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SHORTCOMMUNICATION

Some infrared studies of organometallic pseudohalogens™

As part of a detailed investigation into the structure, bonding, and chemical
properties of pseudohalogen groups attached to organometallics, we have prepared
the series of compounds (CH;);MX (M = Si, Ge, Sn, Pb; X = NCO, NCS, N,), and
studied their infrared spectra from 4000 to 300 cm~1. While many of these compounds
have been previously prepared, detailed infrared spectra have been reported only for
the azides!. The compounds studied in this investigation are listed in Table 1.

Investigation concentrated on the three vibrational modes internal to the
pseudohalogen group (two stretching, one bending) and the metal-pseudohalogen

* Presented in part at the Second International Symposium on Organormetallic Chemistry,
Jadison, Wisconsin, September 2, 1965.
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stretching mode. These are listed in Table 1. Infrared peaks arising from vibrations
of the organic group do not differ appreciably from those reported elsewhere (see
Ref. 1 and papers cited therein), and are not given here. Raman spectra for (CHj),-
SINCO3, (CH,),SINCS3, and {CH,),SiNs* have been reported; peak assignments for
both infrared and Raman spectra of these compounds are given in Table 2.

Bands arising from the metal-pseudohalogen stretching mode appear in the
KBr-CsBr region of the infrared; a previous assignment of Si-N; and Ge-Nj; bands
to 880 cm™! and 796 cm™! respectively is in error!. No bands arising from this
vibrational mode could be found in the trimethyllead compounds or in (CH;);SnNCS.
The metal-thiocvanate bands appear at considerably lower frequency than the cor-
responding bands of the other two series, at present, no explanation can be offered for
this. These values are in good agreement with previously reported work>—%.6-13,

Since both cvanate and thiocyanate are capable of bonding isormnerism, the
question arises as fo which form exists in these compounds. For silicon, there is strong
evidence that both the cvanate and thiocvanate bond through nitrogen?.3.s-11,
making them iso compounds. Similar evidence, though less complete, also exists
germanium!? and tin!? compounds. There is no strong evidence one way or the other
for lead compounds, but the spectra of trimethyllead (iso)cvanate and (iso)thio-
cvanate strongly resemble those of their lighter homologs, suggesting that the iso
structure is the correct one.

In common with manyv other trimethyltin derivatives, (CHj);SnN; has been
reported to have a bridging azide group in the solid state!- . 145(N;) shifts to higher
frequency when (CH,);SaN; goes into solution, while 1(Sn-Nj) shifts to lower
frequency under the same conditions. These shifts are consistent with such a bridging
group. (CH3);SnNCO shows a similar shift under the same conditions. X-ray studies
of (CH,),SnCN indicates the presence of a bridging cyvanide group's.

(CH,);SnX, forms vellowish solid complexes with (C,H;);N and CH;N,
probably with 1:1 stoichiometry. These complexes dissolve in CH,Cl, without dis-

TABLE 2

INFRARED AND RAMAN DATA OF TRIMETHYLSILYL PSEUDOHALIDES

Assignment  (CH3),SiNg (CH)4SINCO (CH,),SiNCS
Infrared Raman Infrared Raman® Infrared Raman?

res CH 2900 2970 2985 2063 2980 2968
sy CH 2912 29035 2915 2901 2900 2905
rqes Pseud. 2145 2131 2290 2080 2066
Oacs CH, 1430. 1305 X8 XY 1415 1412 1415 1416
rsym Pseud. 1332 1324 1435 1435 956 993
Osym CHy 1259 1264 1255 1260 1259 1295
pas CHy4 549 853 S50 850 830 S54
Psym CHy 755 761 755 761 758 764
res SiCy 693 700 6go 701 690 706
& Pseud. 6Ss 616 470 467
¥eym S1Cy 620 629 642 644 630 632
» Si-Pseud. 528 534 521 528 436 433
& CSIN 287 280 277
Ogym SIC5 206 208 214
GOas SiCy 17 151 151

J- Organometal. Chem., 5 (1966) 383-387
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sociation. 145;(N;) appears at 2060 cm™! in both complexes, and shows no positional
shift when the complexes go into solution.

Both (CH),SIN; and (CH,);SiNCO have anomalously high stretching bands
compared to their organic analogs!.18: dative -z-bonding between silicon and nitrogen
has been suggested as the cause for this. The steady bathochromic shift in these as the
central atom changes to germanium, tin, and lead is probably due to a decrease in this
-bonding, plus a mass effect. The isothiocyanates do not show a regular pattern, but
there is other evidence to indicate considerable dative z-bonding between silicon and
nitrogen3-5.8. 11,

Experimental

General. The compounds in Table 1 were prepared by standard synthetic
methods elsewhere described!.?.1%. Only those compounds not previously reported
will be described here.

Isocyanatotrisncthvigermane. A solution of 0.641 g {0.00325 moles) (CH,),GeBr
in 5 mi diethyl ether was refluxed over 0.579 g (0.00386 moles) AgOCX for 24 h.
Fractional distillation gave o.142z g (2 .4?0) {CH;);GeNCO, a clear, colorless liquid
boiling at rzo-r22°. Purity was established through infrared spectroscopy.

Trimethvifin isocvanate. A solution of 2.0 g (0.010 moles} (CH,);SnCl in 50 ml
benzene was refluxed for 10 h over 1.7 (0.011 moles) AgOCN. The resulting mixture
was filtered while hot, and the filtrate evaporated to vield the crude product. Re-
crvstallization from diethyl ether gave 1.0 g (48 25} (CH,),SnNCQ, m. 105-7°. (Found:
C, 23.27: H, 4.67;. C;H, \O\n L«lICd-. C,23.34; H, 1.41°,)

Trimethvilead isocvanrate. A solution of 2.9 g (0.010 moles) (CH;),PbCl in 50 ml
benzene was refiuxed for 11 b over 2.0 g (0.013 moles) AgOCN. The resulting mixture
was filtered while hot, and the filtrate evaporated to yvield the crude product. Re-
crystaliization from benzene gave 0.3 g (10°;) (CH,),PbXCO, dec. 210°. {Found:
C, 16.55; H, 3.23. C,HXOPb calcd C, 16.32; H, 3.08°,.)

Trm:ah_\l[»ad isothiocyanate. A solution of 2.9 g (0.010 moles} (CH,),PbCl in
50 ml benzene was refluxed for 12 h over 1.1 g (0.011 moles) KSCN. The resulting
mixture was filtered while hot and ailowed to stand in a closed contalner. Crystal
formation occurred after 24 h. The solid was recrystallized from benzene togive 1.1 g
{319,) (CHS)SPb\'CS, dcc. 145> (Found: C, 15.48; H, 3.00. C{H,NSPb calcd.: C
15.48; H, 2.9225.)

Amine complexes of trisucthviiin azide. Solutions of (CH,),SnN, in CH,CI, were
treated with approximately equimolar quantities of (C,H;},N or C;HSN. The mixtures
were allowed to stand for 23 h, after which the solvent was stripped off under vacuum.
(CH;};SnXN,-N(C,H;)a, m. 125-128°, and (CHy);SnN;-NCH;, m. 136-137°, are
yvellowish solids, stable to air but rapidiy decomposed by moisture.

Insfrared work. Infrared spectra were run on Perkin—Elmer Model 21 Recording
Spectrophotometers having NaCl and CsBr prisms. All compounds were run as
solutions (5-10°;) in CH.Cl,, CHCI;, or CCl;, and as neat liquids or mulls. Poly-
stvrene bands at 1603 and go6 cm! were used to calibrate spectra in the NaCl region.
Peak positions are accurate to = 5 cm™? in the NaCl range, =~ 2z cm™! in the CsBr
range.

J- Organometal. Chem., 5 (1966) 383-3S7
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PRELIMINARY NOTES

Synthesis of some pentasilyl-substituted cyclohexenes

Earlier reports from these Laboratoriesl—3 have shown that the reaction of
certain chlorosilanes with lithium and chlorotrimethylsilane in tetrahyvdrofuran {THF)
is a convenient method for a one-step preparation of some trimethylsilvi-substituted
silanes. By this procedure, silicon tetrachloride gave high vields of tetrakis(trimethvl-
silvljsilane!. Methyltrichlorosilane?, dimethyidichlorosilane and methylethyidichloro-~
silane® afford very good vields of tris(trimethylsilyl)methylsilane, octamethyltrisilane
and 2-ethviheptamethvltrisilane, respectively.

As a result of studies designed to determine the scope of this @n sifu type
reaction, we are now reporting that phenyl-substituted chlorosilanes react with lithium
and chlorotrimethylsilane to give, in addition to the normal coupling products,
pentasilvl-substituted cyclohexenes. Thus, phenyltrichlorosilane gave the known?
tris(trimethyvlsilvl)phenylsilane (I} and 2-{(tetra(trimethvlsilvl)cyclohexen-1-y1i-2-

C,.H,Si,. Caled.: mol. wt., 617.35.)

J- Organometal. Chem., 5 {1966) 357—389



