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No book cr critical review devoted exclusively to organoantimony
chemistry was published in 1973. A review on organcarsenic, -antimony,
and -bismuth compounds was included, however, :n the sezond volume uwi The=
Chemical Society's Specialist Periodical Reports on organometallic compounds
[1]. Organoantimony compounds have been briefly mentioned in revizw articles
on sigma-bonded organometallic compounds [2], the mass spectrometry of com-
pounds containing the representative Group V elements [3], 121Sb Mossbauer
spectroscopy [4], NQR 1n organic and organometallic chemiscry [5], and che
electrochemistry of onium compounds [6]. The donor properties of tertiary
stibines have been discussed in several books [7-9], and the relatively few
organoant imony compounds that were subjected to X-ray analysis in 1971 and
1972 have been listed in Volume 4 of Molzeular» Strucctures and Dimensions
[10].

Meinema and coworkers [1l] have discovered that the intreraction of a
trialkylscibine and sodium in liquid ammonia resulted in the cleavage of

one alkyl-antimony bond:
R3Sb + 2Na -+ R,SbNa + RNa

As these reactions proceeded, the dark blue color of the ammoniancal sodium
solutions changed to the dark red color of the dialkylstibides. The cleavage
of trimethylstibine by sodium was go fast that the color change occurred
within a few minutes. A noticeable color change required about 10-15

minutes for triethylstibine and 4-5 hours for tripropylstibine, whereas with
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triburylscibine hardly any reaction took place even after 8 hours. It was
concluded that the rate of cleavage depended on the stability of the

carbanion formed. When the solution obtained by the reaction of triechyl-
stibine with sodium in liquid ammonia was treated with n-butyl bromide, a

new tertjary stibine was formed:

Ec,Sb + 2Na ~ Er,SbNa + EtNa ——2f— ke, Sbhu

Reaction of this stibine with sodium in liquid ammonia resulted in cleavage
of an ethyl group and made possible che synthesis of an asymmetric trialkyl-

stibine, which was quaternized to am asyrmetric tetraalkylantimony iodide:

Er,SbBu + 2Na + EzBuSbNa + EtNa —EcBc  EePrsbBu

EtPrSbBu + Mel -+ MeEcPrBuSbl

The sodium dialkylstibides in liquid ammonia were2 also used for the pre-—

paration of di-tertiary stibines:

NHaBr
R3Sb + 2Na - RZSbNa + RNa —————- R,SbNa + RH + NaBr + NH3

2R,SbNa + CH

P 2Cl2 v (stb)2CH2 + 2NacCl

(where R was Me, Et, or Pr)

The reaction of the sodium dialkylstibides wich 1,2-dichloroethane yielded

tetraalkyldistibines:

2R,SbNa + CLCH,CH,Cl + R,SbSbR, + CH,=CH, + 2NaCl

2 2

The latter cowmpounds could be converted to dialkylchlorostibines or

dialkylantimony trichlorides:

RZSbSbRZ + 502C12 - ZRZSbCI + SOZ

R,SbSbR,, + 3802012 hd 2R28b013 + 3502

2 2
Reaction of thke sodium stibides with epoxides, N-benzoylethylenimine, or
B-propiolactone led to the formation of functionally substituted tertiary

stibines:
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RZSbNa + CH2;9H(CHZJHH v Klabuhzcﬂ(ONa)(Unl)nH

HZO

> RZSbCHZCH(OH)(Cﬂz)nH
(where R was Me, Et, Pr, Bu or Ph and n was O or 1)

HeZSbNa + CHZ-CH2 hd MEZSbCHZCHgN(Na)COPh

|
COPh

H,0
> HezstH2CH2NHCOPh
HeZSbNa + THZ—T-O - NaZSb(CHZ)zcozNa
CH2—0

The antimony-containing alcohols were not lsolated a2s such, but were converted
into the corresponding antimony(V) dibromides by treatment with bromine 1n
carbon tetrachloride. Meinema and coworkers have enhanced the importance

of the work described in their paper by showing that the easily handled
trialkylantimony dichlorides reacted with sodium in liquid ammonia to yield

sodium dialkylstibides:

Me SbClZ + 4Na ~—- Me&,SbNa + MeNa + 2NacCl

3 2

Wieber and Baumann [12] have prepared five heterocyclic organcantimony
compounds by the reaction of phenyldichlorostibine with vicinal diols(pinacol
and catechol), vicinal dithiols (l,2-ethanedithlol and 3,4-dimercaprotoluene),

and 2-mercaptoethanol:

LN PN
PhSbCl, + R + 2Bt.N - PhSb R + 2Et .NHC1l
2 Ve 3 ~N o 3
HY b
(where X and Y were 0, R was —nezcm«ez— or @—;
where X and Y were S, R was —CH,CHZ- or Me H

and where X was 0 and Y was S, R was —CH,CH2—)
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The two dithia compounds thus obtained had relatively low melting points and
were quite soluble ir most organic solvents; they were shown to be monomeric
by cryoscopic measurements in benzene. In contrast, the two dioxa compounds
decomposed at 280° and were insoluble in both polar and non-polar organic
solvents. It was suggested that the dioxa compounds were assoclated by
intermolecular coordinacion of oxygen lone-pair electrons with empty
d-orbitals of the antimony. The haterocyclic compound prepared from
2-mercaptoethanol melted at 160-162° and was soluble enougn in dimechyl
sulfoxide to have its PMR gpectrum recorded; no information about irs molecular
welght was given.

In 1971 Jutrzi [13] reported that the interaccion of 3,5-dimethyl-5,10-
dihydrodibenzo[b,2]stannin and ancimony trichloride yiclded S-chloro-5,10-
dihydrodibenz[b,e}antimonin. Meinema and coworkers [l4) have cepeated this

reaction and extended it to the prepacariun ot other heterocyclic chlero-

stibines:
X X~
+SbCl3 —a . + Mt‘:ZSncl2
Sn S5b
e I
Me Me Cl

(where X was 0, S, 30,, CHZ‘ or CEZCHZ)

The compounds Jere isclated in 30-70% yields as colerless, crystaliine
solids, which were found to be moncmzcic In bepnzere. The PMR spectra of
the antimony compounds in which X was CH2 or CHZCH2 exhibited (in deutero-
chloroform solution) methylene and ethylene proton resonances as broadened
singlets at &4.32 and 83.24 ppm, respectively. In carbon tetrachloride,
carbon disulfide, and benzene solutions, the ethylene proton resonances
appeared as a well resolved AA'BB' spectrum.

The photoelectron spectra of phosphorin (phosphabenzene), arseanin
(arsabenzene), and antimonin (stibabenzene) have been derermined, and ab

initio calculations have been carried out to aid in the assignment of the
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observed bamds [15}. This work has been discussed under Arsapnic- Calcu-
lation of the electron configuraction of triphenylphosphine, -arsio=z,
-stilbine, and -bismuthine has becn described 1n the Russiau literacure(l6l).
Azerbaev and coworkers have synthesiccd a large number of organo-
antimony compounds containing the carbon-carbon triple boad. Hydroxy-
alkynyldiphenylstibines of the cype PhleC=CC(0H)\R)R' were prepared by
reaccion ot the corresponding acetylenic alcohol HC-CC{OH)'R)R' with rwo
moles of ethylmagnesium bromide and subsSequent trealtsent i the resulting
reaction mixture with diphenylchlorostikine {17]. The tertiary scibines
thus obtained were converted to ancimeny(V) dihalides by reaction with 1odine.
bromine, or copper(li) chloride. The urignard reactiun was also used ro

prepare (dialkylaminopropynyl)diphenylstibines [18]:

Ph,SbCl + BrMgC:=CCH

2 NR2 - PhZSbC=CCH3NR2 + MzBrcCl

2
[where R2N was dialkylamino, bis(hydroxyalkylamino),

morpholino, or piperidinol

Interaction of these compounds with halcegeds al:. gowse oL .aZva: Ve doe-oades.
Acerylenic alkoxides of the type -r,Sblik iwhire R wd:= éa alhynyl on

hydroxyalkynyl group) were prepared by mecathesis (19]:
Ar_SbX + MOR - Ar,SbOR + MX
(where X was a halogen and M was an alkali metal)

FToss and coworkers [20] have found that the interaction of alkoxydialkyl-
stibines and enol trifluoroacetates resulted in the formation of dialkyl-
stibino-substituted ketones. 1-Cyclohexen-l-yl crifluorocacetate was found to

yvield a tautomeric mixture of organocantimony compounds:

7
EtZSbOMe + CF3COZ<<:> —_—
(0N

7
Et,Sb —-O + Et,Sbo —\_ + CF,CO,Me
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The PMR spectrum of the tautomeric mixture showed that the C- and O-isomers
were rapidly interconverted; as the temperature was raised the concencraclion
of O-isomer increased. An attempt to distill the mixture in a high vacuum
resulted in decomposition at a bath temperacture of 90-100°. Dimethyl-
aminodialkylstibines were found to react evem with vinyl esters oL unsub-
stituted acetic acid When l-cyclopenten-i-yl acetate was used, a

tautomeric mixture was again obiained:

(l‘(e:;C)ZSbNHe2 + MECDZ‘@ : .
+ (Me;C),Sb0 ©+ MeCONMe,

In this case, the rate of incterconwversicn of the isomers was lower, and the

<HeBC)ZSb

PMR signals of the protons of the C- and O-isomers were not averaged out.
A8 in the tautomeric equilibrium discussed above, the content of O-isomer
increased with temperature. After two slow vacuum distillations, a non-
equilibrium mixture containing as much as 80% of the O-isomer could be
obtained. On standing for about a day, equilibrium was reestablished. The
equilibrium mixture contained 20Z of the O-iscmer at 20° and 30Z at 113°.
Nesmeyanov and coworkers [21} have reported a comparative 19? NMK study
of symmerrical and unsymmetrical compounds of the type m-FCSH4HAr2 and
p—Fc654HAr2, where M was CH,N,Sb, or Bf and Ax was Ph, m—FC6H4, or p—FC6H4.
The symmetrical stibines and bismuthines were prepared by the interaction of
m- or p-fluorophenylmagnesium bromide and antimony(III) or bismuth(1II)
chloride, while the unsymmetrical stibines and bismithines were obtained by
the reaccion oﬁ‘the Grignard reagents with diphenylchlorostibine or
~bismuthine. The chemical shifts were measured (relative to internal
fluorobenzene) in cyclohexane, chloroform, pyridine and in several cases ip
anisole or phenol. It was found that a change in solvent from cyclohexane

to chloroform had little influence (<0.3 ppm) om the 19!-‘ chemical shift of
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any of the triaryl ccmpounds. A change to phenol alsc had little effect.

It was concluded that the lone-pair electrons of triarylamines, —-stibines,
and -bismuthines are inert to hydrogen bond formation with chloroform or
phenol. The use of pyridine as a solvent produced a significant change

only for tris(m-fluorophenyl)- and tris(p-fluorophenyl)bismuthine. The
chemical shift of the meta compound changed from -1.76 ppm in cyclohexane to
-1.05 ppm in pyridine, while the change for the para compound was from

-0.48 ppm in cyclohexane to 0.16 ppo in pyridine. As & general rule,
therefore, the triaryl compounds appeared to be incapable of coordinating
to the molecules of strongly solvating solvents despite the possession of
vacant orbitals by the metal atoms. The data also showed that the intro-
duction of Arzsb or ArzBi groups into aromatic rings led, as a rule, to a
decrease in the fluorine shielding at the m2ta and rura positicns. The
Ph2B1 group was an exception in that it caused a slight Increase in the
fluorine shielding at the para position. 1In order to obtain quantitative
estimates of the electronic effects of the substituents studied, the g9y

and o® values of the PhZCH, thN, Ph

R 2
from the Taft correlation equations. In all cases, the 9¢ values were

Sb, and PhZBi groups were calculated

small and positive, while the o® values were small and negative. The

R
electronic effect of the thsb and thBi groups was almost entirely inductive.
The electron-withdrawing inductive effect of the antimony and bismuth groups
was virtually the same as that of the thN substituent and larger than the
almost nil inductive effect of the PhZCH group. The small o; values for the
thsb(-0.0l) and Ph281(—0.04) groups suggested the absence of any perceptible
electron-withdrawing effect due to dn_pn conjugation between the T-electrons
of the aromatic ring and the vacant orbitals of the metal atom. There

was apparently also no significant electron-releasing effect associated

with PP, conjugation between the metal lone-pailr electrons and the

aromatic ring. In centrast, both the PhZCH and thN groups exerted a

definitely perceptible electron-releasing conjugative effect.
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In a paper on the mass spectra of a variety of trrivalent and pentavalent
organic derivatives of phosphorus, arsenic, antimony, and bismuth, Hellwinkel
and coworkers [22] have included triphenylstibine, 5-phenyl-, 5-methyl-,
and 5-6-biphenylyldibenzostibole, pentapnenylantimony, and 5-phenyl-5,5'-
spirobis(dibenzostibole). The most intense peak in the spectrum of triphenyl-
stibine was the Pth+ ion, while the molecular ion was the second most
intense peak. The other antimony-containing fragments were (in order of
relative intensity) PhZSb+, CGHl‘Sb , (Ph,Sb-20)", sb”, and Ph3Sb"+. The
(thsb—28)+ fragment was believed to be a dibenzoheterocyclic ion formed by

+
loss of twc hydrogen atoms from the thsb ion:

QL0 =+ ORI

Not surprisicgly, this heterocyclic ion was prominent in the spectra of the
trivalent dibenzostibole derivarives. It was the most intense peak in the
spectrum of 5-methyidibenzostibole and the second largest antimony-
contalning peak for 5-phenyl- and 5-o-biphenylyldibenzostibole. The most
intense peak in the spectra of the latter two compounds correspoaded to

the molecular ion. The molecular ion was very weak in the spectrum of
pentaphenylantimony. The most intense peak was for the Ph45b+ ion, and
there was a somewhat weaker peak for PhSb'. There were rather weak peaks
for Ph,Sb', Ph,Sb, (Ph,sh-20)*, ¢, sb’, sb*, and (PhsSb-H)". As was the
case for triphenylstibine, the (thsb—ZH)+ fragoment was formed from Ph25b+
and presumably had the heterccyclic structure notad above. By far the

most prominent fragment in the spectrum of 5-phenyl-5,5"-spirobis(dibenzo-
stibele) was formed by loss of a phenyl group from the molecular ion.
Interpretation of this spectrum was complicated by the possibility of the
thermal rearrangement of the spiro compound to a tertiary stibine containing

a nine-membered neterocyclic ring:
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Sb

Ph

Lemmon and Jackson {23] have prepared and studied the IR, Raman, and

19? NMR spectra of tris(3,3,3-trifluoro-l~propynyl)phosphine, -arsine, and

-stibine. The compounds were obtained by the following reaction sequence:

= =30 .
CF,CZCH + Bult —7>0 CF,C:CLL + BuH
ICF.CZCLL + MCl., ——30" > (CF,C:C).M + sLiCl
3 3 TEt,0 3C5C) 4

(where M was P, As, or Sb)

Several attempts to prepare tris(3,3,3-crirfluoro-l-propynyl)bismuthine
by the same general procedure met with uncertain success. The IR speccra
used to monitor the reaction products indicated that the blsmuthine had been
formed in minute amounts, but the authors were unable to purify a sufficient
quantity to permit characterization. The vibrational spectra of the
phosphine, arsine, and stibine wera satisfacrorily explained by CJD selection
rules, and it was concluded that the molecular framework was that of a
trigonal pyramid. The lgF NMR spectra at 34° showed that the nine fluorines
in each mclecule were magnetically equivalent and provided a0 evidence tor
hindered rotation of the CF3 groups.

Asano and coworkers [24] have reported that the interaction of triphenyl-
phesphine, -arsine, ~stibine, or -bismuthine with styrene in the presence

of palladium(II) acetate led to cleavage of the carbon-heteroatom bond and

formation of irans-stilbene:
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tra7is-PhCE=CHPh

Pd(OZCHe)2
- >
PhM + PhCE=CH, MeCO,H, Dioxane

The reactions were carried out by refluxing equimolar amounts of the
triphenyl compound, styrene, and palladium(II) acetate in a mixture of
acetic acid and dioxane. With respect to the formation of trans-stilbene,
the reactivity of the triphenyl compounds was in the order
Ph3As>Ph3Sb>Ph39>Ph3Bi. Thus, triphenylarsine gave a 99%Z yield of irans-
stilbene, while triphenylbismuthine gave only 3Z. (Yield data were based
on palladium(II) acetate.) In addition to trans-stilbene, biphenyl was
isolated from the reactioms of the arsine, stibine, and bismuthine; che
latter two compounds yielded 108Z biphenyl, while the arsine yielded 142
biphenyl. Triphenylbismithine also gave 11X trans, Lfrans-1,4~diphenyl-
butadiepe, and triphenylphosphine gave 22Z methyldipnenylphosphine oxide.
The origin of the methyl group of the lacter compound was not elucidated.
Triphenylamine was also found to react with styrene and palladium(IIL)
acetate, but no irans-stilbene was obtained in this case; instead, a

412 yield of trans-p-diphenylaminostilbene was recovered from the reaction
mixture. When the reaction of triphenylbismuthine with styrene was
carried out in the absence of the palladium compound, benzene and biphenyl

were the only organic products isolated.

121 121 123

The Sb Mossbauer spectra at 4°K and the Sb and Sb NQR spectra
at 300°K of di-tertiary stibines of the type PhZSb(CHz)nSbth, where n

was 1,4, or 10, have been compared with analogous data obtalned with
trimethyl- and triphenylstibine [25]. All of the compounds exhibited

little or no asymmetry in the electric field gradient about the antimony
oucleus. (In contrast to this result, earlier workers [26] had found very
large asymmetry parameters for diphenylchlorostibine and bis(dipbenyl-
stibino)acetylene and had suggested that the presence of untike substituents
bonded to the antimony atom caused a highly asymmetric electron distribution
around it.) The isomer shift for trimethylstibine was -0.22 mm/sec (re-~

lative to InSb), and the shifts for the other compounds were in the narrow
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range -0.50 to —-0.69 mm/sec. The quadrupole coupling cunscants for the
five stibines were quite simiiar to one another. The luwer negative value
for the isomer shift of trimethylstibine suggested thact the antimony in
this compound had slightly less c-elactron depsicty. [he presence vf phenyl
substituents in the other compounds apparently alluwed a4 small amount of
back-donation of electrons from the aroratle n-systecs; t.e€., the over-all

bonding picrure probably included a small contribution ut the following type:

)

Sb<

The di-tertiary stibines used in this study were synthesized by the ianter—
action of sodium diphenylstibide (obtrained by the cleavage of triphenyl-

stibine with sodium in liquid ammonia) apd ctne ~pprapriar= dihalcalkzne:

2Ph2$bNa + X(CBZ)nx -~ thdb(Cﬂl)nSbth + 2NaXx

(where X was Cl or Br)

Gukasyan and coworkers [27] have used Mossbauer spectroscopy at about
80°K to investigate the structure of five antimony(V) dihalides <Ph3SbF2
and RJSbCI.z. 684'
diphenylantimony trichloride, tetraphenylantimony bromide and tetrafliuoro-

where R was Ph, ¢-MeOC ci8-C1CH=CH, or trans-ClCH=CH),
borate, and three triarylstibines (A:3Sb. where Ar was Ph, p—ClCGHA, or
p—MeOO6El.). The isomer shifts for all the orgamoantimcny(V) compounds

were in the range 2.3 to 4.1 mm/sec (relative to InSb). These values are
considerably less the isomer shifts found tor inorganic sntimony(V) com-
pounds such as antimony pentachloride (5.8 mm/sec) and accimony penta-—
fluoride (11.1 mm/sec). It was concluded that the lower electron accepting
ability of the organic groups led to relatlively greater 8s-electron demsity at
the antimony nucleus. The organocantimony(V) dibhalides exhibited large

negative quadrupole splittings, suggesting that the p-electron density in the
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equatorial plane of these trigonal-bipy:amidal moleculici was greatec
than along the axis of the apical bonds. This result was attripbated to
the occupation of the apical positiaas by the more clectconegdrive groups
(the halogen atoms) and to the presence of conjugated 7-syscems. In
contrast to these findings, the quadrupole splircting ror diphenylantimony
trichloride was large and pssztive. Assuming crigonal-bipyramidal
geomerry for this compound, the authors suggested chat the three halogen
atoms probably accupied equatorial positrions. The two tetraphenylantimony
compotinds exhibired litele cor no quzarupols splittity. it wez coacluded
chat the tetrafluoroborate was an icaic compound contaiuning Lhe Lecra-
hedral PhLSb+ cation. The authors were reluctant to come to 2 similar
conclusion about terraphenylantimony bromide, since carlier work [28] from
another laboratory had indicated that the Sb-Br bond 1n thils compound was
covalent. The isomers shifts found for the triarylsribines were in the
range O to -0.8 mm/sec and were less negative than the velues characteristic
of inorganic antimony(III) compounds; hence, the s-electrun density at the
antimony nucleus appeared to be lower for the organic compounds. The
quadrupole splittings for the triarylscibines were large and positive and
suggested excess p electron density along the threefold rotational axis
of the molecule.

Several organocantimony compounds have been 1acluded in & study ot
the theorerical interpretacion of antimony Mossbzuer eftects [29]. &
value of (GR/R)Sb = - (9.8:0.4) x 1074 was cobtained by combining molecular
orbital estrimates of the populariuo or valence electrun states wich che
results of atomic Hartree-Fock calcularions. The deutercn quadrupole
frequency of criphenylstibineqdl5 at 77°K has been observed at 135.3:0.5 lk-=
[30]. The deuteron coupling constant was 180.4:0.7, and che asymmerry

parameter was 0.044.

”
The llsln, 75As. 1215b, and 1‘3Sb NQR parameters of the 1l:1 complexes

of trimethylindium with trimethylamine, -phosphine, -arsine, and -stibine

kave been compared with like data obtained for am analogous series of
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trimethylaluminum complexes [3l). It was concluded that there was a small
amount of (d-d)n bonding in the indium complexes of trimethylphosphine and
its heavier congeners. Tsvetkov and coworkers [32] neve detzrmined the
enthalpies of mixing triethyl- or t:l-w-propylgallium with triechylamine,
—arsine, or —-stibine. The results cbtained were discussed in rerms of the
donor-acceptor complexes formed by the two mixed compounds. A group of
Russian workers [33) have also measured the heats of fusion and the heat
capacities (between 60 and 29é°) of trimethylgallium, triethylindium, and
triethylstibine. Other Russian papers have described the behavior
(including Rf values) of organmcantimony compounds during thin~layer
chronatography on alumina [34]and the use of IR spectroscopy to determine
the amounts of p- and T-complexing between phenol znd triphenylanine,
-phosphine, -arsine, or -stibine 135].

Beall and Heuk [36] have studied the thermdal reactlon of the Group
VIB metal carbonyls M(C0)6, where M was Cr, Mo, or W, with the potemntiszlty
bidentate ligand methylenebis{(diphernylstibine), PnZSLLHZSbPh2 (Dpsm). The
initial evolution of carbon monoxide produced & pertaczcbonyl derivative

in which Dpsm functioned as a nonodeatate ligand:

H(CO)6 + Dpsno - M(CO)j(Dpsm) + CO
More drastic conditions led to the formarion of tetracarbonyl dimers:

ZM(CO)S(Dpsm) - [M\CO)A(Dpsm)], + 2CO0

Larger yields of these dimers were obtained by taking advantage of the
facile replacement of 2,5-norbornadiene(Nbd) or N,N,N',N'~tetramethyl-

1,3-propanediamine(Tmpa) from their metal carbonyls:

20:(00)4(Nbd) + 2Dpsm - lCr(CO)q(Dpsm)]2 + 2Nbd

ZMD(CO)A(Nbd) + 2Dpsm - [MO(CO)A(Dpsm)IZ + 2Nbd

2W(CO), (Twpa) + 2Dpsm ~  [W(Co),(Dpsm)], + 2Tmpa

References p. 177
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Monomeric Ho(C0)4(Dpsm) was prepared in low yield by ultraviolet irradiation
of a hexane solution of Ho(CO)6 and Dpsm. A tricarbonyl complex of
molybdenum was obtained by heating MD(CO)S(Dpsm) with additional ligand at

130° for 13 days or by using a complex of 1,3,5-cyclohexacriene (Cht):
P

Mo(CO),(Cht) + 2 Dpsm ~+  Mo(CO),(Dpsm), + Cht

The molecular structure of the various Dpsm complexes prepared in this work
was investigated by means of molecular weight measurements and NMR and IR
spectral studies.

Fukumoto, Matsumura, and Okawara [37]) have also prepared di-tertiary
stibine complexes of Group VIB metal carbonyls. The realtion of Dpsm or
the related methylenebis(di-p-rolylstibine) with the dienyl derivatives
H(CO)AL, where M was Cr or Man and L was l,5-cyclooceadiens or Nbd, gave
the tetracarbonyl dimers [H‘CO)Q(AIZSbCHZSbAIZ)jz' where Ar was Ph or

p-MeC Monomeric complexes of the type H(Co)a(PhZSbCHZCHZCstbth)

684'
were obtained, however, by the interaction of trimcti-ylenebistdipbenylscik.re)
and H(CO)6, where M was Cr, Mo, or W.

Cardacl [38] has investigated the kinetics of the following reaction in

toluene solution:

Fe(CO)A(CHZ-CHX) + Ph.Sb i Ee(CO)Q(SbPh3) + CHZHCHX

3

(where X was OEt,Ph,Bu,Cl,Br,CO,Me, or CN)

2

The reaction was found to occur by a dissociarive mechanism in which Fe(C0)4
was produced as an intermediate. Analysis of the effect of the substituent
X on the stability of the complexes led to the conclusion that m-backbonding
between the iron atom and the olefinic ligand was the major cause of the
Fe-olefin bond strength.

In additicn to the papers discussed in the above three paragraphs, there
were numerous other articles published in 1973 that describad the use of

tertiary stibines as ligands in transition metal complexes. The metals
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coordinated to the antimony in these complexes included cadmium {39],
cobalt [40}, gold [41,42], iron [43-46], manganese [47-49}, mercury ([50],
nickel [51], osmium [52], palladium [53-55], platinum [56-58}, rhodium
{59,60], ruthenium [61], and silver [62].

Nishii, Haghimoto, and Okawara [63] have described the preparation and
spectral properties of adducts of the type RSbClaL, where R was Me,Ph, or
p—M206 4 and L was one of the following oxygen donors: hexamechylphosphoric
triamide (HMPT), pyridine N-oxide (Py0O), a-picoline N-oxide (4-MePy0), or
dimethyl sulfoxide (DMSO). The adducts were obtained by reaction of the
approprlate dichlorostibine with sulfuryl chloride at -70% and subsequent
addition of the ligand:

SOZCl2 L
RSbC.'I.2 e RSbCl_,‘

>
RSbCll'L

Unlike uncomplexed organcantimony(V) tetrahalides, the adducts were found

to be stable in the solid state at room temperature. A lowering of the

IR frequency of the P-0, N-O, or S-O0 stretching vibration (compared to

the free ligand) indicated that oxygen was the donor atom; and cryoscopic
measurements in nitrobenzene showed that the adducts were monomeric,
moelecular species. It was corcluded, therefore, that the adducts were
derivatives of hexacoordinated antimony. The PMR spectrum of HeSbClA-a—MePyo
exhibited a pair of signals due to cthe Sb-Me protons and a second pair due

to the C-Me protons. The observed doubling was attributed to the existence

in solution of cie and trans isomers:

\l/ l/
/|\ /|\01

As the temperature of a solution of MeSbCl, -4-MePy0 in nitrobenzene was

4
raised above 70°, the intensities of the Sb-Me and C-Me signals began

to decrease, and two new signals appeared, which were assigned to the
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protons of methyl chloride and Sbcl3-L—MePy0. This change was shown to

be irreversible and was obviously due to decomposition:

MeSbCl, -4-MePy0  + SbC1,*4-MePy0 + MeCl

The adducts MeSbC16°PyO and HeSbClA-HMPT simirlarly decomposed in solucion
above 70°. 1In fact, the latter adduct gradually decomposed even at room
temperature.

Pligina [64] has studied che precipitation of rwenty-three alkaloids
and fifty-eight synthetic organic nitrogen bases by arylpentabromoantimonate
aniong of the type (YCGBASbBtsl_' The number orf bases precipitated by a
gpecific anion depended on the subscituent ¥ and increased in the following
order: m-Cl>m-Me>H>p-Me>0-Cl>0-Me.

Doak and Summy [65] have prepared a serles of unsymmetrical diaryl-
antimony trichlorides of the type PhAerCl3 {where Ar was a phenyl group
containing a p-CH3.p—02N,p-Cl. m-Cl, or p-F substituent) by the interaction
of an arenediazonium tetrafluoroborate and phenyldichlorostibine. Diphenyl-
antimony trichloride was obtained by treatment of diphenylstibinic acid

with an excess of hydrochloric acid:

PhZSbOEH + 3HC1 - Ph25b013 + 2H20

The stibinic acid in turn was prepared by using alkaline hydrogen peroxide
to cleave a pbenyl group from triphenylstibine. Attempts were made to

convert the diarylantimony trichlorides to oxides of the type (PhAerClZ)ZO:

2PhArSbCl, + H,0 +  (PhArSbCl,),0 + 2HC1

p—-Oxo-bis(dichlorodiphenylantimony) was obtained in 84Z yield by refluxing
a methanol solution of diphenylantimony trichloride in a Soxhlet apparatus
and removing the hydrogem chloride by allowing the condensate to drip
chrough solid sodium carborate in the Soxhlet thizble. This procedure,
unfortunately, was not successful with the unsymmetrical diarylantimony

trichlorides. It was found possible, however, to prepare u—-oxo-bis(phenyl-
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p-tolyldichloroantimony) in 93% yield by allowing & methanol solution of
phenyl-p-tolylantimony trichloride and sodium methoxide to stand at room
temperature for 48 hours. The PMR spectrum of this oxide at 27° exhibited
a single sharp peak for the methyl group at T 7.6. When the temperature
was lowered the signal broadened, and at -90° chere were two peaks
(separation 10Hz at 100 MHz) in a ratio of 1:2.5. The two peaks were
atcributed to the presence of dl and meco forms, which underwant rapid
stereomutation at room temperature. u-Oxo-bis(phenyl-p-fluorophenyl-
dichloroantimony) was obtained by the same method used for the tolyl
derivative. The fluoro compound was contaminated, however, with u-oxo-
bis(diphenyldichloroantimony) and H-oxo-b1s(di-p-tluorophenyldichloro-
antimony). The latter compound was removed by fractional crystallization
to yield a mixture containing 77Z of the desired unsymmetrical oxide and
23Z u-oxo-bis(diphenyldichloroantimony). The 19F NMR spectrum of this
mixture gave a single peak at room temperature. As the temperature was
lowered, the signal broadened and was split into two peaks (§106.2 and
113.2 referred to fluorotrichloromethane) at -60°. It was concluded,
therefore, that p-oxo-bis(phenyl-p-fluorophenylantimony) also existed

in dl and mego forms, which underwent rapid stereomutation at room
tenperature.

Meinema and Noltes {66] have employed PMR spectroscopy to study the
influence of stereochemlistry on B-diketonate exchange in organoantimony(V)
complexes of the type RZSbCIZAcac and stbclznpm (where R was Ph or Me,
Acac was CH3C0CHC0CH3, and Dpm was Me3CCOCHCOCMe3) as well as in the
corresponding 2,2'-biphenylylene complexes. As illustrated below for the
PhZSb012Acac + HDpm and the PhZSbCIZme + HAcac systems, there was fast
B-ketonate exchange only when the two aryl (or methyl) groups were trans
te ome another; the corresponding ¢is isomers, in fact, appeared to be
inert to exchange with free B-diketone.

The occurrence of a slow isomerization process did lead, however, to a
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mixture of cia-diphenyl and trans-diphenyl isomers of PhZSbCIZAcac and
Ph25b012D?m. Fast B-dikctonate exchange was also observed when HDpm was
added to a solution of He25b012Acac (which had been shown to exist only
in the irans-dimethyl form) and led to an equilibrium mixture of

Me,SbC1

2 2
complexes (which are capable of existing only in cig-diaryl configurations)

Acac, HEZSbCIZDpn, HAcac, and HDpm. The 2,2'-biphenylylene

did not react at all with the free B-diketomes. It was concluded that
this investigation has provided the first examples of the influence of
geometric configuration an ligand stabilization in octahedral main group
organometallic complexes.

Beattie and coworkers [67] have investigated the vibrational spectra
of a number of chloro and methylchloro derivatives of cadmium, indium, tin,
antimony, tellurium, and iodine. Iancluded in this study were trimethyl-
antimony dichloride, dimethylantimony trichloride, and an adduct of the
latter compound with tetraethylammonium chloride. The adduct was prepared

by mixing equimolar ammounts of the reactants in thionyl chloride:

Hezsb013 + B, NC1 [E:QN][H225b014]

The spectral data suggested that the HeZSb014 anion In the adduct had a
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octahedral structure in which the four Sb-Cl bonds were in the same plane.
The spectra of the uncharged organoantimony species were, as expected,
consistent with trigonal-bipyramidal structures in which the methyl groups
occupiled only equatorial positioms.

An X-ray crystal structure determination of p-oxo-bis(rriphenylazido-
antimony), (PhgsbNg)zo, has been completed by Ferguson and Ridley [68].
The compound was shown to be a non-ionic derivative of pentacoordinated
antimony. Each meral atom was in a slightly distorted trigonal-
bipyramidal environment with the bridging oxygen at one apex and an azido
group at the group at the other. The 0-Sb-N angle was 178.3(3)“. The
N-N-N angle was also nearly linear. The three phenyl carbon atoms bonded
to each antimony atom were in a plane slightly below the antimony (with
respect to the bridging oxygen) so that the mean 0-Sb-C angle was 92.9(3)°.
The Sb-0 bond length, 1.985(3);, was significantly shorrter than values
reported in tetraphenylantimony hydroxide, methoxytetraphenylantimony,
and dimethoxytriphenylantimony; it was, however,very similar to the $b-0
distance iun Me3POSbCIS, in which theoretical calculations suggested that
there was equal attraction of electrons on both sides of the briaging
oxygen. The Sb-0-Sb angle, 139.8(4)°, was much largcr than tetrahedral
as a consequence of ateric interactions between phenyl groups in the
two halves of the molecule. The mean C-Sb bond iength, 2.115(9);, was
similar to the mean values found for other equatorial C-Sb bonds. The
C-Sb-C angles ranged from 115.8 ta 125.6°; the deviations from 120° were
attributed to steric interactions of the three phenyl groups attached to
the antimony atom.

Di Bianca and coworkers (69,70} have 1avestig=t-a tne sjyathezis
and structure of organoantimony(V) compounds of the rype R3SbL, where R
was Me or Ph and L was a potentially tricentate Schiff base dianion that

contalned ONO or ONS donor atoms:
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The complexes were prepared by using tne free ligaua or its disodium

salt:
PhH
R3Sb(0.‘1e)2 + HZL —_— R3SbL + 2MeUH
MeOH .
RSSbC.I.2 + NazL —_— RBSbL T 2NacCl

Attempts to prepare He3SbBAH and Me3SbAAH resulced in the formaticn of
viscous oils of unknown structure. Complexes of the type R3SbAAT could
not be isolared as a result of their spontareous de—omposirtion to &

tertiary stibvine and 2-acetyl-:-ceithyl-24-1,%~benc.othiazine:

The other six complexes appeared to be relataively stable, although
He3SbSAI decomposed in about a month at room temperature. Molecular
welght determinations at 37° showed that these complexcs were non-
dissociating monomers. Their UV and IR spectra suggested the following

hexacoordinate structures:
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PMR spectroscopy indicated that the trimethylantimony complexes had non-
rigid structures in solucion. Thus, the Sb-Me protoms of He3SbSAB in
carbon tetrachloride at 25° gave only one sharp singlecr, indicating a
rapid exchange of equatorial and axial methyl groups. Inm toluene—d8 at
-65°, however, rhe signal was split into two peaks with the expected

2:1 1atensity ratio. Me3SbSAT was more rigid and give two broad pesks
(2:1 intensity) at 25°; at -20° the peaks became sharp singlets. An
X-ray structure determination revealed that the antimony atom In

Mz ,SbSAB was indeed hexacoordinate and possessed & distocted uvcetchedra.

3
geometry.
Goel and Prasad [71] have described pentacoordinate cationic complexes

of the type [R3SbL2](Clo 23 where R was Me or Ph and L was dimethyl

4)
sulfoxide (DMSO), diphenyl sulfoxide (DPSO), triphenylphosphine oxide,

or triphenylarsine oxide. The complexes were prepared by methachesis:

o
K3SbC12 + 2L + 2AgC104 he [R3SbL2](C104)2 + 2AgCl

The cations were readily hydrolyzed to form the oxygen-bridged
[(RJSbL)20]2+ speclies and were therefore much more difficult to isolate
than the corresponding bismuth cations, which have been found to be
unaffected by moisture. A violent explosion occurred during one prepara-

tion of [Me3Sb(DMSO—d ](0104)2, and the authors warned that the other

6)2
complexes should also be considered as potentially explosives The IR
spectra of the solid complexes clearly showed the presence of ionic
perchlorate groups and also suggested that the antimony atoms were boanded

to the oxygen atoms of the ligands. It was concluded that the configuration

around antimony was trigonal-bipyramidal with the methyl or phenyl groups
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in equatorial positions. Conductance measurements showed that all of che
complexes behaved as 1:2 electrolytes in nitromethane, and IR measurements
in dichloromethane or nitromethane indicated that the complex cations did
not dissociate in these solvents. PMR spectra of the trimethylantimony
complexes in nitromethane showed that the resonances due to the methyl
groups depended markedly on the nature of the ligand L; the shielding of
the Sb-Me protons increased in the order DMSO < Ph3P0 < Ph3A30.

Reinert [72] has prepared diphenyl(p-dimethylaminophenyl)antimony

dibromide by the following sequence of reactions:

A

Ph SbBrZ > PhZSbBr + PhBr

3

Ph,SbBr + p—MeZNC HL1 - p—ﬁezNC6HASbPh2 + L1Br

2 64

p-HEZNCGBQSbPhZ + Brz - th(p-MeZNc6H4)SbBrZ

Triphenylantinmony dichloride has been obtained by the iateraction of

triphenylstibine and copper(Il) chloride in acetone [73]:

2 -
Ph3Sb + _CuClz Ph3SbCI2 + 2CuCl

In methanol solution, the reaction gave triphenylantimoany dichloride plus
an adduct of triphenylstibine and copper(l) chloride, which was not further
investigated. In agreement with other studies, an analysis of the far IR,
Raman, and 19F NMR spectra of tribenzylarseni:c and -antimony dichlorides
and difluorides has supported the conclusion that the geometry about the
arsenic and antimony atoms in these compounds was trigonal-bipyramidal
(slightly distorted in the solid state) [74]. The work has been discussed
in more detall under Arsenic. In a paper dealing mainly with reactions

of tertlary arsines, Ang and Lien [75] have reported that bis(trifluoro-

methyl) nitroxide added to trimethylstibine:

He3Sb + Z(CF3)2NO -+ Heasb[ON(CF3)2]2

Treatment of the pentacovalent antimony compound with hydrogen chloride

cleaved the Sb-O bonds and gave quantitative yields of the products:
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+ 2BC1 he Me,SbCl NOH

M£3Sb[0N(CF3)2]2 3 2 + 2(CF

32
A U.S. government report [76] has described the preparation of organo-
antimony (V) compounds of the type Ph3Sb(OZCXC02Me)2, where X was not
deilned.

Sato, Matsumura, and Okawara [77] have described the first preparation
of an optically-active quaternary antimony compound, ¥iz. dextrorotatory
methylethylisopropylphenylantimony iodide. The racemic iodide was

obtained by the quaternization of methylisopropylphenylstibine with triethyl.

oxonium tetrafluoroborate and subsequent treatment with potassium iodide:

He(He,CH)(Ph)Sb+[Et3O][BF4] - [Me(Et)(Me,CH)(Ph)Sb][BF4]+Et20

K1
[Me(Et) (Me,CH) (Ph)Sb ]I

The same racemic iodide could alsc be prepared by the incteraction of

methylisopropylphenylstibine sulfide and diethylindium i1odide:
He(HeZCH)(Ph)SbS + Et,Inl -+ |[Me(Et)(Me,CH)(Ph)Sb]l + EtInS

Treatment of the quaternary ifodide with silver hydrogen (-)-dibenzoyi-
tartrate and subsequent recrystallization from ethyl acecate gave a
laevorotatory antimony hydrogen (-)-dibenzoyltartrate. Porassium lodide
in methanol then converted the latter coumpound to the dextrorotarory
antimony ilodide.

Vetter and Klar [78] have prepared quaternary mnitrogan, phosphorus,
arsenic, and antimony derivatives of the 1,l-dinitroscethane and a,a-
dinitrostoluene anions:

N—0
Rl ©
\“NL=40

(where R was Me or Ph)

The nitrogen, phosphorus, and arsenic compounds were deep blue, crystalline

substances, which exhibited salt-like behavior. Thus, they were soluble
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in polar solvents such as water, alcohols, hexamethylphosphoric triamide,
or pyridine and imsoluble 1in.non-polar solvents like diethyl ether, benzene,
or petroleum ether. The intense blue color of the solutions was attributed
to the free RC(NO)(NO) anions. Molecular weight determinations in solution
gave half the formula weight; Z.e2., each nole of compound yielded two moles
of ions. In contrast to these observarions, the antimony compounds (the
tetramethyl- and tetraphenylantinony derivatives of both aniouns) did not
behave like salts under all conditfons. Thus, although the tetramethyl-
antimony derivatives were blue solids and dissolved in polar solvents to
yield blue solutions, they were also soluble in nmon-polar solvents and

gave yellow solutions. The tetraphenylantimony derivatives were yellow

or yellow-green even in the solid state and gave yellow solutions in most
solvents. In methanol or ethanol, however, the tetraphenylzntimony
derivative of the 1,l-dinitrosocethane znion did appear blue. Molecular
weight determinations showed that the aatimony compouads were cavalent

in the yellow solutions buc 1l:1 electrolytes in the blue solutionsz. It

was concluded that the tetramethylantimony compounds had a greater

tendency to be ionic substances, while the tetraphenylantimony compounds
were more covalent. The authors also suggested that the antimony atom

in the covalent complexes was probably hexacoordinate.

Kok and coworkers [79] have used pulsed NMR spectroscopy to investigate
magoetic relaxation of the 121Sb nucleus in tectramecthylanrimony ilodide,
tetraphenyiantirony sulfate, fluoride, and chloride. The magnetic relax-
ation time T2 obtalned with tetramethylantimony iodide in aqueous solution
(wnich has been shown to contain the terrahedral tetramethylantimony cation)
was about 200usec and was dependent on both councentration and temperature.
An Arrhenius plot of the longitudinal relaxation rate gave a value of 3.8
kcal/mol. A decrease in T2 with increasing concentration was observed
and was attributed to ion pairing which tended to distort the tetrahedral
symmetry of the tetramethylantimony cation. Ion pairing was also invoked

to explair the small T2 value (70pusec) of this cation in methanolic solution.
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Aqueous solutions of tetraphenylantimony sulfate and methanolic solutions
of tetraphenylantimony fluoride and chloride were also studied, but signals

were not observed because of extremely short T, values {~10Ousec) in these

2
solutions. It was concluded that these results showed that the geometry

of the tetraphenylantimony cation in water or methanol deviated significantly
from tetrahedral.

In a paper devoted largely to quaternary arsenic compounds, Schiemenz [80]
has described some molecular weight and PMR measurements on triphenyl-
methylantimony tetrafluoroborate and tetraphenyiborace It was concluded
that these antimony compounds existed as contact i1on palrs in solutions
of chloroalkanes. In the tecrophenylborate, the aromatic ring current
of the phenyl groups of the anion caused the PMR sigpal cf the methyl
protons to move upfield by abour 0.7 ppm. The ion patrs were short-lived
so that the tetraphenylborate anion had the characreristic properties
of an NMR shift reagent. It has been claimed in the patent literature
[81} that anion exchangers containing quaternary arscnium or stibonium
groups were prepared by treating chloromethylated divinylbenzene-styrene
copolyners with trimethylarsine or -stibine.

Schmidbaur and coworkers {82] have reported that tetramethylantimony
fluoride, which previously had been preparsd by the interaccion of
pentamethylantimony and trimethyltin fluoride, could be more readily

obtained by the use of hydrogen fluoride or potassium bifluoride:

HeSSb + HF -+ Meqst + MeH

Me_Sb + KHF_  ~- Me,SbF + MeB + KF
5 2 4

The mass spectrum of tetramethylantimony fluoride was determined and
compared with that of the analogous phosphorus compound. Corresponding
peaks in the two spectra often appeared with quite ditferent relacive
intensities. For example, the relative intensitiec of the ylid-like

ions Me3SbCH2+ and Me PCH2+ were 10Z acd 26Z, respectively. The spectrum

3
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of the phosphorus compcund exhibited only one rluc:ine-containing Iragment
(Me3PF+, relacive intensity 100Z), while cthe antimony compound yielded
Me,SbE' (100Z), Me,SbF  (I5Z), MeSbE' (25%), and SbF' (8%). It was con-
cluded chat the greater lability or the P-F bond tended to tavor formation

of the ylid-like lon mcntioned above. The ziffinity or antimony for

fluorine was also illustrated by the fullowing addition reactions:

HEASbF + MeaPF . [MELP][MeASbF?]

- 1A
Me4SbF + MEBUJPF [HeBUJP,[MeQSbFZI

The infrared spectrum of the adduct formad in the first reaction suggested
that the compound was composed of Me5P+ cations and Mebst2— anions. The
31P NMR spectrun of the other adduct exhibited a signal at & -32.0 ppm
(with reference to 85% phosphoric acid). This chemical shift was considered
tc be in the rapnge-expected for tetracoordirated phcezpnonium catlions. No
P-F coupling was observed even at -80°.

The interaction of tri-n-butylantimony dibromide and methylmagnesium

-

iodide has been found to yield a mixture of pentaalkylantimony compounds
[83]. The mixture, which was analyzed by PMR spectroscopy, caontained

75 of the expected tri-n-butyldimethylantimony, 20% di-n-pbutyltrimethyl-
antinmony, 4% n-butyltetramethylantimony, and 12 pentamethylantimony. The
following reactlon sequence (possibly involving hexacoorainate antimony

intermediates of the type [Buﬁ—nSbHen+1]_) was suggested:

2MeMgl + BujSbBr, - Bu,SbMe, — 81> Bu,ShMe

2 3 3

ﬂgﬂgl—> BquHeA MeMgI > MeSSb

Similarly, the interaction of trimethylantimony dibromide and n-butyl-
magnesium bromide gave a mixture contalning 66% of the expectad di-n-
butyltrimethylantimony in addition to 17% tri-n-butyldimethylantimony and

17Z n-butyltetramethylantimony. Vacuum distillation of the reaction products
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failed to yield pure compounds. The PMk spectra of the mixtures shawed
that an increase in the number of n-butyl gzrcups 1n & molecule of the
type BunSbMeS—n led to an upfield shift in the methyl proton signal. It
was concluded that the donor effect of the n-butyl group probably caused
an increase in the electron density on the methyl hydrogen atoms.

Unlike peantaphenylantimony, which has long been known to exist as
equare-pyramidal molecules, penta-p-tolylantimony has been shown by
X-ray data to exhibit the more common trigonzl-bipyramidal structure [84]).
The C-Sb equatorial bond lenyth average (2.16;) was significantly shorcer
than the axial C-Sb average (2.26;). Two ot the equatorial C~Sb-C bond
angles (113°, 130°) differed considerably irom the ideal value of 120°,
but the other angles around antimony were normal. Prelimipary results on
the cyclohexane solvate of pentephenylantimony, PhSSb-%C6H12, in the solid
state indicated a virtually undistorted trigomal-bipyramidal configuration
around the antimony atom. The NMR spectrum of penta-p-tolylantimony in
carbon disulfide showed rapid intramolecular exchange of axial and equatorial
groups at temperatures down to -100“C. It was concluded that pentaaryl-
antimony derivatives consistea of highly rlexible molecules and thac
relatively small varjations in crystal packing energy could be responsible

for important structural changes in the solid state.
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