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caused the peak at 6 4.62 to become a singlet, that at 6 1.66 to 
become a broad triplet, that at 6 2.57 to become a broad doublet, 
and the peak at 6 2.80 to become less complex]; IR (neat) 1703 
(CO), 1640 (C=C) cm-l; mass spectrum (15 eV), mle 382 (M', 

exact mass calcd for C23H260S2 382.1425, found 382.1426. 
Epimerization of 7 to 8 and 9 to 10. To a solution of 7 (0.044 

g, 1.14 mmol) in 3 mL of THF was added an aqueous solution 
of sodium hydroxide (0.023 g, 0.58 mmol) in water (2 mL). The 
mixture was stirred at ambient temperature for 0.5 h. Workup 
as above gave 8 in quantitative yield. 

In a similar experiment, a mixture of 7 (R, 0.59, reversed-phase 
TLC, 4:l methanol-water) and 8 (R, 0.51) was converted to a 
mixture of 7 and 10 ( R  0.48) in quantitative yield. 
exo-7-(Phenylthio)6ieyclo[4.l.O]heptan-2-one (12). Abso- 

lute methanol (0.030 mL, 0.75 mmol) was added to a solution of 
3 prepared from 0.75 mmol of tris(pheny1thio)methane in THF; 
the orange-red solution turned light yellow and became turbid. 
Stirring was continued for 20 min before the addition of hexa- 
methylphosphoric triamide (0.26 mL, 1.50 mmol) and methyl 
iodide (0.047 mL, 0.75 "01). The mixture was allowed to warm 
to 25 "C slowly and was maintained at that temperature for a 
period of 15 h. Quenching with water, the same workup as above, 
and flash chromatography gave 0.052 g (32%) of pure eno-7- 
(phenylthio)bicyclo[4.l.0]heptan-2-one (15): mp 62-63 OC; IH 

12%), 273 (M' - PhS, 100%), 163 (M' - PhS - PhSH, 100%); 

NMR 6 1.57-2.38 (m, 8 H), 2.83 (t, J = 3.84 Hz, 1 H, CHSPh),13 
7.14-7.31 (m, overlapping two singlets at 6 7.29 and 7.31, 5 H); 
IR (CClJ 1695 (CO) cm-'; mass spectrum (15 eV), mle 218 (M', 
100%); exact mass for Cl3HI4OS (M') 218.0765, found 218.0765. 
The chemical shift of the C-7 proton and the carbonyl frequency 
are almost identical with those of an analogous compound in the 
carvone ~e r i e s .~  
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The radical chain addition of primary and secondary perfluoroalkyl iodides to olefins is initiated by sodium 
arene- and alkanesulfinates. The process occurs at room temperature and is favored by the use of dipolar aprotic 
solvents. The reaction of perfluorooctyl iodide with sodium p-toluenesulfinate in the absence of olefin requires 
higher temperatures and gives only 1-H-perfluorooctane; no anion-perfluoroalkyl radical coupling products were 
detected. Reaction of perfluorooctyl iodide with the sodium salt of diethyl methylmalonate also gives no coupling 
product; only 1-H-perfluorooctane and a dimer of the malonate anion are produced. These results are compared 
with the reactions of perfluoroalkyl iodides with nitronate and thiolate anions where formation of S R N ~  substitution 
products was observed. 

Several gro~psl-~ have described the very facile reactions 
of perfluoroalkyl iodides with certain electron donor nu- 
cleophiles. Reactions of the iodides with  enamine^,^ thi- 
o l a t e ~ , ~ ~ ~  selenates? sulfinates,6 enolates,' and nitronates' 
result in displacement of iodide by the nucleophiles. Since 
perfluoroalkyl iodides are known to be very resistant to 
normal nucleophilic attack: these reactions may proceed 
by an S R N l  mechanism*12 (Scheme I). 

Scheme I 
RfI + NUC- + RJ-. + NUC 

&I-. + Rr + I- 
Rr + NUC: - R ~ N u c - .  

R ~ N u c - .  + RfI + R ~ N u c  + Rf1-q 

Contribution No. 3349. 

Recently, we presented firm evidence for the S R N l  
pathway in reactions of the iodides with nitronate' and 
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Table I. Addition to Perfluoroalkyl Iodides to Olefins 
uroduct mixture" 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

% 1:l isolated yield of 

100 0 93 
entry RJ (mmol) olefin (mmol) RS02Na, ("01) solvent 7' RJ adduct % olefinb 1:l  adduct 

11 
1 2  
13 
14 
15 
16 
17 
18 
19 
20 
21 

norbornene (100) 
norbornene (50) 
norbornene (100) 
norbornene (100) 
norbornene (25) 
norbornene (100) 
norbornene (100) 
norbornene (100) 
norbornene (100) 
norbornene (50) 

norbornene (100) 
cyclopentene (60) 
1-octene (80) 
1-octene (80) 
1-octene (100) 
norbornadiene (100) 
propene (360) 
allylbenzene (40) 
allyl acetate (80) 
methyl 11-undecenoate (20) 
ethene (420) 

P h  (30) 

CH3 (21) 
p-Tol (20) 

p-CH3CONH-Ph (10) 
p-Tol (1) 
p-Tol (20) 
p-Tol (20) 
p-Tol (20) 
p-Tol (20) 
p-Tol (10) 

p-Tol (10) 
p-Tol (10) 
p-Tol (20) 
p-Tol (20) 
p-Tol (5) 
p-Tol (20) 
p-Tol (20) 
p-Tol (5) 
p-Tol (5) 
p-Tol (5) 
p-Tol (20) 

DMF 
DMF 
DMF 
DMF 
DMF 
Me,SO 

benzene 
DMF 
DMF 

CH8CN 

0 
0 
0 
0 
0 
0 
0 
84 
nm 
0 

DMF 
DMF 
DMF 
DMF 
DMF 
DMF 
DMF 
DMF 
DMF 
DMF 
DMF 

0 
33 
11 
9 
18 
0 
0 
80 
59 
8 
31 

"By GLPC analysis. bProduct formed by elimination of HI from 1:l aL-Act. ' 2 : l  a ' - h c t .  

thiolate anions2 by trapping the intermediate perfluoro- 
alkyl radicals with a series of olefins which were included 
in the reaction mixture. These studies have now been 
extended to sulfinate and methylmalonate anions as nu- 
cleophiles. In contrast tQ the earlier results, these reactions 
do not lead to net nucleophilic substitution of the iodide. 
They do lead to perfluoroalkyl radical formation, demon- 
strated by olefin trapping experiments. The sulfinate salt 
reaction has been developed into a synthetically useful 
process for the addition of perfluoroalkyl iodides to olefins. 
Some additional results on the perfluoroalkyl iodide-ni- 
tronate reaction' are also reported. 

Results 
Reactions of Perfluoroalkyl Iodides in the Presence 

of Sulfinate Salts. Stirring an equimolar mixture of 
perfluorooctyl iodide (la) and sodium benzenesulfinate or 
sodium p-toluenesulfinate in DMF or MezSO overnight at  
room temperature gave only unreacted starting materials. 
Even after one week no reaction was observed. Remark- 
ably, reaction under these conditions in the presence of 
excess norbornene led to the formation of 2-iodo-3- (per- 
fluoroocty1)norbornane (2a) in nearly quantitative yield 
in several hours. Appropriate control experiments showed 
that 2a was not formed under these conditions in the 
absence of the sulfinate salt. 

2a 

The addition of perfluoroalkyl iodides to olefins is an 
important synthetic p r~cedure '~  in organofluorine chem- 

(9) Kornblum, N. Angew Chem. Int. Ed. Engl. 1975,14,734. Korn- 
blum, N. In "The Chemistry of Functional Groups; Supplement F: The 
Chemistry of Amino, Nitroso and Nitro Compounds and their 
Derivative"; Patai, S., Ed.; Wiley: New York; 1982. Norris, R. K. In "The 
Chemistry of Halides, Pseudo-halides and Azides"; Part 2, Patai, S., 
Rappoport, J., Ed.; Wiley: New York, 1983; Supplement D. 

(10) Bunnett, J. F. Acc. Chem. Res. 1978, 11, 413. 
(11) Russell, G. A. Pure Appl .  Chem. 1971,4,67. 
(12) Guthrie, R. D. In "Comprehensive Carbanion Chemistry"; Buncel, 

E., Durst, T., Eds.; Elsevier: New York, 1980; Chapter 5, Part A. 

100 0 
100 0 
100 0 
100 0 
100 0 
100 0 
16 0 
nm nm 
100 0 

100' 0 
63 3 
62 21 
64 2 1  
73 5 
100 0 
45 44 
15 5 
32 8 
61 31 
20 

94 
84 
84 
90 
81 
84 
19 
58 
85 

83c 
46 
nm 
73 
71 
95 
34 
8 
29 
44 
17 (+33% sulfone) 

istry. Since this process seemed to offer the mildest con- 
ditions yet known for this addition, the reaction was in- 
vestigated with different perfluoroalkyl iodides, olefins, 
solvents, and sulfinate salts. The results are summarized 
in Table I. The adduct 2a was formed in high yield from 
la and norbornene by using the sodium salts of benzene-, 
p-toluene-, p-acetamidobenzene-, and methanesulfinic 
acids as initiators and DMF, Me2S0, or acetonitrile as 
solvent. Complete conversion of the perfluoroalkyl iodide 
occurred with 10 mol 5% p-toluenesulfinate as initiator. 
The reaction was much slower with benzene as the solvent, 
although no byproducts were detected. 1,4-Diiodoper- 
fluorobutane reacted cleanly with norbornene giving the 
1:2 adduct 3 in high yield. Perfluorooctyl iodide (la) and 
norbornadiene gave the expected nortricyclene isomers 4. 
The facile addition of primary perfluoroalkyl iodides to 
these strained olefins by using more traditional radical 
initiators has been noted previou~ly. '~ 

t 
ArSOZNa 
P 

3 

la + 

4 

The secondary iodides l b  and IC also reacted cleanly 
with norbornene under these conditions giving 2b and 2c. 

(13) Sheppard, W. A.; Sharts, C. M. "Organic Fluorine Chemistry"; W. 

(14) Brace, N. 0. J.  Org. Chem. 1962, 27, 3027. Brace, N. 0. J .  Org. 
A. Benjamin, Inc.: New York, 1969; p 189-193. 

Chem. 1979, 4 4 ,  1964. 



Reaction of Perfluoroalkyl Iodides 

The latter compound was formed as a mixture of diaste- 
reomers. The adduct 2d of perfluoro-tert-butyl iodide and 
norbornene was detected by fluorine NMR examination 
of the crude reaction mixture with sodium p-toluene- 
sulfiiate as initiator. However, the yield was very low, and 
the compound was not isolated in pure f o r q  from this 
reaction. An authentic sample of 2d was prepared in good 
yield by AIBN initiated addition of Id to norbornene. 
Clearly, the latter procedure is preferable with tertiary 
iodides. 

The addition of perfluorooctyl iodide (la) to other, less 
strained, olefins gave the results shown in Table I. These 
results were not optimized; a standard procedure em- 
ploying a 17-h reaction time a t  room temperature and 
DMF as solvent was adopted. The sodium p-toluene- 
sulfinate initiator was present in 25-100 mol % based on 
the iodide. With cyclopentene,15 l-octene,16 propene,17 
allylbenzene,ls allyl acetate,lg and methyl undecenoate,20 
the yield of primary adducts 5-10 ranged from 8 to 73%. 
In these cases, secondary products from elimination of HI 
were also detected. The olefin byproducts 11-16, with the 
exception of 12 and 16, were not isolated in pure form. 
Their presence in the reaction mixtures was detected by 
proton NMR and confirmed by GC/MS examination of 
the crude products. With 1-octene, formation of the sec- 
ondary product could be supressed by decreasing the 
amount of sulfinate initiator. Alternatively, the elimination 
products could be obtained in good yield by treating the 
crude reaction product with base. A few olefins did not 
give successful results. Vinyl acetate gave a complex 
mixture containing essentially none of the expected ad- 
dition product. 1,l-Difluoroethylene did not react, and 
tetrafluoroethylene gave unrelated products which will be 
described separately. 
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uct 2a. One reaction was carefully evacuated and filled 
with argon several times before addition of the salt. The 
second reaction was run under dry air. The analysis 
showed complete disappearance of la and formation of 2a 
after 2 h in the reaction under argon. After 4 h, the re- 
action under air showed only a 9% conversion to product. 
This reaction was then evacuated and filled with argon 
several times. After an additional 2 h, this reaction also 
showed a complete conversion of la  to 2a. 

To determine the fate of a perfluoroalkyl iodide on re- 
action with a sulfinate salt in the absence of olefin, a 
mixture of la (21 g, 0.04 mol) and sodium benzenesulfinate 
(0.06 mol) was heated a t  90 "C for 17 h in DMF. Partial 
distillation of this solution under vacuum, followed by an 
aqueous extraction of the distillate, afforded 17 g of water 
insoluble liquid. This material was a mixture of 20% 
1-H-perfluorooctane (19) and 80% la  by fluorine NMR. 
No other fluorinated compounds were detected in the 
distillate or residual material. In particular, no phenyl 
perfluorooctyl sulfone (20) was observed. An authentic 
sample of 20 was prepared by oxidation4 of the corre- 

QRf 
11 5 I 

5 
C,F,,CH,CHI-R C,F,,CH=CHR 

6, R=(CH2)5CH3 12. R=(CH&CH, 
7.  R=CH, 13. R=CH. 
8; R=CH;Ph 14; R=CH;Ph 
9. R=CHzOAc 15. R=CHflAc 

10. R=(CHz&OzCH, 16. R=(CH,&O2CH, 

Reaction of perfluorooctyl iodide (la) with excess 
ethylene18 in the presence of 1 equiv of sodium p- 
toluenesulfinate gave a mixture of 17% iodide 17 and 33% 
sulfone 18. Control experiments demonstrated formation 
of 18 from 17 under the reaction conditions, presumably 
by a straightforward SN2 substitution process. 

la + CH2=CH2 + CH3C6H4S02Na 
C8F,&H&H2I + C8F17CH2CH2S02PhCH3 

17 18 

Addition of the perfluoroalkyl iodides to olefins was 
quite sensitive to the presence of oxygen. Identical reac- 
tions of perfluorooctyl iodide (la, 1 equiv), norbornene (3 
equiv), and sodium p-toluenesulfinate (0.3 equiv) in DMF 
were monitored by GLPC for unreacted la and the prod- 

(15) Brace, N. 0. J. Org. Chem. 1963,223,3093. 
(16) Tiers, G. V. D. J.  Org. Chem. 1962, 27, 2261. 
(17) Knell, M.; U. S. Patent 4058573, Nov 15, 1977. 
(18) Brace, N. 0. U. S. Patent 3 145223, Aug 18, 1964. 
(19) Brace, N. 0. J. Fluorine Chem. 1982,20, 313. 
(20) Brace, N. 0. J. Org. Chem. 1962,27, 4491. 

PhSC8F1, + Cr03 - PhS02C8F17 
20 

sponding sulfide. A similar reaction using sodium p- 
toluenesulfinate gave a 77% yield of 19 as the only fluo- 
rinated product. The only other fluorinated material was 
unreacted la. Fate of the sulfinate salt was not investi- 
gated; NMR of the crude oily product suggested a complex 
mixture. Irradiation (3500 A) of a Me2S0 solution of 
perfluorooctyl iodide (la) and sodium benzenesulfiinate for 
17 h gave a complex mixture. By fluorine NMR, the major 
fluorinated component was unreacted la, but the spectrum 
did show other weak, unidentified peaks. Phenyl per- 
fluorooctyl sulfone (20) was not detected by either NMR 
or GLPC examination of the crude product. 

Reaction of Perfluorooctyl Iodide with the Me- 
thylmalonate Anion. Addition of perfluorooctyl iodide 
(la) to 1.5 equiv of the sodium salt of diethyl methyl- 
malonate gave, after stirring overnight a t  room tempera- 
ture, a 27% yield of 1-H-perfluorooctane (19) which was 
directly distilled from the reaction vessel under vacuum. 
Further workup of the reaction mixture gave unreacted 
la and the unsymmetrical dimer of the malonate 21. No 
other fluorinated products were detected. A similar re- 
action with a sample of the malonate salt which was deu- 
terated in the methyl group gave 19 containing 65% 
deuterium label. Under these conditions no reaction was 
observed with the sodium salts of either diethyl malonate 
or diethyl phenylmalonate. 

la  + NaC(CH3)(C02C2H5)2 - 
F(CF2)8H + CH3(C2H502C)zCCHzCH(CO2C2H5)2 

19 21 

Perfluorooctyl iodide (la) was reacted with the sodium 
salt of diethyl methylmalonate (1.2 equiv) in the presence 
of 5 equiv of norbornene under the conditions described 
above. Direct GLPC'analysis of the reaction mixture 
showed peaks with the retention times of 1-H-perfluoro- 
octane (19) and the norbornene adduct 2a in a 15.7 ratio. 
The norbornene adduct 2s was isolated in 67% yield to- 
gether with the dimer 21 and unreacted malonate. 

Reaction of Perfluoroalkyl Iodides with Nitro- 
propanide Anion. As described earlier,' reaction of 
primary perfluoroalkyl iodides with lithium or tetra- 
butylammonium 2-nitropropanide in DMF or benzene, 
respectively, affords high yields of 2-perfluoroalkyl-2- 
nitropropanes (e.g., 22). When the reaction of per- 
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la + (CH3)&=N02M -+ C8F17C(CH3)2N02 
22 

la + (CH3),C=N02N(Bu), + CH,=CR’R” - 
CeHc 

22 + C8F17CH2CR’R’’C(CH3)zNOz 
23, R’ = Ph; R” = H 

25, R’ = OAc; R” = H 
24, R’ = CH3; R” = COzCHB 

fluorooctyl iodide with tetrabutylammonium 2-nitro- 
propanide in benzene was conducted in the presence of 
styrene, vinyl acetate, and methyl methacrylate, products 
23-25, incorporating the olefins and the 2-nitropropyl 
moiety, were also obtained. Somewhat different results 
are observed by using norbornene or norbornadiene as the 
trapping reagents. Addition of a benzene solution of 
tetrabutylammonium 2-nitropropanide to a mixture of 1 
equiv of la and 5 equiv of norbornene afforded a 30% yield 
of 22 and a 50% yield of 2-iodo-3-perfluorooctylnorbornane 
(2a) as the only fluorinated products. A similar reaction 
in the presence of norbornadiene gave the nortricyclene 
isomers 4 in 61% yield in addition to 22. 

la + (CH,)2C=N02N(Bu), + A -  22 + 2a 

la + (CH,),C=NO,N(Bu), + h - 2 2 + 4  

Previously, we noted’ that a secondary perfluoroalkyl 
iodide, 2-iodoperfluoropropane (lb) reacted with the 2- 
nitropropanide ion to give 2,3-dimethyl-2,3-dinitrobutane 
(26) and a mixture of volatile fluorocarbons; no coupling 
product like 22 was observed. In the presence of an excesa 
of norbornene, however, reaction of l b  with tetrabutyl- 
ammonium 2-nitropropanide in benzene gave a 55% yield 
of the norbornene adduct 2b and about 20% of 26. Again 
no coupling product like 22 was detected. 

Discussion 
The addition of perfluoroalkyl iodides to olefins is a 

well-known process.13 The addition may be conducted 
without any catalyst or initiator but generally requires 
temperatures in excess of 160 OC. I t  may be initiated by 
UV irradiation,21 electrochemically,2* or by mercuric salts.23 
More commonly, the addition is initiated by free-radical 
initiators such as azo compounds and  peroxide^.'^-^ The 
uses of copper chloride and ethanolamine in refluxing 
tert-buty12, alcohol and amines or amine salts at  about 135 
O C Z 5  to initiate this addition have been described. The 
process described here provides a simple alternative which 
avoids the use of high temperatures, expensive equipment, 
or hazardous reagents. 

A possible mechanism for the sulfinate initiated addition 
of perfluoroalkyl iodide to norbornene is illustrated in 
Scheme 11. The initiation step involves one electron 
transfer from the sulfinate anion to the perfluoroalkyl 
iodide. Loss of iodide ion gives the perfluoroalkyl radical. 
This species will add to olefins such as norbornene to give 
an alkyl radical which propagates a normal chain addition 
process. The perfluoroalkyl radical does not add to the 
sulfinate salt to give 27 which should propagate an S R N l  
substitution process. Clearly the initiation step is very 
much slower than the propagation sequence as little re- 

(21) Moore, L. D. J. Chem. Eng. Data 1964, 9, 251. 
(22) European Patent Appl. 43 758; Chem. Abstr. 1982,96, 132156X. 
(23) European Patent Appl. 43757; Chem. Abstr. 1982, 96, 199075. 
(24) Burton, D. J.; Kehoe, L. J. Tetrahedron Lett. 1966, 5163. 
(25)  Brace, N. 0. J. Org. Chem. 1979, 44, 212. 

Scheme I1 
Initiation: R,I + ArS0,- - R,I-* + ArS02* 

R,I-. - R,. + I- 

R,* + ArS0,- 7fL R,SO2Ar-- 

27 

action is observed in the absence of olefin. The dramatic 
effect of oxygen on the reaction rate is consistent with a 
radical chain process. At  higher temperatures, the gen- 
eration of perfluoroalkyl radicals from the iodide and 
sulfinate followed by hydrogen abstraction from solvent 
or sulfinate becomes sufficiently rapid to allow formation 
of observable amounts of product (RfH) even in the ab- 
sence of olefin. Formation of RfH presumably involves a 
nonchain process. 

In contrast to these results, isolation of aryl perfluoro- 
alkyl sulfones from photolysis of perfluoroalkyl iodides and 
aryl sulfinic acids in liquid ammonia solution has been 
reported.6 The reaction was suggested to proceed by an 
S R N l  mechanism, although no mechanistic evidence was 
presented. There is no immediate explanation for this 
discrepancy, although conditions in these studies were 
quite different. 

Perfluoroalkyl radicals are also clearly generated from 
the interaction of the perfluorooctyl iodide and the me- 
thylmalonate anion, as indicated by the formation of the 
norbornene adduct 2a. The malonate dimer product 21 
is the Michael adduct of methylmalonate anion and me- 
thylenemalonate, which could arise from disproportiona- 
tion of the radical pair 28. In the presence of norbornene, 
the perfluoroalkyl radicals can initiate a rapid chain ad- 
dition of la to the olefin. 

The reaction pathways observed for perfluoroalkyl iod- 
ides and the nitronate ion in the presence of styrene or 
norbornene are collected in Scheme IV. Again the ini- 
tiation step involves one electron transfer from the anion 
to generate the perfluoroalkyl radical. Subsequent reac- 
tions in the presence and absence of styrene have been 
discussed.l I t  remains to note the difference in behavior 
between the benzyl radical 29 and the norbornyl radical 
30. The former radical couples with the highly reactive 
tetrabutylammonium 2-nitropropanide in benzene solution 
to give the anion radical 31. With less reactive nucleophiles 
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Scheme IV 
Ini t iat ion: R f I  + (CH,),C=NO,- - R f *  

Propagat ion: 
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nitronate salts. Thus, while single electron transfers be- 
tween nucleophiles and electrophiles are apparently quite 
commonB in organic chemistry, coupling processes between 
radicals and nucleophiles are less frequent. The latter 
process presumably requires the existence of a relatively 
low lying orbital to accommodate the extra electron in the 
anion radical of the substitution product. 

Using the competition between addition to norbornene 
and reaction with the anion, we earlier2 found that PhS- 
is a better trap than 2-nitropropanide for the perfluoroodyl 
radical. We now see that both these anions are better than 
sulfinate or methylmalonate anion in this process. Pre- 
sumably, this order reflects the energetics of potential 
anion radical  intermediate^.^^ The perfluoroalkyl iod- 
ide/norbornene or styrene system seems to be quite useful 
for studying this important anion-nucleophile interaction. 
Continued studies are planned, including an examination 
of solvent effects on these reactions. 

* (CH 1 -NO - R f I  
R,CH,CHPh '*- '- R,CH,CHPhCCH,),NO~ - 23 + Rf* 

29 31 

PhCH=CHz 

norbornene 1 
A 

R f 

30 

(lithium 2-nitropropanide or sodium thiophenoxide in 
DMF) no reaction is observed, presumably because of 
failure of this coupling step. Styrene simply inhibits 
disappearance of the perfluoroalkyl iodide'i2 under these 
conditions. Styrene is known26 to be a poor substrate for 
perfluoroalkyl iodide addition, presumably because the 
benzyl radical does not react with perfluoroalkyl iodide a t  
a rate which is competitive with chain termination pro- 
cesses. Thus, the adduct 32 is not likely to be an inter- 
mediate to 23. Attempts to prepare 32 using standard 
radical initiators were unsuccessful. 

R&HzCHIPh 
32 

The more reactive norbornyl radical can abstract iodide 
from the perfluoroalkyl iodide to continue a chain process 
by atom transfer. Its failure to react with nitronate anion 
is presumably due to steric factors. Similarly, failure of 
the 2-perfluoropropyl radical to couple with the nitronate 
ion is ascribed to steric factors.' The results here confirm 
that the secondary radical is formed in the interaction of 
2b and the nitronate salt. 

The nucleophiles employed in the present work (nitro- 
nate, thiolate, malonate, and sulfnate) have all been shown 
in other s t ~ d i e s " ~ ~ , ~ '  to function as electron donor nu- 
cleophiles. With appropriate substrates, they can partic- 
ipate in both the initiation and propagation steps required 
for an S R N l  substitution process. In the present series of 
reactions with perfluoroalkyl iodides as substrates, all the 
nucleophiles appear to donate an electron to the substrate. 
However, while nitronate and thiolate can also propagate 
the chain substitution process, sulfinate and malonate 
apparently cannot. 

The S R N l  substitution reactions of perfluoroalkyl iodides 
are rare examples of such substitutions at  sp3 centers which 
are not directly bonded to nitro substituted or electro- 
negatively substituted aryl functions. The other examples 
generally involve organometallic substrates28 reacting with 

(26) Brace, N. 0. J. Org. Chem. 1962,27, 3033. 
(27) Recent examples include: Kornblum, N.; Boyd, S. D.; Ono, N. J. 

Am. Chem. SOC. 1974,96, 2580. Kornblum, N.; Kestner, M. M.; Boyd, 
S. D.; Cattran, L. C. J. Am. Chem. SOC. 1973, 95, 3356. Russell, G. A.; 
Ros, F.; Mudryk, B. J .  Am. Chem. SOC. 1980, 102, 7601. Norris, R. K.; 
Smyth-King, R. J. J.  Chem. SOC., Chem. Commun. 1981,79. Al-Khalil, 
S. I.; Bowman, W. R. Tetrahedron Lett. 1981,22,1551. Beugelmans, R.; 
Lechevallier, A.; Rousseau, H. Tetrahedron Lett. 1983, 24, 1787. 

(28) Kurosawa, H.; Sato, M.; Okada, H. Tetrahedron Lett. 1982,23, 
2965. Russell, G. A.; Hershberger, J.; Owens, K. J. Organomet. Chem. 
1982. 225.43. Russell. G. A.: Hershbereer. J.: Owens. K. J. Am. Chem. 
SOC. '1979; 101, 1312. 

Experimental  Section 
Reagenta and general procedures were as described in a previous 

paper.' Olefins, solvents, and the sulfinate salts were commercial 
samples, generally used as received. 

Addition of Perfluoroalkyl Iodides to Olefins Initiated 
by Sulfinate Salts. General Procedure. A solution of per- 
fluorooctyl iodide (10.9 g, 0.02 mol) and excess olefin in 100 mL 
of DMF was evacuated and filled with argon several times with 
a Firestone valve. The sulfinate salt was added, and the resulting 
solution or suspension was stirred for 17 h at room temperature. 
The mixture was poured into 300 mL of ether and 300 mL of 
water. The ether solution was washed with 3 X 100 mL of water 
and dried over anhydrous magnesium sulfate. The solution was 
analyzed by GLPC with a 6 f t  X in. 10% SP-2100 column with 
a helium carrier gas flow rate of 40 mL/min. An oven temperature 
program of 70 O C / 2  min, 70-230 "C at 16 OC/min, and 230 O C / 8  
min gave base line separation of all components which eluted in 
the order: perfluorooctyl iodide, olefin, 1:l adduct. The ether 
solution was concentrated on a rotary evaporator. Proton NMR 
examination of the crude products showed characteristic ab- 
sorptions at 4.1-4.5 ppm for the CHI protons, and in cases where 
the HI elimination products were formed, absorptions in the 
5.3-6.7 ppm range. The pure 1:l adducts could generally be 
isolated by bulb-to-bulb distillation at 0.5 mm. The results are 
contained in Table I. 

Synthesis of 1-(Perfluorooctyl)octene (12). The above 
procedure was followed by using 0.08 mol of 1-octene and 0.02 
mol of sodium p-toluenesulfinate. GLPC analysis of the crude 
ether solution showed a mixture of la, olefin 12, and the 1:l adduct 
6 in a 9:21:64 ratio (retention times of 1.7, 7.2, and 9.6 min, 
respectively). Evaporation of the ether solution gave 15.2 g of 
oil. Bulb-to-bulb distillation at 0.25 mm and a bath temperature 
of 120 "C gave a colorless liquid. This liquid was dissolved in 
100 mL of methanol and added to a solution of 5 g of potassium 
hydroxide in 100 mL of methanol. After 1 h this solution was 
poured into 300 mL of ice water containing 20 mL of concentrated 
HCl. The aqueous solution was extracted with 3 X 100 mL of 
1,1,2-trichlorotrifluoroethane. The combined organic extracts were 
washed with 2 X 100 mL of water, dried over anhydrous mag- 
nesium sulfate, and concentrated on a rotary evaporator to 7.7 
g (73%) of colorless 12. Proton NMR (6, CDCI,/Me,Si) 0.90 (3 

(29) Examples include: Ashby, E. C.; Park, W. S. Tetrahedron Lett. 
1983,24,1667. Ashby, E. C.; Coleman, D. T.; Gamasa, M. P. Tetrahedron 
Lett. 1983,24,851. Ashby, E. C.; DePriest, R. N.; Tuncay, A.; Srivastova, 
S. Tetrahedron Lett. 1982,23, 5251. Eberson, L. Acta Chem. Scand. 
1982,36,533. Ashby, E. C.; Goel, A. B.; Argyrapoulos, J. N.; Tetrahedron 
Lett. 1982,23,2273. Bordwell, F. G.; Clemens, A. H. J.  Org. Chem. 1982, 
47, 2510. Newkome, G. R.; Hager, D. C. J. Org. Chem. 1982, 47, 599. 
Ashby, E. C.; Goel, A. B.; DePriest, R. N. Tetrahedron Lett. 1981, 22, 
3729. Singh, P. R.; Khurana, J. M.; Nigam, A. Tetrahedron Lett. 1981, 
22, 2901. 

(30) For a detailed discussion regarding aromatic Sml reactions, see: 
Rossi, R. A. Acc. Chem. Res. 1982,15, 164. Rossi, R. A,; de Rossi, R. H. 
"Aromatic Substitution by the S R N ~  Mechanism"; ACS Monogr. Ser. 
1983, no. 178. 
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H, t), 1.33 (8 H, bs), 2.20 (2 H, bs), 5.2-5.8 (1 H, m), 6.2-6.6 (1 

Anal. Calcd for CiBH1817: C, 36.24; H, 2.85; F, 60.91. Found: 
C, 36.14; H, 2.94; F, 60.95. 

Synthesis of Olefin 16. This compound, prepared as de- 
scribed above from 10.9 g (0.02 mol) of la, 4.1 g (0.021 mol) of 
methyl undec-10-enoate, and 0.9 g (0.005 mol) of sodium p -  
toluenesulfinate, had the following properties: proton NMR (6, 
CDC13/Me4Si) 1.1-1.9 (12 H, m), 1.9-2.5 (4 H, m), 3.68 (3 H, s), 
5.2-6.0 (1 H, M), 6.0-6.7 (1 H, M); fluorine NMR (6, CDC13/CFC13) 

H, 4. 

-81.52 (3 F), -126.67 (2 F), -124.04 (2 F), -123.21 (2 F), -122.35 
(6 F), -111.79 and -107.14 (2 F). 

Anal. Calcd for C&I2102F17: C, 38.97; H, 3.43; F, 52.40. Found 
C, 39.15; H, 3.43; F, 52.40. 

Synthesis of 1:2 Adduct 3. The above general procedure with 
9.1 g (0.02 mol) of 1,4-diiodoperfluorobutane, 9.4 g (0.1 mol) of 
norbomene, and 1.8 g (0.01 mol) of sodium p-toluenesulfinate gave 
12.21 g of crude product. The product was chromatographed over 
300 g of silica gel packed in hexane. The column was eluted with 
3 L of hexane, taking 100-mL fractions. Fractions 12-25 were 
combined and concentrated to 10.6 g (83%) of 3 as a white solid: 
mp 114-115 "C; proton NMR (6, CDC13/Me4Si) 1.1-2.7 (9 H, m), 
4.33 (1 H, m); fluorine NMR (6, CDC13/CFC13) -121.28 (4 F), 
-117.8 (4 F, AB quartet, J = 282 Hz). 

Anal. Calcd for C1sH2J?812: C, 33.66; H, 3.14; F, 23.67. Found 
C, 33.58; H, 2.97; F, 23.52. 

Reaction of Perfluorooctyl Iodide, Ethene, and Sodium 
p-Toluenesulfinate in DMF. A nitrogen-swept 200-mL pressure 
vessel was charged with 3.6 g (0.02 mol) of sodium p-toluene- 
sulfinate, 90 mL of DMF, and 10.9 g (0.02 mol) of perfluorooctyl 
iodide. The vessel was closed, cooled in dry ice and acetone, and 
evacuated. Ethene (10 g, 0.42 mol) was condensed in the vessel. 
The mixture was agitated overnight at room temperature. The 
vessel was vented to 1 atmosphere pressure, and the contents were 
poured into 300 mL of ether and 300 mL of water. The ether 
solution was washed with 3 X 100 mL of water and dried over 
anhydrous magnesium sulfate. GLPC analysis of the ether so- 
lution showed three major peaks after the solvent: 

peak R,, min area, % 

1 1.87 31.2 

2 5.18 20.0 

3 11.77 34.0 

The first peak is unreacted perfluorooctyl iodide. The ether 
solution was concentrated on the rotary evaporator to 10.03 g of 
oily orange solid. The crude product adsorbed on 30 g of silica 
gel was added to a column of 300 g of silica gel packed in hexane. 
The column was eluted with 1 L of hexane, 1 L of 5% ether in 
hexane, 0.5 L of 10% ether in hexane, 1 L of 25% ether in hexane, 

and 3 L of 35% ether in hexane, taking 100-mL fractions. From 
fractions 6 9  was isolated 1.92 g (17%) of 1,1,2,2-H4-perfluorodecyl 
iodide (17): mp 56-57 "C; proton NMR (6, CDC13/Me4Si) 2.3-3.1 
(2 H, m), 3.1-3.5 (2 H, m); fluorine NMR (6, CDC13/CFC13) -81.38 

-115.45 (2 F). From fractions 32-58 was isolated 3.94 g (33%) 
of C8F,7CH2CH2SOzC6H4CH, (18) as a white solid: mp 109-111 
OC; proton NMR (6, CDC13/Me4Si) 2.47 (3 H, s) overlapping 
2.2-2.9 (2 H, m), 3.1-3.4 (2 H, m), 7.6 (4 H, 4); fluorine NMR (6, 
CDC13/CFC13) -81.40 (3 F), -126.64 (2 F), -121.8 to -123.9 (12 
F). 

Anal. Calcd for C17HllF17S02: C, 33.90; H, 1.84; F, 53.63; S, 
5.32. Found: C, 33.83; H, 1.92; F, 53.57; S, 5.49. 

Reaction of Perfluorooctyl Iodide with the Sodium Salt 
of Diethyl Methylmalonate. Perfluorooctyl iodide (10.9 g, 0.02 
mol) was added in one portion to a degassed solution of 3.9 g (0.02 
mol) of sodium diethyl methylmalonate in 75 mL of MezSO. The 
cloudy yellow solution was stirred overnight. A short-path dis- 
tillation head and receiver cooled in dry ice and acetone were 
attached to the flask. The system was gradually evacuated to 
0.5 mm. After l / z  h, the receivor contained 2.3 g (27%) of 1-H- 
perfluorooctane, identified by GLPC and NMR comparisons with 
an authentic sample. The liquid remaining in the reaction flask 
was poured into 200 mL of ice water containing 5 mL of con- 
centrated HC1. The aqueous solution was extracted with 3 X 100 
mL of ether. The combined extracts were washed with 3 X 100 
mL of water and dried over anhydrous magnesium sulfate. GLPC 
analysis, as above, showed only two peaks after solvent which were 
assigned to unreacted la and the malonate dimer 21. The ether 
solution was concentrated on a rotary evaporator to an oil. 
Bulb-to-bulb distillation of the oil at 0.5 mm and a bath tem- 
perature of 160 "C gave 2.7 g (39%) of 21 as a colorless liquid: 
proton NMR (6, CDC13/Me4Si) 1.08-1.48 (15 H, two triplets + 
singlet), 3.51 (1 H, t), 4.14 and 4.16 (8 H, two quartets). 

Registry No. la,  507-63-1; 2a, 89883-21-6; 2b, 34542-08-0; 2c 
(isomer l), 96791-92-3; 2c (isomer 2), 96893-59-3; 3, 96791-83-2; 

(3 F), -126.63 (2 F), -122.26 (6 F), -123.15 (2 F), -123.85 (2 F), 

4, 96791-88-7; 5 (Rt = F(CF,),), 96791-86-5; 6, 96791-81-0; 7, 
38550-35-5; 8, 96791-89-8; 9, 96825-33-1; 11 (R = F(CFJ,), 
96791-87-6; 12, 96107-50-5; 13, 67103-04-2; 14, 96791-90-1; 15, 
96791-91-2; 16, 96791-82-1; 17, 2043-53-0; 18, 96791-84-3; 19, 
335-65-9; 20, 96791-80-9; 21, 17696-77-4; PhsCeFl,, 89883-19-2; 
NaC(CH3)(C02C2H5)2, 18424-77-6; (CFJZCFI, 677-69-0; C7F15C- 
FICF,, 96791-85-4; p-CH3CONHC6H,SOzNa, 15898-43-8; sodium 
diethyl phenylmalonate, 28744-77-6; sodium benzenesulfinate, 
873-55-2; sodium p-toluenesulfonate, 824-79-3; sodium diethyl 
methylmalonate, 18424-77-6; sodium diethyl malonate, 996-82-7; 
norbornene, 498-66-8; 1-octene, 111-66-0; methyl 10-undecenoate, 
111-81-9; 1,4-diiodoperfluorobutane, 375-50-8; ethene, 74-85-1; 
propene, 115-07-1; allylbenzene, 300-57-2; allyl acetate, 591-87-7; 
norbornadiene, 121-46-0; cyclopentene, 142-29-0; sodium me- 
thylsulfinate, 20277-69-4. 

Single Electron Transfer in the Reaction of Enolates with Alkyl Halides 
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Single electron transfer (SET) in the reaction of a model system consisting of lithiopropiophenone with primary 
neopentyl type alkyl halides and tosylate was investigated by (1) the use of an appropriate cyclizable alkyl radical 
probe, (2) observing the effect of varying the leaving group on reaction rate and product distribution, (3) studying 
the effect of light, di-tert-butyl nitroxyl radical, and p-dinitrobenzene on the rate of reaction, (4) observing the 
consequence of varying solvent composition on both the reaction rate and product distribution, and (5 )  studying 
the effects of the radical traps, dicyclohexylphosphine and 1,4-cyclohexadiene, on product composition. The 
results of these studies indicate that single electron transfer is the major reaction pathway involved in the reaction 
of the enolate with the alkyl iodide in HMPA and that the corresponding bromide and tosylate react by an SN2 
process. 

The reaction of an enolate anion with an alkyl substrate 
(halide or tosylate) is well-recognized as an important 
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synthetic reaction in organic chemistry.' Although the 
mechanism of this reaction is generally believed to  proceed 
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