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Summary 

The hydrogenation of (CF,),,GeX,_,, (X = halogen, n = 1-3) with NaBH, in an 
acidic medium has been investigated. Deuteration with NaBD, and D,PO, gave the 
partially deuterated species CF,GeH,,D,-. and (Cq),GeH,,D,_,, in reasonable 
isotopic purity. The (CF,),GeHBr was isolated and converted into the halides 
(CF3),GeHX (X = F. Cl. I) by treatment with AgX or HX. Insertion of CF2 into a 
Ge-H bond has been observed, and (CF,)(CF,H)GeH, has been characterized. 
Direct alkylation of Ge-H bonds was brought about by reaction with a mixture of 
RI and R;Zn (R, R’= CH,, C,H,), and the methyl(trifluoromethyl)germanes 
CF,GeH,(CH,), CF,GeH(CH,), and (CF,),GeH(CH,) were isolated. For R = CD,, L 
R’ = CH, the product distribution can be accounted in terms of two competing 
mechanisms. 

Introduction 

Of the trifluoromethyl derivatives of Main Group IV elements, germanium 
compounds have been most systematically studied [l-3]. Whereas trifluoromethyl- 
silane, CF,SiH,, has been characterized recently [4], and some evidence has been 
presented for CF,SnH, [5], the trifluoromethylgermanes, (CF,).GeH,_,, (n = l-3) 
are readily accessible from the corresponding halides and NaBH, in an acidic 
medium [6]. Their bonding properties, which are dominated by a rather weak GeeC 
bond, have been investigated by means of vibrational [7,8] and photoelectron [9] 
spectroscopy as well as by structural methods [lo]. 

Because of its high electronegativity. the CF, group behaves like a halide, the 
basic difference from a halide being the inability to accept a negative charge and 
thus to act as a leaving group in S,-type reactions. However, strong nucleophiles 
will eliminate the CF, group irreversibly, e.g. OH- yields HCF, quantitatively. The 
electron-withdrawing power of the CF, group increases the acidity of the Ge-H 
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TABLE 2 

NMR DATA FOR THE (TRIFLUOROMETHYL)GERMAKES (CFl),,Ge(H,‘D), ,, 
__--. -.. ~___ 

GeH, CFyGeHI (CF,),GeH, ((‘Fl),GeH 

6(H) ‘I 
6(F) “.” 
AS(H) ’ 
A&(F) /a 
‘J( HD) ’ 
‘J(HF) ’ 
‘J(DF) ’ 
4J(FF) ’ 
6(C) iI 
‘J(CF) ( 
zJ(CH) i 
‘J(CF) ’ 

3.30 4.27 
-49.2 

0.013 0.013 
_ a.033 
1.2 2.1 
_ 8.7 
_ 1.35 
_ _ 

_ 131.0 
_ 331.7 
_ 9.1 

5.05 
- 50.3 

0.010 
0.032 
3.0 

7.8 
1.20 
4.12 (j 

129.1 
330.7 

12.3 
5.3 

5.65 
-50.1 

0.027 

6.7 
1 .oo 
4.10 

127.5 
329.5 

15.1 
4.8 

” Internal TMS/CFCI, reference. 6 =lOh x( v - vKII.)/vKef. ” 315 = G(GeH,,)- 6(GeH,, ,D). ’ In Hr. 
’ In C,,D,. S(C,D,) 127.0 ~pm. ’ Ref. 3. 

reaction with NaBH,, giving the corresponding (CF,),,_ , germane, e.g. somewhat 
less than 5% (CF,),GeH2 is obtained in the preparation of (CF,),GeH, 

nn4 
CF,Ge-:I --Ge-H + CF, 

However, such elimination reduces the yield of CF,GeH, from CF,GeI, by as much 
as 50% at ambient temperature. The generated CF, is not only protonated to form 
HCF,, it also appears to eliminate F-- with concomitant formation of difluorocar- 
bene. The latter, which may be trapped as HCF,Br in hydrobromic acid. also inserts 
into a Ge-H bond yielding ca. 10% of (CF,)(CF,H)GeH, as well as small amounts 
of (CF;,)(CF2H)GeHX (1.5%) and (CFj)(CF,HfGeX, (< 0.5%). which were identi- 
fied from their NMR spectra (Table 3): 

l-t ’ 
HCF?+---- CF,- -) CF2 + F 

CF, + CF,GeHX, -t (CF;)(CF2H)GeX, 

If the l~ydrogenat~~~n is carried out in the corresponding HX acid the partially 
hydrogenated species may trapped, e.g. (CF,)2GeHBr is obtained in a 10% yield 
when concentrated hydrobromic acid is used at ambient temperature. Conversion 
into other halides is readily brought about by AgX, to form the lighter halide 
(X = F, Cl), or with gaseous HI to form the iodide: 

A&X HZ 

R,GeHX - R ,GeHY -R2GeHZ fez, cm, < t?r,) 

The ‘Ii and lYF NMR data of (CF,),GeHX (X = F. Cl. Br, I, CH,) are given in 
Table 3. As in other (trifluoromethyl)fluorogermanes, no coupling to the Ge-bonded 
fluorine is observed, and fast fluorine exchange, possibly catalyzed by traces of HF. 
seems likely. 

Mixed methy~(trifluoromethyl)germa~~es are accessibk by several methods includ- 
ing partial methylation of the iodide followed by hydrogenation. Thus treatment of 
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(CF,),GeI, with (CH,),Cd yields (CFj)2GeI(CH3). which was converted into 
(CF,),GeH(CH,) with NaBH,. An alternative route to methyl(trifIuoromethyl)ger- 
manes, (CF,),,(CH,),,,GeH,...,,_,,, (n = 1. 2). is the methylation of the corresponding 
trifluoromethylgermane CF3GeH, or (CF,),GeH, with a mixture of CH,I and 
(CH,),Zn at or below ambient temperature; e.g., 

CP3GeH, + CH,I + (CH,),Zn + (CF~)(CH~)GeH~ + CH, + CH,ZnI 

The ‘H and tYF NMR spectra of some methyi(trifluoromethyl)germanes are listed 
in Table 4. The reaction proceeds smoothly until all the methyl iodide is consumed. 
With an excess of CH,I germanium iodides such as CF,GeI, are formed in addition 
to the partially methylated species. Use of a l/l CD,I/(CH,),Zn mixture gives 
both CH,- and CD,-containing products; infrared analysis of the evolved methane 
confirms the presence of both CD,H and CH, species. Methyl exchange between 
CD,1 and (CH,),Zn under these conditions is excluded since hydrolysis of the 
residual (CH,),Zn and CH,ZnI yields CH, exclusively. These results may be 
accounted for by two alternative mechanisms which may be represented schemati- 
cally as a “head-to-head” and a “head-to-tail” exchange: viz. 

SGe--H 4 + - 
I-R 

-+--I + RH 
&al 

-R’ ZnI 
+ RH (1) 

\ 
-Ge-H 

/ + 
A 

R----T 

fGe-R + HI 
Ri Zn 

-R’ZnI 
w --)Ge--t? + R’H (2) 

It should be noted that neither CH,I nor (CH,),Zn reacts with CF,GeH, at 
room temperature. Activation of the methyl iodide is required, and transition states 
such as: 

for eqs. 1 and 2, respectively, are possible. For R = CD,, R’ = CH, the relative rate 
k,/k, was evaluated from the intensities of the corresponding ‘“F NMR signals, 
which show a well resolved CHJCD, isotopic shift for the CF, resonances (Table 
4). For the first step of the reaction with CF,GeH, a value of 2.5 is obtained, and 
this increases to 3.2 + 0.3 for the second and third H/CH, substitution steps. 
whereas for (CFJ),GeH, the ratio decreases from 2.0 to 1.2. Use of C,H5X and 
(CzH5),Zn, yields the corresponding ethyl derivatives. Use of a mixture of CZH,I/ 
(CH,),Zn. however, yields C2H, with traces of CH,. and the ‘“F NMR spectrum 
confirms the formation of methylated products only, indicating that k, is > kz for 
C2HjI. Presumably, the greater bulk of the ethyl group than of the methyl group 
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its two componeIlts at 1317 and 1338 cm-‘, and the CFZ deforInatiol1 at 610 cm- ’ 
(Table 6). Conclusions about the geometry of (CFJ))(CF2H)GeHz may be drawn 
from the Raman polarization spectra. The highest possible symmetry for this 
molecule is C,, with the C-H bond located in the mirror plane. The skeleton 
vibrations of the molecule (CF,)?GeH,. which have been analyzed in terms of C?,, 
symmetry, correlate as LZ, + u’, uZ -+ a”, h, + LI”, and h, -+ 0’. Inspection of Table 
6, however, shows that the GeH2 rocking mode (a” for C, symmetry) at 440 cm- ’ is 
clearly polarized: that is, the symmetry must be lower than C,, with the C-H bond 
rotated out of the GeC, plane. 

Because of their importance for the determination of reliable force constants, 
especially in the direct comparison of Ge-CF, and Ge-CH, bond strengths. the 
vibrational spectra of CF;GeH,(CH,) and CF,GeH(CH,)2 including both GeD and 
CD, containing isotopomers will be subject of a separate study 1131. 

Experimental 

(Trifluoromethyl)iodogernlanes, (CF;),ZGeI,_,,, were obtained from GeI, and 
(CF,)ZHg [6]. Dimethyl zinc was prepared from CH,L Cu. Zn and catalytic 
amounts of I2 at 120°C sealed in a glass ampoule. D,P04 was made from P,O,,, and 
D,O. 

Manipulations were carried out under dry nitrogen or on a vacuum line equipped 
with greaseless stopcocks. Reaction mixtures for NMR analysis were sealed in 4 mm 
glass tubes. ‘H and “F NMR spectra were recorded on a Varian EM 390 spectrome- 
ter operating at 90.00 and 84.67 MHz, respectively. and ‘jC NMR spectra on a 
Varian FT 80A spectrometer at 20.0 MHz. Positive chemical shifts refer to high 
frequencies relative to the standards, TMS (‘H. 13Cf and CFCI, (‘“F). Infrared 
spectra of volatile compounds were recorded in 20 cm gas cells equipped with KBr 
or polyethylene windows on a Perkin-Elmer 5808 iilstrument between 180 and 4000 
cm-‘. Raman spectra were taken on the liquids sealed in 1 mm capillaries with a 
Cary X2 spectrometer with Kr’ laser excitation at 647.1 nm. Mass spectra were 
obtained with a Varian MAT 311 spectrometer. Masses of isotopic clusters refer to 
the most abundent isotope (e.g. 74Ge). Vapour pressure data were obtained with a 
MKS Baratron BHS 315 manometer and a Pt 100 resistance thermometer. 

(C<JTGeH. A 500 ml flask equipped with a magnetic stirrer, a septum and a 
dropping funnel was charged with 100 ml of 30% phosphorous acid and connected 
to a vacuum line via a reflux condenser kept at - 20°C. After degassing and venting 
with nitrogen, 20.3 g (50 mmol) of (CF?),GeI were added from a syringe to the 
ice-cooled acid. While a pressure of ea. 6bd mbar was maintained, a solution of 8 g 
NaBH, in 80 ml Hz0 was added during 1 h, and the evolved condensable gases 
were collected in two - 196°C traps. Fractional condensation followed by isother- 
mal distillation at 0°C using a slit tube column yielded 11.3 g (CF,),GeH. unreacted 
(CF;),GeI (4 g), and small amounts of (C&):,),GeH,. 

MS: 263 (CF,),(CF;,fGeH (lo), 213 (CF3),GeH (60), 181 CF;GeF, (5), 163 
CF,GeHF (90) 143 CFjGe (20), 119 C,F, (7). 113 F,GeH (68), 101 C2F,H (20), 93 
GeF (loo), 75 GeH (6), 74 Ge (15), 69 CF; (60), 51 CF,H (90). 

(CF,,),GeH, and CE;;GeH, were obtained by a similar procedure with yields 
exceeding 90%. 
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Raman: 2930mp. 1415~~~. 1258wp. 1183~~. 1157w, 112Ovw, 1105vw. 83Xvw, 
813vwp, 724mp. 617mp, 523w, 37 SW. 289mp. 248mp. 237vw. 210~s~. 188vwp. 144m, 
85sh. 73s. 

(CFI),GeH(CH,) was obtained in 85%: yield from (CFJ)2GeI(CH,) and NaBH, 
as described above. 

MS: 209 ~CF~~(C~~)GeH(CH~) (1). 177 CF,GeF(CH,) (6). 159 C&GeH(CH,) 
(55). 127 F,GeCH, (16). 109 FGeH(CH,f (100). 93 GeF (35). 89 GeCH, (30), 74 Ge 
(4). 51 CF,H (10). 

To 1.15 mmot of CF,GeH, were condensed 1.15 mmol CH,I and 1.15 mmol 
(CH,),Zn. A white solid separated when the mixture was warmed to room tempera- 
ture. Analysis of the volatile materials yielded 1.3 mmol CH,. 0.38 mmol unreacted 
CF,GeH,. 0.44 mmol CF,GeH:(CH,). 0.24 mmol CF,GeH(CH,)?, 0.09 mmol 
CF,Ge(CH,), and 0.17 mmol unreacted (CHi)?Zn. Hydrolysis of the non-volatile 
residue yielded 0.55 mmol CH,. Separation was achieved by fractional con- 
densation. 

CF$AH,(CH,,h MS: 160 CF,GeH,(CH,) (4), 159 CF;GeH(CH,) (5), 143 CF,Ge 
(10). 109 FGeH(CH,) (42). 93 GeF (72). 89 GeCH, (loo), 75 GeH (34). 74 Ge (44). 
69 CT;; (12). 

CF,GeH(CH_,j2. MS: 159 CF,GeH(CH,) (3). 158 CF,GeCH, (2), 143 CF,Ge 
(2). 123 FGe(CH,), (30). 109 FGeH(CH,) (33). 105 GeH(CH,), (100). 93 GeF 
(20), 89 GeCH, (45). 75 GeH (6), 74 Ge (8). 69 CF; (3). Utilizing CD,I/(CH,),Zn 
yielded CD,H/CH, (IR anaiysis). CF’,GeH2(CH,)/CF,GeH,(CD,) (0.72/0.28). 
CF,GeH(CH,),/ CF,GeH(CH, )(CD,)/ CF,GeH(CD,), (0.56,’ 0.37,’ 0.07) and 
CF,Ge(CH,),/ CF,Ge(CH,),(CD,)/CF,Ge(CH,)(CL),)2/ CF,Ge(CD,), (0.41/ 
0.38/0.17/0.03), relative abundancies given in parentheses being determined by 
relative peak heights of the CF, NMR signals. Hydrolysis of the residue gave onty 
CH,. 

Similarily, (CF,),GeH,. CD,1 and (CH,),Zn yielded (CF,),GeH(CH,)/ 
KF,),GeH(CD,) (0.68,” 0.32) and (CF,),Ge(CH,)?./ (CF,)zGe(CH,)(CD,)/ 
(CF,)ZGe(CD,)z (0.37/0.46/0.17). 

A reaction mixture of 0.60 mmol CF,GeH,, 0.45 mmol CH,I and only 0.10 mmol 
(CH,),Zn yielded iodogermanes, the product composition being CF;GeH,(CH,) 
(25%), CF3GeH,I (13%). CF,GeH(Cf-I,), (4.5%). CF,GeHI(CH,) (5%). CF,GeHI, 
(2.5%). CF,Ge(CH,), (3%), CF,GeI(CH,), (14%). CF,GeI,(CH,) (9%), and CF,GeI, 
(24%). 

Derivatization of CF3GeHI with (C2H,)?Zn and slight excess of C,H,I yielded 
35% of CF3GeH1(CtH5) (6(CF,) - 51.3 ppm, ‘J(HF) 7.3 Hz). 20% CF3GeH(C,Hs), 
(6(CF,) -53.8 ppm, ‘J(HF) 6.8 Hz) and 30% CF,GeI, (G(CF,) -68.5 ppm). The 
‘H NMR spectrum showed the non-resolved ethyl resonances around 1.2 ppm as 
well as C2H, at 0.87 ppm (referenced to S(CF,GeW,) 4.27 ppm). With CF,GeH,/ 
(C,H,),Zn/CH,I all above mentioned CF, resonances attributed to methyl- and 
ethyl-containing species were observed and both CH, and C,H, were evolved. In 
contrast, use of the combination CF~CieH,/(CH,),Zn/C,HjI led only to methyl- 
ated germanes. 
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