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small enough that it should not invalidate the qualita-
tive comments above concerning the upper limit placed
on the Co—H bond distance.
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Use of bases to facilitate esterification of organo-
silicon, -germanium, and -tin halides is well known.
While chlorosilanes react vigorously with diols to
liberate hydrogen chloride, the reaction of organo-
chlorogermanes is sluggish, requiring tertiary amines
for good yields,* and organotin halides fail to esterify
at all in the absence of base.? The action of base in
these systems is not straightforward, however, since,
apart from taking up hydrogen halide formed in the
esterification reaction,® molecular bases may also form
adducts.

This publication describes the effect of tertiary amines
on the synthesis of spiro-(silicon- and germanium-)
oxygen heterocycles from the tetrachlorides.

Results and Discussion

Attempts to prepare bis(o-phenylenedioxy)silane
and -germane in the presence of tertiary amines lead
to the isolation of adducts of these compounds. Addi-
tion of silicon tetrachloride to catechol in excess pyri-
dine gives the 1:1 pyridine complex of bis(o-phenylene-
dioxy)silane (mp 265° dec). The previously elusive?
bis(o-phenylenedioxy)germane forms as a 1:2 complex
with pyridine (mp 215-235° dec). Both adducts
sublime unchanged. Reversed addition (pyridine
first mixed with the tetrachloride, followed by catechol)
gives the identical 1:1 and 1:2 products

Triethylamine has larger steric requirements than
pyridine, although it is a stronger base toward the pro-
ton. In our system triethylamine behaves exactly
like pyridine, giving the 1:1 and 1:2 adducts inde-
pendent of the order of addition. N,N-Dimethyl-
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formamide (DMF) has no observable effect. No DMF

adducts of silicon® or germanium tetrachlorides are
known.

The complexes of tin tetrachloride with pyridine,
triethylamine, and DMF are insoluble white solids
impervious to further reaction with diol, in accord with
reported behavior on alcoholysis.®

The Sni%m Mgssbauer spectrum of bis(N,N-dimeth-
ylformamide)tetrachlorostannane’ contains a singlet
resonance at 0.00 4+ 0.06 mm/sec with respect to an
Snl%mQ, source, identical with that reported for the
bis-pyridine adduct.®

1,8-Dihydroxynaphthalene and 2,2’-dihydroxybi-
phenyl give the spiro esters bis(1,8-naphthalenedioxy)-
silane® and -germane (a novel ring system®®) and bis-
(2,2’-diphenylenedioxy)silane'*1? and -germane,?*!%13
free of associated base and independent of the order of
addition. As well as failing to form adducts, these
six- and seven-membered heterocycles are not so
susceptible to hydrolysis or polymerization as the five-
membered systems,

The thermodynamic stability of fourth-group amine
adducts increases Si < Ge < Sn as does the tendency
for higher coordination.!* The tetrachloride-base ad-
ducts formed as a first step in our syntheses are ap-
parently sufficiently labile to suffer further reaction
with the diol.

Heating the dipyridine complex of bis(o-phenylene-
dioxy)germane in DMF precipitates a new complex
whose infrared spectrum shows the strong carbonyl
and other bands characteristic of DMF. 1
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Bis(o-phenylenedioxy)silane—triethylamine has suf-
ficient solubility in chloroform to record an nmr spec-
trum which contains the triplet and quartet of the
ethyl group along with resonances due to phenyl pro-
tons. The internal chemical shift difference, A,
between the methyl and methylene resonances in
(CH3;CH,), X has been related to the electronegativity
of X and is affected by the acquisition of charge by X,
In triethylamine itself, A is 85.2 cps, which increases to
118 cps on forming the tetraethyl quaternary salt.V
In  bis(o-phenylenedioxy)silane-triethylamine  the
methyl triplet is at 7 9.2 and the methylene quartet at
7.1 with A = 114 cps. Weinterpret this as confirming
the donor role of triethylamine, where involving the
lone pair with silicon places nitrogen in a situation
which differs little from that in a quaternary salt.

Experimental Section

Our constant-acceleration, cam-drive Méssbauer spectrometer
has been previously described.’®* Microanalyses were carried out
by Galbraith and Schwarzkopf Microanalytical Laboratories.
1,8-Dihydroxynaphthalene was prepared by the fusion method.®
Pyridine was dried over potassium hydroxide and triethylamine
over molecular sieves. Glassware was oven dried and all opera-
tions were carried out in nitrogen.

Bis(o-phenylenedioxy )silane-Pyridine.—Silicon tetrachloride
(0.09 mole) was added dropwise to catechol (0.18 mole) in re-
fluxing pyridine (100 ml) with immediate formation of a white
solid. Pyridine was distilled in vacuo and the product shaken with
chloroform, collected, and sublimed #n vacuo at 260° {dec pt 265°;
some loss of C;HsN begins at 249°)., Amnal. Caled for CiyHjs-

NOSi: C, 63.2; H, 4.06; N, 4.34; Si, 8.66. Found: C, 62.7;
H, 4.58; N, 3.02; Si, 8.04. The infrared spectrum contained

prominent absorptions at 1240 (s), 1000 (in), 930 (m), 920 (m),
845 (s), 740 (s), 680 (m), 620 (m), and 532 (m) cm 1.

Reverse addition (half-scale in 100 ml of pyridine) gave im-
mediate precipitation and identical product after 15-hr reflux.

Bis(o-phenylenedioxy )germane-Dipyridine.—Addition of ger-
manium tetrachloride (0.045 mole) to catechol (0.09 mole) in
refluxing pyridine (100 ml) gave immediate precipitation. After
distillation of pyridine (36°, 36 mm) the residue was shaken with
chloroform (150 ml), collected in 359 yield (dec pt 215-235°),
and sublimed unchanged at 150° iz vacuo. Anal. Caled for
CoeHisN2OuGe: C, 59.2; H, 4.03; N, 6.27; Ge, 16.25. Found:
C, 58.4; H, 4.21; N, 6.33; Ge, 16.65. Prominent infrared
absorptions are found at 1240 (s), 1060 (m), 1040 (m), 1030 (sh),
1020 (m), 875 (m), 790 (s), 735 (s), 692 (s), and 675 (s) em ™1,

Reverse addition on the same scale gave immediate precipita-
tion and identical product after 15-hr reflux.

Bis(o-phenylenedioxy )silane—Triethylamifie. —Triethylamine

(175 ml) and catechol {0.09 mole) gave a chloroform-soluble white
complex (mp 69.5-70.5°), Silicon tetrachloride (0.045 mole)

(16) B. P. Daitey and J. N. Shoolery, J. Am. Chem. Soc., TT, 3977 (1955).

(17) A. G. Massay, E. W. Randall, and D. Shaw, Spectrochim. Acta, 20,
379 (1964).

(18) A. J. Bearden, H. S. Marsh, and J. J. Zuckerman, Inorg. Chem., B,
1260 (1966).
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addition resulted in exothermic reaction and another precipitate,
which after three recrystallizations from chloroform produced
white crystals (212-230° dec) in 89, yield, slightly soluble in
chloroform and DMF and msoluble in benzene and ether.
The product was found to cause slight pruritus on handling.
Anal.,  Caled for CisHsNO:Si: C, 62.61; H, 6.66; N, 4.06;
Si, 8.12. Found: C, 62.94; H, 7.92; N, 5.70; Si, 7.75. The
infrared spectrum contained prominent absorptions at 1240
(s), 1090 (m), 1010 (m), 810 (s), 735 (s), 683 (s), and 523 (s)cm ™.

Reverseaddition on the samescale in 50 ml of triethylamine gave
the identical product after Soxhlet extraction with chloroform.

Bis(o-phenylenedioxy )germane-Bis(triethylamine).—To cate-
chol (0.09 mole) and triethylamine (100 ml) germanium tetra-
chloride (0.045 mole) was added producing an exothermic re-
action and a voluminous amount of light-weight, white solid.
The product crystallized from chloroform after Soxhlet extraction
and sublimed unchanged in vacuo. Like its silicon analog, it
causes some slight pruritus on handling. A4nal. Caled for
CauHuN:0,Ge: C, 58.4; H, 7.71; N, 5.68; Ge, 14.81. Found:
C, 57.64; H, 7.47; N, 4.89; Ge, 13.30. The infrared spectrum
contained prominent absorptions at 1240 (s), 1090 (m), 1012 (m),
795 (m), 735 (m), and 650 (s) em™—!

Reverse addition on the same scale in 50 ml of triethylamine
gave identical product after Soxhlet extraction with chloroform.

Bis(dimethylformamide )-Tetrachlorostannane."—To catechol
(0.15 mole) in DMF (100 ml) at 50° stannic chloride (0.075
mole) was added with precipitation and fuming. During vacuum
distillation, the stillpot contents turned black, but sublimation
of the black residue at 185° #n pacuo gave white crystals, mp
232-233°, Anal. Caled for CoH1CLNzOs8n: C, 17.7, H, 3.44.
Found: C, 17.67; H, 3.44. The infrared spectrum contained
prominent absorptions at 1235 (m), 1120 (m), 1090 (m), 750
(m), and 695 (s) cm™1.

Bis(o-phenylenedioxy )germane-Bis(dimethylformamide).—
Heating this compound in excess DMF at 85° for 11 hr precipi-
tated a tan solid (dec pt 222°). Anal. Caled for CisH2aN2O¢Be:
C, 49.6; H, 5.06; XN, 6.45; Ge, 16.8. Found: C, 47.11; H,
4.83; N, 6.58; Ge, 17.95. The infrared spectrum contained
prominent absorptions at 1640 (s), 1580 (sh), 1230 (s), 1210 (sh),
1125 (m), 1100 (m), 1025 (m), 915 (m), 878 (m), 795 (s), 745
(sh), 735 (s), 680 (s), and 695 (sh) cm™1,1

Bis(1,8-naphthalenedioxy)germane —Germanium tetrachlo-
ride (0.021 mole) was added to a red solution (54°) of the diol
(0.043 mole) in pyridine (100 ml) with slight precipitation. Pyri~
dine hydrochloride sublimed first with the desired product sub-
liming at 288° <n vacuo as white, needlelike crystals (mp 335-
337°), insoluble in pyridine, acetonitrile, or common organic
solvents. Unlike its seven-membered spiro analog, bis(1,8-
naphthalenedioxy)germane is very sensitive to atmospheric
moisture. Anal, Caled for CyH1204Ge: C, 61.7; H, 3.09;
Ge, 18.7. Found: C, 61.64; H, 3.20; Ge, 18.80. The infrared
spectrum contained prominent absorptions at 1255 (s), 1170 (m),
1155 (m), 1025 (s), 828 (s), 815 (s), 752 (s), 618 (m), 595 (m),
and 565 (m) em~!, Identical results were obtained from a dilute
pyridine—acetone solution.

Similarly silicon tetrachloride (0.016 mole) was added to a red
solution of 1,8-dihydroxynaphthalene in refluxing pyridine (150
ml). No precipitation occurred. Pyridine was distilled 4#n vacuo
and the residue was shaken with chloroform, collected, and sub-
limed at 350° 4% vacuo to give bis(1,8-naphthalenedioxy)silane.®

Bis(2,2-diphenylenedioxy)silane!’,'? and -germane*’%!$ were
obtained in analogous fashion from pyridine solutions of the diol
on the tetrachloride,
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