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of ether, and the precipitated imine was removed by passage 
through a pad of 20 g of silica gel in a sintered-glass funnel. The 
filtrate was stirred with 1.0 g of Amberlyst 15 ion-exchange resin 
for 30 min and filtered and the solvent removed under vacuum. 
Flash chromatography (silica gel G) of the residue eluting with 
1:1 ethyl acetateln-hexane (1:l) gave 0.19 g (58% based on the 
amount of 3) of (2S,3R)-2a: mp 99-100 "C (lit."' mp 103 "C); 

Two crystallizations from ethyl ether improved the ee to >95%: 
-10.03" (c 2.6, CHC13). Spectroscopic properties were 

identical with reported values. 
(2R,3S)-(+)-Verrucarinolactone (2c). This material was 

prepared in a similar manner from oxaziridine (+)-3a to give 0.15 

Addition of BF,.OEt, or LiCl. Enolate oxidations were 
carried out as described above except that 1.0 equiv of BF3.0Et, 

[ ( u ] 2 3 ~  -6.24" (C 4.0, CHCl3) [lit."' [ a ] 2 3 ~  -10.7' (C 1.0, CHClJ]. 

g (55%) Of 2C: mp 98-99 "c; [.]23~ = +6.07" (C 2.6, CHC13). 

or LiCl was added to the preformed enolate of (*)-1 a t  -78 "C 
prior to addition of the oxaziridine. 

Determination of the Enantiomeric Purity of 2a and 2c. 
The enantiomeric purity was determined by integration of the 
OMe group of the Mosher ester of 2. The Mosher ester was 
prepared by stirring 26 mg (0.2 "01) of 2 with 70.2 mg (0.3 "01) 
of (R)-(+)-a-methoxy-ar-(trifluoromethyl)phenylacetic acid, 82.5 
mg (0.4 mmol) of 1,3-dicyclohexylcarbodiimide, and 10 mg (0.08 
mmol) of 4-(dimethy1amino)pyridine in 3 mL of dry dichloro- 
methane for 2 days. The product was purified by preparative 
chromatography eluting with 1:l ethyl acetateln-hexane. 
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Direct hydroperfluoroalkylation of electron-deficient alkenes-ethyl acrylates 4, 7, and 8, acrylonitrile (5), 
and methyl vinyl ketone (6)--with periluoroalkyl halides &X (1, X = I; 2, X = Br) in the presence of cobaloxime(III) 
(3) and zinc gives 1:l hydroperiluoroalkylation adducts in good yields. This reaction provides a convenient synthesis 
of 8-(perfluoroalky1)carboxylic esters 9,12, and 13, nitriles 10, and ketones 11. Details of the reaction including 
effect of solvent, temperature, and ratio of reagents were examined. The reaction is proposed to proceed via 
a radical mechanism initiated by low-valent cobalt. 

Numerous reports have been focused on introduction 
of per(po1y)fluoroalkyl groups into organic molecules via 
either radical or carbanion route by reduction, photolysis, 
or thermolysis of perfluoroalkyl halides or under catalysis 
of transition-metal complexes.' C-C multiple bonds are 
used extensively as acceptors for this purpose. However, 
the addition of perfluoroalkyl radical Rf' to alkenes con- 
nected with a electron-withdrawing group like acrylates 
is inefficient by routine heat? light? and electrochemical 
methods4 because (a) the electrophilic R i6  has to attack 
the electron-deficient C-C multiple bonds, (b) the reaction 
can not be controlled to a 1:l addition stage, and (c) certain 
substrates are not stable enough under such reaction 
conditions. Therefore, searching for more efficient syn- 
thetic methods has been the subject of much interest. 
Radical reactions of perfluoroalkanesulfonyl halides (iod- 
ide: bromide,' and chloride*) with acrylates initiated by 
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202. (c) Muller. N. J. Ora. Chem. 1986.51.263. (d) Unevama, K.; Nanbu, 
H. J. Org. Chem. 1988,%3, 4598. 
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thermal, peroxide, or Ru(I1)-complex catalysts were re- 
ported, but the procedures were rather tedious. Thus, an 
alternative route to the synthesis of 8-(perfluoroalky1)- 
carboxylic ester has been just a ~ p e a r e d . ~  

We have reported that a bimetal redox couple, cobal- 
oxime(III)/Zn, promoted hydroperfluoroalkylation of 
acrylate 4 in a preliminary paper.1° Here a full account 
of this reaction system, its further application to hydro- 
perfluoroalkylation of other electron-deficient alkenes, and 
a possible mechanism are described. 

Results and Discussion 
The cobaloxime(II1) 3, a well-studied model compound 

of coenzyme vitamin B1;l can be reduced electrochemically 
or chemically to low-valent cobalt species,12 which exhibit 
powerful nucleophilic reactivity in the carbon-carbon bond 
formation via several pathways ranging from SN2 to sin- 
gle-electron transfer  mechanism^.'^ We hypothesize that 

(7) Zhang, Y.-F.; Lu, L.; Huang, W.-Y. Acta Chim. Sin. (Engl. Ed.) 

(8) Kamigata, N.; Fukushima, T.; Terakawa, Y.; Yoshida, M.; Sawada, 
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(10) Hu, C.-M. Qiu, Y.-L. Tetrahedron Lett. 1991, 32, 4001. 
(11) Schrauzer, G. N. Inorg. Synth. 1968, 11, 61. 
(12) Scheffold, R.; Rytz, G.; Waider, L. Vitamin BI2 and Related 
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Modern Synthetic Methods Series; Otto Salle Verlag: Frankfurt am 
Main/Verlag Sanerlander, Aarau, 1983; Vol. 3, p 355. 
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H 

BrCo( dmg H) 2 Py 

3 

under reductive conditions it might promote perfluoro- 
alkylation of alkenes by way of electron transfer to per- 
fluoroalkyl halides. Zinc powder was chosen as reducing 
agent to constitute a redox couple with cobaloxime 3. 

In fact, into a green slurry of cobaloxime (0.02 mmol) 
and Zn powder (20 mmol) in ethanol were added acrylate 
4 (15 "01) and &I If (10 "01) successively, and stirring 
at 20 "C for 1 h gave ethyl 8-(perfluorohexy1)carboxylate 
9f (eq 1, where Rf = straight-chain alkyl; (a) C1C4F,; (b) 
CICPlz; (4 Clc816; (4 C8,; (e) CY9; (0 C6F13; (g) CP17; 
(h) CloF2,) in 72% yield after workup. 

RIX + RiCH=C%Z - R&HRlCH&Z + RIH 

1 (X = I) 4 (R1= & = H, Z = COZEt) 9 14 
2 (X = Br) 5(R1 = & = H, Z =CN)  

7 ( R i =  H, & = CH3, Z = COZEt) 12  
6 ( R i =  CH3, = H, Z = COZEt) 13 

10 
11 6 (R1 = & = H, Z = C(OKH3) 

(1) 
The mild reaction conditions and good yield encouraged 

us to extend such a reaction to acrylonitrile (5) and methyl 
vinyl ketone (6). Experiments showed that the above 
initiating system works well except a higher temperature 
and a longer reaction time were required. The reactivity 
of electron-deficient alkenes with perfluoroalkyl halides 
decreases in the order 4 > 5 > 6. The methacrylate 7 and 
crotonate 8 could also be effectively perfluoroalkylated, 
while 8 gave reduced yields for the steric effect. It was also 
found that perfluoroalkyl bromides 2 could be used suc- 
cessfully in the present reaction, giving even better yields 
than the corresponding iodides 1. The reaction proceeded 
smoothly and usually was complete within a short period. 
The results are summarized in Tables I and 11. 

All the products formed were 1: 1 hydroperfluoro- 
alkylated adducts of the alkenes. No telomer could be 
detected. The main byproduct was a-hydroperfluoro- 
alkanes RfH 14. The perfluoroalkylzinc reagents (which 
could be observed in l9F NMR) might be formed to some 
extent. With methyl vinyl ketone 6, some dimer of 6 was 
formed under the reaction conditions. 

Several reaction parameters were examined. The cata- 
lyst, cobaloxime(II1) (3), is indispensable for this reaction. 
Parallel experiments revealed that reaction of the very 
reactive perfluoroalkyl iodides 1 with alkenes could be 
initiated by Zn alone with dramatically reduced yields, 
giving mainly RfH 14. Satisfactory yields were obtained 
even in presence of 0.5 mol % of 3. Perfluoroalkyl brom- 
ides 2 undergo successful reaction only in the presence of 
both cobaloxime and Zn. 
Excess Zn is necessary for efficient and rapid conversion. 

At least 1 equiv of Zn was required to accomplish a com- 
plete conversion of RfX with acrylate 4, and 1- to 2-fold 

(13) (a) Shrauzer, G. N.; Deutach, E. J. Am. Chem. SOC. 1969,91,3341. 
(b) Schaffler, J.; Retey, J. Angew Chem., Int. Ed.  Engl. 1978,17,845. (c) 
Eckert, H.; Lenoir, D.; Ugi, I. J. Organomet. Chem. 1977,141, C23. (d) 
Okabe, M.; Tada, M. Chem. Lett. 1980,831. 

Table I. Hydroperfluoroalkylation of Electron-Deficient 
Alkenes with &I 1 in EtOH" 

entry %I alkenes temp ("c) time (h) Droductb ( % I  
1 l a  
2 l b  
3 I C  
4 Id 
5 l e  
6 1f 
7 h3 
8 l h  
9 la 

10 l b  
11 I C  
12 Id 
13 le 
14 I f  
15 lg 
16 l h  
17 l a  
18 l b  
19 I C  
20 Id 
21 le 
22 If 
23 lg 
24 l h  
25 l b  
26 IC 
21 If 
28 l a  
29 l b  
30 lc 
31 I f  

4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
6 
5 
6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
8 
8 
8 
8 

25 
15 
15 
5 

20 
20 
20 
25 
30 
30 
30 
30 
30 
30 
30 
25 
30 
30 
30 
30 
25 
30 
30 
30 
20 
15 
25 
25 
25 
15 
25 

1 9a 
0.5 9b 
1 9c 
1 9d 
0.5 9e 
0.5 9f 
1 9g 
1 9h 
2 1 Oa 
2 10b 
3 1oc 
3 10d 
1.5 1Oe 
2.5 10f 
3 log 
4 10h 
4 1 l a  
5 l l b  
4 1 I C  
4 1 Id 
4 1 le 
3.5 l l f  
4 l lg  
4.5 l l h  
1 12b 
1 12c 
1 12f 
1.5 13a 
2 13b 
1 13c 
0.5 13f 

75 
56 
50 
53 
71 
72 
75 
65 
61 
67 
70 
37 
69 
71 
69 
60 
55 
45 
60 
35 
49 
64 
56 
50 
61 
65 
71 
50 
45 
41 
56 

"The reaction waa performed on a 5-10 mmol scale with a molar 
Isolated yield based ratio of l:alkene:3:Zn = 1:1.5:0.02+3.051.5. 

on 1. 

Table 11. Hydroperfluoroalkylation of Electron-Deficient 
Alkenes with &Br 2 in EtOHa 

entry &Br alkenes temp ("C) time (h) productb (%) 

1 2f 4 30 4 9f 80 
2 2f 5 30 3.5 10f 75 
3 2f 6 45 5 l lf  72 
4 2f 7 30 2 12f 81 
5 2f 8 30 2.5 13f 56 
6 2g 4 30 3 9g 79 
7 2g 5 30 4 log 70 
8 2g 6 45 5 llg 53 
9 2g 7 30 3 12g 78 

10 2g 8 30 2.5 13g 60 
11 2h' 4 30 3.5 9h 74 
12 2hc 5 30 5 10h 75 

45 6 l l h  50 13 2hc 6 

"The reaction waa performed on a 2-3 mmol scale with a molar 
ratio of 2aIkene:3Zn = 1:1.5:0.02:1.5-4. bIsolated yield based on 2. 
'The solvent used was 1:l EtOH/EhO. 

excess of Zn was required with acrylonitrile 5 and methyl 
vinyl ketone 6. 

The effect of solvents on the yield of products is obvious; 
ethanol is a better choice. The reaction proceeded 
smoothly at  20 "C, while higher or lower temperature 
would lead to a reduced yield. 

Mechanistic Discussion 
Cobaloxime 3 itself could not initiate the reaction. 

Perfluoroalkylated cobaloxime C6Fl,Co(dmgH)2Py 15 
(prepared according to Schrauzer" from C6F131 (If), Co- 
(OAc),, dimethylglyoxime, and pyridine) was proven to be 
too stable to react with acrylate 4 even in the presence of 
Zn. 

In the presence of 3, the zinc reagent CIC6F12ZnX 
(prepared according to Miller et al. from C1C&'121 and ZnU) 
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Scheme I 
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iodides and bromides. The mild reaction conditions make 
it a convenient approach to the synthesis of O-(perfluoro- 
alky1)carboxylic esters, nitriles, and ketones. 

Experimental Section 
General Comments. Boiling points and melting points are 

uncorrected. 'H NMR spectra were measured with external TMS 
standard by a Varian EM-360A spectrometer at 60 MHz. 19F 
NMR spectra were measured with an external CFBCOOH standard 
by a Varian EM-360L spectrometer at 56.4 MHz. 'H NMR and 
19F NMR were recorded with neat samples without additional 
solvents unless otherwise indicated. IR spectra were recorded 
as fiis for liquid samples with a Shimadzu IR-440 spectrometer. 
Mass spectra were recorded with a Finnigan GC-MS-4021 mass 
spectrometer. 

Methyl vinyl ketone (6) was freshly distilled before use. All 
other chemicals were of analytical grade and were used without 
further purification. 

Hydroperfluoroalkylation of Acrylates 4, 7, and 8, 
Acrylonitrile (5), and Methyl Vinyl Ketone (6). General 
Procedure. A suspension of cobaloxime (3) (0.2-0.5 "01) and 
Zn powder (15-40 mmol) in 25 mL of EtOH was stirred at room 
temperature under Nz for about 0.5 h. When the mixture turned 
green, alkene (15 mmol) and then perfluoroalkyl halide were added 
dropwise over 0.5 h with cooling (usually an ice-water bath was 
sufficient). Then the contents were reacted at the temperature 
and time cited in Tables I and 11. After that, the mixture was 
poured onto ice-water (10 mL) and filtered. The residue was 
washed, and the filtrate was extracted with ether (3 X 15 mL). 
After being washed with water and brine, the combined etheral 
extract was dried over NaZSO4. Removal of the solvent and 
distillation or sublimation gave the corresponding product. 

Ethyl 7-chloro-4,4,5,5,6,6,7,7-octafluorooctanoate (9a): bp 
82-83 "C (6 mmHg); IR 1740 (C=O) cm-'; 'H NMR 6 4.02 (4, 
2 H, 3 J ~ ~  = 7.0 HZ), 1.83-2.88 (m, 4 H), 1.12 (t, 3 H, 3 J ~ ~  = 7.0 
Hz); "F NMR 6 -7.5 (9, 2 F), 39.6 (t, 2 F, 3 e . J ~ ~  = 15.5 Hz), 44.6 
(8,  2 F), 47.5 (s, 2 F); m / e  337 (M + 1, 100). Anal. Calcd for 
C4H9ClF80z: C, 32.11; H, 2.70; F, 45.15. Found C, 31.66, H, 2.49; 
F, 45.58. 

Ethyl 4,4,5,5,6,6,7,7,8,8,9,9,9-tridecafluorononanoate (9f): 
bp 78-79 "C (5 mmHg); IR 1740 (C=O) cm-'; 'H NMR 6 3.99 
(9, 2 H, 3JHH = 7.0 HZ), 1.93-2.88 (m, 4 H), 1.18 (t, 3 H, 3 J ~ ~  
7.0 Hz); 19F NMR 6 6.0 (8,  3 F), 39.8 (t, 2 F, 3 J ~ ~  = 17.1 Hz), 47.0 
(s, 2 F), 48.0 (s, 4 F), 51.3 (s, 2 F); m / e  421 (M + 1, 100). Anal. 
Calcd for CllHgF1302: C, 31.44, H, 2.16; F, 58.78. Found C, 31.17; 
H, 1.96; F, 59.72. 

Ethyl 4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,1l-heptadecafluoro- 
undecanoate (9g): bp 92-93 "C (5 mmHg); IR 1740 (C=O) cm-'; 
'H NMR 6 4.09 (4, 2 H, 3 5 H H  = 7.0 HZ), 1.85-2.79 (m, 4 H), 1.17 
(t, 3 H, 3 5 ~ ~  = 7.0 Hz); 19F NMR 6 5.5 (9, 3 F), 39.5 (t, 2 F, 3 J ~ ~  
= 14.6 Hz), 46.0 (s, 8 F), 47.7 (s, 2 F), 50.7 (s, 2 F); m / e  521 (M + 1, 100). Anal. Calcd for C13HgF17OZ: C, 30.02; H, 1.74; F, 62.09. 
Found: C, 29.56; H, 1.54; F, 62.77. 

heneicosafluorotridecanoate (9h): mp 57-58 "C; IR 1740 
Ethyl  4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,12,13,13,13- 

(C=O) cm-'; 'H NMR (Cc4)  6 4.05 (q, 2 H, 3 5 H H  = 7.0 HZ), 
1.83-2.90 (m, 4 H), 1.12 (t, 3 H, 3 5 ~ ~  = 7.0 Hz); "F NMR 6 3.0 
(S, 3 F), 38.1 (t, 2 F, 3 5 H F  = 16.2 HZ), 45.1 (5, 12 F), 46.8 (8, 2 F), 
49.5 (s,2 F); m / e  621 (M + 1,73.99). Anal. Calcd for C15HgF2102: 
C, 29.05; H, 1.46; F, 64.33. Found: C, 29.02; H, 1.19; F, 64.32. 

1 1-Chloro-4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11- hexadecafluoro- 
undecanenitrile (1Oc): mp 75-76 "C; IR 2250 (CEN) cm-'; 'H 
NMR 6 1.8-3.0 (m); 19F NMR 6 -7.8 (8 ,  2 F), 39.0 (t, 2 F, 3 J ~ ~  
= 14.5 Hz), 43.8 (s, 2 F), 45.2 (s, 8 F), 47.2 (s, 2 F); m / e  490 (M 
+ 1, 10.84). Anal. Calcd for Cl1H4C1Fl6N: C, 26.99; H, 0.82; F, 
62.09; N, 2.86. Found: C, 26.73; H, 0.67; F, 62.00; N, 2.77. 
4,4,5,5,5-Pentafluoropentanenitrile (10d): bp 61-62 "C (20 

mmHg); IR 2250 (C=N) cm-'; 'H NMR 6 1.8-3.0 (m); lgF NMR 
6 10.3 (s, 3 F), 43.8 (t, 2 F, 35m = 17.5 Hz); m / e  174 (M + 1,3.62). 
Anal. Calcd for CSH,F,N: C, 34.70; H, 2.33; F, 54.88; N, 8.09. 
Found: C, 34.73; H, 2.33; F, 54.55; N, 7.29. 
4,4,5,5,6,6,7,7,7-Nonafluoroheptonenitrile (1Oe): bp 60-61 

"C (10 mmHg); IR 2250 (C=N) cm-'; 'H NMR 6 1.5-2.7 (m); 19F 

(s, 2 F); m / e  274 (M + 1, 28.35). Anal. Calcd for C7H4FgN: C, 
NMR 6 6.5 (s, 3 F), 40.4 (t, 2 F, 3 J ~ ~  = 13.5 Hz), 49.5 (9, 2 F), 51.1 

Id 4 

C2F5CH2CH2C02EI + CzFsCH2CHCOzEt 

9d (25%) CzFsCH2CHC02Et 
I 

16 (28%) 

Scheme I1 

Zn'.II Zno 

co"' * 
co' co" 

i 
X -  / \ c l *  7, \ H 

did not react with 4 in a parallel experiment (eq 2). This 
fact excluded it as an active intermediate for the present 
hydroperfluoroalkylation. 

3/15-50 "C 
C I C G F ~ ~ Z ~ X  + CH2=CHCO& dioxane/Et0H) 

4 X = I or CIC6FI2 
no reaction (2) 

The R; was trapped by the addition of t - B u N 4  to the 
reaction system (C6FI3I (If) initiated by Co[III]/Zn), and 
the adduct t-BuN(O)CpI3 displayed a well-separated and 
typical ESR spectrum with g = 2.0053, U N  = 11.43, and UF 
= 19.55G. 

When C2F51 (la) reacted in THF with acrylate 4 initi- 
ated by Co[III]/Zn, dimer 16 was formed in 28% yield 
together with the usual adduct 9d (yield 25%). Similar 
results were obtained when the solvent was CH3CN or 
DMF. Obviously, compound 16 was produced by coupling 
of the secondary radical C2F5CH,CHC02Et. This revealed 
that the above reaction might proceed via a radical ad- 
dition as shown in Scheme I. 

It is likely the low-valent cobalt which was in situ gen- 
erated by the Co[III]/Zn catalytic cycle initiated the above 
perfluoroalkyl radical addition (see Scheme 11) through ET 
to iodides or bromides. Adding 5 mol % of p-dinitro- 
benzene suppressed the reaction completely. 

To a certain extent, the intermediate R; and Ft&HzCHZ 
might exist in the form of radical pa id5  with 'Co[II] which 
were responsible for the mild reaction conditions. 

In conclusion, we describe a cobaloxime/Zn bimetal 
redox system which is able to perform direct hydroper- 
fluoroalkylation of electron-deficient alkenes-acrylates, 
acronitrile, and methyl vinyl ketone-with perfluoroalkyl 

(14) Miller, E. T., Jr.; Berg", E.; Fainberg, A. H. J. Am. Chem. SOC. 
1957, 79,4159. 

(15) (a) Walder, L.; Orlinski, R. Organometallics 1987, 6, 1606. (b) 
Baldwin, J. E.; Li, C.-S. J .  Chem. SOC., Chem. Commun. 1987, 166. (c )  
Tada, M.; Nakamura, T.; Mataumoto, M. J. Am. Chem. SOC. 1988,110, 
4641. 
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30.79; H, 1.48; F, 62.61; N, 5.13. Found C, 30.61; H, 1.34; F, 62.15; 
N, 5.17. 
4,4,5,5,6,6,7,7,8,8,9,9,9-Tridecafluorononanenitrile ( 100: bp 

56-57 "C (4 " H g ) ;  IR 2250 ( m N )  cm-'; 'H NMR 6 1.8-3.0 (m); 

F), 47.2 (e, 4 F), 50.6 (e,2 F); m / e  374 (M + 1, 15.57). Anal. Calcd 
for CgH4Fl3N. C, 28.97; H, 1.08; F, 66.19; N, 3.75. Found: C, 
28.97; H, 0.96; F, 65.85; N, 3.74. 

8-C hloro-5,5,6,6,7,7,8,8-octafluoro-2-octanone ( 1 la): bp 
66-67 "C (8 mmHg); IR 1730 ( C 4 )  cm-'; 'H NMR 6 1.9-3.0 (m, 

15.0 Hz), 44.2 (e,2 F), 47.2 (e, 2 F); m / e  307 (M + 1,3.70). Anal. 
Calcd for C&7ClF80 C, 31.34, H, 2.30; F, 49.57. Found C, 31.39; 
H, 2.17; F, 49.54. 
10-Chloro-5,5,6,6,7,7,8,8,9,9,10,1O-dodecafluoro-2-decanone 

(llb): bp 70-71 "C (4 mmHg); IR 1730 (C=O) cm-'; 'H NMR 
6 1.8-3.0 (m, 4 H), 2.08 (e, 3 H); lgF NMR 6 -8.5 (e, 2 F), 37.6 (t, 

407 (M + 1, 7.44). Anal. Calcd for CloH7C1Fl20: C, 29.54; H, 
1.73; F, 56.07. Found: C, 29.45; H, 1.59; F, 55.56. 
5,5,6,6,7,7,8,8,9,9,lO,lO,lO-Tridecafluoro-2-decanone ( 1 If): 

bp 55-56 "C (5 mmHg); IR 1730 (M) cm-'; 'H NMR 6 1.9-3.0 
(m, 4 H), 2.07 (e, 3 H); lgF NMR 6 5.6 (e, 3 F), 40.0 (t, 2 F, 3 J ~ ~  
= 17.0 Hz), 46.6 (e, 2 F), 48.2 (e, 4 F), 52.0 (e, 2 F); m / e  391 (M + 1,35.15). Anal. Calcd for Ci&I7F130 C, 30.79; H, 1.81; F, 63.30. 
Found: C, 30.83; H, 1.63; F, 62.80. 
5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,12,12-Heptadecafluoro-2-do- 

decanone (llg): mp 35-36 "C; IR 1730 ( C 4 )  cm-'; 'H NMR 
(CDCI,) 6 1.9-3.0 (m, 4 H), 2.13 (e, 3 H); lgF NMR 6 3.9 (e ,3  F), 

2 F); m / e  491 (M + 1, 17.96). Anal. Calcd for C12H7F170: C, 
29.40; H, 1.44; F, 65.89. Found: C, 29.25; H, 1.36; F, 66.04. 
Ethyl 9-chloro-4,4,5,5,6,6,7,7,8,8,9,9-dodecafluoro-2- 

methylnonanoate (12b): bp 94-95 "C (5 "Hg); IR 1740 (G-0) 

1.2 (m, 6 H); l9F NMR 6 -8.3 (e, 2 F), 37.0 (e, 2 F), 43.7 (e, 2 F), 
44.8 (e, 4 F), 47.0 (e, 2 F); m / e  451 (M + 1, 100). Anal. Calcd 
for C12HllClF1202: C, 31.98; H, 2.46; F, 50.59. Found: C, 32.23; 
H, 2.27; F, 48.27. 
Ethyl 4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,1l-heptadecafluoro- 

2-methylundecanoate (12g): bp 102-103 "C (2.5 mmHg); IR 
1740 ((2-0) cm-'; 'H NMR 6 4.13 (q,2 H, 3Jm = 7.0 Hz), 1.8-2.3 
(m, 3 H), 1.20 (m, 6 H); 19F NMR 6 5.6 (e, 3 F), 38.0 (t, 2 F), 46.1 
(e,8 F), 48.1 (e, 2 F), 50.9 (e, 2 F); m / e  535 (M + 1, 18.28). Anal. 
Calcd for C14HllF1702: C, 31.48; H, 2.07; F, 60.46. Found: C, 
31.42; H, 1.98; F, 60.00. 
Ethyl 3-methyl-4,4,5,5,6,6,7,7,8,8,9,9,9-tridecafluoro- 

nonanoate (13f): bp 87-88 "C (5 mmHg); IR 1740 (C=O) cm-'; 

44.0 (m, 2 F), 46.3 (m, 4 F), 50.0 (m, 2 F); m / e  435 (M + 1,100). 

lgF NMR 6 5.3 (e, 3 F), 39.6 (t, 2 F, 3Jm = 14.0 Hz), 46.0 (e, 2 

4 H), 2.15 (e, 3 H); "F NMR 6 -7.9 (8, 2 F), 38.7 (t, 2 F, 3 J ~ ~  = 

2 F, ,JHF = 15.0 Hz), 43.8 (e, 2 F), 44.8 (8,4 F), 47.2 (e, 2 F); m / e  

37.5 (t, 2 F, 3 J ~ ~  = 16.5 Hz), 45.0 (8, 8 F), 46.5 (8, 2 F), 49.3 (8, 

cm-'; 'H NMR 6 4.12 (9, 2 H, 3 J ~ ~  = 6.5 Hz), 1.8-3.4 (m, 3 H), 

'H NMR 6 4.13 (q, 2 H, ,JHH = 7.8 Hz), 1.9-3.2 (m, 3 H), 1.2 (m, 
6 H); lgF NMR (CDCl3) 2.0 (e, 3 F), 41.2 (AB, 2 F, JAB = 141 Hz), 

Hu and Qiu 

Anal. Calcd for C12HllF1302: C, 33.20; H, 2.55; F, 56.88. Found: 
C, 33.16; H, 2.30; F, 56.53. 
Ethyl 4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,1l-heptadecafluoro- 

3-methylundecanoate (13g): bp 91-92 "C (2 mmHg); IR 1740 

1.8-3.6 (m, 3 H), 1.20 (m, 6 H); 'q NMR 6 5.8 (e ,3  F), 41.8 (AB, 
2 F, JAB = 133 Hz), 42.4 (m, 2 F), 46.2 (e, 8 F), 51.0 (e, 2 F); m / e  
535 (M + 1,100). Anal. Calcd for CI4HllF1,O2: C, 31.48; H, 2.07; 
F, 60.46. Found C, 31.22; H, 1.77; F, 61.05. 
Perfluorohexyl( pyridino)bis(dimethylglyoximato)co- 

balt(II1) (15): mp 195-196 "C; 'H NMR (CDC1,) 6 8.70 (m, 2 
H, a-Py), 7.62 (m, 1 H, r-Py), 7.23 (m, 2 H, O-Py), 2.07 (e,12 H, 
4 X CH,); 19F NMR (CDCl,) 6 3.60 (e,3 F), 17.9 (e, 2 F), 41.0 (a, 
2 F), 43.3 (e, 2 F), 45.2 (e,2 F), 48.8 (e,2 F); MS (FAB) m / e  686 

-Py + l), 319 (C$13), 288 (M - Py - Cp13 - 1). Anal. Calcd for 

H, 2.69; N, 10.27. 
Diethyl 2,3-bis(2,2,3,3,3-pentafluoropropyl)succinate (16): 

bp 78-80 "C (2 mmHg); IR 1740 (C=O) cm-'; 'H NMR 6 4.24 

7.2 Hz); 19F NMR 6 9.6 (e, 6 F), 41.3 (e, 4 F); m / e  439 (M + 1, 
2 X C02Et - 1, 23.42). Anal. Calcd for C14H16Flo04: C, 38.37; 
H, 3.68; F, 43.35. Found: C, 38.91; H, 3.74; F, 43.21. 
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