with dilute HO, 
more water was added to dissolve the separated product at the steam beth tcm
peru.ture (about 80 mi.) and thia was filtered directly into a satumted solution 
of sodium-d-tartralc. There appeared readily crystals of the chloride-d-tartrate 
saiL of the complex in the fonn of shining red needles. It was cooled in Ice for 
halr an hour. filtered and wushcd with alcohol and air dried. · Found : Co. 9.3; 

Cl 
N, 32.5; Cl, 5.3; H~O (12tJ"C) 12.9<fr; (Cu(BigH):l(MeBigH)d-tart 4.5HP re-
quires, C.o, 9.2; N, 32.9; CL 5.~: un<l H~.O 12.~ '. 

"fllis aoove product was fuund lo he IIUhstanLialJy JevorotalOr). f >t)1 1 = (-) 
285". 

6. Methyl hi~:w.mide ;,;~ hii(W.J.IllcJf! Cohtllt(l/11 cJ-crmrphor .•ult•mmutr: 
Methyl biguanide ~is biguanidc- Co hall (Ill) chloride ( 1 gm ) WIUI dissolved 
in a minimum volume of hot WilLer and was added to a solurion of excess am
monium cl-camphor-1 0-sulphonate with stirring. Tben:: wa.5 an immediate preci
pitation of the camphor sulphoruste salt and after digestion no a steam bath for 
about S minutes, it was filtered, wa!.hcd with cold water and air dried. lFound : 
C'o. 5.2; N, 18.3; H:.O. (at 120"C) 6.54Jf; [C'o(MeBigHHBigHlJCC'Sh 4H~ 
requires. Co, 5.1 : N. 18.3 ; H::O. 6.34Jf '. 

f'rcJctiolfalitm of th~ chloridr-d-wrtrutr diaJt~r~llfi!r : Methyl bigwulide 
bis biguanide Cobalt(Jn) cbloride-d-lartrate (4 gnt.) WdS dissolved in water at 
room temperature (35"C), (about 400 mi.) to form almoot a saturated solution 
und then allowed to evap.lralc slowly under u. fan. The crops '-"olk.'\."tcd were a11 levo
rotatory and the yield of the levo isomer was ahtwe R5% ot the slurting chloride 
d-Lartrate. Found for the levo diast.creoisomer : I< '1, = (-) 365• rM 1 •• = (-) 
2328" Ct=30.C) : IFound : Co. 9.3: N, 32.6: Cl. 6.0; H:O (at 120"C) 12.6%: 

Cl 
[Co(MeBigH) (BigHh]d-tart. 4.5HP requires. Co. 9.2: N. 32.Q: ct. 5.5; 
H~.O. 12.&J' J. 

Practio11ation of the d-campJwr-10-sulphomllt! diuslert!olwmt.'r : Methyl 
biguanide bis bigwmide Cohalt(IJI) Camphor sulphonate (4 gm.) was dissolved 
in water at 3S"C (4SO ml.) to make an almost saturated solulion. rt was ai.Jowul 
to evaporate under a fan. The fi.nt. few crops collected gave levo roLation o.ud 
artcr two more fractK>ns wiLb ponr rotalioiUl. the final two c:rops gave dextro 
rotations~ The levo and dextro fr.action1 at the two ends were mixed sepemtely and 
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refractionated. The rotation values are lndkat..lve or DOt having arrived at tbe 
purest fractiona. Found for the dextro diasl:ereoisomcr : L <~,. = ( +) 143" 
[M](J = (+) 1530" (t=30"C). !Found: Co. S.5; N, 19.4%: [Co(MeBigB) 
(Bigfi)~](C'S)a requires. Co, 5.5: N, 19.6% }. 

The sulphate sah of the leva complex cation and the iodide aalt of ·the dextro 
complex cation were prepared by triturating the levo chloride-d-tartrate diastereo
isomer and lhe de:rtro-d-cha.mpbor-10-suJpbonate drastereoisomer with saturated 
(NH~hSO~ and Nlll ~vely. 

(a) Found for the Je<to, f•i" = (-) 390", LM:., = (-) 2266" (L=30"C). 
lFound: Co, 10.0; N, 36.5; SOh 25.1: H,O. 10.3%: [Co(BigHh(MeBjgH)] 
(SO~)~ .. ·, LCiH:..O requires. Co. 10.1: N. J6.1: S0 1• 24.7. H~. 10.8%t. 

(b) Found ror lbc dextro f·l· = (+) 155" fM]o = (+) 1170". !Found: 
C'o. 8.0; 28.1: I. 51.~ : [Co(Bi8;Hh(McBigH)jr~ requires, C'o. 7.8; N. 27.8; 
I. 50.4% !. 

h is wonb mentioning "that though the resolution of Lhe camphor sulphonate 
diastcreoisomer is normal. lhe molar rutation values offered are poor. The 5lliDC 

is the case with tbc iodide &llt prepared from it. It is difficult to prepare sulphate 
salt from the camphor sulphorutte diasl.er'e<."'isomer. 

7. Eth)'l bi,II!IHJIIide his hi!!uanide Cohti1t(JI/) sulphate : Ethvl biguanide 
sulphale (.76 gm.) was dissolved in water (10 mi.) ancll was Lreated with NaOH 
till just alkaline. This alkaline solution of EthyJ biguanide was added to LhaL of 
the diammine bis biguanidc: Cobalr(TJT) base (I gm. in 10 mt) and wu digesled 
on a steam bath to free it from ammonia. On neutra]isation with dilute H~,. 
the sulphate salt began Lo scparalo out. Jt was recryslalJised from hot water, 
washed wiLh alcohol and air dried. !Fflund : Co, 9.4; N, 35.0; SO~. 24.0; H~.O 
(at 120"C) 12.()%; [C'o(BigH):dEtBigHl:.(SO~)~-~ 4H~O requires. Co. 9.7: N. 
34.7; so~. 23.7: and H~ 11.9%1. 

8. Eth)·l hixuanide his hii?Utmide Cohalt( Ill) chloride : The was obtained 
as yellow crystals by following the procetlure adopted for the methylbiguanide 
t'Omplex. !Found ; C'o, 11.1 ; N. 40.0; C'l. '20.2: H:P (at 120") 7.()%; 
(Co(EtBigH)(BigHh]Cb 2H~O requires. Co. 11.1: N. 3Q.6; 0, 20.0: H~ 
6.8%1-

9. Eth}1 hir<11unide his hii!mmlde Cohn/1{ Ill) chloride-d-tartrate : This was 
also obtained like the methylhiguanide cbloride-d-lartrale. 'Found : Co, 9.4; 

Cl 
N. 32.8; H~ (at 120"C), li.Qo%; [Co(&BigH)(BigHh]d-tort 3H:0 requires.. 
C'o. 9.1: N, 32.6: H~o. 11.2%'-

10. Erhyl /Ji/?ftunid~ his bi.rruaJlide-d-amrplror-10-s•dp/wnQre : This was 
prepared as for the methylbiguanlde derivative;,. I Pound : Co, S .3 ; N', 18.4 : H:P 
(at J20"C), 6.2% ~ [Co(EtBigH)(BigHh](CS) 1 4HP requires, Co, S.l ; N. 
18.1: ~- 6.2%1. 
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Fractionation of the chlorid~-d-tartmU dkulnroisomer : Ethyl bignanide bis 
biguanide Cohalt(III) chloride-d·tartrat.e (4 gm.) was dissolved in waler (about 
350 ml.) at room temperature, 30"C to form an almost saturated solution, and 
aUowed to crystallise under a fan. All tho crops collected showed levo rotation. 
The yield of the pure Jevo roiJitory fraction was about 85% of the starting dllo
ridc-d-tarlrale. Found (or the lcvc diust.ercoisomcr: r ·lo = (-) 375" M]r ""' 
(-) 241 I·. (L=30"C). :Fouod: Co, 9.2: N, 33.0: JL() (at 12D"Cl 11.9%: 

Cl 
[Co(EtBigH)(BigHh]d-tart 4H~ requires. Co, 9.1: N, 32.6: HP. 11.2% I. 

The sulphntc salt of the optically active cation was prepared by lrituruting 
the chlnridc-d-tartratc diastercoisomer with saturated ammonia sulphate solution. 
Found for the lc'IO ~>ulptwte salt: f·k =(-)38S"; fMlr =(-)2291" 
(t=JO"C). !Found : so •. 23.8; H: . .O (at 120"C) 10.9%; [CoCBig.H)(BigH):= 
(~H)](S0 1 h.11 3.5H:..O n:quii'C6. SO,. 24.2; H~.O. 10.6% '. 

Fractim~atiUtr P/ the d-camphnr-10-sulplu'IJKJI~ diasrn-eoisomn : Ethyl bigua
nidc bis biguanide Cobalt(JIJ) camphor sulphonate (4 gm.) was dissolved in 
Wliter (about 400 mi.) to form an almost saturated solution. It was then aUowed 
to cryst1.11lise under a fan. 

Of lbc five CJUf15 oollcctc-d the fiBS: two and last two crops gave equal giving 
dextm rotation. Tile middle fractions were of lower values and evidently impure. 
The first few and the last few crops were ngain mixed separately and the best frac
tions that we could obtain wu the following one : Found for the dexuo diaslereo
lsomer: [ .1 .... =(+)ISO". rMl = (+) 1720" (t=30"C). 1Found: Co, 4.8: 
H:-0 (at 120"C) 5.4%: [Co(EtBigH)(BigHh](CSh 3.5H~ requires, Co, 5.1, 
H:..O. 5.4% !, 

The 1evomtatory fmc:tjom arc not included as the rotations were poottr 

compared to the pure chloridc-d-tartrate obtained earlier. 

The Iodide salt of the dcxtro-cation v.'lls obtained by the trituration of the 
dcxtro-diastereoisomer with a saturated solution of Nal. But surprisingly it gave 
practically no rotation values. This fast 1oss of rot<~tioo calls for a detailed study 
of the racemisalion proc:eu. 

II. 1-amUJilro-O·~thyl llTN bU biCiu.rnid~ srJphau• : C"as diamine his 
biguanide Cobalt(DI) base ( l gm.) was suspended in water (20 ml.) and was 
tn::aled with 1-amidino-0-eth.yl un:a (.51 gm.) dissolved In water (5-6 mi.). This 
was digested on a water bath till free from ammonia. · The clear solution WM 

then neutrali~d with dilute H::SO~ in the cold to pH 7. and then concentrated on 
a steam bath till precipitate began to sepamte out. ll was cooled in ice when 
the yellow sulp~ salt separated out. It W1L1i 61tcred, reaystaUiscd from smaD 
volume of bot water, washed with acd:one and air c.lried. :Found : Co, 10.75: 
N, 35.7; SO, 25.9%; [Co(BigH)2(AEUH)](SO.) 1-11 HtO requirer;. Co. 10.7: 
N. 35.6: so~. 26.1%.-

..... AEUH w:IO ~l one molecule of 1-amldino-o-ctb.yl \IJ"CIII 
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12.. 1-amldln/~tlryl lU'etJ bLs bif{f«Zrrith Cobtdl(lfl). chloride:. I..-mt
d..lno-0-ethyl urea sulphate (.51 gm.) wu dissolw:d in water (10 ml.) .and wu 
t:J:Catcd with. a solution ol Barium chloride ( .7~ grn.) In water and .digested on 
a s.tcam bath. BaS04 wall filtered oft and the 10lution was added to that of Cil 
dia.mine his biguanidc Cobalt(IIT) base in water (10 ml) and diRCSted. on a 
steam be.th till free from ammonia and then oeut.ralised with dilute HCI nnd con
centrated to 5-6 ml. and coolc1. The ~llow powdery product was ~nher puri
fied by recrysta.IlisatioD from a smaU volume or water. F.-ur>d Co. 12.0: N. 
39.3 : a. 21.3 : H~. 1.6%; [Co(BigH)2(AEUH)]Qs, O.SH~ requires. Co. 
11.7 ~ N, 38.9: Cl. 21.0; H:z(), 1.7% •. 

13. 1-amldlno-O~thyl ur«~ bi:r higrumide C'obalt(IIT) chloride d-ltlrfi'Q/11 : 
The com pie~~: chloride (I gm.) was di'ISOived in a minimum volume of hot water 
and added directly into a aaturatod solution of sodium d-ta.rtrate and cooled. The 
chloride-d-tartrate salt separated in the fonn ol red needles. 1'hel!e were filtered, 
washed with ice cold water and air dried. Fonnd : Co. 9.3; N, 31.0; 0, 5.6; 

C1 
H.O (at 120"C) 13.3%: [Co(BigH)!(AEUH)]d-tart 5Hg() requires. Co. 8.9; N. 
29.6: Cl, 5.3: H~. 13.6%1. 

The: racemic form gnve a r.;>tution of [ c l = (-) 270". 

Fractionati01z of fht" diusteff.oisoml!r : 1-a.midinn-0-ethylurea his bigua.nide 
Coball( liJ) chloride-d-brtrate (4 gm.) was dissolved in water (about 300 m.L) 
at room temperature and allowed to crystallise: under a fan. All tbc fractions 
coi.Jected were levorotatory. The )'ield wu.s above 75% of the starting chloride 
d-tartrn[e. Found for the Leva diast.ereoisomer : r 1 = (-) 337" [ M]r" -= 
(-)2197" (t=27"C). Found: Co. 8.7: 0, 5.0: Hz() (at 120"C) 12.4%: 

C\ 
[Co(BigHh(AEUH)]d-tart 4.5H:P requires. Co. 9.0 ~ Cl, 5_4; H:Cl. 12..4 _ 

The sulphate salt of Lcvo complex entity was prcpnred by triturating the 
chloride-d-tartrate with a concentrated solution of ammonium sulphate. Found 
forlhelcvosulpbate: ;..,11' =(-)375" 'M! =f-)2Pn" (t=27"C). ·F·urd: 
Co. 9_8: so~ 25.0: R.O. 9.5%: [Co(BigH):(AEUH)](SO,.h-5 3H~ re:q~ 
Co. 10.0 ; SO,, 24.5 : H.::O. 9.2% '. 

J 4. /-arnidino-0-~thyl UTM bis hig11anid~ C ooo/t (/ Jl) Ct.lmpi!OI' Sri/pho
nate : A conccntn!.ted solution or l-e..mid.ino-0-eth.yl urea bis biguanidc 
Cobah(lli) chloride in bot water was added to a solution of ammonium d
camphor-10-sulphonale and when thoce Wll.!l an immediate precipitation of the 
camphor sulphonate salt of tha complex. it was digested oo a ste~~m ba.th for a. 
few minutes and then filtered off. WBSbed with cold water and air dried. 'Found: 
Co. 5.3: N. 17.1; H:P. (at 120"C) 6.l%; [Co(BigH)(AElJH)](C5)a 4Hz() 
requires. Co, 5.1 ; N. 16.9 ; JW, 6.2% . 

FFrlCtionatUm of the dioster«1isomer ; 1-amidini..o-c.t.b:vl u.rea bit; biguaulde 
Col:pLlt(ID') d-c::amphor-10-sulpbonate (4 gm.) was dJa.solved'-:io. cold watsJr and; 
allowed to ~ise under ~ fB.n.. 5eYera1 crops were goJ:b::te4' .~ nol'Qial 
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resolution bebaviour. The de:\tro ·crops were further fractionated. yiekllna a 
maximum ["' Ju = ( +) ISO" ; 1 M lo = ( +) 1734". This compared to tbc d
Lilrtrate. was still impure. (Aucmpts to prepare the Iodide salt was not under
taken as in a oumbcr o[ such srmilar systems. inve~~ligatcd in our Laboratory, total 
loss of rot11.tion occurred duril'1g trituration with 11 conccntnited Kl or Nal solution). 
Found for the demo: r >( D = C+> 150" M =H-) 1734", U=27"C). 'Found: 
N, 17.3; H.:~O (at J20"Cl. 6.2~: (("o(8igHl!!(AElfH)](CSh 4H:0 requiles, 
N, 16.9; H:O, 6.2% f. 

Found for Lhe levo; [ 1• = (-) 143" IMln = (-) 1640", (t=27"C). 
fFou, I ; N, 17.1 : H~O. S.Sr;f; [Co(BigHb(AEllHJ](C'Sh 3.5HlP require~, 
N, 17.0: H:,.O, 5.4% 1. 

lS. Ph~nyl hix~~tmidt! hb hiN!lwrld~ Coha/t( Ill) C'hlorid~ : Cis dlamine hie 
biguanide Co haiL Oil) ba~ was sll!pcnc.l:!d In ~ter (about 10 ml.) and to it WB..! 

added an alkaline solution of phenyl higu:mide hydrochbride and digested on a 
steam knh and when aU the arumonia WBI out, it was n~utmlised with d~lute HCl 
and evapor.tled to a amall vnlumc. On cooling yeUow products began to sepnrate 
out. 1Dcy were trcat::d as uswl. ·F.-uJnd · Co. 10.6: N, 36.7; 0. 18.4: H::O 
(at 120'C), 4.3%; [C'o(PbBigH)C BigHl::~ 25H:t) requires. Co, 10.0; N, 
35.7; n. 18.0: R . .O 7.6~. '· 

16. Phrn~-1 M.tlltan;d~ h;.~ hirmcmicle Cobalt( /I/) C'hlorid~·rurtruu : Phenyl 
biguanide b!s bigwa.nide C'obalt(Jif) chloride (I gm.) was dissolved in a minimum 
volume of hot water (5-6 mi.) and it wns added to a saturated solution or Sooium
d-tanratc. The 10lution on cooling in ice gave an oily product. The mother 
liquor was decanted off and the oily product was wnshcd twice with ice cold water 
and then scratched with acetone to ohtnin n. cryslJilPnc nroduct, whkh w~!! drird 
over Ca~ iF~lund . Co, 8.3; Cl, 4.0; HuO. (at 120"C) 7.6t;f, ~ [Co(PhBigH) 

("I 
CBigHh)d-tart 3R.O requires, Co. 8.7; C1.. 5.2: H~.O. 8.QtN. . 

Fractionmion of thf! Cllloride·d·lflrtrol~ diast~rroisomn : Pben_\·J bigupnidc 
bit biguanidc:: CoboJt(HJ) cblurKJ:-d-lartr.~.tc (4 gm.l was diS10l\UI in wnter 

(about 40 ml.) and allowed to t:r"))lil~lllisc under a Fan. No product sepo.ral.ed out. 
It was subjected to fraction:.1l procipilU.tion by the gntdu'll addition C'lf acetone. 
Th~ oil that separated out waJ scrntched rcp:atcdlv with acetone to obt.:tin CJ":\'1· 

taUine powder. Several s~h crops were obtained with no rota.tioo at the Sodium
D-Iine. 

All Lbe experim:ntal techniques bave heen ~t1ed In the earlier part. 
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