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Reactions of StaDDic Chloride with Acetylacetoae 

B. C. llrlehrotra &lid V. D. Gupta 

A detailed study has been made of the r"""tian between ot.&mlic chloride and aeetylaaetoi>e. In there­
ftuxin!! benzene, the rcs.ctian in varying malar ratios yields alight brown crystalline aolid. correspcm.dillg to 
SnCI1(Aok)2 (I) which ho.a been shown to be a simple monomeric, DOil·cooduoting compound, In aald, a 
pradu.t, oarr010p0nding in analyaia to SnCI4 .HAcAc, is obtained, to which the plausible formula [(H.Ae.A.o).­
SnCI0]SnC16 has been BRBigncd. This has been confirmed by its observed oonducta.nce in nitrobanzene a.e weU 
aa by tho isolation of an identical product by o.dding stannic chloride to [(HA.cAc)0 8aClo]C10 , abta.iDed by 
paaaing hydrogen chloride in a aolution of (I). 

A light brown crysta.llino solid, moderately soluble in benzene, with the empirioal 
formula. SnCI. (AcAc). was reported by Dilthey' and by Roeenheim seal." by the condenea.­
tion of o.cetylacetono with stannic chloride .. This has been confirmed in the present study 
and it hns been further shown that the same compound is obta.inecl irrespective of the molar 
ratios of tho reactants in refl.uxing benzene. This behaviour is difierent from that of the 
titanium tctracblorid,eS which affords TiC!5(AcAc) in 1 ;1 molar reaction. On account of 
the high m.p. (202-203°) compound (I) was assigned a. tri.meric formula., [Sn(AcAc)s]0-

SnCI6, by Dilthey'. Morgan and Drew4, however,found it to be monomeric in boiling beuzene. 
Like the correspondmg titanium derivatives, compound (I) does not react with acetic 
acid and ethanol and is recrystallised unchanged from the above solvents as well as from 
benzene a.nd chloroform. its monomeric nature has been further confirmed by mea.llllring 
its molecuiar weight cryoscopica.lly in benzene. On the basis of the above properties and 
its very low conductance in nitrobenzene solutions, the following plausible structure, 
similar tO that of the corresponding titanium derivative', is proposed for this derivative: 

Morgan. .a.nd Drew' also found the reaction of stannic chloride and a.cetyl.acetone in 
1 :1 molar ratio in chloroform a.t the room temperature to yield a. product with the empirica.l 
formula. SnCI4 • HAcAc. This was assumed• to be a. equimolecular mixture of BnCJ.,.(AcAc). 
a.nd H 0SnCJ&. It is obtained ·as a. white crystalline solid, sparingly soluble in bBDZBDe 
which oha.nges to a light brown colour 9n keeping. It has been confirmed duriDg the course 
of this work that the nature of the product (m.p. 151 °) remains unaltered under a. variety 
of conditions, viz., (i) ratio of the rea.ota.n.te and (ii) preeence or absence of solvanta. The 
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product h&s been further found to remain unchanged in composition eveft wt... ...... 
underreducedpressure(O.l mm)at56-60°.1fitwerea.mixtureof SnCl.(AcAe).nd:B.JIID. 
as suggested above, the latter component could be expected to bevolat.ilised _._..._ 
conditions. The fact that H.SnCJ6 actually beha\·es like this was veTified by ~ 
a solution of stannic chloride in benzene, saturated with HCl gaa, when it wu ro..lto 
leave no residue. The product a.lso could not be a. simple a.ddition produe"t nf s.cJ.. ... 
HAcAc, a.s SnCL4 itself (a covalent compound with .!p5 hybridisation) doeB :not ao. IIIIJ" 
conductance in nitrobenzene. In view of the above, the I :1 reaction product may UTe ... 
formulation (lla.): 

Me Me 
- I Cl I -~ 

C=O..,. I "O=C ; H.c( I' t-in )cH. ,SnC4 
C=O I "'O=C : 
I Cl I I 

Me Me -
(II a) 

Tho above formulation has been confirmed hy itA molar eondoet&DC8 of abowl!! 
mhos in nitrobonz11no (Table IV). It has boon further supported by the obeervaiion aMl 
the Barno compound (m·l'· 152"; mulor cunductanre 22; Table IV) ia obtained by pulillc 
HCl gas in o. 1:1 mixture of SnCI.(Al'Ac), and SnCI, in benzene: 

. SnCI,(AcAc)1 +SnC14 +2HCl = [(HAcAc)0SnC1,.~ Snet. (i) 
(lib) 

The identityof(IIa) and(llb) is further confirmed by mixed m.p.ofl51-3:!". Ahllaagla. 
compound (IIa) is stable under reduced pressure in the sulid state, it ap~ tlla' OD 

refl.llll:ing in solvents, the decomposition goes to completion in, benzene arcordiDg to ... 
reverse of the reaction (i), but remains incomplete in lo,..·er boiling chloroform . .!s n llaa 
been found during the course of this work that SnCl.(.AcAc). has a ne-gligible co~ 
(Table IV) in nitrobenzene and that the molar conductance of H,Snl'lt is aboai 9.6 .....,., 
the conductance of a. simple equimolecular mixture of these two should hATe ~ • 
sa.me (9.6 mhos) a.s tha.tofH.SnC)s (against the value of a. bout :?-2 mhos,obeenedbbodl 
Ila. and lib). All these facta lend support to tho assumed formula (II) fi>r dUB derintio. 
The most plausible wa.y in which compound (II) could be formed may be rep~Hid.Ja,-tlla 
following reactions; 

SnCl1 + 2MeCOCllgCOMe -+ (ii) 

(lll) 



REACTIONS OF STANNIC CHLOBIDE WITH A.CETYLACETONE 

The proposed mechanism appears to be supported by isolation of a compound, almost 
corresponding in lnalysis to compound (Ill), by slow addition of SnC14 to a large exoess 
of well-cooled acetylacetone. To substantiate the above idea, the intermudiate prcidnct 
(III) wa.s obtaind indirectly by SnCl1(AcAc)1 and HCl gas reaction in benzenu as a deep 
red, highly viscous liquid, insoluble in benzene. Its molar oonduot&nce (Table 'IV) was 
obsen·cd ILPl'roximately half of (II). This reacted with SnCI4 , furnishing (II), though the 
reaction appeared to be slow due to tho insoluble nature of compound (III). 

EXPERIMENTAL 

Glass appa.ratus with interchangeablu joints was usud. Extreme care was to.ken to 
exclude moisture. Fraction& tiona were carried out in a column, 3~· long, pa.~ked with 
ra.schig rings and fitted to a total-condensation variable t&ke-oft stillhea.d. 

Stannic chloride wall prepared by passing dry chlorine _gas over tin me~l (A.R.) 
and was rcfluxetl over thionyl chloride for Beveral hours. It was then fractionated before 
use. Benzene (B.D.H.) was allowed to 11tand over sodium wire, reftuxed o~er .io"dium, 
distilliscd, and finally dried azeotropically with ethanoL · Acetylacetone (Riectel) and 
chloroform (E. Merck) wero dried by ret!Wling onr aluminium isopropoxide, followed 
by careful fra~::tionation. HCl gas was generated by dropping .H.S04 (A.R., cone.) over 
ammonium chloride (A.R.) and was dried by bubbling through H,.S04(A.R.). Nitro­
benzene was redistilled (208°) immediately before use. 

The sa.mple was dissolved in HN09 (cone.) and the S!Jlution was 11eutra.lised by 
ammonia, using lllethyl orange as an indicator. Before filtration ammon~um .nitrate ~a~ 
added for coagulation and the precipitate was ignited to Sn01 • Chloride was estimated 
gravimetrically in the filtrate. 

I. Reactions between Stannic Chloride and Acety/a~eto11e at the R~;'m Ttrnperalvre 

Acetylacetone was added dropwise to freshly distilled stannic chloride (either alone 
or in presence of benzene or chloroform). An exothermic reaction to_ok place and a. white 
crysta.lline solid immediately separated. After filtrat.ion and washing with benzene, the 
solid was finally dried under reduced pressure (20-23"10.1-0.5 mm).' The results are reco~ 
in Ta.ble I (for reactions in absence of solv~nts) and Table ·u .(for.rea~tions in pre8811ce.of 
solvents). As is evident, the analysis of the 'solid corresponds to the empirical formula 
SnCI •. HAcAc (calc. Sn, 32.9%; Cl, 39.32%). 

TABLE I 

1!.1104. ·Acetyl.&cotone. ll!lol&r ra.tio. Yield, Found. 
%Bn. %Cl. 

3.21g. 1.23 g. 1 • 1 4.41g. 33.lli 38.911 
II,BO 2.111 1 : ll 3.26 83.00 1111.1& 
3.70 li.69 1 : 4 3.18 32.61 38,71 

u, Pari aDd Hehrotra, J./MHom,..,. .MeiAIB, 1963, 5, ll, 
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3.46 g. 
2.88 
4.00 
2.43 
2.99 
4.72 

Acotylo.cotono. 

1.33 g. 
2.21 
6.lli 
0.94 
2.28 
7.30 
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TABLE II 

Mol&r r&tio. Solvent. Yield. 

1:1 20g. (C&H&) 4.63g. 
1:2 26 3.07 
1:4 25 .. 4.31 
1:1 24 (CHCI3) 3.32 
1:2 20 2.24 
1:4 20 4.02 

Fonild. 
%Bn. %01 
33.00 u:U. 
32.80 38.!1 
32.10 :Ill .Iii) 
32.91 119.31 
32.118 119.00 
32.71 311.1!0 

II. Effect of lleat on tke Deritoa!ive SnCl •. AcAcH 

(a). In Ab&encl! of Soltlet~t.-Compound (Tin.) (1 .054 g.) was heated at 5li-60"/0.lmm. 
There WII.B no loBI! in total weight. (}'Olmd: Sn, a:J.lO; Cl, 39.00. Calc. forSnet • .AcAcH: 
Sn, 32.91; Cl, 39.32%). 

(b). In Prue11u. of Br.nzene.-Thc n.l>C""c dcrivath·c (3.80 g.) was taken in benzene 
(40 g.). On refluxing (bath 100-10") tho 11ulid dissol•·<·d and heating was contin11ed till 
evolution of HCI had ceased. Tho oxcoss solvent was distilled and the product was dried 
under reductld pressure (35"/0-.!i mm). A light brown crystalline solid (2.0g.) was obtained. 
[Fow1d: Sn, 30.41; Cl, 111.10. Calc. for SnCI.(AcAc)0 : Sn, 30.60; Cl, 18.28%1-

(t:). In Pruence of Chlorofarm.-Tho ahovo dorh·ath•e(4.61 g.) was heated under nt­

B.U.I in chloroform (45 g.) till evolution of HCI had stopped. Excess of the solvent wu 
distilled and tho contents were dried under reduced pressure (40"/0.5 mm). A yellowilh 
white crystalline solid (2.41 g.) was obtained. (Found: Sn, 31.10%; Cl, 24.40%; ratiJ 
Sn:Cl, 1;2.51). 

III. Reactions of Stannic Chloride amJ Acetylacelone in Refl'llzing &,..,.e 
and Ohlorofarm 

Tho acetylacotone was added to stannic chloride in presence of tho solvent whea 
a white solid separated as in roa.ction (1). On reftuxing, the solid redissolved slowly' 
a.nd HCl gas evolved. Reftuxing was continued till no further evolution of HOI was obaar· 
vod. Tho excess solvent was then distilled and the product was dried (30-50") tmder 
reduced pressure (0.5-1.€1 mm}. Tho analyses of all the products (Tablo III) correspond to 
SnCI.(AcAo). (calc. Sn, 30.60%; Cl, 18.211%). 

T.!BLE III 

Bnc ... Aoo$;yl- Mol&r Solvent. Beflnzed Yield. Found. 
acetone. ratio. £or. %Sn. %OL 

2.81 g,., 0.8811 •. 1:1 40g. (<le'Hsl 46hrs. 1.70g. 30.'10 

i 6.60 6.20 1:2 48 10 7.110 30.64. 
8.32 6.09 . 1:4. 110 '& a:h 30.70 .. 8.60 &.so 1:2 «5 (CHCI3 ) 13 7.16 30.60 
8.10 8.30 1:4 lfli 13 8,10 30,8lJ. 

x.w. folUld, 406; oalo., 387.8, 



REACTIONS OF BTANNIO CHLORIDE WITH. A.CETYLACB'IONE 91.1: 

IV. Reaction of HCI gas on. a Mizture of Stannic Chloride and Die7Uorodiacetylacdotlote 
of Tin in Equimolar Proportion 

(a}. In a. benzene solution(50 g.} ofsta.nnic chloride(l.88g.}andBnCJI.(AcAc}0 (.2.80g.) 
dry HCI gas was passed. Noticeable heat w&s produced. After about 15 minutes a light 
brown solid bogan to separate. The passing of the gas was discontinued after 8 holll"s, 
when the supomata.nt benzene became colorless. The solvent was removed under reduced 
pressure (25°/l.Omm}. A light bro~ solid (4.99g.} was obtained. -{Found: Bn, 32.89; 
Cl, 39.30. Calc. for [Sn(AcAcH)0Cl0]SnCI6 :-Sn, 32.91; Cl, 39.32%}• 

(b}. R~action of BnCI.(AcAc}. with HCI gas in Benune.-In & benzene solution 
(.lfl g.} of SnCI0 (AcAc)0 (2.61 g.) dry HCI ga.s was passed (18 holll"s} till the superna.~nt 
benzene became colorless. A deep red, highly viscous liquid settled at the bottom. Notice· 
o.blc heat was produced in the reaction. Excess of the solvent was removed at the pump 
and a dcop red, highly viscous liquid (3.06g.} was obtained. -{Foun,d: Bn, 24.52; Cl, 30.05; 
Sn:CI, 1:4.10. Calc. for [Sn(AcAcH}0Cl0]CI.: Sn, 25.76; Cl, 30.77% }. 

Stannic chloride (3.30g., 10M} was added to the above prqduct(0.51 g.) and the mjx­
turo wa.s allowed to stand for a bout 4 hours with occasional vigorous shaking. The reaction 
mixture was dried. under reduced pressure (35"/0.5 mm) when a. brown solid (0.60 g.) 
was obtained. -{Found: Sn, 32.80; Cl, 39.19; Sn: Cl, 1:4.0. Calc. for [Sn(AcAcH).Cl.]· 
SnC16 : Sn, 32.91; Cl, 39.32% ~-

V. Reaction of Bta'll.nic Ol&lo1ide with A.cetylacetone in. Large EzcW~ 

Stannic chloride (1.90 g.) was added dropwiae with vigorous ahaking a.fta ea.ch 
addition into acetylacetone (20 g.}, kept in a freezing mixture (-IIi"). The addition of the 
first few drops was marked by appearance of a. white crystalline solid which dissolved 
immediately. The volatile solvent was removed under reduced pressure(25-30"/0.l-0.2mm). 
A light brown solid (3.11 g.) was obtained. [Found: Bn, 24.81 %; Cl, 28.20%; Sn: Cl, 
1:3.80]. 

510 

a·• 0"2 o·:s 

BnC4(U./20 ml). 
FIG, 1. In 0.0411N-HCIID nitrobtmz....,. 

Jf"eaB'Uf"illm611.& rJ OonduoeaM.a m Nilrol!ll'llZCfte 

The conducta.Does of varioua derivatives in ·ary llitrobeu.enewere miiiLIIllrOd on an 
EleatroDio magio eye eonduct&.D.OO apparatus; a. Kohlraush typefuLedparallel-pla.tA!oell was 

I 
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used, The molar conductance of H 1SnCI6 was oalcula.ted as about 9.6 mhos: The reeulte 
are recorded in Table IV from the titration of HCl with SnCJ• (Fig. 1). 

[Sn(AcAcH)0Cl,]SnC" 
(IIa) 

•Couc. 

1.419 
1.97!& 
2.487 
2,728 
1.419 

.Molar con· 
duo. at23" 

21.9 
20.8 
22.9 
21.5 
21.9 

• Cone. ill moleaX 103. 

TABLE IV 

[Bo(AcAoB)0Cl0]SnC" BnCI0(AoAo)0 

(lib) (I) 
•Couo. Molar oon. •Cone. Molar con. 

duo. at 24". duo. ab 20". 

l.890 21.8 8.70 0.395 
2.229 22.8 3.02 0.587 
2.790 22.3 6.60 0.389 
3.105 21.0 4.16 0.647 

10.20 0.370 

[Sn (AoAcH)1Cl,]Cl1 

(m) 
•Cone. Molar OOJI• 

flue. atao•. 

5.04 9.80 
13.80 10.40 
5.83 10.80 
6.81 10.78 
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