CHAPTER 3

DIPOLE MOMINTS OF ORGANOTIN COMPOUNDS AND
VARTATION I THE TIN-CHLORINE AND TEi-
CARBON BOND POLARIPY
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. Bpe electrlca_ dlpole moments of oﬁganotln compounds, parti-~
cularly’ those’ of’ orgenotin halides have been bhe subject matter of

many dlecussione. Lorberth and Noth; meesureﬁ the dirpole momente of

a serles of organotin halides R,SnCl, (R = CHgfotgs G Hg» Cglls) .
with the aim of studying contributions to the bon& strength in the

Sn~-Cl by beck donation of unehaired eleceron pairs of chlorlne to
enpty d~orbitals of tln. Such a dn--p ﬁouﬁle bongd contribution
would be exnected to Jdncrease with progressive chlorinatlon of
Qggﬂ&hfﬁﬁa) Sa because the - electronebat1V1ty of the groun R Snﬁl would
@qé*LHTA;ncreaee with increase in helogen eubet;tutlon. Thle would tend to
decrease the poler ity of the Sn-cl bond. However, to account fox
the experlmental dlpole momente, these authere ergued in. :avour of
increase 1n Sn-~CL bond polerity w1th 1ncreeee in chlorlne eubetltu-
tion._mhe sane concluslon wee drawn by ﬂuang et al also, though by

a sli htly different approqch « This concluﬂlon 1e, howevsr, herd
554, Thus, the

decreage in the tin-chlorine bond d¢stance, inareaee 1n the tin-

K%

to reconclle with meny well Tknown, experlmental facte

chlorlne stretching f”equency and increase in the nuclear quedrup

pole coupl1ng constant of ch}oylne atom in RnSHClé_n-tYPetcomPngds

with inereasing number of chlorine atoms definitely indicate that
the %in-chlorine bond polarity decreases with progressive chlorine
gubatitution and no really satlsfactory explanation was available

for this apparent anomaly. The most logieal gpproach to the problem
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would be to calculate the boﬁa polarities, hence bond moments, of
all thé ponds and examine their variations with progressive halogen
substitu&iéna The succeés of the Del Re method in imbterpreiting: the
heats of atomisation5 of organotin compounds and the ease with which
the éesiréd ﬁﬁantities may be calculéﬁed by this method, prompted us
to calcula%e and analyse the variatlon of bonﬁ polaritles and dipole
moments in organotln compounds with a view to resolv1ng the aﬂomaly
just discussed. As in the previous chapter, the dq =p . bonding has
net been considered in the calculations, since almost all the experi-

mental deta can be explained without 1nvolv1ng any 4 =p, bonﬂzngfil.
The results of “he yresent calculations not only provide a very satig-

factory 92planaﬁiop £0r”the éxpefimeqtal dipole moments of organotin
comﬁpun&s but also account for the observed veriation in the nuclear
éuadrupélé coupling consbants of the ‘chlorine atom in R SnCl, .
coméoun&s.-Incidentaiiy.jthe present rssults strongly juatify the
reliabiiity of thera:fial charges calculated by the Del Re method.

Procedure i

A;:Gglcﬁlation of the J=ﬁpm§nt§=

_ The dipole momont p_is a vector'whlch s a measure of charge
displacement and 1s defined by egne (3-1), where e is the eharge and
T is.the:vectortlndioatlng the separation of the.posthvg and the o

negative charges,~Clear;yg,ﬁhe_bond moment between the two atoms

= er o | (3=1)
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bonded dire ctly is g:.ven by the product o:ﬁ‘ the bond polai::f.ty and

1

the hon& distance as in egn. (3-2)
1'/*(b0nd) = Pond charge X Bond distance - ... - (B-8)
Therefore for the c=-bond a&-b in a molecule the bond moment,
/}f ‘b will be given by egns (3-3) where Q,p is the bond polarity;e
o . \ ‘ : |
is the electronic charge and T, it the bont length

= . 5-3)
R R {=3)

The bond polarity (or the Del Re bond aharge) Q. ab is glven hy eqn-._

(Sné) where 6 and 5 are the Goulomb 1ntegrals of the auoms a and

b reapectlvely and e wthe Del Re resonance in egval parameterlz

-=<5b?‘%ﬁ@5%g.f f l    TI' hfﬁéi

Using & value of 4.802 xfj:[_{;""lo g.gsu for 'e' and expressing i'a,-ﬁ "
in’ 4%, oginse (3-3) and (3-4) give the bond moment in Debye unit
as in éqns (3-5)

. e (S - S /R E 35 )
In a neutra.f. system, consn.st.mg of ueverdl charged po:r.nts, the ’cotal
or the net dipole momerrb is uhe re&v'i an'b oi‘ the componsnt moments.
Thus the perma.nent electric dipole moment oi’ & molecule may be
easmly ca.leula:bed by the vector:.al addition of bond moments of all
’Uhe bonds present from & cons:.deratlon of uhe geometry of the mole-

culer® 314_ Phe electric ﬂlpole moment of & molecule. heving U-bonds
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/ﬁfr;’ only, ﬂa ; is, therefore glven by eqns (3-6)
f

/ f : .‘/uo—:z 4o 802.1- (5 - 5 )/2- ob - (3-8)
s ' all bonds o : S
f/ y

/ ohe quantities <§ and 5 appearlng in -egns {3-6) can be easily
// compuxed by ‘the usual Del Re method pmovided all the necessary Del

; Re parameters are known.

BsCalcoulation of the IT-moments:

For phényl and vinyl orgaaotln compounﬂs, hav1ng a ﬁ-SJstam
eqn. (5—6) does no 1oncer give the total dipole moment because the
imbalanca 1n the n>charge dlatrlbution will 1aad o an addltlonal
moment. For compounids havzng a n-net work it is convenient bo alss—
ect the total dlpole momeat,’ﬂL, into two components, viZ., ©o-moment,

13~186
2 &y end W—momeni,fpt as in eqh. {3-7)

poE gt . Y

The Ghmoment,/ii can be evaluated py the ﬁethod discussed in the
‘preceding secﬁion,lwhile.thb memoment can be calculated from the
m wéharge disﬁributioﬁ, Théllatter mgy belcalculated by the usugl -
Huckel method. As-@iecﬁsaed in the previous chapter, substitution
of fhe hydfogen étom of a C~H bond by tia atom primarily alters the
coulomb integral of the directly bonded carbon abom only. 4 general
method for evaluating the change in the coulomb integral, h, of the
attaphe@ carbon aﬁom has been developed theres and is given by eqhe
I = @c_oco)zﬂ-o%: 0.21 (%c"%cg (3-8)
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where a4 and Qs are the partisld U—charges of the relevant ecarbon |
_atom in the parent hydrocarbon and in the organotin compound respect—
ively, Uging {the value of the Coulomb integral thus obtained for the
‘carbon atom bonded to tin and assigning a standard value o< t0 fhe
other carbon atoms, the appropriate secular equation necessary for
the calbulatian of the Tmwenergy snd T-charges may be obbtained, The
M =chargs distribution in the\vinyl group in vinyl tin compound has
been calculated &ireéﬁly Irom fhe secular equation whiia the pertur-
hation technique,hae heenlemp;qyed in the:qaseiof phenyl tin com-
pounds becauaa-the,changa in the coulomb integraly hy; is very small
for all the compounds stﬁdi@@a &ccordiﬁg to perturbation method the
change in the M-charge at the sth atom, A QS y 0f a phanyl group
compared to that in benszene, due to @ change in the Gowiomb integral
- of the rth atam,ﬁo$,_is given by egne (3-10) |

Agps = Mgp s A S (3-10)

where rr' is the;éﬁoméaﬁOm polarisability, Combining egns. (3-8)
‘and (5«-1_0) we heve eqne (3-11)

Aq = ,IG.’ZI_ G’UC“ el Mo - (3-11)

which gives the net ﬂ-éhgrge at'the st atom of the ohenyl group
{the mmcharge at the benzene carbon atoms being zero due to eQual
electron density at all the gxpma) in terms of o-charges g, and

Qo0 s apalpola;isahility, ”s,r
culated by the Del Re method while tabulated data are avallable for

» The C=-charges may be easily cal-



Fige {3-1) Phenyl ring in phenylitin compounds
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' the polarieebility®Cs

. If we assume that the phenyl ring present in en organotin
‘compound is a regular hexagon with each-side-i.éﬁap then it can be -
ensily shown that the r~moment, u"y which lies along the Sn-C bond,
iz given by eqn. (3-12) [ see Fig. 3-D].

ﬁfg g[ﬁ2q2.m0%:2g3,mmpkq4,m?]_ _'_ . _ ' (3~12)
where qz, qs and q4 are the M=chacges at 02, Gz and Cy respectively.
It is easily seen that NO = C. 74° 3 NY = 2,1A% ang WP = 2,85%+ Sub~
ebitubing these values in eqn. (3~18) znd using the .value of e, the
.rf—momént duz tola phenyl group is given by eghte {3-13)

Mz 2.802 (14 2 gt &8 % a5+ 88 2 ay) - (3-13)

Regulh:

The d-bond wmoments in orgéndtin compounds have been comﬁuted
by egn,:(3f5) using thé.calculéted,values,qf Coulomb integrals. The
:neeeasarﬁ Del Re perameteors aiPe given in Table {(1-1}, Chapter 1. The
ned U—dipole_momenﬁ,;qu has been calculated by vechorial addition
of the component bond momente. The T-roment, u", for the pheﬁyi'
group has been cslculated frem egnes (3~13) using the W-charges
obtained from eqné (3—11) Theneharge dlsurlsatlon in phenyl anﬂ
?1331 groupe in some organotln componnds are given 1n,Table (3—1).

o | Table 341  | - |

Caloulated valueIbf-the'ﬁoﬁlomb‘péraﬁéter\'h‘ and ‘ﬁ%chafgé

distribution in some phenyl and vinyl organotin_comﬁounﬁa_fcifstaﬁds
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for the carbon atom bonded to the tin.atom).

Compound

h

~C

G

R

LT 2 4
TigsnCl  ~0.,014 0.0071 - - =0.0071
V150015 . =0.003 0,0020  =0,0020
ViSnOl, 0,011 ~0,0060  0,0080
viSuie,  ~0,027 | 0.0140  -0,0140 -
PhgnCl ~ =0.014  0.,0056 =0.0022 0.0001 ~0,0014
Fighnll, ~0.005  0.0012  -0,0005  0.0000 ~0+0005 |
PaSnCls;. . 0.01% =0.,0044  0,0017 - =0,0001 040011
Phdnfle, -0,027 0..0-106‘, =0.0082 " 0.0002 ~0,0028
PhSnBt,  <0.027 . 0,008  ~0.0042  0.0062 -0,0028
PhgSuBt 0,025 . 0,0099  =0,0089 10,0002 -0,0026.

In the prsseni caleulations, the lengths of Sp-C, C=C, 0 = ¢
(Vinyl}, ¢ = G (phenyl), C-H, Sn~Cl and Sn-H bonds are taken to be
2,184°, 1.540°, 1.354%, 1.408%, 1,094%,. 2.572% ana 1.704° respect-
ivelylv?lg

slectron diffraction date reportied by Skinne?lv have been used. For

for sll comppunis except methyl tin chiorides where. the

the tin atom 2 tetrshedral geometry has been assumed which is con-
sistent with the X-ray and electron diffraction date whers these are
ayailahle;7?20’21-

For compounds such as Me58n01, MQQSnGlg, ﬁeSnﬁlS, legSul,



F:'.g (3~2) Different orientations of the orgmllc
groups about the tin atom - :



ol
fo S0 ﬁéSnﬂs;'ﬁgaﬁﬂs, MegPhSn, MegVisn, -BugSully, VisnCl,,
Ph55n01, Ph28n012 and PhShGls'only one geomelry is possible and
therefore the ecdleulation of electric dipole moment is not compli-
cated by the possibility. of dlfferent geometry. However, for organo-
tin compounds-having ethyl or vinyl groups different orientations of
the organic groups about the tin- atom, as shown in ﬁig. I5~5¥lqware,
possible. In such cases it i1s rather difficult to-assume a0y porbi-
'cﬁlar confﬂrmationgg. Howéﬁer, the difference in the ﬂi§01e mamenté
of these emanbiomers are expecled to be swall because of the low _
values of the bond polériﬁies of:G-H’ané C-C honds. In or&er 1o eéti~
mé*é the magnitude of thié dlfferanoe the dipsle moments ol VlsﬁnCl
and VigSnCly havn buen calcu]ated Fow different possi ble conforma-

fions. These values, Ziven in Table (3-2), indlcabe that the Aiff-
Zable $=2
Caleulated electrlc dipole moment of V158n01 and V128n012

agsuming configur ons (3} and {b).

Kl

Compourid Calcd. dipole Calcd. -dipole Difference in

" montennt in Debye woment in Debye Debye

| | . {a) o) . o
VighnCl .. 8,053 B.01 0,048
Vigndl, . 3.645 5.710 0.065

éfence in the dipole momenis due to a conformationsl changé ig of:
the order of £0.06D and is much less than the variation in the re-.

pbrted'data. For ethyl compounds, this d@fference-ié even smaller.
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Bacause of this the sterically most favoured conformation has been
agsumned whenever there is a possibility of more than one. conforma-~
tion., (Tor example in the case of VizSnCl and Et;SnCl configurations
Ia and IIa are assumed).

The calculated dipole moments for a number of organotin com~
pounds along with the experimentzl dipole 1::r1c:mclenc11;sal"-2’'25"2“3 are given
in Tadble (3-3). Considering the large variations in the reportred

Tgble 3-3
Oalculé'bed and Experimental dipole moments of organotin

compounds in Debye unit.

Compound Cald. dipole Exper. dipole -References
_ moment ‘ moment '

MegSnCl 3446 5,46 ~ 3,52 142,24
Me,SnCly 4,04 4,14 - 4.21 1,2,24
MeSnCLg 5,63 3,62 « 3,77 1,24
EtSnCl 3455 344 -_5,80 2,25,26
BtpSnCl, 4914 3486 - 4,47 2425,26
BtSnCl, 3,73 4,08 1
MeSnH - 0,67 L ' —
MeBS_nﬂg 0.78 —— R
MoSnF, 10,68 0,88 27
MeBhSn 0.54 0.51 28

| BtgPhSn 0,50 0,50 27
BtPhzSn 0.51 0,73 27
HegViSn 0,52 0,45 " 29
E-BuySnlly 4,14 4.3 | 2

Contd. s
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Table 3-3 {Contds)

Compound - Cald. dipole  Iixper. dipole =  Referemces . .
e moment moment : . _

V4, SnCl | 5405 3400 e

VignGl, = B.65 408 2

ViSnOl, 5.3 sa7 2

Ph38n01. R W 5.30 - 3.46 1,2,25,25

Ph,SnCl, B.68 . BuB9 = 4431 142,25

PaSaCl, 5.89 5,99 = 4,80  1,2,25

dipole moment data the agreement between the calculated and ‘the
_ exaerimental values is 9enera11y very good. ' ”_

A very slgﬂiflcant feature of the proaant caleula%LOE,ls the
change in tinrchlorine bond polarlty in romng £rom me5 SaCl to SnGl

In orﬁer +o account for the varlatians ln the dlpole moment in Ghe

series RySnll, stnGlz ang, RSaCly Lorberth and Hoth® snd Huang et al

have argued in favour of incresse in the t1n-ch10r1ne”bond volarity
wiﬁh progressive chlorine substitution although the nuclear guadru-
pole coupling conspantsg_an& infrared @pgetra4 of organotin chlori-
aas.inﬁicate a reverse trend, These apparentiy contradictory conclu-
sions nave been reconciled in our calculation. An examination of the

variation in the bond polarifties of the various bonds of methyltin
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chlorides given in Table (3-4) shows that the +in chlorine bond
polarity decreases from Me,SnCl %o MeSn(l; as would be expected
from the nuclear qua&#upole'coupling:cpnstanﬁ dataf_ﬂpwetéﬁglﬁhe
Table 3-4i'

Polarity (percent) of &ifferent bonds in Methyltin Chlorides.

[}

cb?apounfl | Sn~ClL. - :Sx1-0 ~ H-C .
mes'sﬁcl :3'8-._68. | a 10.66 | | -3'1._','30
'Mézsnclg' . 33.79 4,48 3. 64
Hesacn Cmo e am

*Negative sign indicaetes reversal of polarity.

tin—bazbOn.bond polarity also decreases concurrentiy end in fact,
if*is.reversed in.MéﬁnClzk Thus, slthough the tinychiorine vond
-noment decreages in the'éeries,'tha decrease in the ftinwcarhon bond
mbment which acts_intthe opposite direction leads to an overall .
higher dipcle moment. | |
That the caleculated bond polarities are essentially correct.
is élsp reflec%ed.ffom a cqmparison.bf the calculated Del Re.chargea
atfthe chlorine afom in n=BugSnCly, n=BusnCl., and Snclé'and.the;ex-

perimental nucieax.QUadrupole coﬁpling constants of chlorine in these
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compoundas given in Table (3-5). A singly occupied p-orbital h@s_a N
Table 5-0

Comparison of charge on the chlorine atom with its nuclear

guadrupole coupling qonstant@

Compound ' Charge om €l  Coupling Conste
! e S MUz}

gﬁBuSSnClz =, 338 o 3446

n-BusnCl, &, 881 o 43,2

$n01, =212 S 48,2

large gradient at the nuclous and. gives vise to a relavively high
value of the coupllng eonstant fov a chlorine atom, where as that
for 2 chloriﬁe ilon is zZero; s ‘totally filled p~shsll has & spheri—
cal symmetry and has no intersotion with the quadrupole moment O.
Hence, the muclesr quadrupole coupling constant of chlorine in a
'sérieé of similar compounds is strongly dependent on the eleciron
density at the chlorine atom and decrease'thh lucreasing negative
Icharge on the chlorine atoms. Thus, the calculated caarges are in
full pgreement with the nuclear guadrupole coupling constant date

alacs
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o Another point thaﬁ stroﬂgly just;fies the: valldiﬁy of the

Del Re caleulatlons in the study of organotin oompounas ig the cal—

culated variation in tin-carbon bond wolarity in RnsnGléﬁn type
compounise: Because the electronegativ1ty sequence ls phenyl} methyl}

ethyl)»n-buxy1)>t—bumylgiai ~33, it is expected that the tin-carbon
bonﬁ nolarlty would follow the gome order. This is c1early demong-

trated by the datae given in Table (3-6). The tin-carbon bond polar*'

* Lable B-6

Variation in the ﬁln-carbon bond polarity (percent)af
RnSnGl4 '-compoun693_ o

vio o 1ser om0
5 R £ 1 RTO- - . 0446
we' 10,66 ‘a8 Sagme
E'i:. . '10131 S 4.29 SRR 3y 1A%
nBu o 10,88 426 aBaox

t=Bu - - - 10,66 4,05 . . . =3.ees -

_*Negative sign indicates reversal of polarity.

ity in vinyl +in compounds suggests the vinyl group to be more
éleétranegative than the phéhyl group which is coﬁsisﬁent‘withfthel
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results of cleavage of symmetrical organomercury compounda by
H014 _ | _ _ ‘ |

| Although the'ﬁreéehﬁ calculétibns'dén'aCCOuhﬁ.fbr he dlpole
moments as’ well as the varlat;on in - the hond polarlties samisfacto-
rily, in a few cases, viz., Phﬁnﬂl and YiSnCls the cnlculaied.man
ments are gome what low. The hlgh dlpole moments of these compounds
have been attrlbwted %o &w o p bondlng betwean tln and carbon by
_ Huang et alg. However, the dvpole moments of organoﬁin chlorides,
particularly in the case of Rohn01 and RSnGl3 type compounds, shows
a strong solvent dependance‘ Por exanple the dipole moment of

PhinClz varies from 3.990 10 5.81D depending on tha-solVentzs

indi-
caﬁing a'strong solvent solube interaction in this case. Because of
such large interactions: 1t is not possxble to obtaln the dﬁpole mo=-
ment of the free molecule to whlch our calculation applies. In any
casg, the_alpple mnment of;phgnylt;n-chlorlde in the absence of any
interaction would be certainly lower than 3499D which is the value
in hexene 51nce ths observed dlnole moment inereases in solvents
1ike dioxance where the 1nteraet10n.w1th the aolvenﬁ is expected to
be,greater,'It may,be:nntad_that comparatlvely large deviatlon from
‘ the éalculated vélueé“océur ohly in such cases. Thus,'it appears that
the umscrepancy between the calculated and the observe& dipole momen-
ts in such cases is | mOT'S 11ke1y to be due to uncertainity in the
experimental values rather than-ﬂua to any 4, - pfr bonding. This view
is supported by the faet that“éuf'cgiculationa satisfactorily account
fbr.aﬁch-&ivérserprpperﬁieé as'h3at|O£ atomisaﬁioﬁ;'vgriatiuﬁ in bond

polaritiés, vond distances, nuclear guadrupole coupling constants,
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stretching frequencies elce, in organotin compounds without

invoking eny dy~ D, honding.. .

Summarys | |
_  In this chapter the electric dipole moments of 20 organotin

compounds conﬁéining méthyl,-ethyl, t=-butyl, n-butyl, phenyl and
' vinyl gréupé have been calculated using approximate'quantum me cha~
nical methoas. The G;momcnts are computed from the ¢-change dis- '
tributlons ealculated by the usual Del Re 8 procedure while the .
cqnﬁribqtlon o£ the W&systam to the_total moment.of a2 molecule
having a n;system is calculated from:the T=charge distributions
obitained by the Huckel LOAO MO method uging perturbation techni-
‘que. To ascertain the effect of the relstive orientation of the
r organic group R about the central tzn atom on the dipole momend,
the dipole moments of Vi Snﬁl and V125n01 have been cal.culated for
two extreme conxigurationa of the vmnyl group about the tin atom.
The results inalcate the change in the dlpole moment due t0 such
changes in orientatﬂon to be smallar than the variations in the
veported valuess

Agreément bétween the caleulated and the experimental values

is in general very goods The calculated bond pblarity of the tin-
chlofina bond decreaseslin the order R3$n01)>R23nclé} RSalg) SnCl,
in accovdance with the variation in the nuclear guadrupole coupling
conatant of ghlorine in these molecules. The tinﬁcarbon bond polar-
ity follow the order vmyl} phenyl) methyl’ ethyl) n—-bu’syl) 'h-but:,rl

as would be expected from thezr relative electronegativities.



o], G

Referencess

1
2

3

=

W L w1, O

10
11
12

13

14

15

16
17
18

19

J.Lorberth and H.Noth, Chém.Ber., 98(1965)969

HeH Huang, KJi<Hoi end (in part) K.K.Chiu, J.0rganometal. Chem.,
11{1968)515

E.D.Swiger and J«D.Graybeal, J.Amer.Chem,Soc., B7(1965)1464

D.M.Adang, Metal-Ligand and Related v1brat10ns, Arnold, London,
- 1967, p.5i

R.Gupta and BJlajee, Je Organometal Cheme , 29(19?1)419
R.Gupta anﬁ,B.Majeeg J.Organometal-ﬁhem., 38(1972)71 .
R«Gupta and B.lajee, J.Organometal.Chem,, 40(1972)97

R.Cupta and B.Hajee, J.Organometal.Chem., 40(i972)107

R.Gupta and B.Majee, J.0rganometal.Chem., 49(1973) 191

R.Gupta and B.Majee, J.Organometal.Chem., 49(1973)197
R.Gupta and BJMajee, J.0vrganometaleChem,, 49(1973)203
G.Del Re, J.ChemsSoc., (1958)4031

AJStreitwiengeridr., Molecular Orbital Theory for Organic
Chem1sts, Wiley, New York, 1961, Ch.6

.Dauﬂel, .uefebvre and G.mbser, Quantum Chemistry Methods and
Applications, Interscience, New Ybrk, 1965, Che IX

J.Magy and P.Hencsei, J . Organometal . Chems., 20(1969)37

C.A.Coulson and A.Streitwleser, Dictionary of mM-electron
Calculation, Pergamon, London, PAII, 35

HedA.Skinnexr and L,E.Sutton, ’l‘rané. Jaraday Soc_-‘, 40 (1944)164-

.w .Wheland, Resonance in Organic Chamlatry, Wiley, New York,
1995, p-c9%

DeRoLide, Jr., J.Gham.rnys., 1911951)1605



AL

.20

21

22

23

24

28
-

28

30
=
5

5]

34

=50-

I. G.Ismailzaﬁe and G.S.2udanov, Zhur.F:.z »Knime, 26(1952)1619
, [cham.Aba. 29(1958) 28110 7

dsGIsmailzade and G._,S-.\;&u?mv, Zhur..ﬁ‘iz.lﬁzim., 27(1953)500
"/ Chem.Abs., 48 {1954)7969b_/

S Newnann, The Orgenic Chemistry of tm, Hzley, Hew York,
, , | 19’."0, Gh. 2

I.I’ Goldshtein, B.N. Guryanova, E.D.Delmsk.aya and. 1{..& I{ochesh—
kov, Dokl. Akad.Naui. SSSR, 136(1961)1079
.-- £ ChemeAbs. 55(1961)17557g 7 -

BeGsClaeys, G.2s ven der Kelen and Z.Beckhant, Bull.SocsChim,.

Belgess, 70(1961)462
WA Chem.bs 56 (1962)6759d _7

C,P .bmyth, J+0vgs Chemi, 6(1941)421
M.Bs8paght, F.Hein and H.Pauling; Physikele) 34(1 933)212
RoX. Inghem, S .D.Rosenberg and H.Gilman, Ghem.Rev.,ﬁO(:L%O)%O

JTeHagy, .Reffy, A Kauazmam—Borbely ana K.Palossy-Becker,

. Jx0rganometalsCheme, 7 (19671393

ki .ﬂagy, S.Ferenczi~tress. and. O.M.Nefedov, Period. Polytech,

Chem. (Budapest) 10u%e)319 [(}hem.}ibs.éi’?(l%
48245 u, -

0.H.Pownes and B.Z&?.Da:n.ley, I Cham.ﬂhys., 1?(194_-9)782
Ha CyBrovmn, JqAnter.Ghem‘.Soc., 61(1939)1485

JePud .Dﬂ.bny, ChemeReve, 25(1939)151 o

D, Sey£orthy J.Amer.cnem.boo., ?9(1957)2133

R.E.Desay, G.F.Reynolaa ahd J.Y.Km, Ts Amer.chem.soo.,
| 4 81(1939)2685 .





