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TaBLE I°
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RISIOR?® 4 (CF;3),CO —> RISIOC(CF3).0R?
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Compd——— ey Yield, Bp, ——-—Caled, %———r — Iound, Y —

R Rt R? R3 % °C (mm) 726D Formula C H F Si C H r Si

Va CHs CH; OCHs C:Hs 54.7 42 (0.35) 1.3483 CeHieFsO3S81i 34.4 5.1 36.3 8.9 34.5 5.2 36.8 8.6
Vb CH=CH: OC:H; OC:H: CeHs 57.9 100 (46.0) 1.3622 CuHwusFsO:sSi 37.1 5.1 32.0 7.9 37.3 5.2 32.0 7.8
Ve  CeHs OC:Hs OC:Hs C:Hs 88.3 92-93 (1.4) 1.4029 Cu»sHxFeOsS81i 44.3 5.0 28.1 6.9 44.3 5.1 28.1 7.2
vd OC:Hs OC:Hs OC:H;s CeHs 81.8 60(2.0) 1.8520 CuHwxFs0sS1 35.3 5.4 30.53 7.5 35.3 5.4 30.5 7.7
Ve OC:Hs OC:Hs (CH2)2:CO0C:H; C:Hs 83.0 82-83(0.35) 1.3872 CuHuFsOsSi 26.5 6.5 26.2 6.5
vf OCH: OCH; (CH2)30C(=0)C(CH)=CH:CHs; 65.5 110-112(1.5) 1.3933 CuisHzxFsOsSi 27.5 6.8 27.4 6.8
Vg H OC:Hs OC:Hs C:Hs 73.2 27-28(0.08) 1.3343 CoeHieFsOs81 32.7 4.9 8.5 33.0 5.1 8.5

2 All products are colorless liguids.
tures,

Compounds Va, Vb, and Ve are stable up to 170°,
where the reaction is reversed and hexafluoroacetone
is liberated. The new adducts are water insoluble and
much less susceptible to hydrolysis than the parent
alkoxysilanes.

The reaction of excess hexafluoroacetone with a
monoalkoxysilane results in the insertion of only one
molecular equivalent of hexafluoroacetone into the
Si-O bond. This is different from the observed re-
peated insertion of many moles of chloral in the Sn-O
bond of tributyltin methoxide.® As expected, hexa-
fluoroacetone reacts with triethylsilane at 150° to give
1,1,1,3,3,3-hexafluoropropoxytriethylsilane (VI). With
compounds such as triethoxysilane or methyl di-
ethoxysilane, containing both an Si-H and SiOCH;
group, we have found that the reaction occurs exclu-
sively at the SiOC,H; group, even when the second
mole of hexafluoroacetone is introduced.

(C;Hs)sSiH + (CF3):C=0 —> (C;H;);8i0C(CFs).H

- VI
(CzH.’,O)sSiH -+ (CF:{)ZC:O — (CthO)QSiHOC(CFa)ZOCQH 7%)
Vg
(CeH50)s810C(CF3):H
2(CF3),C=0 = C;H;0SiH(OC(CF;)0C:H;):
VII

The properties of these compounds are summarized
in Table I and their structures have been established
by their infrared, nmr, and mass spectra, which wére
completely consistent with the proposed structures.

In view of the known electrophilic nature of the
carbonyl carbon atom of hexafluoroacetone, the most
likely reaction sequence for the reaction between an
alkoxysilane and hexafluoroacetone is

R:SiOR! 4 (CF3),C=0 —> sti:ORl
@

-
€0——C(CF3),
R;Si0C(CF;),0R!

Experimental Section®
Diethoxy 2-Ethoxy-1,1,1,3,3,3-hexafluoropropoxysilane (Vg)
and Ethoxybis(2-ethoxy-1,1,1,3,3,3-hexafluoropropyl )silane
(VII).—Triethoxysilane (65.5 g, 0.4 mole) and hexafluoro-
acetone (133.0 g, 0.8 mole) were heated in a stainless steel

(6) Boiling points are uncorrected. The silanes were obtained from
Peninsular CHemical Research, Inc.

The infrared and proton nmr spectra of all compounds are in agreement with the proposed struc-

bomb at 150° for 6 hr at autogenous pressure. The crude prod-
uct (173.0 g) fractionated to give 76.8 g (58.79,) of I1lg (see
Table 1) and 65.0 g (32.7%) of IV; bp 45° (0.5 mm), »¥*D
1.3418. The infrared spectra of both compounds eontained
a strong Si~H band at 2221 ecm ' and no OH peaks.

Anal. Caled for Cp.HjsFi20:8i: C, 29.0; H, 3.3; F, 45.9;
Si, 5.7. Found: C,29.4; H, 3.6; F,45.7; &i,5.7.

The mass spectrum was consistent with the proposed structure
for IIlg and contained m/e = 450 and 427 (parent ion minus
CoH;stand CF;7, respectively).

In another reaction, triethoxysilane (24.9 g, 0.15 mole) and
hexalluoroacetone (100.0 g, 0.6 mole) were heated at 175° for
6 hr in a bomb. The only product isolated was VII, 58.8 g
(73.2%). Both Vb and VII have a singlet in their nmr spectra
at = 5.55 which is attributed to the silane hydrogen atom.

Related reactions were conducted under similar conditions
and are summarized in Table I.
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Thermal Properties of
Dimethylaminomethylborane Cyclic Dimer

By N. E. MiLLER, M. D. MurpHY, AND D. L. REZNICEK
Recetved June 6, 1966

Two isomeric derivatives of the heterocyclic ring!
system I (aminomethylborane dimer) have been re-
ported recently.?? Compound II, in which the ni-
trogen atoms are methylated (dimethylaminomethyl-
borane dimer), apparently exists only as a dimer,?
whereas compound III, in which the boron atoms are
methylated (aminomethyldimethylborane) exists as an
equilibrium mixture of monomer and polymers.?
This difference in properties of the methylated deriva-
tives is not unexpected and is readily explained by
simple Lewis acid~base interactions. It is well-
established that increasing methyl substitution in-
creases base strength of amines (in the absence of steric
hindrance) and conversely decreases acid strength of

(1) The ring system could be named 1,4-bisazonia-2,5-bisborylacyclo-
hexane,

(2) N. E. Miller and E. L. Muettertics, Inorg. Chem., 8, 1106 (1064).
(3) R.Schaeffer and L. J. Todd, J. Am. Chem. Soc., 8T, 488 (1965).



Vol. 5, No. 10, Ociober 1966

boranes.*® Because boron and nitrogen atoms are of
similar size, the steric effects of methyl substitution
upon the stabilities of the boron—nitrogen bonds should
not be very different for III than for II. Thus, the
change of methyl groups from nitrogen to boron ought
to cause the dative bonds in IIT to be considerably
weaker than those in IT.

\B/ 11_312 (%Hx)z
/N’ j/ (CHy):N"™™ HN"
. ¢ e N(CH), e NE,
/\ H, (CH))
I B 11

As any dissociation of IT might give rise to monomers
that could exist as three-membered rings, it seemed
desirable to study the vapor density of II as a func-
tion of temperature. It should be noted that amino-
methyldimethylborane (monomer of III) is the only
monomeric, potentially cyclic compound with a BCN
sequence. The compound -CiH,N=—C(CHs;)B(CHj)s,
earlier reported to be a monomer,5 has subsequently
been found to be a cyclic dimer.”

A better synthetic route to II was first sought be-
cause the yields from the reaction of sodium hydride
and dihydrobis(trimethylamine)boron(1+) chloride
were less than 59;,. The mechanism for this reported
reaction would ‘appear to involve abstraction of a
proton from the borane cation followed by a one- or
two-step loss of trimethylamine from an intermediate
ylide to produce the dimeric product.

)3
—> 1/,11

[(CH3);N];BHy *

~H* -
—_ (CHs)aNBHQN( CHs)z
. B CHz

The poor yield probably results from the fact that both
reactants are solids and there is limited contact be-
tween them. Attempts to increase the contact by
better stirring or grinding were not successful.
Subsequently the reaction of the borane cation with
a variety of proton-abstracting bases was surveyed.
It was found that the reaction of butyllithium in hy-
drocarbon solvent gave yields of better than 309, (of
recrystallized dimer), a substantial improvement over
previous yields. A further advantage of this synthetic
method is that the product is not contaminated with

trimethylamine borane as is the product prepared using .

sodium hydride. This impurity is difficult to remove
because its solubilities in organic solvents are similar to
those of IT. ‘

A study of the vapor density of IT showed that there
was no significant dissociation into monomer at temper-
atures below 170°. Above 160° a slow, irreversible
decomposition which produced noncondensable gas

(4) H. C. Brown, H. Bartholomay, Jr., and M. D. Taylor, J. Am. Chem.
Soc., 66, 435 (1944).

(8) (a) H. I. Schlesinger, N. W. Flodin, and A. B. Burg, 7bid., 61, 1078
(1939); (b) T. D. Coyleand F. G. A. Stoxne, *'Progress in Boron Chemistry,”
H. Steinberg and A. L. McCloskey, Ed., The Macmillan Co., New York,
N. Y., 1964, pp 133-134.

(6) J. E. Casanova, Jr., and R, S. Schuster, Telrahedron Letters, 8, 405
(1964).

(7) J. E. Casanova, Jr., H. R. Kiefer, D. Kuwada, and A. H. Boulton,
ibid., 13, 703 (1965).

Nores 1833
(less than 197 at 177° for 1 hr) became noticeable. This
decomposition reaction precluded accurate measure-
ments much above 170°. The vapor pressure and dis-
sociation data are collected in Table 1.

TABLE I

VAPOR PRESSURES AND DISSOCIATION MEASUREMENTS
OF [HzBCHzN( CHs)«z]z

Vapor
pressutre Caled?®
Temp, {gas vapor
°Cc pressure)® pressure Mol wt?
37.6 0.52 0.35
50.5 1.13 1.06
54.1 1.48 1.43
60.3 2.31 2.34
61.6 2.56 2.589
66.5 3.38 3.93
3.72¢
72.5 5.44 5.89
5.78¢
78.4 8.44 8.97
9.18¢°
84.5 13.20 13.80
14.11¢
91.6 (15.73) 141.6
100.8 (16.40) 141.8
121.2 (17.09) 141.6
126.5 (17.34) 141.6
135.0 (17.74) 141.5
144.9 (18.24) 141.2
160.1 (19.07) 140.4
177.2 (20.09) 138.9 (141.0)¢

e Corrected for thermal expansion of mercury. ¢ Calculated
from the equation log p(mm) = —3780/7 + 11.707. ©° Second
run after sample was heated to 109°. ¢ Corrected for presence of
0.19 mm of noncondensable gas. ¢ Caled for [H:BCH:N(CHs):]2:
141.9,

Experimental Section

Molecular weight and vapor pressure measurements were car-
ried out'in a 311.5-ml glass tensimeter with attached 16-mm
diameter mercury manometer.! The tensimeter was closed with
a Delmar Urry needle stopcock? so that the sample in the tensim-
eter was in contact only with glass, mercury, Teflon,? and trace
amounts of Viton A.® The tensimeter was heated in a thermo-
static mineral oil bath of about 3-gal capacity. Temperature
control ard wuniformity were within =+0.1°. The mercury
manometer was viewed through plate glass ports connected to
the bath with large O rings. A Gaertner traveling microscope
was used to read the pressure. Reproducibility and accuracy
of the measuring system were between 0.01 and 0.05 mm, the
latter figure applying to measurements at very high temperature
where visibility was somewhat impaired by temperature gradient
swirls in the bath.

Dimethylaminomethylborane Cyclic Dimer.—Dihydrobis(tri-
methylamine )boron(l +) chloride was dried under vacuum for 5hr
at 60° before use. A slurry of 0.389 g (2.35 mmoles) of the dry
salt in 1.0 ml of dry hexane was mixed with 1.0 ml of 2.35 M
butyllithium in hexane and allowed to stir 8 hr at 60°. During
the first half-hour the mixture changed appearance, going from a
gummy semisolid to an easily-stirred slurry of light solid. The
reaction vessel was cooled to room temperature, and hexane was
removed under vacuum. The residue left after evaporation was
heated slowly to about 120°, and the volatile material evolved was

(8) N. E. Miller, Proc. S. Dakota Acad. Sci., 44, 203 (1965).
(9) Product of Delmar Scientific Laboratories, Ine., Maywood, Il
(10) Tradematks of the Du Pont Company for its fluorocarbon polymers.
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passed through a U trap cooled to —350°, The crude product
collected in the trap (130 mg, 799, ) was recrystallized from ethanol
to give 51 mg (319,) of 11.
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The So-Called cis-trans Isomerism
of Bis(isothiocyanato)tetra(pyridine)iron(II)!

Sir:

There is currently considerable interest in the prepa-
ration and properties of mixed-ligand complexes formed
between transition metal ions, pyridine, and various
anions.?=% This communication is concerned with the
compound Fe(py)(NCS),. It was reported more
than 50 years ago that this compound exists in two
forms: a yellow form, prepared by Grossmaun and
Hunseler,® and a violet form, prepared by Spacu.”™8
Both forms give violet solutions in chloroform, benzene,
or toluene and yellow solutions in polar solvents such
as pyridine, methanol, or ethanol.”=? The composition
and structure of the violet form have been the subject
of controversy for many years.®~!2 Recently, however,
Spacu, e al.,® concluded from a series of physical
measurements (dipole moments!® and infrared and
visible spectra) and chemical measurements (the re-
actions of the two forms with 2,2’-bipyridine and 1,10-
phenanthroline) that the colors were due to cis—trans
isomerism and that the yellow form was the ¢¢s isomer.

Our interest in these compounds arose from a desire
to study cis—irans isomerism in high-spin iron(II)
compounds vic the Mossbauer technique in order to
determine what influence this type of isomerism may
have on the Mdossbauer spectra. The only previous
examples of true cis—trams isomers studied wvia the
Mossbauer effect were several pairs of low-spin irom-
(II) compounds.’* In these compounds the change
in configuration results in a rather large and predict-
able change in the quadrupole splittings and in the
chemical shifts of the M§ssbauer patterns.

(1) Research performed under the auspices of the U. S. Atomic Energy
Commission.

(2) D. M. L. Goodgame, M. Goodgame, M. A. Hitchman, and M. J.
Weeks, Inorg. Chem., 5, 635 (19686).

(3) R. V. Biagetti and H. M, Haendler, ibid., 5, 383 (1966).

(4) C. W. Frank and L. B. Rogers, 1bid., 5, 615 (1966).

(5) M. R. Rosenthal and R. S. Drago, ¢bid., §, 492 (1966).

(6) H. Grossman and F. Hunseler, Z. Anorg. Chem., 46, 370 (1905).

(7) G. Spacu, Ann. Sci. Univ. Jassy, 8, 175 (1914); 9, 347 (1915).

(8) G. Spacu, Z. Anorg. Allgem. Chem., 216, 165 (1933).

(9) P. Spacu, M. Teodorescu, and C. Lepadatu, Rev. Roumaine Chim., 9,
39 (1964).

(10) A. Rosenheim, E. Roehrich, and L. Trewendt, Z. Anorg. Allgem.
Chem., 207, 97 (1932).

(11) R. Asmussen, ibid., 218, 425 (1934).

(12) A. Rosenheim, 7bid., 216, 173 (1933).

(13) Only the dipole moment of the violet form was measured.

(14) N. E. Erickson, Ph.D. thesis, University of Washington, Seattle,
Wash., 1964; R. R. Berrett and B, W, Fitzsimnions, Chem. Comimun., 91
(1966).

The yellow form was prepared by gradually adding
250 ml of a solution containing 9 g of hydrated ferrous
perchlorate and a pinch of ascorbic acid to 400 ml of a
solution containing 4 g of ammonium thiocyanate
and 10 ml of pyridine. The yellow precipitate was
filtered off and washed with a mixture consisting of
859, ethanol, 59 water, and 109 pyridine. The com-
plex was recrystallized from a mixture consisting of 659,
ethanol, 25% water, and 109, pyridine and dried
in vacuo for 30 min. Anal. Caled for Fe(py) (NCS).:
Fe, 11.4; SCN—, 23.8. Found: Fe, 11.4; SCN-,
24.1.

The violet form was prepared by recrystallizing the
yellow form from chloroform. According to Spacuy,
et al.,® this procedure is supposed to convert the cis
isomer to the frans isomer. It was found instead that
solutions prepared by dissolving the yellow form in air-
free chloroform (or in air-free benzene) did not turn
violet. The solutions did, however, turn violet
gradually upon exposure to air, and very rapidly upon
the addition of a few drops of a dilute solution of
bromine in chloroform. Moreover, the violet color
disappears upon the addition of ascorbic acid or upon
bubbling hydrogen through the solution in the presence
of a palladium catalyst and returns upon exposure to
air. This suggests that the color change from yellow
to violet results from the oxidation of the iron(II)
complex and is not due to isomerization, a conclusion
is substantial agreement with that previously reached
by Rosenheim.'? The iron(III) in the two forms was
determined by dissolving the crystals in air-free 1 M
HCIO, and estimating the iron(III) in the resulting
solutions polarographically. The yellow form con-
tained 0.029, of iron(I1I) while the violet form con-
tained 0.409, of iron(III). Violet crystals containing
up to 1.69; of iron(1IT) have been obtained by dissolving
the yellow form in oxygen-saturated chloroform con-
taining a few drops of pyridine and allowing the
excess solvent to evaporate over several hours. The
color change produced by the addition of excess alcohol
or pyridine to chloroform solutions of the violet form
can be explained by the dissociation of the iron(III)
complex in alcohol and by a combination of dissocia-
tion and reduction of the iron{III) complex in pyridine.

The conclusion that the yellow and violet forms are
not geometrical or linkage isomers was confirmed by
Mossbauer and X-ray studies. The Mdssbauer spectra
of the two forms are identical within the experimental



