§ Journal of Organometallic Chemistry, 51 (1973) 223-230 . . : . » 223
© Elsev1er Sequora SA., Lausanne — Printed in The Netherlands '

 INVESTIGATIONS ON ORGANOANTIMONY COMPOUNDS
IX*. ANTIMONY-CARBON BOND CLEAVAGE IN TRIALKYLSTIBINES

BY SODIUM IN LIQUID AMMONIA. SYNTHETIC APPLICATIONS. OF
DIALKYL- AND DIPHENYLSTIBYLSODIUM

H. A. MEINEMA, H. F. MARTENS and J. G. NOLTES
Institute for Organic Chemistry TNO, U trecht (The Netherlands)
(Received September 13th, 1972)

SUMMARY

Dialkylstibylsodium compounds have been prepared by cleavage of tri-
alkylstibines with sodium in liquid ammonia. Reactions of the latter with epoxides,
N-benzoylethylenimine and S-propiolactone have afforded several new functionally
substituted organostibines. The different reactivities towards such cleavage of
different alkyl groups bound to antimony opens a route to the synthesis of asymmetri-
cally substituted organostibines. Tetraalkyldistibines, which are readily available
from the 2/1 reaction of dialkylstibylsodium compounds with 1,2-dichloroethane,
have been found to be suitable starting materials for the synthesis of hitherto in-
accessible chlorodialkylstibines and trichlorodialkylantimony compounds.

INTRODUCTION

Although considerable information is available on the chemistry of alkali
metal derivatives of organoarsines relatively little is known about the corresponding
organostibines (cf. ref. 2 and refs. cited therein). Wittenberg and Gilman® prepared
diphenylstibyllithium for the first time by cleavage of an antimony—carbon bond of
triphenylstibine with lithium in THF. Later on, Hewérton and Watson* observed
that triphenylstibine is cleaved much more rapidly by sodium in liquid ammonia.
An analytically pure diphenylstibyllithium—dioxane complex was isolateéd by Issleib
and Hamann® via metal-hydrogen exchange of diphenylstibine with phenyllithium
in diethylether and subsequent addition of dioxane. The corresponding dialkyl-
stibyllithium derivatives, R,SbLi, in which R=Et®, t-Bu’ and cyclohexyl®, were
prepared in essentially the same way. However, the use of the diorganostibines,
R,SbH, which are not readily available makes this procedure less attractive. Di-
butylstibyllithium“ has been prepared by the metal-halogen exchange reaction of
bromodibutylstibine with lithium in THF®. Similarly, dimethylstibylsodium was
obtained by treatment of bromo- or chlorodimethylstibine with sodium in liquid
ammoma“’ 11 However, the halodlmcthylstlbme startmg materials are not readily -

x For part»VIII see ref. 1.
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E avallable12 In the present paper we. report a. convement preparatlon for dlalkyl- .
- ‘stibylsodium derivatives, which together with the diphenyl analogue, have been
used for the synthe31s ofa variety of new organoantlmony compounds* o ‘

RESULTS AND DISCUSSION

Preparatzon of dzalkylstzbylsodmm compounds

The preparation of dlphenylsnbylsodlum by a phenyl group Cleavage from
triphenylistibine with sodium in liguid ammonia has been known for a decade®,
but, surprisingly, the corresponding reaction with trialkylstibines has never been
studied. We observed that upon addition of a trialkylstibine, R3;Sb (R=Me, Et,
n-Pr) to a solution of sodium in liquid ammonia in a 1/2 molar ratio, cleavage of one
antimony—carbon bond occurs with formation of a dark-red solution of dialkyl-
stibylsodium. For trimethylstibine the cleavage reaction proceeds very fast, as
indicated by the colour change from dark-blue to dark-red within a few minutes.
This requires 10-15 min for triethylstibine and 4-5 h for tripropylstibine, whereas
for tributylstibine hardly any reaction had taken place even after 8 h. Clearly the
rate of antnnony—-alkyl group cleavage decreases in the order of the stability of the
anionic species formed. .

Interestingly, dlchlorotnalkylantlmony compounds have been found to be
suitable starting materials for the synthesis of dialkylstibylsodium derivatives.
E.g., the reaction in liquid ammonia of dichlorotrimethylantimony with sodium in a
1/4 molar ratio affords dimethylstibylsodium in better than 809 yield:

Me;SbCl, +4Na —— Me,SbNa +MeNa +2NaCl

Preparation of ethylpropylbutylstibine and iodomethylethylpropylbutylantimony

The different reactivity towards cleavage by sodium of different alkyl groups
" bound to antimony provides a tool for the synthesis of asymmetrically substituted
organostibines by selectively splitting off one kind of alkyl group. E.g. diethylbutyl-
stibine, prepared by the reaction of diethyistibylsodium with butyl bromide, reacts
with sodium in liquid ammonia to give a red solution of ethylbutylstibylsodium,
which upon - addition of propyl bromide affords the asymmetric trialkylistibine,
ethylpropylbutylstibine. Upon treatment of this compound with methyl iodide the
‘asymmetric iodotetraalkylantimony compound, iodomethylethylpropylbutylanti-
mony is obtamed . '

NHisl

Et;Sb+2Na /= EtZSbNa+EtNa — EtZSbBu

NHal
Et,SbBu+2Na —— (Et)BuSbNa+EtNa 2, (EPrSbBu
_ (Et)PrSbBu+ MeI — (Me)(Et)(Pr)BuSbI

Preparation of bzs(dmlkylsttbmo)methane derivatives and of tetraalkyldzstxbznes '
‘Recently Matsumura and. Okawara reported the synthesis of bis(dimethyl-
stlbmo)methane11 and bls(dxphenylstlbmo)methane by the reaction of dunethyl—

* Note added in proof: After this paper was submitted, two papers*®-*° by Okawara et al. appeared
dealmg with cleavage of alkylanumony compounds by Na in liquid NH;.
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‘stibyl- and diphenylstibylsodium with methylene chloride in liquid ammonia. .
Bis(dialkylstibino)methane derivatives can now be very conveniently prepared from
trialkylstibines by the following reactlon sequenoe (R=Me, Et, Pr) '

R,Sb+2Na — R,SbNa +RNa — RZSbNa+RH+NaBr+NH3_
2R ,SbNa +CH,Cl, — (R,Sb),CH,+2NaCl

Issleib et al. have shown that attempts to carry out the corresponding coupling
reactions with ethylene dihalides resulted instead in the formation of tetraorgano-
distibines, R,SbSbR, (R =Et®, t-Bu’, cyclohexyl®, Ph%):

2R ,SbLi+XCH,~CH,X — R,SbSbR, + CH,=CH, +2LiX

The reaction of dialkylstibylsodium compounds, with 1,2-dichloroethane similarly
affords tetraalkyldistibines, R,SbSbR, (R =Me, Et, Pr).

Convenient synthesisof chlorodialkylstibines andtrichlorodialkylantimony(V) compounds

The only method so far available for the preparation of monohalodiaikyl-
stibines involves the thermal cracking of dihalotrialkylantimony compounds?
Although bromodialkylstibines may be obtained!?, this method appears to be less
suitable for the preparation of chlorodialkylstibines. Only the preparation of Me,SbCl,
in unspecified yield, has been reported’2. The thermal stability of R;SbCl, (R=Et,
Pr) prevents the synthesis of R,SbCl (R=Et, Pr) by this procedure!>.

We have observed that tetraalkyldistibines readily react with sulfuryl chloride
with the formation of chlorodialkylstibines and trichlorodialkylantimony(V)
compounds, respectively. In view of the easy availability of tetraalkyldistibines,
R,SbSbR, (R=Me, Et, Pr) (cf previous section) a facile synthes1s of R,SbCl and
of R,SbCl; (R=Me, Et, Pr) is now available:

2R ,SbNa + CICH,CH,Cl — R,SbSbR , +2NaCl+CH,=CH,
R,SbSbR, +S0,Cl, — 2R,SbCl+S0,
R,SbSbR, +3S0,Cl, — 2R,SbCl; £35S0,

Preparation of some functionally substituted organostibines

Like organoplumbyl!® and organogermyl!’ alkali metal compounds, di-
organostibylsodium compounds react rapidly with small-ring heterocycles con-
taining oxygen in the heterocyclic ring. Ethylene oxide and propylene oxide are
cleaved instantaneously, to give, after hydrolysis, 2-(diorganostibyl)ethanol and
1-(diorganostibyl)-2-propanol, respectively:

R,SbNa  +  CH, CH——(CH,)yH ———= RySDCH;—C(ONGH—(CHp)pH ~——=

@)

~22 e R,SBCH—C(OH)H—~ (CH,) H

*
(R=Me, Et,Pr,Bu, Ph; n=0,1)

* Bu,SbNa was prepared by the reaction of Bu,SbBr with sodium in liquid ammonia.
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‘iPI'IY SICAL CONSTANTS YIELDS ANALYSES AND PMR DATA OF SOME ORGANOANT IMONY
COMPOUNDS PRBPARED VIA DIALKYLSTIBYL- AND DIPHENYLSTIBYLSODIUM COMPOUNDS

AL

: Compaund - R p “ou U Yield Ana!yszs faund (calcd)( %) Chemxcal shxfts"" £ (ppm)"
o : (°C/mm) - A% —— o
S ST Sb i Halogen -
"Etz-SbBu'» 73-76/9 - = 47 50.66 .
' » (51.37)
: (Et)PerBu 83-87/8 42 4779 -
’ , (48.51). -
(Me)(Et)(Pr)BquI . d - 77 30.81 32.06
- .. (30.99)  (32.30) .
(Mezsb)ZCHz 59-61/3° 50 7581 SbCH; 0.68(s); SbCHISb
(76.67) 0.97(s)
(Et;Sb),CH, 103-105/0.8 - 68 64.61 SbCH,Sb 1.02(s)
A o (65.16) .
(Pr.Sb),CH, ‘115-117/0.2 59 55.85 SbCH,Sb 0.99(s)
o (56.65) , -
{Me,Shb), - 53/3.5¢ 79 SbCH, 0.87(s)
- (Et,Sb), 82-85/0.6° . 88 66.95. :
- , , o (66.70)
~(Pr,Sb), 92-100/001 69 - 58.45
(58.55)
Me,SbCl 78-79/30" 60 63.86 17.70 - SbCH; 0.94(s)
- R 3 . (6501) (18.93) ,
Me,SbCl; = - L 100 45.63 4030 SbCH; 2.00(s)
- - (47.16) = (41.20)
Et,SbCl 83-86/16 75 56.72 16.08
- I (56.55) = (16.47) : .
Et.SbCl; C 100 4197 36.12 SbCH, 2.93(q) ; CH; 1.40(1)
: , (42.54) (37.16)
- Pr,SbCl 102-104/7 44 5007 1542
_ - (50.02) - (14.56) . '
Pr,SbCl; - . 100 ‘3844  33.74 SbCH, 2.85(t); CCH,C 1.86(m);
(38.74) (33.89) CH; 0.73(t)
Me;SbCH,CH,0H 97-98/16 85 6128 ° SbCH; 0.77(s) ; SbCH, 1.67(t);
S . (61.93) OCH, 3.75(t) OH 4.21{u) (in
: L AR . CCl,)
 Et,SbCH,CH,OH T75-16/1.5. 75 53.87 . OCH, 3.80(t); OH 337(u)
R : : (54.13
Pr,SbCH,CH,OH 73-76/0.2 - 45 (48.34)‘ " OCH, 3.76(1); OH 376(u) (in
, R , (48.22) . CCL) -
Bu;SbCH,CH,0H - - 100-104/04 46 - 43.28 : ,OCH2383(t) OH 340(u)
S . : 4333 -
Ph,Sb(Br,)CH,CH,OH ‘! 40 2550 . 3361 OCH,446(t); OH 2.52(u) (in
R , - (2531) (33.23) CDC13) .
. Me;SbCH,CH(OH)CH; - 39-41/0.05 = 81 56.62 SbCH3O69(s) SbCH; 1.60(d);
T A . o " CCH, 1.18(d); OCH395(m),.

E OH2. 78(u)
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Cmﬁpo:iﬁd IR “Bps 'Yield Analysxs found (calcd)("/) Chemxcal sh fts"’ 5(ppm)‘ :
- (CC/mm) (/) : R '
- Sb Halogen - - -
EL,SbCH,CH(OH)CH, . . 636403 ~76. 5064 . . OCH 401(m); OH 2.70(u)
. SR S osey e T
Pr.SbCH ,CH(OH)CH, S 75-76/02 . 57 . 4834 -+ - - OCH 3.82(m); OH 2.53(d)
R e C (4822 . SR
Bu,SbCH,CH(OH)CH, - . . 105/0.4 S0 - 4328 . - . OCH 3.76(m); OH 2.81(u)
Lo S . (4333). :
Ph,Sb(Br,)CH,CH(OH)CH; = ™ 30 2471 3232 OCH 4.97(m); oH 2.50(u) (m
R T o (2460)  (32.30) CDCl3)
Me,SbCH,CH,NH(Bz) .. LI 66 3974 R SbCH3068(s) SbCH, 1.62(1);
' : . (40.58) © - CH,N 351(m); NHSSO(t) (in
‘ _ L CCl,) . :
MeszCHZCHZCOOH " " 82-86/0.06 48 5221 ' SbCH, 0.56(s) ; SbCH, 1.36(t)
: : (54.12) .. CHj2.34(t); COOH 12.44(s)

% In CgDyg solution unless. indicated otherwise. (Multlphcxty) s= smglet d= doublet t=triplet; q=quartet;
m = multiplet ; u =unresolved broad signal. © Downfield from TMS. ¢ M.p. 95-125° (dec.). Ref. 11, b.p. 56-57°/2.5
mm.” The compound melts from a red solid to a yellow hquxd at 16—l7° ¢f-ref. 10.7 Ref. 6,a'yellow non-distillable
liquid. * Ref. 12; b.p. 155-160°/750 mm. ¢ M.p. 114° (dec.); ref. 12, m.p. 105-11(F (dec.)./ M.p. 70-80° (dec.). * M.p.
50-70° (dec.). ' M.p. 159-163°. RecrysL from cyclohexane. ™ M.p. 148-153°. Recryst. from CCL; » M p.-37-42°.
Recryst. from pentane. , : .

Like l:r:lphenylplumbylhthmm16 and trlethylgermylpotassmm17 dlmethyl—
stibylsodium failed to react with the nitrogen heterocycle ethylenimine. Acylated -
ethylenimines react smoothly with trlphc:nylplumbylhthlum16 Similarly, dimethyl-
stibylsodium reacts with N-benzoylethylemmme:18 to give 1- (dnnethylsnbyl) 2-
benzoylammoethane : .

Me,SbNa  + CH;——CH, Me,Sb CH, — CHy——N—(B2)Na ————a=—

N—Bz
—HZ—— MeZSbCHz—CHz———-N—(Bz)H

Reaction of dlmethylstlbylsodlum w1th ﬁ-proplolactone proceeds smoothly
to glve 3- (dlmethylstlbyl)proplomc acid: . . ,

Me,SbhNa .+ ‘H2C——C= . Hz . MeySblCH,I,COOH

O

H,C

Physxcal constants ylelds analyses and PMR data of the organostlbmes
: ,prepared are hsted in Table 1. : o RN

: EXPERIMENTAL

S Reactlons mvolvmg dlorganostibylsodlum compounds ‘were . performed" :
> under dry oxygen—free mtrogen. qumds were handled by- the syrmge techmque.‘-'—
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PMR spectra were recorded by Miss L. Veldstra and Miss T. Volp, usmg a Varian
‘Associates T 60 NMR spectrometer. Antimony and halogen analyses were performed
by Mrs. J. M. Mak—Qosterlaken.

Ethylpropylbutylstlbme and iodomethylethylpropylbutylantimony

Diethylbutylstibine. Triethylstibine (209 g, 0.1 mol) was added to a solution
of sodium (4.6 g, 0.2 mol) in liquid ammonia (200 mi). Within 15 min the colour of
the reaction mixture had changed from dark-blue to red. Stirring was continued
for 1 h, then butyl bromide (274 g, 0.2 mol) was added dropwise, leading to a de-
colouration of the reaction mixture. Ammonia was allowed to evaporate, and
diethyl ether (100 ml) and water (50 ml) were added to the reaction residue. The
diethyl ether layer was separated, dried on Mol sieve 4A, and subsequently evaporated.
The residual liquid was distilled to give 11.2 g of colourless diethylbutylstibine,
b.p. 73-76° /9 mm. Yield 47%,.

Ethylpropylbutylstibine. Diethylbutylstibine (9.5 g, 0.04 mol) was added to a

solution of sodium (1.9 g, 0.08 mol) in liquid ammonia (150 ml). Stirring was con-
tinued for 1.5 h, then propyl bromide was added dropwise in excess, causing de-
colouration of the red reaction mixture. Work-up as described above, followed by
_ distillation, gave 4.2 g of ethylpropylbutylstibine, b.p. 83-87°/8 mm. Yield 42%,.
, Iodomethylethylpropylbutylantimony. A mixture of ethylpropylbutylstibine
(1.9 g, 0.008 mol) and methyl iodide (5 ml) was refluxed for 7 h. Evaporation of the
excess of methyl iodide resulted in the isolation of a pale yellow solid which was
recrystallized from benzene/pentane to give 2.3 g of iodomethylethylpropylbutyl-
antimony as a pale yellow solid, m.p. 93-125° (dec.). Yield 77%.

Bis(dialkylstibino)methane derivatives

Bis(dimethylstibino)methane. Trimethylstibine (6.7 g, 0.04 mol) was added
to a solution of sodium (1.9 g, 0.08 mol) in liquid ammonia (200 ml). Within 10 min
the colour of the reaction mixture had changed from dark-blue to dark-red. Stirring
was continued for an additional 20 min, then ammonium bromide (4.0 g, 0.04 mol)
was added. Dropwise addition of 2.0 g of methylene chloride resulted in instantaneous
reaction, leading to decolouration. Ammonia was allowed to evaporate and diethyl
ether (80 ml) and water (50 ml) were added to the residue. The diethyl ether layer was
separated, dried on Mol. sieve 4A and subsequently evaporated. The residual liquid
was distilled to give 3.2 g of pale yellowish bis(dimethylstibino)methane, b.p. 59-61°/3
mm. Yield 509,

Bis(diethylstibino)ymethane. Triethylstibine (209 g, 0.1 mol) was added to
a solution of sodium (4.6 g, 0.2 mol) in liquid ammonia (200 ml). Within 15 min the
colour of the reaction mixture had changed from dark-blue to red. Stirring was
continued for 1.5 h, then ammonium bromide (9.8 g, 0.1 mol) was added. Dropwise
addition of 4.3 g of methylene chloride resulted in instantaneous reaction. Work-up
of the reaction mixture afforded 12.7 g of pale yellowish bis(diethylstibino)methane,
b.p. 103-105°/0.8 mm. Yield 68 %,.

Bis(dipropylstibino)methane. Tripropylstibine (12 5 g, 005 mol) was added to
a solution of sodium (2.3 g, 0.1 mol) in liquid ammonia (200 ml). After stirring for4 h
the colour of the reaction mixture had changed from dark-blue to dark-red. Using

 the procedure described above, 6.3 g of pale yellowish bls(dlpropylstlbmo)methane

b.p. 115-117°/0.2 mm was obtained. Yield 59‘7 '
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Tetraalkyldzstzbznes '

(a) From trialkylstibines. 1 2-D1chloroethane was added dropwxse to an
ammonia solution of dialkylstibylsodium (0.1 mol) and alkylsodium (0.1 mol)
prepared as described above, until decolouration was complete. Work-up of the.
reaction mixture in the usual way, followed by distillation, afforded tetraalkyldi-
stibines as yellow liquids which are stable towards water, but highly sensitive towards
oxidation by air-oxygen. Upon distillation of Pr,SbSbPr,, partial decomposition,
with formation of antimony metal, took place.

(b) Tetramethyldistibine from dichlorotrimethylantimony. Sodium (50 g,
022 mol), cut in small pieces, was added to a suspension of dichlorotrimethylanti-
mony (12.0 g, 0.05 mol) in liquid ammonia (200 ml). Instantaneously a reaction took
place, and initially a greenish oil precipitated. When 0.1 mole of sodium was con-
sumed a colourless solution was obtained. Further addition of sodium (0.12 mol)
resulted in the formation of a dark-red solution of dimethylstibylsedium in liquid
ammonia. Reaction with 1,2-dichloroethane (6.0 g, 0.06 mol) in diethyl ether (100 ml)
gave a brown reaction mixture, which upon standing became black, due to the de-
position of a minor amount of antimony metal. Work-up in the usual way gave 6.0
g of yellow tetramethyldistibine. Yield 79 9.

Chlorodialkylstibines and trichlorodialkylantimony compounds

Chlorodimethyistibine. A solution of tetramethyldistibine (24 g, 0.008 mol)
in methylene chloride (40 ml) was cooled to —78°. Dropwise addition of sulfuryl
chloride (1.1 g, 0.008 mol) in methylene chloride (10 ml) resulted in the formation of
an orange solution. Evaporation of the solvent and distillation of the residual liquid
gave 1.8 g of pale yellow chlorodimethylstibine, b.p. 78-79°/30 mm. Yield 60 ;.

Chlorodiethylstibine (yellow liquid, b.p. 83-86°/16 mm) and chlorodipropyl-
stibine (yellow liquid, b.p. 102-104°/7 mm) were prepared from tetraethyl- and
tetrapropyldistibine by the same reaction procedure.

Trichlorodimethylantimony. A solution of tetramethyldistibine (1.2 g, 0.004
mol) in methylene chloride (40 ml) was cooled to — 78°. Dropwise addition of sulfuryl
chloride (1.6 g, 0.012 mol) resulted in the precipitation of a colourless solid, which
at room temperature dissolved to give a clear solution. Evaporation of the solvent
afforded 2.0 g of trichlorodimethylantimony as a colourless solid with m.p. 104-107°
(dec.). Yield 1009;.

Trichlorodiethylantimony and trichlorodipropylantimony were prepared
from tetraethyl- and tetrapropyldistibine by the same procedure.

Functionally substituted organostibines
2-(Dimethylstibyl)ethanol. Trimethylstibine (12.5 g, 0.075 mol) was added to
a solution of sodium (3.5 g, 0.15 mol) in liquid ammonia (100 mli). After stirring for
0.5 h, ethylene oxide gas was bubbled into the dark-red solution. Immediately a
reaction took place and the reaction mixture was decolourized. Work-up in the
usual way followed by distillation gave 12.6 g of colourless 2—(d1methylst1by1)ethanol,
b.p. 97-98°/16 mm. Yield 85%.
In a similar way were prepared 2—(d1ethylst1byl)ethanol, 2-(dipropylstibyl)-
ethanol, 2-(dibutylstibyl)ethanol, 1-(dimethylstibyi)-2-propanol, 1-(diethylstibyl)-2-
propanol, 1-(dipropylstibyl)-2-propanol, 1-(dibutylstibyl)-2-propanol, 1-(dimethyl-
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: fsnbyl) Z-benzoylammoetha.ne and 3- (dlmethylstrbyl)proplomc ac1d 2-(D1phenyl-'f

- stibyl)ethanol ‘and 1- (dlphenylstlbyl)—2—propanol ‘which were both obtained as. oils,

“.were not’ isolated-as :such;. but were: converted  into. the - correspondmg crystalline
- dlbromoorganoanUmony(V) denva*wes by treatment w1th one equlvalent of bromme ,
vm carbon tetrachlonde L e :
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