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SUMMARY 

The reduction of iodo-containing fluoroolefins with NaAlH4 in diglyme 

followed by hydrolysis with D20 provides a convenient preparative pro- 

cedure to the corresponding deuterated fluoroolefin. 

INTRODUCTION 

Polyfluorinated olefins generally react with complex metal hydrides 

either via nucleophilic displacement of vinylic halogen by hydrogen or - 

allylic displacement of fluorine through an SN2' type reaction [1,2]. 

Olefins that contain vinylic iodide, however, do not undergo nucleophilic 

substitution when reacted with LiAlH4 in ether. Instead, they form 

aluminum complexes, which are stable in solution. Evidence for this alter- 

nate mode of reaction was obtained from GLPC analysis of the reaction mix- 

ture before and after hydrolysis, measurement of the hydrogen gas evolved 

during the reaction, and an investigation of the amount of deuterated vs. - 

protonated product obtained if hydrolysis of the reaction mixture was 

carried out with D20 [3,4]. 

The reactions of the iodine-containing olefins can be rationalized via - 

the scheme first described by Hauptschien and co-workers [5]. Scheme 1. 

The deuterated olefin observed, when hydrolysis of the reaction mixture is 

carried out with D20, presumably arise from hydrolysis of complex [B] with 

D20. 

Since the deuterated productsare of interest in mechanistic studies of 

these olefins, it would be convenient to have a synthetic method to prepare 

reasonable quantities of the deuterated olefin without recourse to large 

amounts of the expensive complex metal deuterides. This report focuses on 

this question and provides auseful preparativeentry tothese labeled olefins. 
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(a) RI + A1t1~- --+ [RAIH~II- + Hp 

[Al 

(b) [RAIH~II- + RI - [RAIHI&- + RH 

Dl 

(c) [RA1H121- + 3H20 - RH + A1(OH)3 + H2 + HI + I- 

I I 

R = CF2(CF2)n-CX=CI : n = 1,2; X = Cl, Ii 

SCHEME 1 

RESULTS AND DISCUSSION 

We have also demonstrated that NaAlH4 in diglyme reacts with fluoro- 

olefins in a manner analogous to LiA1H4 in ether [6]. The substitution of 

NaAIHq for LiA1H4 in these reactions allows the use of diglyme (bp 161°C) 

as a solvent and facilitates removal of volatile olefins from reaction mix- 

tures. LiA1H4 is only very slightly soluble in diglyme [7]. 

We have taken two approaches to solve this problem, The initial 

approach, Method [I], attempted to remove (via vacuum evaporation) all of - 

the initially formed reduction product (RH in step (b) of Scheme l), 

followed by hydrolysis of complex [B] with D20. The olefin 1-chloro-2- 

iodohexafluorocyclcopentene (see Experimental) was reacted in this manner, 

and pure 1-deutero-2-chlorohexafluorocyclopentene was obtained via pre- - 

parative GLPC [8]. The method works reasonably well; it is, however, 

complicated by formation of large quantities of the initial reduction pro- 

duct, which hinders the isolation of the deuterated product and lowers the 

yield of the deuterated product. 

An alternate approach, Method [II], merely involves inverse addition. 

If the reaction proceeds as outlined in Scheme 1, then reaction of equi- 

molar amounts of olefin and hydride should give only intermediate [A] and a 

mole of hydrogen - providing the olefin is added to the hydride solution 

and that the A1H4- is a better reducing agent than [A]. No reduced olefin 

should be formed before hydrolysis. The results of this approach are 

illustrated in the following equations. 
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inverse 
+ NaAlH4 DZO 

_ [intermediate] - 
addition 

38% 

F 
inverse 

F 020 
------+ [intermediate] -----+ F2 

addition 
F2 
0 

H Cl 

43% 

The isolated yield of the deuterated olefin is acceptable. The purity of 

the labelled product is excellent. No evidence of the protonated analog 

was detected by infrared analysis. 

Method (II) appears to be the preferred method. It is easy to carry 

out experimentally, can be scaled up with no problem, and isolation of the 

deuterated product is merely a simple distillation. We recommend this pro- 

cedure to researchers in need of such labelled materials. 

EXPERIMENTAL 

[I] Method 

In a typical reaction, 11.4 ml (12.5 mmoles) of 1.1 E NaA1H4 in dry 

diglyme was added slowly at 0-5°C to a stirred solution of 8.40 g (25 

mmoles) of 1-chloro-2-iodohexafluorocyclopentene in 25 ml diglyme. After 

stirring for l/2 hour, the 1-hydro-2-chlorohexafluorocyclopentene formed 

was removed under reduced pressure (ca 1 mm for 24 hours). When GLPC in- -* 

dicated that all of this latter material had been removed, the reaction 

mixture was hydrolyzed by the slow addition of 2.0 ml of D20. Following 

hydrolysis, the reaction mixture was again subjected to reduced pressure. 

The distillate (product and diglyme) was subjected to preparative GLPC. A 

sample of 1-deutero-2-chlorohexafluorocyclopentene was isolated. Its in- 

frared spectrum was identical to an authentic sample and showed no 

absorptions characteristic of 1-hydro-2-chlorohexafluorocyclopentene [9]. 

Method [II] 

A solution of 33.6 g (100 mmoles) of 1-chloro-2-iodohexafluorocyclo- 

pentene in 100 ml of dry diglyme was added slowly to 112 ml (110 mmoles) of 

0.987 M NaA1H4 in diglyme, keeping the temperature of the reaction below - 
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10°C. After the addition of olefin was completed, GLPC analysis of the 

reaction mixture showed trace amounts of l-chloro-5,5-dihydropentafluoro- 

cyclopentene and 1,5,5-trihydropentafluorocyclopentene, but no 1-hydro-Z- - 

chlorohexafluorocyclopentene was observed [lo]. The reaction mixture was 

then slowly hydrolyzed with 8.0 ml D20 [ll]. The reaction mixture was then 

stirred for one hour at room temperature. The olefinic mixture was then 

subjected to steam distillation; the organic distillate layer dried over 

molecular sieves, and then distilled on a spinning band column to give 9.0 

g (43%) of I-deutero-2-chlorohexafluorocyclopentene. The infrared spectrum 

of this material showed no evidence of any 1-hydro-2-chlorohexafluorocyclo- 

pentene [9]. 

Preparation of 1-deutero-2-chlorotetrafluorocyclobutene 

A similar reaction with 100 mmoles of I-chloro-2-iodotetrafluorocyclo- 

butene and 110 mmoles of NaA1H4 was carried out as described above to give 

6.1 g (38%) of the titled product [12], isolated by preparative GLPC. 
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