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SUMMARY

Some trimethylmetal(IVb) esters of dithio acids have been prepared by
treatment of the secondary or tertiary amine salts of dithio acids with chlorotri-
methylsilane, -germane, or -tin, and their IR, UV and NMR spectra recorded.

INTRODUCTION

Although a number of Group IV organometallic esters such as (II)*, (III)**
and (IV)® have been reported, the corresponding esters of dithio acids (I), which

i 9 T i
RCSMR; RCOMR;  RCSMR;  RCOMR;  pop_apor oo
(0 (1) (I1D) (1) M  =Group IVb metal.

would be expected to have. interesting properties were previously unknown. The
preparation of (I) appeared to be difficult, because : (a) zinc or lead salts (V) of dithio
acids do not react with trialkyl(or aryl)metal(IVb) halides, and (b) the hygroscopic
nature of sodium or potassium salts (VI) precludes the reaction shown in eqn. (1).

S
It
RCS-Pb or Zn+R5MX
) M ®)
ﬁ .
RCS-Na or K +R3MX+ (R, R’=Alkyl, aryl; M =Group IVb
v metal; X=Halogen.)

* For M =Si see refs. 1a~1d; for M=Ge see ref. 1e; for M=Sn see refs. 1fand 1 g.
**. For M=Si see ref, 2a; for M =Ge see refs. 2b and 2c; for M=S8n see refs. 1d and Ie.
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: : In the course of a study of bis(thioaroyl) disulfides, it was found that secondary

_amine salts (VII} of aromatic dithio acids could be isolated as anhydrous crystals
from the reaction of bis(thioaroyl) disulfides with secondary amines* [eqa. (2)].
Furthermore, the reaction of dithio acid with secondary or tertiary amines [eqn.
(3)1° was found to provide a convenient route to the amine salts [(VII) and (VIII)]
of dithio acids. These results encouraged us to synthesize the title compounds by

S S S
ArgSSgAr+R2NH ~ ArgS‘ItIHsz )
(V1) :
3 3o
ArCSH +R,NH or RsN — (VII) or ArCS~NHR; , 3

(VII)
treatment of the amine salts of dithio acid with trimethylmetal(IVb) chloride [eqn.

@1
S
(VII) or (VIII) + Me;MCl — R(”?SMMe3 ' @)
(R=Alkyl, aryl; M =8i, Ge, Sn.) ©
We describe below the preparation of trimethylmetal(IVb) esters (I) of dithio
acids and their spectral data.

RESULTS AND DISCUSSION

When a suspension of triethylammounium dithiobenzoate in dry petroleum
ether was treated with a slight excess of chlorotrimethylsilane at room temperature,
(thiobenzoyithio)trimethylsilane (Ib) was obtained in a 96 { yield. However, the
reaction with the secondary amine salts (piperidinium, diethylammonium etc.) gave
no corresponding silyl ester even under more severe conditions.

S
1 +
C¢H,CS™ NHEt; + Me,SiCl
S
H
C5H5CSSiMe3 (5)
S
1 _ + . (Ib)
C6H5CS NHsz + Me3SIC1

The structure of (Ib) could be assigned by elemental analysis and spectral data: viz.
intense absorption bands at 1250 [6(CH ), scissoring], 1240 [v(C=S)], and 953 cm™*
[6(CH,), rocking] in the IR spectrum, and resonances at 9.48 (SiCH;, s, 9 H), and
1.75-2.85 7 (C¢H,, m, 5 H) in NMR spectrum. Analogous treatment of other tui-
ethylammonium salts of substituted dithiobenzoate with chlorotrimethylsilane gave
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the corresponding silyl dithio esters [(Ia) and (Ic)] in excellent yields, as shown in
Table 1. However, triethylammonium dithio-1-naphthoate did not react with chloro-
trimethylsilane even under severe conditions.

In contrast to the reactions with chlorotrimethylsilane, piperidinium di-
thiobenzoate reacted readily with chlorotrimethylstannane at room temperature to
give the expected (thiobenzoylthio)trimethyltin (th) in nearly quantitative yield

i C i Q
CSH°CS—§;2 4+  Me3SnCi ——=— CgHsCSSnMe + Srac” &

tIn)

{eqn. (6)]. The structure of (Ih) was confirmed by elemental analysis and studies of
spectral data. Thus, the IR spectrum showed absorption bands at 1217 [v(C=S)]
and 778 cm™! [8(CH,), rocking], and the NMR spectrum showed peaks at 8.40
(SnCHs;, s, 9H), and 1.90-2.85 1 {C¢H s, m, 5 H). In the visible region, a maximum was
observed at 520 nm (¢ 98). Analogous treatment of other piperidinium salts of sub-
stituted dithiobenzoate and dithio-1-naphthoate gave the corresponding (thio-
benzoylthio)trimethyltin {(Ig) and (Ii)] and (thio-1-naphthoylthio)trimethyltin
(ik) in excellent yields (Table 1). The easier formation of the stannyl esters in com-
parison with those of the silyl esters can be attributed to the strong affinity of tin
for sulfur.

Because germanium lies between silicon and tin in the Periodic Table the
reactions with chlorotrimethylgermane were examined. Piperidinium dithiobenzoate
readily reacted with chlorotrimethylgermane to give (thiobenzoylthio)trimethyl-
germane (Ie) quantitatively [eqn. (7)]. The structure of (Ie) was indicated by elemental

I +< ; m 1

Roo -
CHCS'N + MeyGeCli —————w= C HgCSGeMe + NH,CH (7}
es H 3 temp. ° ? <:> 2

(Le)

analysis and studies of IR and NMR spectrum. The IR spectrum showed intense
bands at 1218 [v(C=S)] and 830 cm ™! [§(GeCH,), rocking] and the NMR spectrum
showed peaks at 9.27 (GeCH, s, 9 H) and 1.75-2.85 7 (C¢H;, m, 5 H). Analogous
treatment of other piperidinium substituted dithiobenzoates and dithio-1-naphthoate
with chlorotrimethylgermane gave the corresponding (thiobenzoylthio)- [(Id) and
(I)] and (thio-1-naphthoylthio)trimethylgermanes (Ij) respectively, in excellent
yields. Germanium can be regarded as having a stronger affinity than silicon for
sulfur.

In contrast to the behavior of the aromatic analogs, piperidinium dithio-
isobutyrate readily reacted with chlorotrimethylsilane, germane, and stannane to
give the corresponding metalloidal(IVb) esters [(II)~(In)] in almost quantitative
yields [eqn. (8)]. The structures of [(I1)-(In)] were confirmed by elemental analyses

] ]

-F Room . \ -

i-PrCS'N + MegMCl —————= -PrCSMMe;3 + NH,C (€3]
H temp.

M=Si,(I1); M= Ge,(Im); M= Sn0an)
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TABLE 2

ELEMENTAL ANALYSES

Analysis found (caled.) (37)

No. Compound Forpmula
c H s
(fa) p-CH3CgH,CS,Si(CH3), C,.H,6S,Si 55.01 6.72 26.69
: : (54.93) (6.69) (26.67)
(1b) CsH;CS,Si(CH;); C0H 14S,Si 53.15 6.21 28.56
(53.03) (6.19) (28.37)
(Ic) p-CICsH,CS,Si{CH,); C,oH,;CIS,Si° 46.22 4.93 24.77
: (46.08) (4.99) {24.65)
(id) p-CH3CoH,CS,Ge(CHa), C,1H,68.Ge 4634 5.66 22.55
. (46.35) (5.62) (22.54)
(Ie) CsH.,CS,Ge(CH.,)s C,0H,.S,Ge 44.39 5.23 23.68
(44.31) (5.17) (23.71)
an p-CICsH,CS,Ge(CH,); C,oH,;CIS,Ge? 39.45 4.27 21.09
' (39.36) (4.26) (21.06)
(Ig) p-CH,CsH.,CS,Sn(CHS), C:H6S,5n 39.92 4.88 19.53
. (39.89) (4.84) (19.40)
(Ik) CsHsCS,8n{CH,), C,0H,4S,Sn 37.88 4.46 21.31
(37.87) (4.42 {20.26)
(1) p-CIC:H,CS,Sn(CH,), C,0H;5CIS,Sn° 34.26 3.76 18.30
(34.19) (3.70) (18.29)
(1) 1-C,,H,CS,Ge{CH,), C14H165.Ge 5242 4.99 20.06
(52.37) 4.99) (20.01)
(Ix) 1-C;cH,CS,Sn(CH3)4 C,4H;6S,5n 45.88 4.39 17.55
(45.79) (4.36) (17.50)
an i-C3H,CS,Si(CH;), C;H,6S;5i 43.71 843 33.46
(43.68) (8:32) (33.39)
(Im) i-C3H,CS.Ge(CH,)s C,H,¢8,Ge 35.33 6.84 27.26
(35.47) (6.76) (27.11)
(In) i-C3H,CS,Sn(CH3); C,H,6S,8n 29.63 5.67 22.66
(29.69) (5.66) (22.69)

“ Found: Cl, 13.53. Calcd.: Cl, 13.47%. % Found: Cl, 11.60. Calcd.: CL 11.51%.< Found: C, 10.09. Calcd.:
Cl, 10.00%,.

and spectral data as shown in Tables 2 and 3, respectively. The easier formation of the
silyl esters (I1) when compared with that of the aromatic dithio acids, can be attnbuted

to the electron donating properties of the isopropyl group.
The metalloidal(IVb) esters (I) of dithio acids were reddish-purple or orange-
yellow liquids or crystals. The germyl and stannyl esters were fairly stable and did not

i ﬁ
ArCssiMe; — 22w ArCsH  +  [MesSioH]

{ NH
s
s . .
ArCS N MeySi,0 4+ HO
Hy i

Me3SiOH Q)
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change during one week at room temperature, but the silyl esters [(ITa)—(Ic) and
{Ie)] were readily hydrolyzed to give trimethylsilanol (which was isolated as hexa-
‘methyldisiloxane), and the corresponding dithio acids which were isolated as
piperidinium salts [eqn. (9)]. Furthermore, (thiobenzoylthio)trimethylsilane (Ib)
reacted readily with ethanol to give the corresponding dithio acid and ethoxytri-
methylsilane in excellent yield [eqn. (10)], but no alcoholysis of the stannyl ester

(Ih) was observed.

S ' S
' li EtOH i )
c6H5CSSiMe3 I C6H5CSH -+ Me3SiOEt (10)
Spectral data

IR spectra. Bak et al.® have shown by a simplified force-constant calculation
that the C=S frequency should be in the vicinity of 1200 and the C-S frequency at
about 700 cm ™, and in a series of 21 carboxymethyl dithio esters, the values of
v{C=S) were found to lic between 1190 and 1225 cm™!. Bellamy and Rogasch’
confirmed Bak’s results and solvent effects. Recently, Schmidt et al.? reported that
v(C=S) for organometal-substituted derivatives of dithiocarbonates of the type
(CsHs)3M—-S—C(S)~-OC,H s (M =Ge, Sn and Pb) appear near 1040 cm~*. However,
v(C=8) for (thiobenzoyl)trimethylsilane was found by us to be near 1240 cm ™! 2%
The metalloidal (IVb) esters [(Ia)-(Ii)] of aromatic dithio acid obtained had two
characteristic intense absorption bands at 1240 and 1050 cm ™! (silyl esters), 1220 and
1050 cm™* (germyl esters), and 1215 and 1040 cmn ™! (stannyl esters), respectively.
Furthermore, the esters of dithioisobutyric acid showed 1202 and 1022 cm™! for
the silyl compounds (Ie), 1198 and 1020 cm™! for the germyl compounds (Im),
and 1187, and 1015 cm ™! for the stannyl compound (In). However, it is difficult to
assign the lower frequency bands to C=S, because these bands in the case of the amine
salts of aromatic and aliphatic dithio acids were observed mear 1010°* and 970
cm™?! %%, respectively. Thus, the intense absorption band in the 12401180 cm™!
region can be reasonably attributed to v(C=S) in the metalloidal (IVb) esters of
dithio acid. These assignments are consistent with those for the v(C=S) in the case of
substituted (benzoylthio)trimethylsilanes®® and carboxymethyldithic esters®”.

. Previousreports have shown that v(C=0) for esters containing the =M-S—-CO~
C= linkage [M =Metal(IVb)] have lower frequency shifts with increasing atomic
number of metal(IVb)?°. Such shifts towards lower frequencies were observed for
v(C=S) in the esters (I) containing the =M-S—CS-C= linkage [M =Metal(IVb)].
These shifts are probably caused by either the heavy atom effect or the higher eleciron
donating nature of metal(IVb) elements. The IR absorption bands at 1240-1170
cm™! are shown in Table 3.

UV and visible spectra. The absorption spectral curves of (thioisobutyroylthio)-
trimethylsilane, -germane, and -tin are shown in Fig. 1, and with the absorption
maximum (4, ) are listed in Table 3. As shown in Fig 1 and Table 3, (thioaroylthio)-
and (thioisobutyroylthio)trimethylmetal(IVb) have two characteristic maxima at
300-320 (¢ 15000-25000) and 520-530 (¢ 100150, aromatic), or 470-490 nm (e
70-90, aliphatic), respectively. The former band can be ascribed to the 7->7* and the
latter to the n—n* transition of the thiocarbonyl group. Interestingly, the n—n*
transition of the esters (I) show a tendency towards a blue shift while z—n* transitions
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Fig. 1. The electronic spectra of (thioisobutyroylthio)trimethylsilane {~---}, -germane } and -tin

(e )

show a tendency towards a red shift on increasing the atomic number of the metal
(IVb). The sequence for the n—rr* transitions is consistent with the order of inductive
effects of element (IVb), but the order (Si >Ge >Sn >C) of the n—n* transition is
clearly inconsistent with operation of a simple inductive effect, and may reflect the
capacity for dn-pn bonding® between the (IVb) element and the sulfur atom.

The large red shift for the n—n* transition in comparison with that for the
carbon analogues can be interpreted in terms of an interaction between the free
electron pair of the sulfur atom lying in the p, orbital orthogonal to the C=S n-bond
system and a sulfur 4 orbital which is overlapping with a d orbital of silicon, ger-
manium, or tin atom, to form an M—S—C=S superchromophore. A similar explanation
for the enhanced extinction coefficients of the n—n* transition was given for acyl-
silanes!?®!! and -germanes*®. Recently, West et al.?? interpreted this system (Si—-C=0)
in terms of the molecular orbital correlation diagram, and concluded that the lowering
of the energy of the z* level by a strong d—n™* bonding was the primary factor, as
previously suggested by Orgel!>.

EXPERIMENTAL

The IR spectra were measured on a JASCO grating IR spectrophotometer
IR-G. The UV spectra were recorded on a Hitachi 124 spectrophotometer. The NMR
spectra were recorded on a JEQL C-60HL instrument, with tetramethylsilane as
internal standard. Analyses were carried out by the Elemental Analyses Center of
Kyoto University.

Materials _

The amine salts of dithio acids were prepared by the method described pre-
viously® and had m.p’s as follows: triethylammonium dithiobenzoate®®, m.p.
61-63°; diethylammonium dithiobenzoate®?, m.p. 101-102°; piperidinium di-
thiobenzoate®®, m.p. 96-97.5°; triethylammonium p-methyldithiobenzoate®®, m.p.
54-56°; triethylammonium p-chlorodithiobenzoate?, 44-46°; triethylammonium
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dithio-1 -naphthoates", m.p. 129-131°; plpendmmm dithio-1-naphthoate®?, m.p.
130-131°C; piperidinium dithioisobutyrate®®, m.p. 133~134°. Chlorotrimethylsilane
was commercial material, and was purified by careful distillation. Chlorotrimethyl-
germane (b.p. 125-127°) and -tin (b.p. 153-157°) were prepared by well known
procedures from tetrachlorogermane and -tin. Solvents were rigorously dried
Petroleum ether boiling below 45° was used. Reactions and manipulation of samples
were carried out under dry nitrogen.

Some typical procedures are shown and the data were summarized in Tables
1-3.

Preparation of (thiobenzoylthio)trimethylsilane (Ib)

A slight excess of chlorotrimethylsilane was added to a suspension of 0.96 g
(0.0025 mole) of triethylammonium dithiobenzoate in petroleum ether, and the
mixture was stirred at room temperature for 30 min. After the precipitates were
filtered, removal of the solvent and the excess of chlorotrimethylsilane in vacuo
below 40° gave 1.1 g of chemically pure (Ib).

Preparation of (p-chlorothiobenzoylthio)trimethylgermane (If)

A slight excess of chlorotrimethylgermane was added to a suspension of piperidi-
nium p-methyldithiobenzoate in petroleum ether, and the mixture was stirred at
50° for 13 h. After the precipitates were filtered, vacuum distillation of the solvent
and the excess of chlorotrimethylgermane below 50° left 1.26 g of chemically pure (If).

Preparation of (p-methylthiobenzoylthio)trimethyltin (Ig)

A mixture of a slight excess of chlorotrimethyltin and 1.1 g (0.0025 mol) of
piperidinium p-methyldithiobenzoate in ether was stirred at 50° for 2 h. After removal
of the precipitates by the filtration, removal of the solvent and the excess of chlorotri-
methyltin under vacuum left a residue, which was recrystallized from n-hexane to
give 1.45 g of (Ig).

Preparation of (thio-1-naphthoylthio)trimethyltin (Ik)

An equimolar amount of triethylammonium dithio-1-naphthoate {1.37 g,
0.005 motl) and chlorotrimethyltin (1.0 g, 0.005 mol) in petroleum ether was stirred
for 8 h. The orange-yellow precipitate was filtered off and extracted with small
portions of petroleum ether until the solvent no longer took up color. Evaporation
of the solvent from the extracts and recrystallization of the resulting residue from

n-hexane or ethanol gave 1.68 g of (Ik).

Preparation of (thicisobutyroylthio)trimethylsilane (Ie)

An equimolar mixture of piperidinium dithiocisobutyrate (2.13 g, 0.01 mol)
and chlorotrimethylsilane (1.27 g, 0.011 mol) in petroleum ether (15 ml) was stirred
at room temperature for 5 h. The precipitate was filtered off, and the solvent and the
excess chlorotrimethylsilane were evaporated under vacuum from the filtrate.
Vacuum distillation of the residue gave 1.95 g of (Ie).

Hydrolysis of (thiobeﬁzoylthio)trimeth ylsilane (Ib)
‘A solution of (Ib) (2.26 g, 0.01 mol) in petroleum ether (15 ml) (b.p. < 35°)
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containing a small amount of water was stirred at room temperature for 5 h. After
evaporation of the solvent from the reaction mixture, vacuum distillation of the
residue below 30° gave 1.20 g [74 9, based on the used (Ib)] of hexamethyldisiloxane
(dry ice/acetone trap). The IR spectrum of the residue left after the vacuum distillation
showed apeak at2540cm™ ! dueto v(SH), and treatment of this residue with piperidine
(0.7 g, 0.0085 mol) gave 1.5 g (58 %, based on the used (Ib)) of piperidinium dithio-
benzoate, m.p. 110-113°, which was identified by comparison of its melting point
and TR spectrum with those of an auihentic sample.

Reaction of (thiobenzoylthio)trimethylsilane (Ib) with ethanol

An equimolar amount of ethanol (0.92 g, 0.02 mol) and (Ib) (4.52 g, 0.02 mol)
was stirred for 20 h at room temperature. Distillation gave 1.88 g [78 9, based on
used (Ib)] of ethoxytrimethylsilane, b.p. 75° (lit.1¢ 75°), IR (neat) 1252 cm™ ! §[CH,-
(8i)]}. [The IR spectrum of the reaction mixture showed a peak at 2548 cm™! due
to ¥(SH) of dithiobenzoic acid.]
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