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SYNTHETIC COMMUNICATIONS. 23(10), 1409-1413 (1993) 

PERFLUOROALKYLATION OF ClGeEt WITH PERFLUOROALKYL 

BROMIDES AND IODIDES AND P(NEtd3 

Vadim V. Bardin 
Inst i tute of Organic Chemistry, 630090, Novosibirsk, Russia 

Abstract: R F G ~ E ~ ~  were prepared by reaction of CF3Br, C F d  or 
n-C4FgBr with P(NEtz)3 whereas CFzBr-CFzBr underwent by 
debromination and tert-CdFsI gave only FGeEb. Interaction of 
CC14, ClGeEt3 and P(NEtz13 led to  formation of CCkGeEt3. 

Recently, trichloromethylation of halosilanes with C C h  - 

P(NEtz)3 1, their perfluoro and polyfluorohaloalkylation with RFX 

- P(NEt& ( X  = CI, Br, I) 2-5 have been described. Nevertheless, 

there are no data about the application of this reaction for the 

preparation of the corresponding gerrnanes. This paper presents 

results of the synthesis of perfluoroal kyltriethylgermanes and 

t r i c  hlorometh y I t r iet h y I germane usi ng t r is (  diethy lami no)p hosp hi ne 

and some limitation of th is  reaction. 

Treatment of the solution of bromotrifluoromethane and 

chlorotriethylgerrnane in CHzClz with tris(diethy1arnino)phosphine at 

-60 "C and heating of the reaction mixture up to 20-22 " C  leads to  

formation of trif I uorometh y l t r ie t  hyl germane and the corresponding 
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1410 BARDIN 

p hosp honi urn salt. T rifi uoromet h y I at ion of ClGeEta with iodotrif l  uo- 

Tomethane and P ( N E t z h  proceeds In a similar manner. 

P(NEtz13 

CF3X + ClGeEt3 ______3 CF3GeEt3 

X = Br, I -P( N E t2hXCI 52-66 % 

This approach is convenient for the synthesis of fluorinated 

tetraalkylgermanes which contain a long unbranched perfluoroal ky l  

group. For instance, the interaction of n-bromononafl uorobutane 

with CIGeEt3 and P(NEtz)3 leads t o  the formation of nonafluoro-n- 

but y I t r ie t  h y I germane. 

P(NEtz)3 

n-CdF9Br +- ClGeEts _____) n-C.iFgGeEts 

-P(NEtz)sCI Br 78 % 

On the other hand, the interaction of ClGeEt3 with P(NEt2)3 

and nonafl uoro- tert-butyl iodide gives only f luorotrieth y I germane 

in  high yield and no R F G ~ E ~ ~  was detected in the reaction 

mixture. Attempted synthesis of 2- b romotetrafl uoroeth y I t r ie th  yl- 

germane from CF2Br-CF2Br failed due to  the fast debromination of 

this substance by tri s(dieth y lami no)p hosp hi ne. 

It should be noted that CCl4 easily alkylates ClGeEts under 

the action of P(NEt2)3. 

P(NEtd3 

CCl4 + ClGeEts I CCI3GeEts 

-P( NE t2hCI2 68 % 
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PERFLUOROALKYLATION OF CIGeEt, 141 1 

Table 

Perf1 uoroal k y I ation of CI GeEb 

RFX 

rnmol 

ClGeEtj P(NEtz13 Product 

mmol mrnol 

CF3Br 

121 51 48 C F3GeE t 3  

CF3I 

87 51 57 CF 3GeE t 3  

n C4F9B r 

84 51 61 n-CdFsGeEts 

t C 4 F d  

31 25 25 FGeEt3 

1,2-CzBr2F4 

53 51 55 CFz=CFz 

Yield 

% 

52 

66 

78 

81 

85 

Experimental 

The IH and I9F NMR spectra were recorded on a Bruker  WP 

200 SY spectrometer a t  200 M H z  ('HI and 188.3 M H z  (lsF) (TMS 

and CFC13 as internal references). The I R  spectra were recorded 

on a Specord M 80 instrument. 

Perfluoroalkylation of chlorotriethylgermane. A solution of 

chlorotriethylgerrnane and haloperfluoroal kane i n  CHzCIz (30 mL) 

was cooled u p  t o  -(40-50) "C  with s t i r r i ng  i n  a d r y  argon atmo- 

D
ow

nl
oa

de
d 

by
 [

M
cM

as
te

r 
U

ni
ve

rs
ity

] 
at

 0
3:

34
 2

8 
D

ec
em

be
r 

20
14

 



1412 BAKIIIK 

sphere (CF3Er and CF3I were condensed at -60 "C). Then a 

solution of P(NEt2)3 in an equal volume of CHzCIz was added 

dropvrise within 15-20 min. The reaction mixture was s t i r red  fo r  1 -  

1.5 h and heated up t o  RT within 2-3 h. The resulted solution was 

extracted with pentans (3 x 50 mL), t he  extract washed with ice 

water, dr ied wi th MgS04 and the  solvent disti l led o f f  at reduced 

pressure. Vacuum disti l lation of  the residue gave the product  

(Table). 

The reaction of  CFzBr-CFzBr was carr ied o u t  i n  a Slrnilar 

way b u t  evolution of  tetrafluoroethene ( ident i f ied b y  IR) proceed 

du r ing  an addition of P(NEtz)3 and no fluoro-containing substance 

was found in t h e  reaction mixture af ter  heating u p  to  RT. 

Trifluoromethyltriethylgermaner Bp 147 C [I it. 59-60 ' C (40 

mm)]; 1H NMR (CCId), 6: 0.95-1.15 (GeEts); 19F NMR (CCId), 6: 

-55.7 (s) [lit. 22.7 ppm from ext. CFSOOH]. 

Nonafluoro-n-butyltriethylgermane: Bp 75-76 C (2C rnm); 'H NMR 

(CC14), 6: 0.96-1.11 (GeEt3); 19F NMR (CC14), 6: -81.9 (CF3), -120.1 

(CFz), -120.9 (CFz), -126.6 (CFz);  I R  (neat l iquid): 2968, 2920, 2887, 

1466, 1429, 1386, 1349, 1236, 1197, 1152, 1129, 1096, 1062, 1017, 

1000, 853, 807, 779, 743, 718, 705, 680, 615, 584 crn-1. Found: C 

32.1, H 4.04, F 45.0. CioHi5FgGe. Requires: C 31.7, H 3.96, F 45.2. 

Trichloromethylation of chlorotriethylgermane. A solution of cc14 

(20 rnmol) and ClGeEts (20 rnrnol) in 20 rnL of pentane was cooled 

with ice water in a d r y  argon atmosphere. Then a solution of 

P(NEtz)3 (21 rnrnol) i n  5 rnL of  pentane was added dropwise. 

Immediately a white precipitate was formed. The reaction mixture 
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PERFLUOROALKYLATION OF CIGeEt, 1413 

was st irred for 1.5 h and f i l te red .  Trichloromethyltriethylgermane 

was isolated by vacuum distillation in  68 96 yield. Bp 92-95 “ C  (6 

mm); ’H NMR (CCId), (5: 1.10-1.14 (GeEt3); I R  (neat liquid): 2968, 

2947, 2917, 2880, 1460, 1386, 1255, 1240, 1031, 1012, 980, 765, 666, 

587, 540 cm-l. Found: C 30.5, H 5.77, CI 38.1. C7HisC13Ge. Requires: 

C 30.2, H 5.39, CI 38.3. 
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