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SUMMARY

The 19F nmr spectra of trifluoromethylgermanes (CFB)nGexb—n
(X = C1,Br,I,0C0CF;,CHy \N(CH; )z 3 n=1-4), (CF5) GeF X,
(X = €1,Br,I; n,m=1-3) and (CFB)nGeHmXA-m—n (X = F,C1,Br,I;
n,m=1-3) are reported. Chemical shifts &(CFy) and &(GeF) as

well as coupling constants are compared with those of analo-
gous carbon compounds and are analyzed for substitution
effects. The 13C nmr spectra as well as the u.v. spectra are
reported for the iodides (CFB)nMIu-n (M = C,Ge; n=1-4).

INTRODUCTION

The wide range of 19F chemical shifts and their sensitivity
to substitution effects makes 19F nmr spectroscopy a very
useful tool in the characterization of fluorinated materials
f1,27. However, fluorine chemical shifts are not readily
interpretable and usually result from a superposition of
several, quite often opposing, effects. The main contributions
arise from paramagnetic terms. Their calculaticn, however,
requires detailed knowledge of the electronic states which
is usually not available for polyatomic molecules. It is
therefore desirable to reduce complex mathematical terms to
descriptive terms such as ionicity, the influence of low-
lying excited electronic states, electric fields, van der

Waals interactions etc.
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The coupling constants encountered in fluorine nmr are
as complex as the chemical shifts. Besides the Fermi contact
term, orbital and spin-dipole contributions have to be con=-
sidered [3-5]. Since relative siuns of these terms are often
different, small couplings of different signs may result. On
the other hand coupling through several bonds or 'through
space' may yield large values. Thnough resonances are usually
sufficiently separated to allow for the X approximation,
magnetic inequivalence due to long-range coupling guite often
imposes severe proclems in the interpretation of 19F
spectra [ 1,6].

Until recently the investigation of trifiuoromethyl
derivatives of group 1V B elements was mainly restrictea to
fluorinated alkanes. The synthesis of the series Cl3SiF,X
7] and (CF5)nGeXa_n {8-10] now offers the possibility of
a meore systematic analysis of trends. In particular the
similarity of the carbon and germanium atoms leads one to
expect tnat the origins of shifts and couplings constants
should be basically similar, while contributing to different
extents.

RESULTS AwD DISCUSSION

9% chemical shifts

Ge-F shifts

The presence of lgF cnemical shift contributions
with different signs 1s dewonstrated in Fig.l for
the series (CF3>nMF4-n and (CHB)nMFQ—n (M=C and Ge). The
minimum for n=1 in the germane series is attributed to a
predominuant param.gnetic term which is assocluted with in-
creasing Ge-IF double~bond crnaracter or witn the lower energy
necessary to excite to the first unoccupiled orbital carrying
mainly G*(ue-C; along with some F 2p character. For n=2 or 3
tne snielding component aominates as expected as the negative
cnarge on trne fluorine atom or atoms increases. In accoraance
potn with tne reduced importance of H_RZC=F+ resonance struc-
tures and larger 82 values, t:e deshieliding component is less

preonounced for t:he carpon series,
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Fig. 1. Variations in chemical shifts of Ge- or C-bonded
fluorines in the series (CXB)nMFu—n(M = C,Ge; n=0-3).

The high-frequency shifts of the CHy derivatives with re-
spect to their CF, counterpurts oppose the predictions made
on the basis of charges or double-bond character. The contri-
butions arising from electric fields [11-13J, 1 ppm or less,
are too small to be of importance. An explanation of this
CFy/CHs; substitution effect presumably requires detailed stu-
dies of the electronic states with emphasis on long-range
H..F contacts.

Substitution of the fiuorines of GeF, by heavier halides
(Table 1) causes desnielding in a similar way as in SiFan_n
147 or CF X, _p, [2]. That SiF and GeF shifts, including the
series CFy;SiF,X [ 7], are well correlated by the equation

5(SiF) = 0.89 8(GeF) - & [ppml,

indicates the principal similarity of tne factors determining
GeF and SiF shifts, whereas a good CF/GeF correlation does
not exist. Thne magnitude of the 'inverse' halide shift de-
creases along the series GeFs;X, CF;GeF,X and (CF; ),GeFX.
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TABLE 1

Chemical shifts of germanium-bonded fluorine in
a

(CFB)nGeFmXu-m—n (Xx=C1, Br, I; n,m=0-3)

X = F c1 Br I
GeFs X -173.52:C _144.1°  132.2  -115.6°
GeF, X, -120.6°  102.3 -81.3°
GeFXs -101.8° -81.5 -67.7°
CFy GeF, X -166.1 -150.5  -143.9  -133.5

CF, GeFX, & -140.9  -133,3  -130.0

(CF5 ),GeFX -178.7 -178.9  -178.1  -179.2

(CFs )5 GeX -218.8

@in ppm relative to internal SiF, at & -163.1 ppm.
Pinternal CFCly. Sref. [151: b(GeF, ) -171.4, 5(GeF,C1)
-141.9, #(GeF,Cl,) -116.2, 8(GeFCl,) -100.9 ppm.

95 (CF; GeFC1Br) -136.6, &(CF5GeFC11) =130,5, 6(CF;GeFBri)
-130.2 ppm.

-
f
L

ad
[ppm]
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Fig.2. F/CFy; substitution effects in FMF,X (1), FMF(CF, )X (2)and
FMFX, (3). The halides X are arranged following Sanderson's
electronegativity scale.
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Shielding and deshielding contributions Just compensate in
the series (CF;),GeFX, and all 8(GeF) values fall in the
narrow range of -178.7i0a6 ppm, the variations being non-
systematic for the order X = F, C1,Br, and I. A similar
pattern is observed for the carbon series where a 'normal'
halogen dependence is obtained for (CFy),CFX (Table 2). The
latter confirms the less relative importance of the para-
maghetic contributions in the carbon series. The halogen and
CFs; dependence is evident from the CFy/F substitution pattern.
Replacing one F atom by a CFy; group will shift the MF reso-
nance to lower frequencies, except in case of GeF,. Figure 2
shows the change in the chemical shifts for the series
(CFy/F)MF, X, (CF;/F)M(CFy)FX and (CFy/F)MFX,, labelled 1, 2
and 3, respectively. In general, the change is significantly
greater for M = C, This is ascribed to the greater m-acceptor
capability of germanium and thus more pronounced GeF double-
bond character. The figure also nicely demonstrates that
the changes caused by one X atom (lines 1 and 2) approximately
double for two X atoms (line 3).

CF,Ge shifts

The lgF resonances of a CF,; group attached to
germanium are typically found in the region of =50 to =65
ppm. Coupling to the isotope 73Ge (spin 9/2, natural abun-
dance 7.76%) can only be observed for spherical molecules [16].
The 9F spectrum of (CF,),Ge (Fig. 3) shows ten additional
lines of equal intensities with a spacing of 2J(73GeF)=26.3

(CF,), Ge
50 Hz R
—

\
x100 Y M
*

Fig. 3. 19F nmr spectrum of (CFy),Ge. Spinning side bands are
marked with an asterisk.



268

Hz, the centre of tnis system coinciding with the main sig-
nal. The line widths of the outer peaks with mI=i9/2 (Wl/2=
2 Hz) are approximately half of tnose of the inner lines,
the broadening being caused by electric quadrupole rela-
xation. Application of the formulae derived by Pople r17,18]
for the transition probabilities (am=%1,+*2) to the S/2

spin system yields relative line widths of 1.0, 2.1, 2.2,
1.9, and 1.7 for the transitions with mI==t9/2, +7/2, £5/2,
+3/2, and t1/2, respectively, which agrees well with the
experiment, The origin of the 13C satellite system is shifted
0.15 ppm to lower frequency, each satellite being split into
a decet due to QJ(FF)Q

A systematization of CFy shifts is complicated by the
fact that they result from the average of rotational iso-
mers (19,207 which may differ by as much as 20 ppm for
gauche and trans conformations. In contrast to CF;-C deri-
vatives, the small barrier to internal rotation {21] pre-
vents the isolation of distinct rotamers in trifluoromethyl-
germanes and thus the assignment of individual resonances.
In general, increasing the number of CF; groups attached to
carbon (Table 2) or germanium (Tables 3 and 4) causes de=-
shielding of the flu.orine atoms, both (CF;),M molecules
resonating at tne high-frequency end of the scales. Only
in molecules with rather buiky substituents such as
(CF5 )5GeGe(CFy )5 or (CFs)sGeSi(CHy)s (b(CFy)=48.5 ppm [22])
are the fluorines less shielded. Both vibrational [ 30] and
x-ray excited photoelectron spectroscopy .31, have demon-
strated that bonding parameters and charges do not vary
significantly across the cnloride series, (CFB)nGeCIA—n'
Consequently, the ccntributions due to changing ionicity
may be assumed to be negligible for the (CFB)nM01A—n series.
The high-freguency offset of ca. 5.5 ppm/CFs group for M=C
is usually ascribed to non-ponded fliuorine-fluorine inter-
actions (repulsive deshielding). This concept, however, is
made questionable by the corresponding offsets in the ger-
mane series also being ca. 4.5 ppm despite the fact that
F...F contacts between different CFs groups are much shorter
in (CFy),C (272 pm [321) than in (CFy),Ge (331 pm [21J).
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TABLE 2

l9F nmr parameters of perfluoroalkyl halides

8 (CF5 )2 8 (CF/CF,)? Pa(rm)|® [ra(cr)| P Pu(rr)| P

CFsCF, -88.2 3.9 283,5

cFyccl; ¢ -82.2 282.0

CFsCBrs 4 -79.3 279.4

cFycI, ¢ -77.0 277 e

cFsCH, ¢ -61.8 272.3

(CF, ),CF, -83.4 ~131.0 0.8 285° 7.6°
(CFy),CCl,  =77.0 283.7  10.0
(CFy ),CBr,  =72.7 283.5  10.5
(CFy ),CI,  =-68.3 280.5  11.3
(CF, ),CH, Y -63.9

(CFy )5 CF -75.0  -188.0 6.1

(CFy ),CC1  =71.5 285.8  11.0
(CFy )5CBr  -67.5 285.0  11.0
(CFy )5CI -65.9 283,8  11.3
(CFy ),CcHS  -64.5

(CFy ), C -65.4 289.9 T
CF,CF,C1 -87.0 ~74..9 0.8

CFsCF, Br ~85.9 -70.3 2.2

CFyCF, I -85.4 -65.2 4.6

(CFy ),CFCL  =79.8  -141.8 5.5

(CFy ),CFBr  =78.0  =144.2 8.7

(CFy ),CFI =760  -148.9 12.5

CF5CFC1,8 -84.6 -76.8 5.5

CFsCFC1Br®  -84.3 -77.0 7.8

CF, CFBr, -82.2 -77.1 9.7

CF,CFC1I ! -82.6 ~78.3 10.6

CF,CFBrI B  -81.0 -85.9 13.0

CF,CFI, & -8l.4 -87.5 16.4

2 in ppm from internal CFCl,. ° in Hz. ¢ LJ(CF) 2615 Hz,
37(FF) 3.5 Hz at -80°C [231. @ ref. 24. © ref. 25. ref. 26.
& rer. 27. M ref, 20. 1 rer. 28, ¥ ref. 29.
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TABLE 3

19F nmr data of trifluoromethylgermanes CF;GeXYZ

X ¥ z s(cr)?  [facen P Por)P
F F F -54.8 324.,8

F F C1 ~-57.9 329.5

F F Br -58.5

F F 1 -61.0

F Ccl C1l -60.5

F Cl Br -60.,9

F Cl I -63.1

F Br Br -61.7

F Br I -63.4

F I I -65.2 341.8

Cl Cl Cl -62.6 335,72

Cl Cl Br -63.2

Cl Cl I -64.,8 339.7

Cl Br Br -63.6

Cl Br 1 -65.3

Cl 1 1 -66.8 343,5

Br Br Br -64,2 339.4

Br Br 1 -65.7

Br 1 I -67.1

I I I -68.2 345,7

CH, CH, CHs -62.6 336.8

OCCCFy  OCOCFs;  OCOCF, -56,0 331.6

H H H -49,2 331.6 8.7
H H F ~-58.8 8.2
H H Ccl -57.6 8.1
H H Br -56.7 8.3
H H I =55.4 8.4
H Cl Cl -62.1 8.6
H Br Br -61.9 9.
H I I -61.7 8.9

& in ppm from CFCljs. in Hz.
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TABLE 4

l9F nmr data of trifluoromethylgermanes (CF; ),GeXY

X Y s(cry )2 |raccr)|P RIE oIk g (um)|P
CF, CF, -49.2  330.5 5.55  23(7°GeF) 26.3
CFy F -54,1 328.5 3.20

CFs C1 54,1 331.0 3.56

CFs Br -53.9 332,3 3.70

CFs 1 -53.7 334,0 3.95

CF; H -50.1 330,2 4,1(2) 6.7
CF; CHsy 54,6 330.2 3.93

CF, Ge(CFy )5 -46.4

CFs 0Ge(CFy )y  -54.7  331°

CFy OCOCF, -52,8 3%1.3 3.50

CFs N(CHsy ), -52.3 334.2 3.60

F F -56.0 327(1)

F Cc1 =574

F Br -57.6

F I ~58.6

Ccl c1l -58,6 332.7 3.61

Ccl Br -58,7

cl I -59.5

Br Br -58.9 335.3 3.92

Br I =59 .4

I 1 -59.7 3%9.7 4,32

CH, CH,4 -58.9 333.0 4,12

OCOCFs  (OCOCF; -54.8 331.7 3.53

N(CH; )2 N(CHj ), -53.9 356.9 3.75

N(CHs )2 I -65.5 336,2 4,15

H H -50.3 330.2 4,72 7.7
H F -56.8 7.9
H c1 -56.5 7.7
H Br -55.9 7.6
H I -55.2 7.3

b

8 in ppm from CFCly. in Hz. © broadened by long-range

FF coupling.
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As for the MF rescnances, deshielding relative to the
halides is apparent for molecules with hydrogen in adjacent
positions; e.g. the resonance frequency increases along
the series (CFB)nCHA—n with increasing number of hydrogens.
An analogous hydrogen effect is observed for the trifiuoro-
methylgermanes, (CFB)nGeHQ-n’ the CFs; groups resonating at
appreciably higher frequencies (8(CFy) -49.7t0.6 ppm) than
the halides with the same number of CF; groups.

The Tables 2-4 exhibit a further basic difference between
the carbon and germanium derivatives. The CFy; shifts of the
carbon compounds are characterized by an inverse halogen
dependence, CF;CF; resonating at the lowest freguency. This
trend has been rationalized in terms of van der Waals inter-
actions [13] which, due to the r—6 dependence, are much less
important for the trifluoromethylgermanes and are obviously
overruled by the inductive effect. Consequently, a normal
halogen shift results for CF;GeX; and (CFj),GeX,, the most
negative o-value being recorded for CF;Gels. The halide
substitution pattern is such that introduction of a heavier
halide will increase the CF; shielding. The magnitude of the
shift difference 4(XY) upon replacement of a halide X by
another halide Y depends on the &-value itself and decreases
linearily with increased shielding:

A(XY) = 5(CF5GeR,X) - 6 (CF5GeR,Y) =a « 6(CF;GeR,X) + b

(R, X, Y = halogen)
The values of a and b for the different pairs of X and Y
are listed in Table 5. All slopes intersect at approximately

TABLE 5

Halide substitution shifts A(XY) in the 19F spectra of
(trifluoromethyl)trihalogermanes CF;GeR, X (R, X,Y=F,
Cl, Br, I)

XY = FI FBr FC1 C1I  ClBr Bri
a 0.302  0.174 0.147 0.181 0.033  0.167
b 22.6  13.3 11.1 13.6 2.6 12.3

6(A=0) =75.2 =76.1 =75.% -75.0 -78.1 =-73.4
r’ 0.996  0.990 0.979 0.989 0.60 0.968

“Correlation coefficient r:=a-dx/cy.
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A(XY) =0 and §(CF5) =-75.4 ppm, which points towards an
almost pure inductive effect. an electropositive ligand

will increase the negative charge of the fluorines and cause
a shielding contribution, which however will be reduced by
the concomitantly increased repulsive interaction of the
fluorines which are only ca. 216 pm apart. Both terms will
cancel at a hypothetical value of ca. -75.4 ppm. These
correlations do not include R=H or CFs;, both of which reduce
A(XY) and eventually lead to negative values (inverse halogen
dependence) for the series (CFy);GeX, (CFs),GeHX, CF;GeH,X
and CF;GeHX, . Correspondingly, the points of intersection

are shifted to higher frequencies, e.g. §{(A=0) is ca., -61.2
ppn for (CFs),GeX, and -53.5 ppm for (CFs);GeX.

An inductive effect comparable to that of germanes should
also be valid for the carbon compounds, which implies that
the B values in the van der Waals expression [13] are too
small. The large difference in the shifts of tne individual
fluorines of a CF; group, for example in CF;CF,I [19], are
indicative of van der Waals and inductive contributions.
There the fluorine trans to iodine, which is too far removed
for significant ! through space' interactions, resonates at
a lower frequency than the other fluorines with their shor-
ter F..I gauche contacts or than the fluorines in CF;CF;.,

Coupling constants

The 1J(CF) coupling constants may be obtained either from
the 13C nmr or the 15C satellites in the 19F nmr spectra,
In principal, these spectra of (CFB)nMRa—n derivatives have
to be analyzed as A3B3-nx systems, In the case of the ger-
manes, the ratio 1J(CF)/2-J(FF) is approximately 40:1 and
with the given resolution both the A (19F) ana X (}°C) sub-
spectra appear as first order. In all cases the B part was
hidden by the main singlet. For the carbon series, however,
the ratio decreases to ca 1l4:1 and high order splittings
are clearly resolved both in the 19F and 130 spectra, which
were analyzed by computer simulation [331].

Tne one-bond CF coupling constant depends on the atom
attached to the CFy; group [ 34], its absolute value increasing
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with the size of the central atom. As with all couplings
involving fluorine, orbital and dipoclar terms add consi-
derable contributions to the total value [4]. Substituent
effects are consequently not directly related to bonding
parameters such as bona lengths or force constants., The
presence of contributions with cifferent signs is apparent
from the comparison of the carbon ana germénium series.

The germanes span a range from 324.7 Hz in ClFs;GeF; to 345.7
Hz in CF;Gel, (Table 3). In contrast, |lJ(CF)’ decreases
with increasing size of the haiide in CF;CX; (Table 2), and
the largest coupling is found for (CF;),C. Because of the
longer bonds in the trifluoromethylgermanes steric inter-
actions are expected to be less important than inductive
effects. The electronegativity of the atom or group attached
to germanium seems to exhibit a major influence, an electron-
withdrawing group contracting the erffective size of the ger-
manium atom and thus decreasing IlJ(CF)l.

1‘hmm
[Hz)
-350 +
~340 +
o °
* +
. CF;GeX, .
ol *. (CF);GeX, ©
(CF3); GeX +
1 L 1 >
.50 -0 -70  Sippml

Fig. 4. Plot of 1J(CF) vs. 8(CF; ) in trifluoromethylgermanes

A linear correlation between 8(CF;) and LJ(CF) is ob-
tained for ClF;GeXs; derivatives (X = halogen), wnich however
does not include the high-frequency srifted hydride., The
Figure also demonstrates the absence of a more general

6(CF5)/1J(CF) relation, wrich indicates that long-range
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F..F or F..H contacts do not contribute uniformly to &(CF;)
and lJ(CF). Considering again the chloride series (UFB)nMClA—n'
which is expected to have the least electronic changes in
the CF;M part, a slight decrease in TlJ(CF)Iis found with
increasing n for M=Ge. This is in contrast to the carbon
analogues, and the large coupling constant in (CF;),C pre-
sumably arises from steric nindrance of the CFy; groups. In
a simple MO description, interaction between the CF; groups
will stabilize the virtual C-F antibonding orbitals and de-
stabilize the non-bonding Pp orbitals, thus reducing AE
and increasing the predominant contact and orbital terms.

The 13C satellites of compounds with more than one CFj
group are split due to QJ(FF), and the multiplicity of the
satellites may be used as a valuable aid in establishing
the number of the CF; groups. The time-averaged value of
QJ(FF) was snown to be positive for (CFy),CI, [197 though
specific interactions such as the trans-gauche coupling may
adopt a negative sign. These long-range couplings have been
calculated to decrease with increasing F..F distances [57,
in principal agreement with the smaller absolute value of
4= 1 Hz found for the germanes (Table 4). As a general trend
the magnitude of this coupling constant decreases with in-
creasing electronegativity of the ligands which suggest the
same sign for the carbon and the germanium series., The lar-
gest value is found for the hydrides, again confirming the

exceptional role of hydrogen.

The 3J(FF) coupling constants in (CFB)nGeFmXQ-m—n deri-
vatives (Table 6) span the range from 3 to 16 Hz, the magni-
tude of the values increasing with increasing electronega-
tivity of X. A linear correlation has been found Ior CF;CF,X
and CF;SiF, X compounds, which leads to the prediction of po-
sitive signs for the silanes [ 35]. The germanes correlate
similarly with their carbon analogues. Figure 5 shows that
all mono-CFy derivatives may be represented by a single line
whereas the line correlating the (CF3)2MFX compounds is
cliearly offset and also does not include (CF5 )sMF. The data
strongly su.gest a positive sign for all observed 3J(FF)

couplings in the germane series.
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TABLE 6

Coupling constants 3J(FF) {Hz) in trifluoromethylgerman:
fluorides, (CFB)nGeFmX

4em-n
X = F c1 Br 1
CFs GeF, X 16,5 13.2 11.8 9.9
CF,GeFX, 2 10.4 8.2 4.5
(CFy ), GeFX 9.5 7.1 5.8 3.9
(CFs5 );GeX 3.7
a

CF5GeFC1Br 9.3, CF,GeFC1I 7.3, CF,GeFBrl 6.5 Hz.

T 3FR)
[Hz)
.5 M=C
+5 +10 +15 (Hz)
0 i 1 1 ¢
4 3) (FF)
M = Ge
-5 k
®
x CF3MF2X
-10 F
o ®  CFMFXy
*  [CFg),MFX
4 o] (CF3l3MF
.15 |

Fig. 5. Plot of 2J(FF) in (CF3) \CF X, o 1 Vs, 33(FF) in

(CFg) GeF X, = (X=F, C1, Br, I)
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13C nmr_spectra

The 130 spectra of the iodo derivatives (CF GeIL&_n

B)n
(n=1-4) and (CFB)nCIA—n (n=1-3) are summarized in Table 7
along with their u.v., spectra. Increasing the number of

iodine atoms shifts the 13C resonances to lower fregquencies,
the changes being more pronounced for thce germanes. A large
shift results for the central carbon atom, e.g. the CF;CI,
resonance is observed as low as -127.9 ppm. The high-order
pattern of the CF, resonances in the perfluorocalkanes allows
the direct determination of the sign of the three-bond coup-
ling 3J(CF). Its small value of ca, 1 Hz, which is in contrast
to the value of ca. 5 Hz for the germanes, indicates partly
cancelling contributions for Jav’ for example opposite signs

for trans and gauche couplings.

TABLE 7

130 nmr parameters and u.v. spectra of (CFB)nMIh—n (M =Ge,C;
n=1=4)

(CF, ), Ge 126.8 -330.8  th.4 - -
(CF5 );Gel 123.8 -335.0 *4.8 235 © 4.0
(CF5 ), Gel, 117.5 -340.3 ¥5.8 265 © 8.7
CF; Gel, 105.0  -346.7 - 310 T 7.5
(CFy),CI &  122.4  -283.5 +1.0 % 288 °© 0.64
(CFy),CLY  121.8  -280.3 +1.3 % 302 ° 3.28
CF,CI, * 117.0  -278.6 - - -

2 in ppm with int. CDCl; at 77.3 ppm. ® in #z. © in nm.
in cm2. € gas phase. f in CHCl4. & central carbon §=37.7

ppm, 2J(CF)=)O.6 Hz.  central carbon 6=-19.9 ppm, 2J(CF):

33.6 Hz. 1 central carbon 6=-127.9 ppm, 2J(CF)=36.1 Hz.

k absolute sign from computer simulation.
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EXPERIMENTAL
19F and 1
spectrometer operating at 84.67 and 90.00 MHz, respectively.
19F chemical shifts refer to CFCly, “°C shifts to TMS with
=105 19 . ,
6 =10 (Vx"vref)/vref' The F shifts were obtained from
mixtures, utilizing (CFy;);Gel or (CFs),Ge as internal refer-

H nmr spectra were recorded on a Varian EM 390

ence for CF;Ge groups and SiF, for germanium-bonded fluorine.
The concentration dependence was less than 0.3 ppm for 8§(CFy)
while up to & ppm for 8(GeF), All gquoted values were averaged
from at least three different samples, standard deviations
being <0.3 Hz for lJ(CF) and <0,05 Hz for QJ(FF). 13¢ nmr
spectra were recorded on a Varian FT B80A spectrometer at

20 MHz on saturated sclutions in CDCls; or with ca. 20% CDCls,

serving as internal lock.

The u.v. spectra were obtained with a Beckman UV 5720
spectrometer using 1 cm gas cells. The pressure was monitored
with a MKS Baratron 315 BHS manometer.

All manipulations were carried out employing a grease-
less standard vacuum-line. Purification of compounds was
achieved by trap-to-trap condensation and/or g.l.c. The
purity of the samples was checked by their nmr and vibra-
tional spectra.

Trifluoromethylgermanium iodides were obtained from Gel,
and (CFs),Hg [107 and separated utilizing a spinning band
distillation column. Conversion from the iodides to other
halides or trifluoroacetates was achieved by reaction with
the appropriate silver salt(8) in sealed glass ampoules.,
The mixed halides we:re prepared using excess iodogermane,
the conversion always taking place to form the lighter ha-
lide., Details of the preparations, physical properties and
spectroscopic data of the hithero unknown trifluoromethyl-
germanium trifluoroacetates, amides and hydrides will be

published eisewhere. Triflucromethyl(fluoro)germanes,
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(cFs),
sition of the compounds (CFB)

GeFmXA—m—n’ were also obtained by the thermal decompe-
n+mGeX4-m—n' The reaction was
carried out in sealed 4 mmglass tubes at 19OOC, the progress
being monitored by 19F nmr spectra. Methylgermanium fluorides,
(CHB)nGeFQ—n’ were obtained from the corresponding bromides

and AgF in sealed ampoules at ambient temperature and identi-
fied by their 14 nmr and vibrational spectra [36]. Chemical
snifts 8(GeF) are: CHyGeFy -146.0, (CHs),GeF, -151.8, (CHjs);GeF
-190.5 ppm.

Mixtures of perfluoroalkyl halides were obtained from the
reaction of CFs radicals, generated in a radio-frequency dis-
charge through C,Fs, with 8nX, [37]. Product enrichment or
separation was achieved by trap-to-trap condensation and
g.l.c. utilizing a 6mmx 7m SE 30 column on a GC Varian 3700.

The compounds were identified by their nmr, mass and vibratio-
nal spectra. The samples of (CFs);CI and (CF;),CI, were synthe-
sized following literature methods [ 38]. The sample of CF;CIy
was kindly supplied by Dr.G.Pawelke, GHS Wuppertal.
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