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INTRODUCTIONX

This series of papers relates to the chemistrv of amino derivatives of metals
and metalloids, particularly of amincorganometallanes; for example the present paper
is concerned very largely with aspects of the chemistry of (dimethylamino)trimethyvl-
stannane.

Compounds of 3-co-ordinate nitrogen which have been investigated in the most
detail are of elements of the short periods of the Periodic Table.

The alkali metal salts of amines are well-known as reagents in organic chemistry?
and in transmetallation {¢f. ref. 2). Beryvllium-nitrogen compounds have been re-
ported?, and aminomagnesium halides behave like Grignard reagents?. Boron- nitrogen
chemistry has received considerable attention3, especially the cyvclic derivatives, such
as borazines3-. Amino-aluminium compounds are generally oligo- or poly-meric?,
with the nitrogen in a g-co-ordinate environment; exceptions are found with com-
pounds which are stericallv-hindered®. The nitrogen chemisiry of the Group 1VB
elements is one of great contrasts. The chemistry of the carbon compounds is of course
extensive!l, and that of silicon is expanding rapidly®. Germanium-nitrogen compounds
have not as vet received much attention!?, and the simple amino-tin{IV) compounds
date onlyv from 161!, although there has been a spate of publications since then (¢f.
ref. 2). Compounds containing >N-N7 units are the hyvdrazines!2. Amino-phosphorus-
(ITI) and phosphorus(\’} compounds have been studied!® in some detail, but the phos-
phonitrilic compounds are not strictly (they are imino derivatives) within the present
terms of reference. Amino-arsenic derivatives have also been examined!s. Hyvdroxvi-
amine derivatives are well-known'® as are sulphenvI'® !*, suiphinvi'®, and sulphonvi®?
amides, as well as inorganic sulphur-nitrogen compounds?® (some of these are imino
compounds). The N-haloamines represent Group VIIB2!.. Onlv a few amino derivatives
of transition metals have been prepared; publications relate to compounds of ura-
nium({IV)?2, titanium(IV)*3*-24, zirconium(IV)®3, vanadium(IV)?5, niobium(IV) and

* For Part I, sew ref. =: for Part 11, see ref. 29.
*® Present address: University Chemical Laboratory, Lensfield Road. Cambridge, (Great

Britain).
"** Present address: The Chemical Laboratory, University of Sussex, Brighton, (Great Britain).
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296 K. JONES, M. F. LAPPERT

-{(V)=, and tantalum(V)*. To summarise, the elements which are at present known to
form amino derivatives are shown in Table 1. It will be patently obvious that this is
an area of chemistry ripe for further development.

TABLE 1

EZEMENTS KNOWN TO FORM AMINO DERIVATIVES

Perind Group

F £ 4 I1:ird n’4 4 VI4 Vii4 vir I 11 IiB IVB VB O VIB 1B

1 H H
2 Lt Be B C N O F
3 Na Mz Al Si P S Cl
K K Ge As Br
35 Rb T: V Sn I
o Zr XNb
= Ta

v

Our interest in amino derivatives of metals and metalloids has in the main so
far been related to their preparation and reactivity. We noted in 162 that amino-
stannanes, e.g. Me,Sn-NMe,, have a high affinity for many unsaturated substrates
and predicted that this would be characteristic of amino derivatives of metals and
metalloids, generally-. This theme, of aminostannanes as 1,2-dipolarophiles, was a
principal feature of Part Il of this series®, aminometallation reactions were also then
surveved.

In a brief communication3, we compared the reactivity of the amino derivatives
of the more electropositive elements (these would have a weak and highls- polar
metal-nitrogen bond; preliminar- measurement®! of the Sn—N thermochemical bond
strength In Me,Sn-NMe, as ~ jo kcal/mole provides confirmation) with Grignard
reagents. This was supported, in part, by experiments on tin(IV) and iron(II) com-
pounds, with regard to their reactions with protic species, AH; which, in the cases
where A is a hyvdroearbon residue, provided a novel svnthesis of organometallic
compounds. In this paper, we present these results in more detail.

As well as combining with polar species which are either (f} unsaturated or (fz}
protic, it is to be anticipated that amino derivatives of the more electropositive
elements will react with {77} saturated substrates such as halides of the elements, and
{iz} donor molacules. With reactions of class (:v}, molecular addition compounds will
be expected, by virtue of the fact that the metal derivative is likelyv to have available
unoccupied orbitals of low energy. For example, (diethvlamino)tnimethyvlstannane
might have been anticipated to form a 5-co-ordinate complex with pyridine. In fact,
no reaction, nor between tetrakis(dimethvlamino)stannane and pyridine, was ob-

served.

Most of our experiments have been with (dialkvlamino)trialkylstannanes,
R,Sp—NR’.. and protic reagents and these results together with others from the
literature, are sumrmarised in Table =.
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TABLE2

REACTIONS OF AMINOSTANNANES AND TRISTANNYLAMINES WITH PROTIC REAGENTS

Pr = n-propyvi: Bu = n-butyl

No.

Reactants

Products Reference

4

v

o

Me,Sn-NMe, + 2HCI
R,Sn-NEt, + 2HCI

{R = Et, Pr, Bu)
Me,Sn-XNMe., + H.O
PhySn—NMe, + H.O
(Me,SnjyN + 31,0
:Et,Sn—.\'.\Ie: + H,O + CO.
2R,Sn-XNEt, + H,O + CO,
{R = Et, Pr, Bu)
2(RySn}yN + 3H.O = 3C0.
(R = Et, Pr)

2Et Sn—X(PhCH,)-C,H,-CHy-p + H.O + CO,

ErySn-NMe, + MeOH
Bu,Sn-NMe, + MeOH
PhySn-NMe., + MeOH
Me,Sn-NEt; + MeOH
R,;Sn-XR’, + R”,NXH

W

1w

I = Meand (i) R = Me, R” = Et, or
(i) R’ = Et and R, = Bu, or (CH:)s

R,Sn-NR’, + R”NXH,

R = Me, R’ = Et, and R” = Ph:or
R = Bu, R” = Me, and R” = fert-Bu
2MeySn—-N)Me, — RNH.

R = Mcor Et

3Me.SniNMe.d, - 3RNH,

R = Mecor Et
R,Sn-NMe, + PhyasH
Me,ySn-NMe, + RC=:CH
R = Pror Bu
R;8n-NMe, — PhC=:CH
R = Me. Et, or Ph
2Bu,Sn-NMe, + HC==CH

rBu.Sn{NMe.). + 2HC:==CH
R,Sn-XN\Me, +

- S~
R = Me, Bu, or Ph

. P
Ph,Sn-N1le, + -

~ L~

T N
R,Sn-NXR", - R”R""CH-CX
R,Sn-NXRR", + CH3NO,
2R;Sn—NMe, + 2{CH,},CO

R = Me or‘Bu
R,Sn-XR'. = CH_=CMeOCOCH,

R = Me, R = Et;or R = Et, R" = Me

Me,Sn—-NMe, + ErSiH

Me,Sn-Cl + Me,NH-HCl This work
R,Sn-Cl + Et,NH-HCl 32

Me,Sn-OH 4 Me,NH This work
Pb,Sn-OH 4 Me,NH This work
3Me,Sn-OH 4- NH, 33
(Et4Sn).CO,; + 2Me,NH This work
(R,Sn).CO,; + 2Et,NH 32
3(R,5n).CO, + 2NH, 33
(EtySn).CQ, + p-CH,-

CeH ,—NHCH.Ph 34
Et,Sn-OMe + Me,NH This werk
Bu,Sn-OMe + Me,NH This work
Ph,Sn-OMe + Me,NH 35

MeySn-OMe = Et.NH 36
R,Sn-NR”, + R.NH Part I (2)

RSn-NHR” + R/, NH  Part 1 (2)

(Me,Sn)L,NR” + 2R,NH Part 1 (2)
{Mec,SnNRj,y + 6)Me,NXH  Part I (2

{Me,Sn),N = 3)Me,NH Part I (2}
R,Sn-PPh. =+ M2,XH This work

R,Sn-AsPh, — Me,NH  This work
MeSn-C=CR -+ Me,NH This work

R:Sn—-CzCPh <+ Me.XH This work

Bu,Sn-C=C-SnBu, —

2Me,NH This work
‘Bu,SuC:=C, + 2iMe,NH This work
R,Sn- ' <+ Me,NH  This work
Me,Sn—y |+ Me,NH  This work
R,Sn-CRR"7-CN(?) +

R.NH This work
R,Sn-CH,NO,(3) +

R’.NH This work

{R,Sn).,0 + 2RLNH +
{CH,),C=CHCOCH, This work
R ,N-COCH; + {R4Sn),0
= {CH4},C=CHCOCH, This work
No reaction This work

Me,Sn-N)e, or Et,Sn-NEt,.

" CH,LCX and Et,Sn-XNEt; or Bu,Sn-NMe,; PhCH.CX and Me,Sn—NMe.: Ph,CHCX and
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It will be clear that these reactions, apart from the complications encountered
in types 18-21, conform to a pattern expressed by the following equation:

R,5Sn—NR7, + HA — R,Sn—A + R, NH

Of these, types i—g are not especially surprising, since they have counterparts
in other areas of amino-metal or -metalloid chemistry (e.g., see refs. g and 37 for Si-N
compounds) ; the others are quite novel, but are likelv to prove of general significance
for amino derivatives of the more electropositive elements. Furthermore, it is
interesting that they proceed essentially quantitatively under mild conditions. This is
likely te have synthetic value, partly because the metal-bearing product is the sole
non-volatile component of reaction. This great facility: for reactivity with protic
species is undoubtediy due to the very weak metal-nitrogen bond. That the mechanism
involves proton abstraction rather than hyvdride ion or hydrogen atom loss i1s further
demonstrated by the non-reactivity of the Si—H bond (see, No. 22).

Reactions 2—9

It was noticed when preparing aminosiannanes®, that the exclusion of atmos-
pheric moisture was necessary to avoid their decomposition. When (dialkylamino}-
trialkvistannanes, where the alkyvl group on tin is ethyl or larger, are exposed to the
atmasphere. hvdrolvsis 1s accompanied by condensation to the bis(trialkvistannvi)
oxide, which in turn absorbs carbon dioxide to afford the carbonate. In the case of
tomathyvlstannyl derivatives reaction stops at the hydroxide stage, presumably due
to its dimeric aature™. On the other hand, organotin-nitrogen compounds derived
from substituted imidazole and triazole residues are sufficientiy stable to allow their
preparation to be effected from organotin oxides and the free base, by azeotropic
removal of water™; this stability has been attributed to their polvmeric nature with
tin in a 5-co-ordinate environment.

The ready alcoholyvsis of aminostannanes has been utilised for the preparation
by this route of methexvirimethvlstannane®, a compound which it has been difficult
to obtain pure by more conventional syntheses. Transamination reactions {see 5-g in
Table 2; have been discussed in Part [2. In summary, the displacement order of
amingestannanes derived from secondary amines is Bu,N > Et,N > Me.N; whilst
the order between aummonia and amines = H.N > RHN > RN\

Reactions ro and 1r

4~Co-ordinate tin—phosphorus*® and tin—arsenic!! compounds have only recently
been prepared. In view of the difficulties encountered with most of the earlier methods,
reactions 10 and 11 ofier simple and attractive routes to these derivatives. Of theo-
retical interest are the displacement orders: (z) phosphine > amine. and (s) arsine >
amine. Evidently tin{IV) is a class “*5"" acceptor®?, with Sn-P and Sn-As stronger than
Sn~N bonds; this is confirmed by chemical observations on Sn-0O and Sn-S com-
pounds® and by preliminary thermochemical data®. On the other hand, silicon
appears to be a class “a’’ acceptor, since we found that the amino group of amino-
silanes was not displaced upon treatment with diphenviphosphine. These observations
are consistent with there being significant d.—p- Interaction to stabilise the 5i—-N, but
not the Sn-N, bond.

J- Qrzanometal. Chenz., 5 {19635) 295-307
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Reactions 12-17 and others involeing acidic hvdrocarbons

Organometallic compounds are generally obtained by transmetallation (e.g.,
SnCl,/RLi) or hydrometallation (e.g., Et,SnH/C.H,) methods. Reactions 12~17
provide another general procedure, applicable when the organic residue is acetylenic
or is otherwise a stable anion. In these cases, the parent hvdrocarbon is, of course,
acidic and proton abstraction is an energetically-facile process. Among other hydro-
carbons, which proved unreactive, were toluene, triphenvimethane, and x-picoline.

An independent report of similar reactions of some alkoxyvstannanes with
acetvlenes has recently been published®3.

A new svuthests of ferrocene

Among the available svntheses for ferrocene is the reaction of either iron(1I) or
iron{lI1} chloride with cvclopentadiene in the presence of an aminett. This procedure
followed the prediction that the slightly acidic hydrogen of cyvclopentadiene might be
replaced by a metal atom from a metal halide, if proton abstraction was encouraged
by the basic function of the amine. A recent discussion of the method®® correlated
the vield of ferrocene with the pA 4 of the amine. Thus, the mechanism of ferrocene
formation was believed to involve {BaseH + {C;HS .

It occurred to us that an alternative, and possibly more plausible, reaction
sequence was feasible. In part, this was based on the observation that the earlier
study?® showed a correlation of ferrocene vield not only with amine basicity but, to
us much more strikingly, with the structure of the amine; far and away the best
vields were obtained with secondary amines. Furthermore, our studies, reported
above, indicated that amino derivatives of iron were likely to be reactive derivatives.
Thus, we proposed to investigate svstem 23 [shown for iron(I1) chloride’.

- 1. NH . H
FeCl, —=%—-- Fe!NEt,), GH,

— FeiCH . + 2EnXH (23}
The first of these two steps has not vet been investigated; however, the second has
been eztablished. Iron(EII) chloride in ether was treated with diethviaminolithium.
Lithimm chloride was filtered off and the diethyvlaminoiron solution, without being
characterised as to oxidation state, on treatment with an excess (ro allow for possible
reduction, FeItn — Feubd) of cvclopentadiene, afiorded ferrocene in high vield.

In this svnthesis, ferrocene is the only relatively non-volatile product and this
may be an advantageous {eature, especially for more complex denvatives.

Reactivizs 18-22

Benzonitrile has been shown to react with (dimethyvlamino}trimethvistannane as
a 1,2-dipolarophile, afiording an amidinotrimethvistannane®. By contrast, nitriles
having an z-hvdrogen atom appear to behave as protic species (see No. 18). Thus,
from reactions with (dialkyvlamino)trialkvlstannanes, the dialkylamine was isolated in
almost quantitative vield, and the less-volatile residual liquids showed (infrared
spectral evidence) the presence of —CX groups. Distillation invariably afforded a
mixture of nitrile-containing products, suggesting thermal redistribution. This be-
haviour is similar to an observation in silicon chemistrv; thus, acetonitrile, sodium,
and chlorotrimethylsilane gave Me,Si (6 2;), Me,Si-NC (27 °5), Me,Si-CHLCX (2 °3),
(AMe,Si).CHCX (7 25), and MeSi—-CH=C=CH-SiMe, {25 °;)%.

J. Organometal. Chem., 3 {1965) 295-307
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The reaction with nitremethane (No. 1g) was also not fully elucidated, but the
amine was again obtained in high yvield.

Interaction with isopropenyl acetate (No. 2I) was also complex. It is known
that methoxyt:imiethvlstannane reacts with isopropenyl acetate to give ethyl acetate
and acetonyltriethvistannane, Et,Sn-CH.,COCH,, and that the latter is readily
hvdrolysed to produce acetone and bis{triethylstannyl) oxide¥?. Analogous reaction
schemes would be 24 and 25.

Et,Sa—NR, + CH,=CMe—O—COCH, ——> Et,Sn—CH,COCH; + R,N—COCH, (2q}

R,Sn—CH,COCH, + R, NH —+ R,;Sn—NR’, = CH;COCH, {25)

\With neither pair of reagents were the anticipated organotin compoundsisolated.
On treating various (dialkvlaminojtralkvlstannanes with excess of isopropenyl
acetate, the corresponding N, \-dialkyvlacetamide was, however, obtained. Apart
from unidentified residues, the bulk of the trjalkvistannyl group was traced to the
acetate.

From the reaction of acetonyitrialkvlstannanes with secondary amines, acetone
was Invariably obtained, but also mesityl oxide, bis(trialkyvIstannyl) oxides, and un-
identified residues. The formation of mesitvl oxide indicates that condensation of
acetone had occurred during the course of the reaction; the water eliminated would
have been available for hvdrolysis of the aminostannane to afford the bis(trialkyvl-
stannyvl} oxide. Thus, equations contributing to the overall situation may well involve

23-28.
2CH COCH, e (CHy:,C=CHCOCH, + H.0 £ 263)
2R;Sn—NR%, = H.O {R,5n:.0 = :I\'":.\'H (273
RS CH.COCH, =~ H,0 » {Ry3n:,0 + :CHLCOCH, {28)

Reaction 20 can be accommodated within the same pattern. The aminostannane
is either a catalyst as in scheme 26, or else scheme 29 must be invoked, whence the
liberated amine is allowed to behave as in 26.

R;Sn—NR", ~ CH,COCH, —» R,Sn—CH,COCH, = R,NH {20)

EXPERIMENTAL

General procedures

The preparation of starting materals, and the analytical and manipulative
techniques were as described in Parts I and 1132,

All products were identified by their infrared spectra, as well as by the methods
specifically mentioned below. Those experiments which in the discussion have been
referred to as leading to lack of reaction, are not described; however, in each case the
mass balance and analvses were satisfactory. )

J- Organometal. Chen:., 3 {1963} 2935-307
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Reaction of (dimethylamino)lrimethvistansane with hydrogen chloride

Diethyl ether (20 mi), saturated with hydrogen chioride, was added dropwise to
(dimethylamino)trimethyvistannane (2.21 g, T mol.), also in diethyl ether (xo ml). The
precipitated dimethylamine hydrochloride (0.85 g, 98.5 ¢5) (Found: Cl, 43.4. C,HCIN
caled.: Cl, 43.695.) was filtered off. The solvent was removed from the filtrate at
20°f15 mm, and distillation of the residual liquid gave chlorotrimethylstannane (1.So
g, S9.7 °5), b.p. 152°/760 mm, which on cooling crvstallised, m_p. 37°. (Ref. 48 gives
b.p. 152-1547/760 mm, m.p. 37-35°.)

Reaction of (disnethviaminoc)iriorganostannanes with water

Water (0.14 g, 1.06 mol.) in diethyl ether (ro ml) was added dropwise to (di-
methylamino)trimethvistannane (1.52 g, 1 mol.) in diethyl ether at 20°. Dimethyl-
amine was evolved when the mixture was refluxed. After the solvent had been
removed at 20°/15 mm, the white solid was dried at 20°/o.1 mm and was iden-
tified as hyvdroxvtrimethvlstannane (1.28 g, ¢6.6 °;), sublimes 118°. (Ref. 48 cites
m.p. 118°.)

Similarly, (dimethylamino)jtriphenyvistannane (1.82 g, 1 mol.), on hydrolysis,
gave hvdroxvtriphenylstannane (1.67 g, 98.59;), m.p. 119°. (Ref. 48 gives m.p.
119~-120%)

Reaction of (dimethvlamino)tricthvistanniane with water and carbon dioxide

Air was bubbled through (dimethvlamino)triethylstannane (1.20 g, I mol.)
until a =olid was formed, and this was allowed to remain exposed to the atmosphere
(2 h). Dimethyvlamine was evolved, leaving bis(triethylstannyl) carbonate (1.08 g,
95.4 %), m.p. 120°. {Ref. 45 gives m.p. 120°.)

Reaction of (dimethylaminolirialkvistannane with wethano!

Methanol {(0.30 g, 1.r4 mol.} in diethvl ether (ro ml) was added dropwise to
{dimethylamino}triethylstannane {2.05 g, I mol.) at 20°. Dimethylamine was evolved,
and after the solvent had been removed at 207/r5 mm, distillation of the residual
liquid gave methoxytriethvistannane (1.go g, 97.5 %), b.p. 70°/12 mm, %} 1.4750.
(Ref. 485 gives b.p. 73—-74°/13 mm, uy 1.4760.)

Similarly, {dimethvlaminojtri-nz-butylstannane (2. ¥ g, T mol.), on treatment
with methanol (0.25 g, 1.24 mol.), gave methoxyiri-i-butyvistannane {1.95 g, 96.6 °;),
b.p- 99°/0.8 mm. (Ref. 48 gives b.p. 101-102°/2 mm.}

Reaction: of (dialkvlamino)trialkvistannane with diphenylphosphine

Diphenviphosphine (1.94 g, T mol.) was added to (dimethvlamino)trimethyi-
stannane (2.16 g, I mol.) at zo°. Dimethviamine was immediately evolved, and the
residual liquid (3.62 g, 100 °;) was distilled under reduced pressure to give (diphenvl-
phosphino)trimethylstannane (2.0 g, 80.0%), b.p. 150°/0.8 mm. (Found: C, 31.4;
H, 5.15. C;;H.4PSn caled.: C, 51.61; H, 5.17 %.)

Similarly, diphenylphosphine (2.88 g, 1 mol.} was added to (diethylamino)-
triethvistannane (4.30 g, 1 mol.) at —78°. On allowing the mixture to attain room
temperature, then warming slowly to 60°, diethylamine (1.05 g, 92.8 %) was evolved.
Distillation of the residual liquid (6.05 g, 100 %;) gave (diphenyiphosphino)triethyvl-
stannane {(4.24 g, 70.2 %) b.p. 170°/0.7 mm. (Ref. 40b gives b.p. 170%/0.7 mm.)

J. Organometal. Cheni., 3 (1955) 295-307
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Reaction of {dimethvlamino)trimethvistannane with diphenvlarsine

Diphenylarsine (1.02 g. 1 mol.) was added to (dimethylamino)trimethyvistannane
(x.41 g, 1 mol.) at 20°. Dimethyviamine was immediately evolved and distillation of the
residual liquid afforded (diphenvlarsino)trimethyvistannane (1.20 g, 77 %), b.p. 1367/
0.05 mm, 1y 1.643S, d;° 1.4682 (Found: C, 45.0; H, 4.73. C,;H,,AsSn caled.: C,
45.5; H, 4.88°2;.)

Reactions 18-22

As was mentioned in the discussion of these reactions, this part of the in-
vestigation is incomplete. Not all the products have been characterised nor have some
experiments given reproducible results. However, the following examples are in-
cluded as evidence to support the equations which were postulated, and to indicate
the nature of such experiments.

(i} Reacison of (dialkvianiino)trialkyvistannane with acetonitrile. Acetonitrile (2.
g, 1 mol.} was added to (dicthvlamino)triethylstannane (14.04 g, 1 mol.) at 20°. After
refluxing (13 h), the mixture was distilled giving diethyvlamine (2.78 g. 75.3°5), b.p.
367/760 mm. Distillation of the residual liquid gave fractions: (a) b.p. 84-90° /0.2 mm
(1.5g}; (b} b.p. g5-130" /0.2 mm {2.0g}; {c} b.p. 156 /0.2 mm (3.0g); (d} b.p. 160-1507"
o.I mm (1.5 gi; (¢} residue (4.8 g}; and (fi a condensate at ~—,b (0.5 g). which was
identified as a mixture of diethyvlamine and acetonitrile. Further purification of
fractions (ai—(d} was attempted by distillation, but this led to further dispropor-
tionation and decomposition of the higher boiling fractions. Infrared spectra recorded
on fractions {a)-(c} all showed absorptinn in the region 2200 cm™!, indicating the
presence of —C=X\.

Similarly, acctonitrile (1.83 g, 2.32 mol.} was refluxed (r h) with {dimethyl-
aminoitri-z-butvlstannane (6.36 g, 1 mel.}, Excess acetonitrile and dimethvlamine
were removed at 20715 mm, and distillation of the residual liquid was attempted.
After a short forerun, b.p. 70-1007/0.1 mm (0.8 g}, the distillation was stopped ¢
1507 when the residue began to decompose. Infrared spectra recorded on both distil-
late and residue showed absorption in the 2200 em™! region due to —C:==X.

{it} Reaction of discihviamivotrimetitvistaitizane with phenviacctonttrile. Phenyl-
acetonitrile (1.56 g, 1 mol.} was added to (dimethvlamino)trimethyvistannane (2.77 g,
I mol.j at 20°. Dimethvlamine {0.50 g, $3.3 ;) was evolved. Distillation of the residual
liquid gave a continuous fraction, b.p. 110-1417 /0.1 mm (3.0 g), and a solid residue
{0.63 eb chtion al distillation of the volatile fraction gave {a} phenylacetonitrile
{0.55 2}, b.p. 727/0.6 mm; (7 b.p. 100-i30°/0.6 mm (1.0 g); (¢) b.p. 1467/0.6 mm
{foS8gi:and (d; a roxdue {0.6 gi.

{05y Reaction of {dialkviaminojirialkyvistaniase with diphenviacetonitrile. Diphe-
nylacetonitrile (2.10g, ¥ mol.} wasadded to (dimethvlamino)trimethyistannane (2.59 g,
1 mol.} at 20°. On warming, dimethvlamine {0.50 g, 8g 2,) was evolved. The infrared
spectrum of the rexlduai [iuid showed abserption at 2200 cm™1, indicating -C=N\, and
al 30 at 2040 cm~! suggestive of -N=C=XN-. Attempted distillation at o.x mm led

o decomposition.

Similarly, diphenviacetonitrile (4.58 g, ¥ mol.) was added to (diethylamino)-
triethyvlstannane (6.59 g, T mol.} at 20°. Distillation of the mixture gave diethyvlamine
(.56 g, 90°,). b.p. 55 "760 mm. The infrared spectrum of the residual liquid showed a
doublet at 2200 cm! indicating —C==NX\. Distillation gave fractions: {a) b.p. §6°/0.z

J- Orzanometai. Ciem., 3 {1965) 265~-307
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mm (1.2 g); (6} b.p. 86-130°/0o.2 mm (3.8 g): (¢) b.p. 140°/0.3 mm (4.0 g); and {d) a
residue (0.6 g).

(i) Reaction of (dimethviamino)trialkvistannare with acetone. Acetone (2. 65 g,
1.77 mol.) was added dropwise to (dimethyvlamino)tri-n-butylstannane (8.60 g, 1 mol.)
at 20°. Dimethylamine (1.05 g, 90.6 %,}, was evolved. The residual mixture was re-
fluxed (1 h) at So®° and then distilled at 0.1 mm. The volatile products (2.1 g), collected
at —~8°. were then djstilled at atmospheric pressure to give acetone (I 04 g), L.p.

tm cnmpound (7-4 g, 96. ,o) was 1dent1ﬁed as bls(tn-n—but_\'lstann_\ 1) oxide.

Similarly, acetone (0.87 g, T mol.) was added to (dimethylamino)trimethyl-
stannane (3.12 g, 1 mol.} at o°. The mixture was set aside overnight, whereafter the
volatile products were distilled at 20°/15 mm into a trap at —78°. This fraction was
then distilled at atmospheric pressure to give dimethylamine (0.6 g, 89.1 %;,), acetone
(0.1 g), and mesityl oxide {0.5 g, 68 2,), b.p. 12¢°/760 mm. Distillation of the residual
liquid gave bis(trimethylstannvl) oxide (2.1 g, S29,), b.p. 75°/15 mm. (Ref. 48 gives
b.p. 86°/24 mm.)

(=) Reaction of (dialkvlamino)trialkvisianiane with isopropenvi acelaie. Iso-
propenyl acetate (3.96 g, 2 mol.) was added to (diethylamino)trimethylstannane (4.67
g. I mol.} at 207. After refluxing (5 min}, a white solid precipitated out on cooling.
Light petroleum (b.p. 30-60°, 10 ml) was added, the solid filtered off, dried at 20°/
o.r mm and identified as acctoxvtrimethvistannane (1.66 g). The solvent was removed
from the filtrate at 20°/15 mm, and the residual liquid gave N ,N-diethvlacetamide
{2.19 g, 95.4 %), b.p. 547 /o4 mm, and an unidentified fraction, b.p. g2-102°/0.4 mm
(1.50 gi. Further heating of the residue gave a white solid which sublimed above
130’: 0.2 mm, and was identified as acetoxvtrimethvistannane (0.5 g, total vield
4;\ 825

Similarly, isopropenvl] acetate (2.35 g, 1.02 mol.} was refluxed (15 h) with (di-
methvlamino)triethvistannane (3.76 g, 1 mol.}. Distillation of the mixture gave N, \'-
dl.mth_\ lacetamide (1.2 g, 56 9%}, b.p. 647/15 mm. The residual mixture was then
cooled and light petroleum (b.p. 30107, 10 mlj added. A white solid was filtered off,
dried at 207/0.1 mm, and identified as acetoxvtriethylstannane (3.40 g, 55.6 %), m.p.
130 . The solvent was removed from the filtrate at 20715 mm, and the residual liquid
was distilled at 0.3 mm giving an unidentified fraction, b.p. 74°/0.5 mum (1.30 g), and
a tarrv residue (3.3 g)-

(=2} Reaction of (triethvistannyl)acetone with dimethviamine. Dimethvlamine (2.2
g, I mol)) at —78° was added to (triethvilstannvl)acetone (rr.75 g, ¥ mol.) also at
—787. The mixture was allowed to reflux (15 h) at 207, and was then distilled to give
dimethylamine (1. 5 g. 74 %), acetone (1.08 g. 31.7 %), b.p. 57°/760 mm, and mesityvl
oxide {0.65 g, 35.8 %), b.p. 1297760 mm. The residual organotin compound (g.40 g
938.375) was ldcntxﬁed as bis{triethylstannyl) oxide.

Reaction of (dinzthvlaminoMrimethyvistannane with phenvlacetviene

Phenvlacetvlene (0.60 g, 1 mol.) was added to (dimethylamino)trimethvl-
stannane (1.I19 g, I mol.} at 20°. An exothermic reaction resulted, with evolution of
dimethvlamine. Distillation of the residual liquid gave (phenylethynyvljtrimethvi-
stannane (1.40 g, 92 %), b.p. 68°/0.3 mm, 3 1.5695. (Found C.50.1;H,5.1.C;H,,Sn

caled.: C, 49.86; H, 5.33 %.)
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Reaction of (dimethylamino)trimethvistannane with alkviacetvienes

(f) 2-Propyvlacetylene (x.58 g, 1 mol.) was added to (dimethylaminojtrimethyvl-
stannane (5.42 g, I mol.) at 20°. The mixture was refluxed (4 h), during which time
dimethyvlamine was steadily evolved. Distillation of the residual liquid at atmospheric
pressure gave pentyvnyltrimethylistannane (6.0 g, 86 %), b_.p. 172°/760 mm, n{y 1.4716.
{(Found: C, yo.5; H, 6.6. CiH,Sn calcd.: C, 41.6; H, 6.g6°,.)

(i2) Similarly, n-butyvlacetvlene (1.32 g, 1 mol.} was refluxed (2 h) with (di-
methvlamino}irimethylstannane (3.34 g. 1 mol.}, and dimethy:amine was evolved.
Distillation of the residual liquid gave hexynyltrimethylstannane (3.30 g, 90.2 %),
b.p. 82712 mm, n{ 1.4714. Satisfactory analysis was not obtained.

The lower boiling tin-acetylene derivatives gave low carbon and hyvdrogen
analysis. This could be due to the fact that the combustions were carried out esing air
instead of oxvgen {as a precaution against the possibie explosive nature of these
compounds}; this might have caused incomplete combustion.

Reaction of {dimethvliaminoltri-n-bulvisiannane with aceivicne

A slow stream of acetylene was bubbled through a solution of (dimethyvlamino)-
tri-zz-butvistannane (13.9g g) In light petroleum (b.p. 30—30°, 50 ml} for 5 h. The vola-
tile products were collected during this period, from which dimethyvlamine (1.60 g,
87 2,) was recovered. The solvent was removed from the mixture at 207’1 mm, and
the remaining colourless liquid was identified as bis(tri-»z-butyvistannyvijacetviene
(x2.00 g, 95 %}, iy 1.4561. (Found: C, 51.7; H, 8.8. C,;H;,Sn, caled.: C, 51.7; H,
g.cx %,.} The boiling point was not determined, as a precaution against a possible
explosion at high temperature.

Reaction of bis(dimethvlaminoydi-n-butvistannane with acelviene

A slow stream of acetviene was bubbled through a solution of bis(dimethyvl-
aminojdi-zz-butyvlstannane (16.2 gj in light petroleum (b.p. 30—40°, 50 ml} for 11, h,
after which time the contents of the flask solidified. From the volatile products
collected during this period, dimethvlamine was 1zolated. The solid was filtered, washed
with portions of light petroleum, and dried at 20°’o.1 mm to give a white solid ma-
terial (9.0 g). The solvent from the combined filtrate and washings was removed at
20°/15 mm, leaving a coiourless liquid (4.50 g) ,which was identified as unreacted bis-
(dimethyvlamino}di-n-butyvistannane. The di-z-butvltinacetvlene polvmer (9.0 g, 94 2;)
had softening point at 125°. (Found: C, 46.3; H, 7.2. (C,,;H,Sn), caled.: C, 36.57; H,

7-059%-)

Reaction of (dimethviaminoiiricthvistannans with phenviacelvienc

Phenylacetviens (0.84 g, 1 mol.) was added to (dimethviaminojtriethyvistannane
(z.04 g, T mol.} at 20°. Dimethyvlamine was immediately evolved, and the residual
liquid was distilled to give (phenvlethynvl)triethyvistannane (2.31 g, 92.3 %), b.p.
88%/o.r mm, n’ 1.5525. (Ref. 43 gives b.p. 120-122%j2 mm, 7 1.5548.)

Reaction of (dimethviaminojtriphenvistannane with phenviacetviene

Phenylacetylene {1.0S g, I mol.) was added to solid {dimethyvlamino)triphenyl-
stannane (4.18 g, 1 mol.) at 20°. Dimethyviamine was immediatelyv evolved, and the
residual liquid crystallised from ethanol. This product was filtered, dried at z0°/o.x
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mm, and identified as (phenvlethinvljtriphenvistannane (3.60 g, 75.2 %), m.p. 62°.
(Ref. 39 gives m.p. 62°.)

Reaction of (dimcthyviamingitrimethivistannaune with cyclopentadiene

Cvclopentadiene monomer (1.78 g, I mol.) was added to (dimethvlamino)-
trimethvlstannane (5.61 g, ¥ mol.} at 20°. The mixture was refluxed (1 h), during
which time dimethvlamine (I.1 g, go %) ,was evolved. Distillation of the residual
liquid gave a forerun of an unidentified liquid (0.5 g), b.p. 20-30°/1 mm, followed
by a pale yeliow liquid which went brown on standing, and was identified as cyclo-
pentadienvitrimethyistannane (3.1 g, 50.29%), b.p. 56-60°/1 mm. (Found: C, 12.3;
H, 5.9. C¢H,,Sn caled.: C, 42.0; H, 6.16°;.) (Ref. 50 gives b.p. 85°/10 mm.)

Reaction of (dimethvliamino)tri-n-butyvistannane witlh cvclopentadicne

Cyclopentadiene monomer (2.64 g, I mol.) was added to (dimethyiamino)tri-zn-
butvlstannane (13.34 g. T mol.) at 20°. Dimethylamine (1.70 g, 94.5 °,) was evolved
and the residual liquid (14.0 g, 95.5 “5) was identified as cyclopentadienyltri-n-butyl-
stannane, b_p. 134%/0.8 mm, »; 1.5047. (Ref. 50 gives b.p. g0°/0.001 mm.)

Reaction of (dimetivianinolriphenvistannane with cvclopentadiene

Cyclopentadiene monomer (3.5 g, excess of ¥ mol.} was added to a solution of
(dimethyvlamino)triphenvlstannane (17.3 g, ¥ mol.) in light petroleum (b.p. So-~100°,
150 ml). Dimethylamine was evolved while the mixture was refluxing (z hj. The solu-
tion was filtered hot, then cooled, and the product was allowed to crystallise out.
The precipitate was filtered, dried at 20°/o.1 mm, and identified as cyclopentadienyi-
triphenylstannane (13.0 g, 71.3 %), m.p. 126°. (Ref. 51 gives m.p. 130-131°))

Reaction of (dimethylaiino)triphenvistannare with indene

Indene (2.60 g, 1 mol.} was added to (dimethylamino)triphenvistannane (8.81 g,
1 mal} in light petroleum (b.p. 60807, 50 ml}. Dimethvlamine was evolved during
refluxing (13 h), and the solvent was removed at 50°/15 mm. The residual ervstalline
solid was recryvstallised from the same solvent to give (z-indenvljtriphenvistannane
{7-70 8, 74 %), m.p. 12¢9°. (Ref. 51 gives m.p. 129~130°.}

Saazthesis of ferroceite

Diethylamine (7.3 g, 1 mol.) in diethvl ether (25 mil) was added to burtyl-
lithium (86 ml of a 1.316 M solution, 1 mol.) in the same solvent (z00 mlj at 0%, at such
a rate that s2-butane was only slowly evolved. The solution was refluxed (15 h) and
then allowed to attain room temperature, whereafter iron(III) chloride (5.30 g,
0.33 mol.} in diethyl ether (x00 ml) was added during 14 h.

The mixture was set aside (3 h), the precipitated lithium chloride (4.20 g, g9 95)
(Found: Cl, 83.0. LiCl caled.: Cl, 83.69;.) was filtered off, and cyclopentadiene
monomer {7.60 g, 1.15 mol.} was added to the filtrate.

Afrer refluxing for 1 h, the solvents were removed at 20°/15 mm. The residual
solid was extracted with light petroleum (4 >~ 50 ml, of b.p. 60-80%), and the
combined extracts were evaporated to vield ferrocene (4.435 g, 71.6°;), m.p. 172°.
{Ref. 43 gives m.p. 172°.
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SUMMARY

(Dialkylamino)trialkvlstannanes, R,5n-NR’,, are very reactive reagents. \With

protic species HA, including hvdrogen chloride, water, alcohols, ammonia and primary
and secondary amines, diphenylphosphine, diphenvlarsine, acetvlene and mono-
substituted acetyvlenes, cvclopentadiene and indene, they readily eliminate amine
R’.NH and afford organotin products of formula R,Sn-A. Nitriles and nitro-com-
pounds, with a=-hvdrogen atoms, and acetone are believed to behave similarly in the
primary step but side-reactions also are prominent.

The great facility of reaction is, in the main, attributed to a weak Sn-X bond

and it is predicted that these reactions are capable of wide extension not only into the
domain of organotin-amino compounds, but also into similar derivatives of other,
particularly the more electropositive, metals. This is demonstrated by a synthesis of
ferrocene from an tron diethylamide and cvelopentadiene.

The amino-derivatives of the elements are very brieflv surveved.

REFERENCES

[ol-IVAY [« Ut e (W fy o

-

]
(]

o
[

16
-
s

13
19
20

I
C/. R. A Reep, Hudra

Lz, o7 R Hc:sc:—:.\', in H. Zrrss, Orgairometailic Chemisiry, Reinhold, 19%0. chapter 2.

K. Joxes axp M. F. LarPERT j.c rerz. Noc., {16651 1043,

Cr. G. E. Co.—’ﬂ'z-_s Or-—mmr;v:..x'.’:.: cmponrds, xnd ed.. Mcthuen. London, 19%0.

Cf. P. A PETYUNIN, Usp. Rain, (1602} 194

Cr. M. F. Lappsry, in M. F. Larpery axp G. J. Letcu, Developmeits fn Inorganic Polvmer
Citznzisiry, Elsevier. Amsterdam. 1962, chapter 2: Boron-Nilrogesr Cremisiry, Advan. Chen.
Ser., 12 {19043 K0 NitEpeENZU, Angeu. Chens.. ."r:.‘:n:, Ed. Engi.. 3 {1963) 86.

Cr. _] C.SsHeELDON AND B. C. SaiTH, ().: 7. Rev., 12 (1660) 200: B. M. Miguatrov, Usp. Kiim.,

20 {16601 97z,

Cf. A. \V. LAUBENGAVYER, in [rorganic Pofy
J. XK. Rcrr, j. dn: Crem. Sac., 33 {19613}
Cr. R. FessexXDEX axD J. S. FesseExneN, Cirru:. R, O {101} 361,

Cr D. Quaxe axp R. S, BorTel, Chzm. Rer., 03 i1963) 3031 O. H. Jouxsox, Ciam. Rer., 33
{1951) 259.

1. M. TuoMmas, Can. J. Cizii., 39 {19011 1380,

2 and its Derivatives. Rov. Inst. Chen:., Lectures, Monvgraphs, Rept.,

la

izers, Chen:. Soc., Npre. Pudi. x5 719618 73,

5 {1957)-

C" J. R. Vax Wazer, Phospiorus and Its Compounds. Interscience, New York, 1 {19353).
Ci. N. L. Pabpock, in M. F. LareerT axp G. . Ltcu, Developments in [narganic Pulvuer
Chemistry, Elsevier, Amsterdam. 1962, chapter 3: C. D. Semscrpacu. in F AL Corrox.
Progress in Inorganic Chemistrr, Interscience. New York, 3 (1962) 275: N. L. Pappock,
Quar:. Rev., 18 {1963} 163 R. AL Suaw, B W, Frrzsoatoss, axp B, C Syurn, Chenr. Rec.,
62 {19621 237,

Cr. {a} H. J.VETTER, H. STRAMETZ axD H. NOTH, digrw. Chenr., 73 (1963) 3171
idy G. OerteL, H. Marz axp H. HovrscuainT, Chen:. Ber., 97 {1904) Sgr.
Gyerixs Handbuch der Ancerganische Chemie, Sticksteff. Verlag Chemie, 1036 ». 857
A Dorrars, Methoder der Organische Chemie. HOUBeEN-WEYL, X2, 1955, p. T44:
G. MixvrascHEr, Czem. Ber,, 97 {1903} 202,

A. Dorears, Metkoder: der Organische Chemie, HouBex-WEYL, X1, 2, 1958, D. 737.

A. DoRLaRS, Methoden der Organiscke CRemic, HouBeEN-\WWEYL, \17 2, 1958, p. 645.

Cf. M. BECKE-GOEHRING, IR F. A. CoTTON, Progress in Inerganic Caemistry, Vol. [, Interscience,
New York. 1959, p- 207: M. BECKE-GOEHRING, in H. J. EMELEUS AXD A. G. SHARPE, ddvances

J- Organometal Chem., 3 (1965) 295-307



AMINO DERIVATIVES OF METALS AND METALLOIDS. 111 307

in I'norganic and Radiochemistry, Vol. 2. Academic Press, New York, 1960, p. 159; M. BECKE-
GoOEHRING, in M. F. Larpert axD G. J. LEiGR, Developments in Inorganic Polymer Chemistry,
Elsevier, Amsterdam, 1962, chapter 5.

C. J. HoFrFyax axp R. G. NeviILLE, Ckem. Rex., 62 (1962) 1; W. THEILACKER AND E. \WEGXER,
Newer Metheds of Preparative Organic Ckemistry, Vol. 3, Academic Press, New York, 1964.
R. G. Jox=s, G. Karsas, G. A MarTtix AxD H. GiLmax, J. Am. Chem. Soc., 78 (1956) $285.
D. C. BrabrLEy axp I. M. THoMas, Proc. Chem. Soc., (1959) 225; J. Chem. Soc., (1960} 3557-
D. C. Braprey axp E. G. TorrIBLE, Can. J. Chem., 41 (1963) 134.

1. M. TuoMmas, Can. J. Chem_, 39 (1961) 1386.

D. C. BRAaDLEY aND 1. M. THoxas, Can. J. Chem., g0 (1962) 349.

D. C. BRaprEY AxD I. M. THoMas, Can. J. Chem., 40 (1962} 1355.

K. Joxes axp M. F. Lappert. Proc. Chem. Soc., (1962} 358.

T. A. GEorGE, K. JoxNEs axp M. F. LarperT, J. Chent. Soc., (1965) 2157.

1Y
»-4

1]
Iy

by dv o 3 v Iv B
O8N Qe W

30 K. JoxNEs axp M. F. LarreERT, Proc. Ciiem. Soc., (1964) 22,

31 J. C. BaLpwix, M. F. LappPerT axp J. B. PEpLEY, unpublished results.
32 K. Sisipo axp H. Kozima, J. Org. Chem., 27 (1962) 3051.

33 K. Sistipo axp H. Kozisma, J. Org. Ckem., 29 (1964) go7.

34 W. P Nevasaxy axp E. HEvymax, dugew. Chem., Intern. Ed. Engl., 2 (1963) 100.

35 E. AMBERGER AND M.-R. Kuea, Ckem. Ber., 96 (1963) 2562.

36 E. AMBERGER, M.-R. Kvra axp J. LORBERTH, Angew. Chem., Intern. Ed. Engl., 3 (1064) 138.

37 C. EaBorx, Organostlicon Compounds, Butterworth, London, 1960, p. 330-350; E. A. \.
Eunswortr, olatile Stiicon Compounds, Pergamon, Oxford, 1963, p. 101~121.

33 R. Orawara axp K. Yastpa, J. Organometal. Chem., 1 (1964) 356.

39 J.G. AL LUnTEX, M. J. JaxsseEx axp G. J. M. vax perR KERk, Rec. Trav. Chim., S1 {1062) 202;
G. J. M. vax pEr KERK, J. G. A. LvnJTEX axp M. J. Jaxssex, Chimia, 16 {1.62) 1o0.

g0 {a) A. B. BrukEer, L. D. BarasHova axp L. Z. Soeorovsku, Dokl. Akad. Nauk SSSR, 135
{1000} $43;
{b) \W. KvcHEN aAxD H. BUCHWALD, Chiem. Ber., 92 (1959) 227:
{ci H. ScHryaxx, H. Kopr axp M. ScuwmipT, Angew. Chem., Intern. Ed. Engl., 75 (1963) 546;
Chem. Ber., 97 (1964) 1458; J. Organometal. Chem., 2 {(1964) 159;
(dy I. G. M. CaMPBELL, G. W. A_ FowrLes axp L. A. N1xox, J. Chem. Soc.. (1964) 1359.

3! LG M_CaurBELL, G. W, A. FowLEs axp L. A. Nxox, J. Chem. Soc., {1964) 3026,

42 S. AHRraxD, J. CHATT AXD N. R. DaviEs, Quarf. Rev., 12 {1958) 265.

13 1. F. Lursexko, S. V. Poxoxarev axp O. P PeETRI, Zh. Qbshch. Khim., 32 (1962) 396.

44 J. ML Biravuxcgaad, DL SEYFERTH AND G. WiLkiNsox, f. Adm. Chen:. Scc., 76 (1954) 1179: G.
WiLkixsox, Org. Sy, 36 (1950} 31.

15 UL PrUeTr axp E. L. MorervouUsEg, ddvan. Chen:. Ser., 23 {18509} 308.

a6 M. Proser, f. din. Chen:. Soc., 78 (19301 2274

47 AL N. XeEsamevaxov, I Fo Luvrsexko axp S. V. PoxXoMAaREV, Doil. diad. Nauk SSSR, 124
{1039} 1073,

45 R, K. Inxciad, S, D, Rosexeerc axb H. Grosax, Cren:. Rev., 60 {1960} 159.

10 H. Hartataxx axp H. HoxiG, dngewe. Chesn, 09 (1957) O14.

50 H. P. Fritz axp C. G. KREITER, J. Organcmctal. Chen., ¥ {1903} 323.

51 H. Greyax axo Lo AL Grst, J. Usg. Cirene., 22 (1957) 250.

J- Organometal. Cienr., 3 {1995) 295-307



