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Mixed Ligand Complexes. Part II. Hetero Biguanide
Co (II1). and 1-Amidino-O-Ethyl Urea Bis
Biguanide Cobalt (III' Complexes

R. L. Dutta and 8. Sarkar

By the action of substituted biguanides on the Cis diammine bls bilguanide Cobalt(II)
basc, a series of hetero biguanide Cobalt(11T) complcxes of the type. [Co(AA) (BigH).) "’
(AA = methyl biguanide, ethyl bigunnide or phonyl biguanide) have been synthesised and
characterised, Tbese give expected conductance valuca and equivalent weights. Absorption
spectral studies reveal! two ligand feld bands aroum] 28,000 cm-* and 20000 cm~'. A
comparison reveals very close ligand ficld strength set by the substituted biguanides compared
Lo bignanide iiself.

The complexes, methyl biguanide bis biguanide Coball(1II) and ethyl biguanide bis
biguanide Cobalt(I[1) have been resolved through the fractionation of the Chloride-d-
tartrate and the d-camphor — 10 — sulphonate, The sulphate salts of the pure optcally active
levo catlons have been characterised. These have the following rotation characteristics :

-{Co(MeBigH) (BigH)41 (50014 2q. [M], = (—) 2266°
HCo(EtBiGH) (B'SH)III(SOI)'M aq. IM]-. = (—) 129['.

The corresponding phenyl biguanide complex showed no evidence of undergoing any reso-
lution at the Na-D-line.

A number of aalis of the betrnchelate, |-amidino-O-ethylurea bis biguanide Cobali(TiI)
have also becn synihesized, adequately characterised and resclved via chloride-d-tartrate.
The pure l-sulphate is characterised. Fractionalion of the d-camphor 10-sulphonate provides
the d-lsomer. The rotation characterimica are !

1{Co(AEUH) (BigH) Jd-tart aq. [M]. =a(—) 2197°
1HCo (AEUH) (BigH) {50, 8q. M. ={—) 2197".

This paper reports for the first time syntheses, churacterisation and resolution
of a oumber of hetero biguanide Coball(111) complexesand comes as an interesting
extension of our progmmme on mixed-ligand complexes'. Looking into the
Iiterature of melal biguanide complexes® it is clear that though much cfforts have
been: lavished on homobiguanide complexes of a variely of trunsition metal ions,
nothing has been done so far lowards heterobiguanide complexes. In this report

1. Dutia and Sarkar. Papers in the series “Mixed Ligand Complexes™, this Journal!. under
publication.

2. RAy, Chem Revs., 1961, 81, 313 ; Around 90 papers originating from his laboratory
have beon covered in this excellent review. For papers appearing after this review,
Sen, Sclence & Crlture, 196), 27, SO1. 502, 548 ; 1982, 28, 844 ; Ghosh and Sinha,
this Journui, 1961, 38, 179; 1963, 40, 249 J. Inorg. Nucl. Chem., 1964, 28, 1703 ;
RAY, J. Inorg. Nucl. Cham., 1965.
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we describe the corresponding Cobak(III) complexes, which fumnish some inter-
csting instance where the coordination sites around Cobah(TH) are occapied by
differently substituted biguanides. Besides, 1-amidino-O-ethylurea, which bas
meny similaritles to biguanides with regard to complexing propertics, has also been
used to provide a heterochelate,

Tris biguanide Cobalt(ITI) was resolved' through the fractonal crystallisa-
tion of the Chloride-d-tartrate and a high yleld of the Ievo isomer realised due to
a second order asymmetric transformation.

This above tris biguanide Co(TII) cass has been clalmed to be the first inor-
ganic examplc by the authors. We have however noted, the tris biguanide case
was not the first one. Much earler tris oxalato chromium (II1T) has been resolved
through strychnine in alcoholic medium giving primarily the dextro form and in
aqueous solution, the levo form®. Besides the tris biguanide case a limited few
are also known today e.g., the resohution of tris-o-phenanthroline Fe(TIT) antimonyl-
d-tartrate giving a high yield of Lhe levo isomer®* and the arsenic(V) Catechol
complex® again in alcohol through quinine etc. Recently a few substituted cate-
cholates have also been found to give rise to a second order asymmetric tranafor-
mation in alcobol™.

In this context we need to mention that the homochelates of phenyl biguanide
Cobalt (I0) chloride-d-tartrate was resolved earlier in a normal mannerS, both the
dextro and levo being obtained in nearly equal amounts, with no evidence towards
asymmetric (ransformation. The homochelale tris (N®-isopropyl N'-p-chloro-
phenyl) biguanide Cobah(III) also underwent apparenily a normal resolution®.

When (Cis diamine bis biguanide Cobalt(IIT) base is trealed with methyl
biguanide, ethyl biguanide (at pH 7) or 1-amidino-o-ethylurea there occurs evolu-
tion of ammonia leading to the formation of the co-responding Cobalt(IIl) hetero-
chelate buses. Treatment with dilule acids and|or metathetic reaclions leads to the

» [Co(MeBigH) (BigH)=1(OH),

Cis[Co(NH,),(BigH):](OH), » [Co(EtBigH) (BigH)2J(OH),

AN
~ [Co(AEUH) (BigH):](OH),

isolation of a number of salts of the complex cations. In the case of the tris bigua-
nide Cobah(III) chloride, [Co(BigH}:JCh, treatment with one mole of gilver-d-
tartrate and evaporation to dryness had led to the isolation of the tris biguanide

Riy and Dutia, thls Journal, 1941, 18, 289.

Werner, Ber, 1912, 45, 3061 ns cited by Basolo In Bailer, “Chemistry of the Coondi-
nation Compounds”™.

Dwyer and Gyafas, J. Proc. Koy. Soc. N. S. Wales, (960, 83, 263.

Rosenheim and Plato, Ber. 1925, E8," 2000.

Larkins and Jones, Inorg. Chem., 1963, 2, 143

SiddRanta, Dutt and RAy, this Journal, 1060, 27, 841,

Spacn et al.. Chem. Abst, 1962, 57, 410,
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Cobalt(lUI) chloride-d-tartrate. We have, however, found (hat treatment of the
aqueous solution of the tris-chloride with an excess of sodium-d-tartrate, always
povided glistening crystals of the heterc biguanide Cobalt(1II) chloride-d-
tartrate instead of the pure d-tartrate.

TABLE !

Meusurerment of conduciance in aqueous solution at 36°C.

1. [Co(MeBigH) (BigH).|CL
Dilutions (in litrex) o4 128 256 512 1024
Av 1242 124.3 151.0 158.0 169.6
A< 15642 147.11 170.59 172.50 180.60

At {Mean) = 16544, Molar conducltance = 493.32 mhos. cm® mole-'.
2. {Co(PhBigH) (BigH):)Cl. 25 H.0), Molar conductance — 439,31 mhos. em" mole-*.
3, [Co(EtBigH) (BigH).}(1. 22H.0, Molar conduciance == 517.8 mhos. cm®’ mole™'.
4. [Co(AEUH)(BigH)JCL 0.5H:0, Molar comluclam‘c_— 443 mhos. cm® mole~".

The A« values were calculated by Walden formula A« == Av ([4 692X XN V™))
Where Av == the equivalent conductance at a definile dilution.
v = dilution in Jitres, n. & n; the valencies ol the ions.

The complex chlorides guve expected values of molar conduclence, provided
the prevailing temperature was taken into consideration’”. Besides the equivalent
weights of the chloride and the nitrate-sults agree well with the values oMained
from analytical results.

TABLE I

Determination of Equivalent weights.

Complex Equivalent weight

Required P
1. [Co(MeBigH) {BigH).]Cl 160 158
2. [Co(McBigH) (BigH).](80.}.s SHLO 303 203
3. [Co(PhDigH) (BigH),ICL 25H.0 199 174
4. [Co(PhBigH) (BigH): (5001 SH.O 223 216
5. {Co(BiBigH) (BigH).)CL 2H.:0 176 170
6. [Co(AEUH) (BigH):1(50.)1a H:O 183 161
7. [Co{AEUH) (DigH),]Ch 0.5H,O 168 159

Next we completed the absorption spectral measurements and found out that
as usual the complexes exhibit two ligand Aeld absorption bands, one around
28,000 cm ~* and the other around 20,000 cm™ ‘. For comparison, the spectra of
tris biguanide chloride is also given. This would show that the substituted
biguanides and the amidino-o-ethylurea set a very close ligand field around
Cobalt(1II) as does biguanide jiself.

10. Jones, “Elementary Coordination Chemistry”, Preatice Hall, 1964, p. 254,
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TABLE I

Absorption spectral churacteristics.

Band 1I Band 1

Complex A Max W.number Molar€ A Max W.number Molar

e

. [Co(MeBigH) (BigH) Kl 350- 2B600- 0 475 21100 235
ass 28100

2. [Co(EtBigH) (BigH).JCL 350- 28600~ %65 480 20800 15
355 28100

3. [Co(PhBigH) (BigH).1(8304).a 355 28200 275 480 20800 210

4. (Co(AEUH) (BigH).})Cl. ) 355 28100 210 475 21100 225

5. [Co(BigH)»ICl 350- 2800 220 475 21100 235
355 W00

The resolution studies show that the chloride-d-lartrates as prepared in this
work (Vide Experimental) get fraclionated to a considerable extent rnight during
the prepamation. Thus the crop (ebout 50— 607% of the total theoretical yield) is
distinctly levorotatory, which on further fmclionation provide the pure levorotatory
isomer (in about 85% of the above yield). Thus the technique of the resolu-
tion. we have adopted. provides a partial resolutior and a quicker route o obtain
a good yield of the pure levo isomer. Some impure dextrofraction may be col-
lected from the original mother liquor on long standing. This, however, has not
been investigated in much details. This resolution behaviour was observed in all
the three cases, namely, of methylbiguanide bisguanida Cobalt(III) and the
corresponding ethylbiguanide and 1-amidino-O-ethyl urea complexes.

TABLE IV
Comptlex Specific Molar Tomperalure
Rotation Rotation
Cl
1. [Co(MeBlgH) (BigH))d-tart 4.5H:O (=) 365" (=) 2328° 30°C.
2. [Co(MeBigH) (BigH):]1(S80):.2 L.5H O (=) 39%0° (=) 2266 30°C.
Ci
3 [Co(EtBigH) (BigH).d-tart 4H.O (—) 3rs* (=) 2411° J°C.
4. [Co(EI1BigH (BigH) ] (S0:):a 3.5H.O (—) 85" (~—)2291° wnc
& |
5. [Co(AEUH) (BigH)]d-tart 4.5H,0 (=) 337 (=) 2197* 27'C.
6. [Co(ABUH) (BIgH)](SO04) 10 3HLO (=) 37s* (=) 2197° 27°C.
a .
7(a) diCo(BigH).}d-tart 5SHJ,O (+) 340° (+) 2161° 31°C.
a .
(b) [Co(BigH).]d-tart SH:O (—) 33s° (=) 2129 k) Rl of

8. d & I[Co(BigH}(S0.):« 3SH.O (£ ) 3625° (+) 2062° 31°C.
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For the dextro methyl biguanide bis biguanide Cobelt(lIl) Camphor sulpho-
nate, (x]Jp = (+) 143" ; -M], = (4)1530°. For the dextro methyl biguanlde
bis biguanide Cobalt(IIi) Iodide [«], = (4) 155°: [Min = (<) 1150". For
the ethyl biguanide bis biguanide Cobalt(1I1) camphor sulphonate, [.], = (+4)
150°; [M1lp, = () 1720°. For the dextro 1l-amidino-O-ethyl urea bis bigua-
nide Cobalt(IT1) Camphor sulphomate [ 1, = (4) 150" : M1, = (4) 1734°.
The Jodide sait of the dextro ethyl bigunnide bis biguanide Cobelt(III) cation and
the dextro I-amidino-o-ethyl urea his biguanide Cobalt(Il1) cation gave practically
no rotation.

Optical rotations were measured in a student model Carl Zeiss Polurimeter,
giving reading upto ':0.05°. Accuracy of the above rotation values are limited be-
cause of only moderute accuracy that the Polarimeter offered and aiso because
of the limitations offercd by the colured Cobult(Ill) solutions (0.06 - 0.19¢
solution).

The resolution of the d-camphor sulphonate diasterivisomer is normal offer-
ing both dextro and levo rotatory fruction, the levo diastercvisomer appearing
first. However. our allempis (0 prepare the wdide salt by iriturating with con-
cenirated Nal or KI solulion gave in the case of methyl biguanide compkex on
iodide salt with poor opticul activity ([}, = + 155°) and In the case of the ethyl
biguanide there was practically no rotation. This rapid loss of optical activity in the
case of ethyl biguanide complexes calls for dctailed study of the recemization
reactions. However, these types of examples are not cnlirely uncommon in the
literature*1=18, The l-amidino-O-ethylurea case is also comparable,

We would now compare the resolution studies with all the other tris biguanide
Cobelt(111) complexes ihat have been resolved. It is thus obscrved that the
substitution of one biguanide by mcthyl biguanide or ethyl biguanide does not
retain the properiy of exhibiting the second order transformation with respect to
the chloride-d-tartrate diasterco isomers. Besides, the resulting heterochelates
have rotation values which are indicative of a greater asymmetry introduced in the
complex, lhough someéwhat lower Lthan what is observed In tris phenyl biguanide
Cobalt(1[T) system®. In (ris biguanide Cobalt(ILI) as well as the present cases,
the levo rotatory chloride-d-tartrute form the less solublke fraction. The diustereo-
isomers as also the oplically active complex sulphute were quite stable in solution
around 30"@, since no recemisztion took place even on standing for days together.
The samples also did not undergo any recemisation in the solid crysialline state
when these were heated in 120°C for several hours.

Phenyl biguanide also rescted with cis diamine bis biguanide Cobali(HI)
forming the corresponding heterochelates. The complex had a irend to tum
oily. so that we did not spend much efforts for isolution of a number of salis.

11. Whaller er al, ibld.. 1965, 27, 2371.
12. Culap er al, inorg. Chem., 1965, 4, 14,
13. Inorg. Synthescs, Purt VI, p. 65:
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However. we wish to record that our dfforts to resolve and scparate the diastereo-
isomers of the phenyl biguanide bis biguanide Cobalt(III} chloride-d-tartrate did
oot prove successful in 50 far as the sodium-d-line wes concerned.

EXPERIMENTAL

Biguanide acikl sulphate. methy] biguanide acid sulphate, ethyl biguanide acid
sulphate and phenyl biguanide hydrochloride were all prepared by following
standard procedures '* **. The l-amidino-O-etbylures has been prepared as des-
cribed elsewhere'®,

Cis~diamine bis biguanide Cobali(t[1) buse wus prepared as will be described
later?,

L. Merhyl biguaninde bis biguanide Cobalt (I sulphate . Methy! biguanids
acid sulphate (.72 gm.) wasg dissolved in water (20 ml.) and neutralised with 6N
NaOH till faintly alkaline. This methy] biguanide solution was added to a gus-
pendion of cis diamine bls biguanide Cobalt(I1I} basc (1 gm.) in water (10 ml.).
There was immediate evolution of ammonia, and the mixture was digested on a
steam bath till freec from ammonia. It was then neutralised to pH 6.5-7 with
dilute H;SO,. The complex sulphalc separated readily and was cooled thoroughly
in jce. This was recrystallised from hot water, washed with alcohol and air
dried. {Found: Co, 9.8: N, 346; SO,, 24.1: H.O (at 120°C) 14.8¢%;
[Co(BigHY.(MeBigH)](S0,) .5 SH.O requires. Co. 9.7 ; N. 34.5; SO,, 23.7 and
HzO, 14.8% |.

2. Mechyl biguanide bis biguanide Cobult{IIl) chioride : Methyl biguanide
(.72 gm.) was dissolved in hot water (about 20 ml.) and treated with BaCh
(.75 gm.) in water (10 ml.). BaSO, was filtercd off and the filtrate neutralised
with 6N NaOH till fainily alkaline. This was thcn added 1o & suspension of cis
diamine bis biguanide Cobali(IIT) base (I gm.) in water (5-6 ml.) and digested
on a Steany bath when all the ammonia was expzlled, the solulion was neutralised
with dilute HC1 when the yellow chloride salt of Lthe complex began to sepamate out.
The solution was further concentrated, cooled thoronghly in ice and the product re-
crystallised from hot water. The chloride snlt was obtained as yellow powder.
{Found: Co, 124; N, 429: C.. 22% : [Co(MeBigH)(BigH).]Cls requires,
Co.12.3; N, 43.7; Cl, 22.19% (.

3. Methyl biguanide bis biguanide Cobalt(111) iodide : Methyl biguanide
bis biguanide Cobalt(Il1) chloride (1 ygm.) was dissolved in a minimum volume
of hot water, and treated with a concentrated solution of KI (34 ml.}). There was
an immediate precipitation of the yellow iodide salt of the complex. It was
treated as usual, |{Found: Co, 7.6 N, 28,5 ; I, 50.0¢% ; [Co(MeBIigH) (BigH):]1;
requires, Co, 7.8; N, 27.8; I, 50.44¢ ..

14, RAy and Chakravarty, this Journda, 1541, 18, 609.
13 Dwutta and RAy, this Journal, 1939, 38, 499.
16. Dutta and Sarkar, this serbes, under publeation
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4. Methyl biguanide bis hicuanide Cobalt(111) nitrate : A concentrated
solution of Methyl biguanide bis biguanide Cobalt(lil) chloride in hot waler was
trealed with a concentruted solution of NaNO; On cooling in a refrigerator
overnight it gave the bright red crystule ond thesc were collected as usual
{Found: Co, 10.8; N. 45.3% ; [Co(MeBigH)(BigH)«](NOy)y requires. Co,
10.5; N, 45.0% |-

5. Methyl higuunide bis hignunide Cobalt(111) chioride-d-tartrate . Methyl
biguanide (2.4 gm.), BaCl. (2.5 gm.) and cis diamine bis higuanide Cobalt¢(IIT)
base (3.5 gm.) were treated as above, and after neutralisation with dilute HCI,
more water was added to dissolve the separated product at the stcam bath tem-
peruture (about 80 ml) and this was filicred directly into a sarurated solution
of sodium-d-tartratc. There appeared readily crysluls of the chloride-d-tartrate
salt of the complex in the form of shining red ncedles. It was cooled in ice for
half an hour, filtered and washed with alcohul and air dried. Found Co, 9.3;

N, 32.5; Cl, 5.3; H.O (120°C) 12.9% ; [Cu(BigH)g(MeBlgH)d tart 4.5H=0 re-
quires, Co, 9.2; N, 329; CL. 55 und H.O 12,697 .

This above product was found to be substantially Jevorotatory. [4);, = {—)
285",

6. Methyl biguanide bis  higuanide Cobali(11) d-camphor ulphovnate :
Methyl biguanide bis biguanide Cobalt({il) chloride (1 gm ) was dissolved
in a8 minimum volume of hot waler and was added to a solurion of excess am-
monium d-camphor-10-sulphonite with stirring. Therc was an immediate preci-
pitation of the camphor sulphonute salt and afier digestion on a steam bath for
about 5 minutes, it was filtered, washed with cold waler and air dried. {Found :
Co. 52: N, 183 . H.O, (at 120°C) 6.5% ; [Co(MeBigH)(BigH).](CS). 4H-0
requires. Co, 5.1: N. 183 ; H.O, 6.3% .

Fructionation of the chloride-d-turtrute diastereoisonter : Methyl biguanide
bis biguanide Cobalt(IIT) chloride-d-lartrate (4 gm.) wus dissolved in water at
room temperature (35°C), (about 400 ml) 1o form almost a saturated solution
and then allowed 1o evaporale slowly under # fan. The crops collected were all levo-
rolatory and the yield of the levo isomer was above B5% of the starting chloride
d-lartrate. Found for the levo diastereoisomer : [«',, = (—) 365" M., = (—)
2328" (t=30"C): [Found : Co. 9.3: N, 32.6: C1, 6.0: H.O (at 120°C) 12.6% ;

a
[Co(MeBigH) (BigH).1d-tari. 4.5HJ requires. Co. 9.2: N, 329: Q. 5.5;
H.O, 12.69% 1.

Fractionation of the d-camphor-10-sulphonate diustereolsomer :  Methyl
biguanide bis biguanide Cobalt(11I) Camphor sulphonate (4 gm.) was dissolved
in water at 35°C (450 ml.) to make an almost saturaled solution. [t was allowed
to evaporate under a fan. The first few crops collecled gave levo rotation and
after two more fractions with poor rotations, the final two crops gave dextro
rotatjons; The levo and dextro fractions at the two ends werc mixed separately and
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refractionated. The rotatlon values are indicalive of not having arrived at the
purest fractions. Found for the dextro diastereoisomer : It = (+4) 143"
[M], = (+) 1530° (t=30°C). iFound: Co, 55; N, 19.4¢%: [Co(MeBigH)
(BigH) :](CS)s requires, Co, 5.5: N, 19.6% }.

The sulphate sekt of the levo complex cation and the iodide salt of the dextro
complex cation were prepared by triturating the levo chloride-d-tartrate diastereo-
isomer and lhe dextro-d-champhor-10-sulphonate diastereoisomer with ssturated
(NH,)«S0O, and Nal respectively.

(a) Found for the kvo, [«jn = (—) 390", M, = (—) 2266° (L=30"C).
{Found : Co, 100; N, 365; SO,, 25.]; H.O, 10.3% : [Co(BigH)a(McBigH)]

(504),.5 3.5H.0 requires, Co. 10.1; N. 36.1 : SO,. 24.7. H:O, 10.8%}.

(b) Found for the dextro (.1 = (+) 155" [M]p = (4+) 1170°. {Found :
Co. BO: 28.1: L. 51.0¢% : [Co(BigH).(McBigH)]I, requires, Co. 7.8; N. 278;
I 50.4%% \.

It is worth mentioning thal though the rcsolution of Lhe camphor sulphonate
diasterecisomer is normal. the molar rotation values offered are poor. The same
is the case with the iodide salt prepared from it. It is difficult to prepare sulphate
salt from the camphor sulphonale diasierecisomer.

7.  Erhyl bivuanide his bicuanide Cobuli(IY sulphate : Ethyl biguenide
sulphate (.76 gm.) was dissolved in waler (10 ml.) and was lreated with NaOH
till just alkaline. This alkaline solution of Ethyl biguanide was added to that of
the diammine bis biguanide Cobalt(TIT) base (1 gm. in 10 ml.) and was digested
on a sieam bath to free it from ammonia. On necutralisation with dilule HoSO,.
the sulphate salt began lo scparale out. It was recrystallised from hot water,
washed with aleohol and air dried. !Found : Co, 9.4; N, 35.0; SO,, 24.0; H.O
(at 120°C) 12.0¢% ; [Co(BigH)(EtBigH).(S80,),.s 4H-O requires, Co. 9.7: N.
34.7 ; SO, 23.7 ; and H:O 11.9%:1.

8. Ethy! biguanide his biguanide Cobalt(111) chloride . The was oblained
as yellow crystals by following the procedure adopled for the methylbiguanide
complex. !{Foupd: Co, 11.1; N, 400; Cl. 202: H.O (at 120°) 7.0%:
[Co(EtBigH) (BigH).]Cl; 2H.O requires, Co. I1.1: N, 39.6; Cl, 20.0; H.O
6.8% |

9.  Ethyl biguanide bis higuanide CobalitHI) chloride-d-tartrate - This was
also obtained like the methythiguanide chloride-d-tartrate. !Found : Co, 9.4

Cl
N, 32.B; H-O (aL 120°C), 11.0% ; [Co(EiBigH)(BigH).ld-tart 3H-O requires,
Co, 9.1 : N, 326 H.0O, 11.29,1,

10. Ethyl biguanide bis biguanide-d-camphor-10-sulphonate - This was
prepared as for the methylbiguanide derivative. {Found : Co, 5.3: N, 18.4: H.O
(at 120°C), 6.2% : [Co(EtBigH)(BigH):}J(CS); 4H;O requires, Co, 5.1; N.
18.1 : H:0. 629\,
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Fractionation of the chloride-d-tartrate dlasterecisomer © Ethyl biguanide bis
biguanide Cobalt(IIl) chloride-d-tartrate (4 gm.) was dissolved in water (about
350 ml.) at room temperature, 30°C (o form an almost saturated solution, and
allowed to crysiallise under a fan. All tho crops collected showed levo rotation.
The yield of the pure levo rotutory fraction was about 85% of the starting chlo-

ride-d-tartrale. Found for the levo diustercoisomer: [«To = (—)375° M| =
(—) 2411°. (1=30"C). 'Found: Co, 9.2: N, 33.0; H:O (at 120°C) 11.9%:

a
[Co(EtBigH) (BigH):]d-tart 4H;O requires, Co, 9.1 N, 32.6; H:O, 11.2% 1.

The sulphate salt of the optically active cation was prepared by triturating
the chloride-d-lartratec drastercoisomer with saturated ammonia sulphate solution.
Found for the levo sulphate salt: [} =(—)385";: M} = (—)2291°"
(t=30"C). ‘'Found: SO,, 23.8; H.O (at 120°C) 10.9%% ; [Co(BigH)(BigH)-
(EtBigH) (SO )16 3.5H-O requires, SO,. 242 ; H.O. 10.6% '-

Fractionation of the d-camphor-10-sulphomate diasterecisomer : Ethyl bigua-
nide bis biguanide Cobalt(JIT) camphor sulphonate (4 gm.) was dissolved in
water (about 400 ml.) to form an almost saturaicd solution. It was then allowed
o crystallise under a fan.

Of ihe five crops collected the first two and last two crops gave equal giving
dextro rotation. The middle fractions were of lower values and evidently impure.
The first few and the last few crops were again mixed separately and Lthe best frac-
tions that we could obiain was the following one : Found for the dextro diastereo~
isomer: [.1~n = (4) 150%, [M1 = (4) 1720° (t=30"'C). :'Found: Co, 48;
H/O (at 120°C) 5.4% : [Co(EtBigH)(BigH).](CS)s 3.5HJ/O requires, Co, 5.1,
H:O, 5.4% .

The levorotatory fractions are not included as the rotations were poorer
compared to the pure chloride-d-tartrate obtained earlier.

The Iodide salt of the dextro-cation was obtained by the trituratlon of the
dextro-diastereoisomer with a saturated solution of Nal. But surprisingly it gave
practically no rotation velues. This fast loss of rotation calls for a detailed study
of the racemisalion process.

Ll. f-amidino-O-ethyl urea bis biguanide sulphate® : Cis diamine bis
biguanide Cobalt(II1) base (I gm.) was suspended in water (20 ml.) and was
trealed with I-amidino-O-cthyl urea (.51 gm.) dissolved in water (5-6 ml.). This
was digested on a water bath (ill free from ammonia.- The clear solution was
then neutralised with dilute H.SO, in the cold to pH 7. and then concentrated on
a steam bath till precipitate began to separate out. It was cooled I ice when
the yellow sulphate salt scparated out. It was filtcred, recrystallised from small
volume of hot water, washed with acetone and air dried. :Found: Co, 10.75:
N, 35.7: SO, 259% ; [Co(BigH)2(AEUH)](S0,),.s HXO requires, Co, 10.7;

N. 35.6: SO, 26.1% .-

=L AEUH will ipesem one molecu's of 1-amidino-o-ethyl urea
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12.  I-amidinl-Q-ethyl wrea bis biguanide Cobalt(1Il) . chloride . 1-<mk
dino-O-ethyl urea sulphate (.51 gm.) was dissolved In water (10 ml.) .and was
treated with a solution of Barium chloride (.75 gm.) in water and .digested on
a stcam bath. BaSO, was filtered off and the solution was added to that of Cis
diamine bis biguanide Cobalt(IIT) base in water (10 ml) and discsied on a
stcam bath till free from ammonia and then neutralised with ditute HCl and con-
centrated to 5-6 ml. and cookd. The yellow powdery product was further puri-
fied by recrystallisation from a small volume of waterr Feund Co, 12.0: N,
393; Cl. 21.3; H.0, 1.6% ; [Co(BigH):(AEUH)]Cla, 0.5H.O requires, Co,
117 . N, 38.9: Cl, 21.0; H,O, 1.7¢0 .

13.  l-amidino-O-ethyl urea bis biguanide Cobaft(IIT) chloride d-tartrare :
The complzx chloride (1 gm.) was dissolved in a minimum volume of hot water
and added directly into a saturated solution of sodium d-tartrate and cooled. The
chloride-d-tartrate salt separaicd in the form of red needles. These were filtered,
wasghed with ice cold water and air dried. Fownnd: Co, 93: N, 31.0;: C, 56;

Ct
H.O (at 120°C) 13.3% : [Co(BigH):(AEUH)d-tart SHyO requires, Co, 89; N,
296: Cl, 5.3; H,O, 13.6% 1.

The racemic form gnve a rotation of (1 = (—) 270°,

Fractionation of the diusterevisomer : 1-amidino-O-ethylurea bis biguanide
Cobalt(IIT) chloride-d-tarirate (4 gm.) was dissolved in water (about 300 ml)
at room temperature and allowed to crystallise under a fan. All the fractions
collected were levorotatory. The yield wus above 7595 of the starting chloride
d-tartrate. Found for the Levo diasterecisomer: [ 1 = (=)337" [Mlr =
(—)2197" (t=27"C). Found: Co. 87: (], 50: H;O (at 120°C) 12.4%:

cl
[Co(BigH):(AEUH)Id-tart 4.5H.O requires, Co, 9.0; Cl, 54; H-0, 124 .

The sulphate salt of Levo complex entity was prepared by triturating the
chloride-d-tartrate with a concentrated solution of ammonium sulphate. Found
for the levo sulphate: “aln = (=) 375" 'M! = (—)2197° (t=27"C). ‘Frurd:
Co, 9.8; SO, 250: H.O. 9.5¢¢; [Co(BigH)2(AEUH)](S0,)1.5 3H-O requires,
Co, 10.0; SO,, 24.5; Hz0, 9.2% '.

14. [-amidino-O-ethyl urea bis biguanide Cobhalt(Ill) camphor suipho=
nate - A concenuated solution of l-amidino-O-cthyl urea bis biguanide
Cobalt(III) chloride in hot water was added 10 a solution of ammonium d-
camphor-10-sulphonate and when there was an immediate precipitation of the
camphor sulphonate salt of the complex, it was digested on a sleem bath for a
few minutes and then filtered off, washed with cold water and air dried. *Found :
Co. 53: N, 17.1; H.O. (at 120°C) 6.1% ; [Co(BigH) (AEUH)](CS), 4H:O
requires, Co, 5.1; N, 16.9 ; H/0, 6.2% .

Fractionation of the diasterecisorner . 1-amidini-O-ethyl urea bis biguanide
Cohalt(IIT) d-camphor-10-sulphonate (4 gm.) was dissclved In cold water and.
allowed t§ crystallise under a fun. Several crops were collected ghowing noral
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resolution behaviour, The dextro crops were further fractionated, yickling a
maximum [<]u = (+) 150°; |MJp =(+) 1734". This compared to the d-
tartrate, was still impure. (Aitempts to prepare the lodide salt was not under-
taken as in a number of such similar systerns, invesligated in our Laboratory, lotal
loas of rotation occurred durlng trituration with a concentrated K1 or Nal solution).
Found for the dextro: [x p = (4+) 150" M = (-}-) 1734°, (+=27°C). 'Found:
N, 17.3; H.O (at 120°C), 6.2% . [Co(BigH)«(AEUH)](CS)y 4HzO requires,
N, 16.9; H:0, 6.2%!.

Found for the levo: [ ) =(—=)143" [IMIn = (=) 1640°, (t=27"C).
fFouant1:; N, 17.}1: H.0, 5.5% ; [Co(BigH)s(AEUH)](CS)> 3.5H4O requires,
N, 170: H.0, 54% .

15.  Phenyl hignanide his biguanlde Cohbali{111) chloride : Cis diamine bis
biguanide Cobult(ITl) base was suspended In water (about 10 ml.) and to it was
added an alkaline solution of phenyl biguanide hydrochloride and digested on a
steam bath and when all the arumonia was out, it was noutrulised with dilute HCl
and evaporated to a small volume. On cosling y=llow producls began to separate
out. They werc treated as usual. ‘Found - Co. 10.6: N, 36.7: Cl, 18.4: H.O
(at 120°C), 4.3% ; [Co(PhBigH)(BigH).Cl; 25H.0O requircs, Co. 10.0; N,
357. 1, 180; H:O 7.6% .

{6. Pheml bicuanide bis hiwcarnide Cobalt(1l1y chloride-d-rartrate . Phenvl
biguanide bis biguanide Cobalt(11[} chloride (! gm.) was dissolvad in a minimum
volume of hot water (5-6 ml.) and it was added to a saturated solution of Sodium-
d-tartrate. The solution on cooling in ice gave an oily product. The mother
liquor was decanted off and the oily product was washed twice with ice cold water
and then scratched with acetone to obtain a crystalline nroduet., which was dried
over CaCly. iFound . Co, 8.3; (1, 4.0; H;O, (at 120°C) 7.6%% ; [Co(PhBigH)

cl
(BigH).}d-tart 3H-O requires, Co, 8.7; Cl. 5.2 H.O, 8.0% .

Fractionation of the Chloride-d-turtrate diastereoisomer : Phenyl bigurnide
bis biguanide Cobali(II) chlurids-d-tartiate (4 gm.) was dissolved in waler
{about 40 ml.} and allowed 1o crvsialllse under a fan. No product separated out.
It was subjected to fractional precipitution by the gmdunl addition of acetone.
The oil that scparaled out was scratched repsatedly with acetone to obtrin crvs-
talline powder. Several such crops were obtained with no rotation at the Sodium-
D-Bne.

All the experimantal techniques have been d=scribed in the earlier part.
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