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277.9942 (?gBr), 279.9922 (81Br), found 277.9918 (%), 279.9886 
(81Br). Anal. Calcd for ClsHIIBrOz: C, 55.94; H, 3.97. Found 
C, 55.32; H, 3.77. 

E isomer: mp 70-72 O C ;  IR (KCl) 1760,1640,1220,1200,1100 
cm-'; 'H NMR (90 MHz, CDCld 6 7.37 (m, 5 H, Ph), 6.16-5.72 
(m, 1 H, N H ) ,  5.44-5.20 (m, 2 H, -CHz), 4.50 (dd, J = 7.6 Hz, 
J = 7.7 Hz, 1 H, OCH), 4.20 (d, J = 7.6 Hz, J = 2.6 Hz, 1 H, OCH), 
3.96 (m, J = 7.6 Hz, 1 H, OCCH); MS mle (%) 282 (l. lO),  281 
(M+(81Br) + 1, 11.44), 280 (M+PBr), 63.35), 279 (M+(%r) + 1, 
17.88),278 (M+(%r), 53-35), 277 (M+(%r) - 1, 7.881, 199 (M+ 
- Br, 19.60), 155 (M+ - Br - CO?, l00.00), 141 (M+ - Br - C02 
- CHz, 95.911, 129 (M+ - Br - COz - CzHz, 21.27), 128 (22.32), 
127 (16.40), 115 (M+ - Br - COz - CsH4,76.77). Anal. Calcd for 

a-(Chloromethy1ene)-8-( l '-propenyl)-y-butyr~~ne (2i): 
ot 120-122 OC (8 mmHg); IR (neat) 1760,1620, 1090 cm-'; 'H 
NMR (90 MHz, CDCld 6 6.55,6.49 (d, J = 2.8 Hz, 1 H, =CHCl), 
5.94-5.60 (m, 1 H, =CHI, 5.34 (m, 1 H, =CHI, 4.45 (t, J = 8.0 
Hz, 1 H,OCH),4.18,3.80(m, J =  8.0& J =  2.8Hz, 1 H, OCCH), 
3.95 (t, J = 8.0 Hz, 1 H, OCH), 1.75 (m, 3 H, CHg; MS mle (%) 
176 (3.16), 175 (M+("Cl) + 1, 27.391, 174 (M+( 7Cl), 4-05), 173 
(M+(WI) + 1,73.79), 172 (M+(Wl), 8.85), 157 (M+(37Cl) - OH, 
3.56), 156 (1,19), 155 (M+(Wl) - OH, 10.55), 145 (4.20), 144 

ClaH11BrO2: C, 55.94; H, 3.97. Found: C, 55.52; H, 3.78. 

(M+CCl) - OCH2,17.53), 143 (9631,142 (M'(W1) - OCHZ, 45.86), 
137 (M+-Cl, 22291,131 (M+("Cl) + 1 -COz, 1.36), 130 (M+("Cl) 
- C02,2.95), 129 (M+("Cl) - 1 - COz, 5.87),128 (M'(86Cl) - COS, 
7.75), 127 (M+(Wl) - 1 - COZ, 14,721,116 (M'("C1) - C02 - CHz, 
7.77), 115 (6.19), 114 (M+(Wl) - Cop - CH2,20.86), 79 (100.00). 
Anal. Calcd for CaHgC106 C, 55.67; H, 5.26. Found: C, 55.27; 
H, 5.40. 

Cyclization of 4~-Chloro-2'(E)-butenyl2-Propynoate (lb) 
in the Presence of Allyl Chloride. A mixture of l b  (80 mg, 
0.50 mmol), allyl chloride, and PdCl2(PhCNZ (10 mg, 0.025 "01) 
in acetic acid (2.5 mL) was stirred at room temperature. Workup 
as above afforded the products 2b and 10 in pure form. Allyl 
chloride added, reaction time, and yields of 2b and 10, respectively, 
are as follows: 0.6 mmol, 3 h, 57%, 0%; 7 mmol,21 h, 57%, 19%; 
12 mmol, 24 h, 41%, 37% (22% of l b  was recovered). 

4'-Chloro-2'-butenyl2-allyl-3-chloropropnoate (10): ot 
95-97 "C (1.5 "Hg); IR (neat) 3080,1710,1620,1600,1200,1110, 
1100 cm-'; 'H NMR (200 MHz, CDC1,) 6 6.42 (t, J = 1.4 Hz, 1 
H), 5.82 (m, 3 H), 5.18 (m, 1 H), 5.10 (m, 1 H), 4.83 (d, J = 6.0 
Hz,2H),4.19(d,J=7.2Hz,2H),3.10(m,J=6.6Hz,J=1.4 
Hz, 2 H); MS mle (%) 235 (M+(Wl) + 1, O W ,  202 (M+("Cl) + 1 - C1,2.59), 201 (M+(,'Cl) - C1,21.92), 200 (M+(Wl) - HC1, 
10.33), 199 (M+(Wl) - 2 - C1,79.32), 131 (M+(Wl) - C1- OC &, 
28-84), 130 (7.99), 129 (M'(W1) - C1- (324% 95.26), 103 (M+@Cl) 
- C1- COZ - C4&, 4.80), 102 (3.20), 101 W ( W 1 )  - C1- COz - 
c4&, 10.27), 100 (3.96), 66 (Cfi', 27.231, 65 (c6H6+, 100.00), 53 
(C4H6+, 85.20). And. Calcd for C&1zC12O2: C, 51-09, H, 5.14. 
Found C, 51.67; H, 5.07. 
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The addition reaction of iododifluoroacetates to alkenes is initiated by copper powder (10-20 mol %I  at 50-60 
"C. Both terminal and internal alkenes give good yields of adducta. The reaction is also applicable to alkenes 
containing a variety of functional groups, such as epoxy, hydroxy, ketone, eater, and phoephonate moieties. This 
reaction can be carried out either neat or in solvents such as hexane, benzene, acetonitrile, DMF, DMSO, and 
HMPA and is suppressed by p-dinitrobenzene and di-tert-butyl nitroxide. A single electron transfer initiated 
radical mechanism is proposed. In the presence of nickel dichloride hexahydrate, reduction of the adducta with 
zinc in moist THF provide8 the corresponding a,a-difluoro esters in good yields. 

Introduction The most widely utilized method for the introduction 
of such types of functionality has been the Reformatsky 
reaction using halodif luoroa~etates~ and halodifluoro- 
methyl ketones." More recently, difluoroketene silyl 

The introduction of fluorine into an organic molecule 
causes dramatic change in biological activities.' The 
change is mainly due to the high electronegativity of 
fluorine, the strong carbon-fluorine bond, and increased 
h i d  solubilitv. In recent veara. fluorinated ketones have 
b k n  widely employed aa inhibitors.2 Therefore, 
the syntheaia of compounds containing a difluoromethylene 
group adjacent to a carbonyl group has attracted much 
attention. 

(1) Biochemical Aspect8 of Fluorine Chemistry; FiUer, R., Kobayashi, 
Y., Edr.; Elmvier Biomedical Prees and Kodaneha LTD Amsterdam, 
1982. 

(2) Welch, J. T. Tetrahedron 1987,43, 3123. 

(3) (a) Hallinan, E. A,; Fried, J. Tetrahedron Lett. 1984,26,2301. (b) 
Gelb, M. H.; Svaren, J. P.; Abelea, R. H. Biochemistry 1986,24,1813. (c) 
Trainor, D. A.; Stein, M. M. Eur. Pat. Appl. 1986,O 204 571. (d) Tha- 
ierivonga, S.; Pale, D. T.; Kati, w. M.; Turner, S. R.; Tho", L. M. 
J.  Med. Chem. 1986,28,1563. (e) Thairrivonge, S.; Pak, D. T.; Kati, W. 
M.; Turner, 5. R.; Thomaeco, L. M.;.Watt, W. Zbid. 1986,29,2080. (0 
Burton, D. J.; W o n ,  J. C. J. Fluorine Chem. 1988,38,126. 
R. W.; Schaub, B. Tetrahedron Lett. 1988,!29,2943. (h) HertfL% 
Kroin, J. S.; Miener, J. W.; Tustin, J. M. J.  Org. Chem. 1988,SS, 2406. 
(i) Takahashi,.L. H.; RadhaLriehnan, R.; Rosenfield, R. E., Jr.; Meyer, 
E. F., Jr.; Trainor, D. A. J.  Am. Chem. SOC. 1989,111, 3388. 
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acetatess have also been used for the synthesis of com- 
pounds bearing the carbalkoxydifluoromethyl group. 
However, theae methods could not be applied for the direct 
preparation of a,a-difluoro esters! 

Although fluorination7 of a-keto esters with sulfur tet- 
rafluoride was used to synthesize a,a-difluoro esters, this 
reaction has limited application due to the volatility and 
high toxicity of sulfur tetrafluoride. In addition, the 
fluorination reaction has poor chemical selectivity; some 
functionalities could not be tolerated under the reaction 
conditions. Kobayashie haa developed a somewhat better 
methodology for the preparation of a,a-difluoro esters 
using (carbomethoxydifluoromethy1)copper from methyl 
iododifluoroacetate and copper in aprotic coordinating 
solvents. Although the reaction of this copper reagent with 
aryl, alkenyl, and allyl halides gave good yields of the 
coupled products, the reaction with butyl halide required 
elevated temperature in HMPA, and only a modest yield 
of a,a-difluorohexanoate was obtained. 

More recently, the atom-transfer reaction of methyl 
iododifluoroacetate with alkenes has been reported by 
&levae" and T a g ~ c h i . ~  However, the radical cyclization 
of allyl iododifluoroacetate using organotin reagents gave 
none of the desired product and only iododifluoroacetate 
was recovered.1° 

In a preliminary paper," we briefly described the ad- 
dition of iododifluoroacetates to alkenes in the presence 
of copper. This methodology provides a new approach to 
a,a-dfluoro functionalized esters in good yields. We now 
wish to report detailed results. 

Results and Discussion 
Iododifluoroacetates were easily prepared from the 

commercially available bromodifluoroacetates. When 
bromodifluoroacetates reacted with acid-washed zinc in 
the presence of a catalytic amount of mercury dichloride 
(5%)  in triglyme at room temperature for 2-3 h,12 19F 
NMR analysis of the reaction mixtures indicated the 
formation of the Reformatsky reagents in 7040% yields. 
Upon treatment of the zinc reagents with iodine at 0 OC 
to room temperature, the corresponding iododifluoro- 
acetates were isolated in 58-73% yields. 

HgCl2 12 BrCFzCOzR + Zn - BrZnCF2C02R - 
TG 

ICFzCOzR 
la: R = CH3, 58% 
lb: R = CzHg, 64% 
IC: R = CH(CH&, 73% 

(4) bhihara, T.; Yamanaka, T.; Ando, T. Chem. Lett. 1984, 1166. 
K m W ,  M.; Whnra, T. Tetmhedron Lett. 1987,28,6481. K m W ,  
M.; Irhihara, T. Bull. Chem. SOC. Jpn. ISSO, 63,428. 

(5) Burton! D. J.; w o n , J .  C. lgOth National Meeting of the Am- 
erican Chemical Society, Chicago, IL, Sept 1986; Abetract FLU0 016. 
Burton, D. J.; W o n ,  J. C. 12th International Symwium on Fluorine 
Chembtry, Santa Crue, CA, Aug 1988, Abstract 110. Kitagawa, 0.; Ta- 

T.; Kobay~hi, Y. Tetrahedron Lett. 1988,29,1803. Taguchi, T.; 
tdepm 0.; SuL,  Y.; Ohicllwa, S.; HaMmoto, A; Iitalra, Y.; Kobay~hi, 

Y. Ibid 1988.29.6291. ,~ , . ~  ~ 

(6) Morikawa, T.; Niehiwaki, T.; Nakamura, K.; Kobaymhi, Y. Chem. 
Pharm. Bull. 1989,37,813. 

(7) Bloehchita, F. A.; Bunnakov, A. 1.; Kwhenko, B. V.; Alekseeva, 
L. A.; Bel'ferman, A. L.; Pazdenkii, Yu. A.; Yagupol'rkii, L. M. J. Org. 
Chem., USSR, Engl. T r o d .  1981, 17,1280. 

(8) Taguchi, T.; Kitagawa, 0.; Morihwa, T.; Nhhiwaki, T.; Uehara, 
H.; Endo, H.; K o b a y d ,  Y. Tetrahedron Lett. 1986,27,6103. 
(9) (a) b l e v a ,  L. N.; Doetovdova, V. I.; Velichko, F. K.; Cherstkov, 

V. F.; Sbrlin, 8. R.; Snvicheva, 0. I.; Kwykin, M. A.; Gemen, L. C. Zzo. 
Akod. N a d .  SSSR Ser. Khim. 1988,2132. (b) Kitagawa, 0.; Miura, A.; 
K o h y ~ h i ,  Y.; T chi, T. Chem. Lett. lSSO,1011. 
(10) Barth, F.;TYang, C. Tetrahedron Lett. 1990,31. 1121. 
(11) Yang, 2. Y.; Burton, D. J. J. Fluorine Chem. 1989, M, 436. 
(12) EMton, J. C. Thesin, University of Iowa, 1988. 
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Table I. Copper-Initiated Reaction of 1 with Alkenes 
cu ICF&O& + R'CHICHR' RaCHICHR'CF2CO2R 

no. product yield (46) 
2 n-BuCHICHzCF2C02Me 75 
3 n-CsHl,CHICH2CF2C02Me 65 
4 Me.SiCHICH,CF,CO,Me 83 
5 
6 
7 
8 
9 
10 

65 
76 
83 
70 
76 
72 
80 

12 HO(CH,)8CHICH,CF2C02Et 92 
13 MeC(0)(CHn)nCHICHnCF.,COnEt 67 
14 Et02CCHM~%H2CHIdH2CF260zEt 90 
15 (Et0)2P(O)CH&HICH2CF2CO*Et 77 
16 (EtO)zP(O)CF+2H2CHICH2CF,CO,Et 88 

78 

75 
l7 a:F&O&4e 
18 

19 n-CaH&HICH(n-CsH,)CF&O2Et 72 

The addition of 1 to terminal alkenes in the presence 
of copper gave the corresponding products at 50-60 OC. 
For example, in the case of the reaction of la with 1-hexene 
and 15 mol 9% of copper powder in the absence of solvent 
at 55 OC, methyl 2,2-difluoro-&d&oak 2 waa isolated 
in 75% yield. 

cu ICFzCOzR + R'CH4Hz R'CHICH2CFZCOzR 
6592% 

A variety of funtionalitiea on the alkenes can be tolerated 
under the reaction conditions. This method easily pro- 
vided the precursors for the preparation of the a,a-difluoro 
functionalizsd esters. For example, upon treatment of 1 b 
with 9-decenol, neat, in the presence of 20 mol 9% of 
amount of copper at 55 OC for 3 h, the corresponding 
adduct was isolated in 92%. Similarly, other functional 
groups, including trimethylsilyl, epoxy, ester, ketone, and 
phosphonate on the alkenes did not interfere with the 
reaction. These results are summarized in Table I. 
AU the adducts exhibited a typical AB pattern signal in 

the 19F NMR spectra. For example, 'gF NMR of 3 ex- 
hibited two doublets of multiplets at -102.4 ppm and at 
-107.4 ppm. The lower field signal is a doublet of doublet 
of doublets with J = 264,17.1, and 14.7 Hz. The higher 
field signal is a doublet of triplets, with J = 264 and 17.1 
Hz, respectively. 

The addition reaction could also be successfully applied 
to internal alkenes. Upon reaction of lb  with trans-3- 
octene and copper, adduct 19 was isolated in 75% yield 
as a mixture of diastereoisomers in a 1:l ratio. The re- 
action with cyclohexene gave the corresponding trans and 
cis isomers in a 2:l ratio. The structures of the isomers 
were assigned based on their 19F NMR and 'H NMR 
data.13 

Previous reports by Coe" and Chen'"l7 documented 
that the addition of perfluoroalkyl iodides to alkenes can 

(13) Brace, N. 0. J.  Am. Chem. SOC. 1962,84,3020. 
(14) Coe, P. L.; Milner, N. E. J.  Organomet. Chem. 1972, 39, 396. 
(16) Chen, Q. Y.; Yang, Z. Y .  J.  Fluorine Chem. MU, 23,399. 
(16) Chen, Q. Y.; Yang, Z Y. Acta Chim. Sin. (Chin. Ed.) 1986,44, W. 
(17) Chen, Q. Y.; Yang, Z. Y.; He, Y. B. J.  Fluorine Chem. 1987,37, 

171. 
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C H  H cu C3H7 ,c&7 
"C=C' + ICF2CO2Et 'CH-CH 
H' ' C3H7 I' 'CF2CO2E1 

19 
72% 

R = Me 70% 
R = Et 75% 

be initiated by copper. A single electron transfer mecha- 
nism has been proposed in the addition reactions.1C16 
Accordingly, we propose that reaction of 1 with alkenes 
may also involve a single electron transfer (SET) process. 

ICF2CO2R + CU - ICF2C02Ra- + CU+ 7 

I cur 

*CF2C02R + I -  

*CF2C02R + -R' - R'EHCH2CF2C02R 

W5HCH2CF2C02R + ICFpCO2R - WCHICH2CF2C02R + %F2C02R 

The initiation step is likely to be an electron transfer 
from copper to 1 to produce a radical anion. The radical 
anion rapidly decomposes to the carbalkoxydifluoromethyl 
radical, which adds to the alkene, and then abstracta iodine 
from 1 to give the adduct and the carbalkoxydifluoro- 
methyl radical, continuing the chain process. Evidence 
consistent with the proposed mechanism is that the re- 
action could be inhibited by both an electron scavenger 
and a radical inhibitor. For example, when lb was reacted 
with l-&ne and 20 mol % of copper in the presence of 
20 mol % of p-dinitrobenzene at 55 OC for 4 h, no reaction 
was observed by '9 NMR analysis; only lb was detected. 
Similarly, di-tert-butyl nitroxide completely suppressed 
the addition reaction under the same conditions. 

Another recognized way to gain insight into the mech- 
anism of the addition reaction is to conduct a ring closure 
reaction in the exo mode from the Bhexenyl radical.18 In 
order to test for the intermediacy of a radical, we reacted 
1 with 1,6-heptadiene in the presence of copper. Upon 
reaction of lb with diallyl ether in the presence of copper 
at 60 OC, the tetrahydrofuran derivative 20 was formed. 
This result is similar to that obtained by Chen, who re- 
ported the reaction of perfluoroalkyl iodide with diallyl 
ether initiated by copper.16 

+ ICF2C02Et - 
60% 

20 
82% 

Remarkable solvent effects on the reaction of per- 
fluoroalkyl iodides with copper have been observed by 
Chen et al.16J7 In coordinating solvents such as HMPA 
and DMSO, the (perfluoroalky1)copper was proposed as 
the intermediate, which could be trapped by iodobenzene 
to give the (perfluoroalky1)benzene. However, a per- 
fluoroalkyl radical was suggested as a reactive intermediate 
for the reaction of perfluoroalkyl iodide with copper in 
poorly coordinating solvents, such as hexane and benzene. 
This radical reacted with alkenes to afford the corre- 
sponding adduct. Recently, Kobayashil9 reported that 
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when methyl iododifluoroacetate reacted with copper in 
either DMSO, DMF, or HMPA, (carbomethoxydifluoro- 
methy1)copper was observed by '9 NMR spectroscopy. 
It remained to be investigated whether or not similar 
solvent effects in the reaction of 1 with copper would take 
place. 

We conducted the reaction of lb  with alkenes and 
copper in a variety of solvents. As illustrated in Table 11, 
the addition of lb to alkenes could be carried out in both 
poorly coordinating solvents and stronger coordinating 
solvents. For example, upon reaction of lb with copper 
and l-octene in benzene, hexane, and acetonitrile at 55 OC, 
the corresponding adduct was obtained in 78,81, and 92% 
of yields, respectively. When HMPA, DMSO, and DMF 
were employed as solvents, the reaction of lb with copper 
(Cu/lb = 2) and l-octene at 55 O C  gave good to excellent 
yields of adduct. No (carbalkoxydifluoromethy1)copper 
was observed in the lgF NMR spectrum of the reaction 
mixture. In contrast, only (perfluoroalky1)benzene was 
obtained in the reaction of perfluoroalkyl iodides with 
copper, l-heptene, and iodobenzene in HMPA at 100 OC, 
which implies a (perfluoroalky1)copper intermediate." In 
DMSO, although some adduct was observed, the major 
product was still (perfluoroalky1)benzene." The difference 
in the reactivity between perfluoroalkyl iodides and 1 can 
be ascribed to the weak carbon-iodine bond of 1, due to 
the stabilization of the resulting carbalkoxydifluoromethy1 
radical by the adjacent carbonyl group. Thus, in the ad- 
dition reaction of 1 with terminal alkenes, the initiation 
step or the efficiency of the chain propagation steps could 
be enhanced, resulting in a faster overall conversion of 1 
to adducts instead of the formation of (carbalkoxydi- 
fluoromethy1)copper. 

The competitive reaction between addition and forma- 
tion of (perfluoroalky1)copper depends on the reactivity 
of the alkene employed in the reaction of perfluoroalkyl 
iodide with alkene and copper.17 When less active (relative 
to attack by radical) alkenes were used as substrates, the 
quantity of the copper reagent was increased.17 One would 
anticipate that if a less active alkene reacted with 1 and 
copper in a stronger coordinating solvent, the addition 
reaction would become less favorable, and thereby (carb 
alkoxydifluoromethy1)copper would be generated. We used 
cyclohexene as a less active substrate. Upon reaction of 
cyclohexene with lb and exceas copper in HMPA at 55 OC 
for 1 h, 65% of 18 and 4% of (carbethoxydifluoro- 
methy1)copper (-44.5 ppm vs C6H6CFs)10 were observed 
by lSF NMR analysis of the reaction mixture. This result 
suggests that a radical intermediate is also involved when 
the (carbethoxydifluoromethy1)copper is formed. 

It is well-documented that the reaction temperature can 
influence the distribution of products in a competitive 
reaction. At room temperature (carbomethoxydifluoro- 
methyl)copperlg was readily prepared from the reaction 
of la with copper in either HMPA or DMSO or DMF. 
When we reacted lb and l-octene in the presence of excess 
copper in HMPA at 25 OC, 86% of 7 and 8% of (carb- 
ethoxydifluoromethy1)copper were formed. When the 
same reaction was carried out in DMSO at 25 O C  for 45 
min, 65% of 7 and 26% of the copper reagent were ob- 
served by lgF NMR analysis of the reaction mixture. 
Addition of iodobenzene to this mixture gave ethyl 2- 
phenyl-2,2-difluoroacetate in quantitative yield. p-Di- 
nitrobenzene failed to inhibit the reaction in DMSO under 
the same conditions. However, a radical inhibitor, di- 
tert-butyl nitroxide, completely suppressed the reaction, 

(18) Beckwith, A. L. J.; Fanton, J. C.; Lawrence, T.; Serelie., A. K. Alrst. 
J .  Chem. 190,56,646. (19) Kitagawa, 0.; Taguchi, T.; Kobaymhi, Y. Chem. Lett. 1989,369. 
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Table 111. Reduction of Adducts with Zinc and Nickel 
Chloride 

R”CHICHR’CF2C02R + Zn R”CH2CHR’CF2C02R 
NiCl#.H$ 

Table 11. Reaction of 1 with 1-Octene and Copper in 
Solventsa 

adductb CuCF2COzRb 
no. R solvent t (mid (96) (%) 
1 IPr neat 200 76’ 0 
2 IPr benzene 200 8oe 0 
3 IPr hexane 300 73‘ 0 
4 Et CHSCN 240 92 0 
5 Et DG 180 87 0 
6 Et DMF 150 92 0 
7 Et DMSO 30 94 0 
8 Et DMSod 45 65 26 
9 Et HMPA 60 86 0 

10 Et HMPAd 180 86 ,8 
a A t  55 O C  in all cases except entries 8 and 10. bYields were 

determined by ‘q NMR v8 C&&FS. Isolated yields. Reaction 
at 25 OC. 

and neither adduct nor copper reagent was observed by 
‘gF NMR spectroscopy. These results further imply that 
a radical intermediate may also be involved during the 
formation of (carbethoxydifluoromethy1)copper. In the 
presence of an alkene, the radical attacks the double bond 
faster than it couples with copper metal to form the copper 
reagent. Thus, adducts are major products in both poorly 
coordinating solvents and stronger coordinating solvents. 

In order to prepare a,a-difluoro esters, we needed to 
remove iodine from the adducts. A number of methods 
for the reduction of carbon-halogen bonds employing 
transition-metal catalysta have been reviewed.2o A mixture 
of metal hydrides with transition-metal salts such as 
CoCl2,2l NiC12,= CuCl,% CeC13,U RhCl,,% and TiC13% are 
effective in removal of halogen from organic halides. 
However, these reagents serve effectively for a relatively 
constrained range of substrates, since they are also capable 
of reducing many other functionalities. Although radical 
dehalogenation with organotin hydridesn has proved 
particularly versatile, offering generally high yields and 
excellent selectivity in the presence of many other types 
of functionalities, they do suffer from some disadvantages. 
The tin reagents are relatively expensive, their use nor- 
mally requires elevated temperatures, and the tin halide 
byproducts often require careful chromatographic sepa- 
ration from the desired products. 

Colon” developed the reduction of organic halides with 
zinc in the presence of catalytic amounts of bis(tri- 
pheny1phosphine)nickel chloride in DMF and at 50-70 OC. 
We found that the iodine atom of the adducta was reduced 
by zinc in presence of catalytic amounts of nickel chloride 
hexahydrateB in moist THF at room temperature. When 

NiClPgH& 
R’CHICHR”CF2C02R + Zn 7 

R’CH&HR”CF&02R 

(20) Pinder, A. R. Synthesis 1980,426. 
(21) Satoh, T.; Suzuki, 5.; Suzuki, Y.; Miyeji, Y.; Imai, 2. Tetrahedron 

Lett. 1969,4655. Chung, 9.-K., Han, G. Synth. Commun. 1982,12,903. 
(22) Lin, 9. T.; Roth, J. A. J. Org. Chem. 1979,44,309. Back, T. C.; 

Birm, V. I.: Edwards. V. I.: Kriehnn, M. V. J. Org. Chem. 1988,53,3816. 
(23) Narinada, M.: Horibe. I.: Watanabe. F.: Tdeda, K. J. Org. Chem. 

1989,M, 6308. 
(24) Luche, J.-L. J. Am. Chem. SOC. 1978, 100, 2226. Rucker, C.; 

Horrter, H.; Gajeanki, W. Synth. Commun. 1980,10,623. 
(25) Nishiki. M.: Mivataka. H.: Niino. Y.: Mitauo. N.: Satoh, T. Tet- . .  . .  

mhedron Lett.. 1982, 23, 193.. 
. 

(26) Aehby, E. C.; Lin, J. J. J.  Org. Chem. 1978,43, 1263. 
(27) Neumann, W. P. Synthesis 1987,666. 
(28) Colon, I. J. Org. Chem. 1982,47, 2622. 
(29) Recently, it WBB reported that a,&unsaturated carbonyl com- 

pounds and carbonyl eubstmtea could be reduced by NiCl&n in aqueous 
medium: Petrier, C.; Luche, J.-L.; Lavaitte, S.; Morat, C. J. Org. Chem. 
1989,54, 6313. 

no. 
5b 
6b 
7b 
9b 
10b 
12b 
13b 

product yield (%) 
n-BuCH2CH2CF2C02Et 87 
n-C6HllCH2CH2CF2C02Et 85 
~-C~H&HZCH~CF~COZE~ 81 
n-C8Hl3CH2CH2CF2CO2Pr 79 
Me3SiCHzCHzCFzC02Pr 72 
HO(CHZ)&H&H&F2C02Et 71 
MeCIO)lCHn)nCHICHrCFoCOoEt 74 

14b Et02CCHMddH2dH2dH2CF2~02Et 88 
15b (EtO)2P(O)CHpCH2CH&F&O2Et 77 

01 CF&O&t 

85 

the reaction was monitored by lBF NMR, the typical AB 
pattern signal of the adducts changed to simple triplets 
after 45 min to a few hours. For example, after a mixture 
of zinc and 5 mol 90 of nickel dichloride hexahydrate and 
moist THF was stirred for 10 min, 7 was added and the 
mixture was stirred at 25 OC for 45 min. ‘T NMR analysis 
indicated that only 7b (-106.4 ppm, t, 3 J ~ R  = 17.2 Hz) was 
present and no 7 remained. As illustrated in Table 111, 
a variety of functional groups, such as trimethylsilyl, hy- 
droxy, ketone, ester, and phosphonate, could be tolerated 
under the reaction conditions. The isolated yields are good 
to excellent. 

In conclusion, the reaction of 1 with a variety of alkenes 
gave the corresponding adducts in good yields in the 
presence of copper. The addition reactions can be con- 
ducted either neat or in a solvent and a SET-initiated 
radical mechanism is proposed. It is also suggested that 
the formation of (carbalkoxydifluoromethy1)copper may 
involve a radical intermediate in DMSO or in HMPA. 
Removal of iodine in the adducts was readily accomplished 
with zinc in the presence of nickel chloride in moist THF. 
The two step addition-reduction reaction provides a novel 
and practical synthesis of a variety of a,a-difluoro esters. 

Experimental Section 
General. All the reactions were performed in an oven-dried 

apparatus that consisted of a two- or three-necked flask equipped 
with an addition funnel, a Teflon-coated magnetic stir ring bar, 
and a reflux condenser connected to a nitrogen source and mineral 
oil bubbler. All boiling points were determined during fractional 
distillation using a partial immersion thermometer and are un- 
corrected. ‘9 NMR, ‘H NMR, ‘8c NMR, and NMR spectra 
were recorded on 90-MHz multinuclear and AC-300-MHz spec- 
trometers. All chemical shifts are reported in parts per million 
downfield (positive) of the standard. ‘9 NMR spectra are ref- 
erenced against internal CFC13, ‘H NMR and 13C NMR spectra 
against internal tetramethylsilane, and slP NMR against external 
HSPO1. FT-IR spectra were recorded as CCl, solutions using a 
solution cell with 0.l-cm path length. GC-MS spectra ( m / e )  were 
performed at 70 eV in the electron impact mode. GLPC analyses 
were performed on a 6 %  OV-101 column with a thermal con- 
ductivity detector. 

Materials. Ethyl bromodifluoroacetate was obtained from 
PCR Co. Methyl bromodifluoroacetate and isopropyl bromo- 
difluoroacetate were prepared by the literature procedure.80 
Nickel chloride hexahydrate, zinc, iodine, and al l  alkenes were 
obtained from Aldrich Chemical Co. except diethyl 1,l-di- 
fluoro-3-butenylphoephonates1 and diethyl allylphoephonate and 
used without purification. Copper was prepared by the literature 

(30) Paleta, 0.; Lieka, F.; Po&, A. Collect. Czech. Chem. Commun. 

(31) Burton, D. J.; Sprague, L. C. J.  Org. Chem. 1989,54, 613. 
1970,36, 1302. 
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THF, acetonitrile, benzene, hexane, diglyme, and 
dioxane were used without purification; DMF and DMSO were 
purified by distillation from calcium hydride. 

General Procedure for the Preparation of Iododifluoro- 
acetates: Ethyl Iododifluoroacetate (lb). A flask fitted with 
a stir ring bar and a N2 inlet was charged with 19.5 g (0.3 mol) 
of Zn, 3.3 g (0.012 "01) of HgC12, and 250 mL of triglyme. Then 
50.8 g (0.25 mol) of ethyl bromodifluoroacetate was added slowly 
via syringe with stirring at 25 OC over 30 min. After the addition 
was completed, the reaction mixture was stirred for 3 h. A 101.6-g 
(0.4-mol) portion of 1' was added and the solution stirred over- 
night. The reaction was flash distilled (C70 OC (0.1 mmHg)) to 
give a dark mixture of lb and solvent, which was poured into a 
beaker with N@03 solution. The light yellow organic lower layer 
was separated, washed with water, dried over molecular sieves, 
and distilled to give 41.3 g (64%) of lb, GLPC purity 98%: lgF 

1774 (a), 1289 (a), 1162 (a), 1116 (a), 930 (8) cm-'; MS 250 (M+, 
21.51), 177 (33.63), 127 (34.93), 123 (loo), 51 (20.20). 

Esters la  and lb were prepared similarly. 
Methyl iododifluoroacetate (la): yield 59%; lgF NMR 

(CDCl') -57.7 (a); 'H NMR (CDC1,) 3.96 (a); FT-IR (CC14) 2959 
(m), 1793 (s), 1778 (a), 1292 (e), 1163 (81,1157 (s),1106 (8) cm-'; 
MS 236 (M+, 42-51), 177 (43.71), 127 (43.71), 109 (loo), 59 (62.28). 

Isopropyl iododifluoroacetate (lc): yield 73%; '9 NMR 
(CDCl') -58.1 (a); 'H NMR (CDCl,) 5.18 (hept, 'JHS = 6.3 Hz, 
1 H), 1.37 (d, 'JHS 6.3 Hz, 6 H); FT-IR (CC1,) 2987 (m), 1771 
(a), 1767 (s), 1378 (m), 1290 (e), 1165 (s), 1099 (a) cm-'; MS 264 
(M+, 1.98), 177 (23.10), 127 (13.05), 43 (loo), 41 (29.11). 

Representative General Procedure for the Preparation 
of 22-Difluoro-4-iodo Esters: Methyl 2,2-Difluoro-4-iodo- 
octanoate (2). A heterogeneous mixture of 0.2 g (3.2 mmol) of 
copper, 1.6 g (20 mmol) of l-hexene, and 2.6 g (20 mmol) of la  
was stirred at 55 OC under nitrogen for 6 h. The reaction mixture 
was distilled at reduced pressure to give 2.6 g (75%) of 2, bp 95-96 

4.21 (m, 1 H), 3.89 (8, 3 H), 2.96-2.70 (m, 2 H), 1.16-1.38 (m, 6 
H), 0.91 (t, 'JHP = 7.1 Hz, 3 H); '% NMR 163.93 (t, 'Jcp = 31.9 

40.26,31.57, 23.06 (t, %Icp = 3.8 Hz), 21.71,13.89; h - I R  (CC1,) 
1045 (a), 1164 (s), 1213 (s), 1767 (a), 1774 (a), 2934 (s), 2960 (a) 
cm-'; MS 193 (M+ - I, 25.4), 131 (21.3), 127 (36.7), 93 (19.5), 77 
(25.21, 59 (loo), 41 (32.4). 

Methyl 2f-Mfluoro-4-iodononanoate (3). Similarly, 3 was 
prepared from 2.0 g (20 mmol) of l-heptane, 2.4 g (10 mmol) of 
la, and 0.1 g (1.6 mmol) of copper. Distillation of the reaction 
mixture gave 2.62 g (65%) of 3, bp 102-103 "C (3.2 mmHg): '@F 
NMR (CDClJ -102.4 (ddd, 'Jpp 1 264 Hz, ' J p s  
= 17.1 Hz, 1 F), -107.4 (dt, 'Jpp - 264 HZ, ' J p s  16.0 HZ, 1 F$ 
'H NMR (CDC1') 4.26-4.18 (m, 1 H), 3.90 (a, 3 H), 2.95-2.69 (m, 
2 H), 1.83-1.68 (m, 2 H), 1.53-1.32 (m, 6 H), 0.90 (t, 'JHS 6.4 
Hz, 3 H); FT-IR (CC14) 1079 (a), 1163 (e), 1200 (a), 1769 (a), 1778 
(a), 2933 (a), 2958 (a) cN'; MS 207 (M+ - I, 12.6), 175 (14.2), 145 
(17.9), 127 (27.3), 77 (30.1), 59 (100), 55 (27.3), 43 (22.70), 41 (42.9). 

Similarly, 4 was prepared from 1.0 g (10 mmol) of trimethyl- 
vinylsiie, 1.2 g (5 mmol) of la, and 0.05 g (0.8 "01) of copper. 
Distillation of the reaction mixture gave 1.4 g (83%) of 4, bp 88-91 
OC (3.1 mmHg): '% NMR (CDC13) -102.4 (dt, 'Jpf 260 Hz, 
'Jpg 12.4 Hz, 1 F), -108.7 (ddd, 'JFH = 260 Hz, JF,H = 15.1 
Hz, Jp = 17.9 Hz, 1 F); 'H NMR (CDCld 3.91 ( ~ , 3  H), 3.12-3.08 
(m, 1 $2.68-2.89 (m, 2 H), 0.19 (s,9 H); 'gc NMR (CDClJ 163.97 
(t, 'Jp,, 0 25.0 Hz), 115.67 (t, 'JFC 252.8 Hz), 53.40, 39.09 (t, 
z J p ~  = 22.4 Hz), 4.37, -2.56; FTIR (CCW 1023 (m), 1094 (a), 1202 
(a), 1254 (a), 1769 (a), 1778 (a), 2957 (a) cm-'; MS 336 (M+, 1.81, 
189 (33.4), 185 (87.8), 117 (loo), 98 (70.3), 89 (86.4), 77 (69.4), 73 
(78.4), 59 (73.6), 43 (23.5). 

Ethyl 22-Difluoro-4-iodooctanoate (5). Similarly, 5 was 
prepared from 0.82 g (10 mmol) of l-hexene, 1.25 g (5 mmol) of 
lb, and 0.1 g (1.5 mmol) of copper. Distillation of the reaction 

NMR (CDClJ -57.9 (8); 'H NMR (CDCl3) 4.40 (9, 'JHS 7.0 
Hz, 2 H), 1.38 (t, 'JHS = 7.0 Hz, 3 H); FT-IR (CC14) 2986 (m), 

OC (3.4 "Hg): '9 NMR -101.9 (dt, 'Jpp 264 Hz, 'Jpt 
Hz, 1 F),-107.7 (dt, 'Jpp 

14.6 
264 Hz, 'Jps 3 17.1 Hz, 1 F); H NMR 

Hz), 115.28 (t, Jcp = 252.3 Hz), 53.54,45.44 (t, 'Jc = 23.3 Hz), 

14.7 Hz, 'Jp 

Methyl 2 f -Mf l~oro-4 - ioao-d( tr imethy l~~y l )b~~~~  (4). 

(32) Bmwnter, R. Q.; Gmning, T. Organic Syntheses; Wiley New 
York, 1943; Collect. Vol. 11, p 446. 

J.  Org. Chem., Vol. 56, No. 17, 1991 5129 

mixture gave 1.1 g (65%) of 5, bp 102-104 OC (3.4 mmHg): '@F 
NMR (CDC13) -102.2 (ddd, 'Jpp 17.1 Hz, 'JFa 
= 14.7 Hz, 1 F), -107.6 (dt, 'Jps 264 Hz, ' 4 3 3  17.1 HZ, 1 F); 
'H NMR (CDC13) 4.34 (q, ' J H ~  1, 4.22 (m, 1 H), 

264 fi, 'JFs 

7.1 HZ, 2 
2.96-2.69 (m, 2 H), 1.84-1.70 (m, 2 H), 1.55-1.27 (m, 4 H), 1.37 

163.43 (t, 'Jcp = 32.0 Hz), 115.24 (l$p = 251.6 Hz), 63.18,45.43 
(t, 'JH,H = 7.1 Hz, 3 H), 0.93 (t, 'JH 6.9 HZ, 3 H); 'Bc NMR 

(t, 'JCp = 23.2 Hz), 40.21, 31.63, 23.22 (t, 'Jcp = 4.1 Hz), 22.27, 
21.71, 13.88; FT-IR (CClJ 1079 (s), 1191 (e), 1288 (e), 1301 (e), 
1764 (s), 1774 (a), 2963 (8) c d ;  MS 289 (M+ - 0% 1.3), 207 (75.41, 
113 (45.3), 77 (57.3), 69 (80.7), 55 (56.1), 43 (86.8), 29 (100). 

Ethyl 2,2-Difluoro-4-iodononanoate (6). Similarly, 6 was 
prepared from 1.0 g (10.1 mmol) of l-heptene, 1.25 g (5 mmol) 
of lb, and 0.08 g (1.3 "01) of copper. Distillation of the reaction 
mixture gave 1.3 g (76%) of 6, bp 112-114 OC (3.4 mmHg): '9 
NMR (CDClJ -102.1 (ddd, 'Jpp 
= 14.7 Hz, 1 F), -107.6 (dt, 2Jpp - 264 Hz, = 17.2 Hz, 1 F$ 
'H NMR (CDClS) 4.35 (4, ' J H ~  = 7.1 Hz, 2 ), 4.22 (m, 1 H), 
2.96-2.70 (m, 2 H), 1.85-1.72 (m, 2 H), 1.54-1.24 (m, 6 H), 1.38 
(t, ' J H ~  = 7.1 Hz, 3 H), 0.90 (t, 'JHs 6.7 Hz, 3 H); '9C NMR 
(CDC13) 163.90 (t, 'JF,c = 32.7 Hz), 115.28 (t, 'Jp,c = 252.0 Hz), 
53.55,45.40 (t, 'Jps  = 23.1 Hz), 40.50, 30.74,29.12,23.18,22.46, 
14.00; FT-IR (CClJ lOs0 (a), 1114 (a), 1203 (a), 1763 (e), 1774 (e), 

264 &, 'Jpa = 17.2 Hz, 'Jp 

2960 (a) cm-'; MS 303 (M+ - OEt, 1.4), 221 (loo), 175 (97.8),131 
(77.3), 83 (80.3), 77 (85.0), 43 (39.7), 41 (55.2). 

Ethyl 2,2-Difluoro-4-iododecanoate (7). Similarly, 7 was 
prepared from 2.85 g (25 mmol) of l-octene, 5.0 g (20 mmol) of 
lb, and 0.2 g (3.1 mmol) of copper. Distillation of the reaction 
mixture gave 6.1 g (85%) of 7, bp 96-98 "C (0.4 mmHg): 'gF NMR 

(9, 'JF = 7.2 Hz, 2 H), 4.21 (m, 1 H), 3.01-2.65 (m, 2 HI, 1.75 
(m, 2 ), 1.51 (m, 1 H), 1.37 (t, 'JH = 7.2 Hz, 3 H), 1.30 (m, 6 
H), 0.89 (t, 'Jw = 6.7 Hz, 3 H); 'Bc GMR (CDClJ 163.41 (t, 'Jpc 
= 32.9 Hz), 115.24 (t, 'Jp,c 251.5 Hz), 63.17, 45.43 (t, 'Jpc = 
23.2 Hz), 40.51,31.63,29.48,28.25,23.31,22.59,14.04,13.90; f i - I R  
(CCl,) 2959 (e), 1773 (s), 1762 (a), 1375 (a), 1291 (e), 1188 (s), 1079 
(a) cm-'; MS 363 (M+ + 1, 0.02), 235 (17.96), 189 (30.83), 151 
(53.88), 99 (31.551, 69 (39" 57 (loo), 43 (87.86). 

Ethyl 2~-Difluore4-iodo4-(trimethylsilyl)butanoate (8). 
Similarly, 8 was prepared from 1.0 g (10 mmol) of vinyltri- 
methylsilane, 1.25 g (5 mmol) of lb, and 0.08 g (1.25 mmol) of 
copper. Distillation of the reaction mixture gave 1.2 g (70%) of 
8, bp 97-99 "C (1.8 "Hg): '9 NMR (CDClJ -102.3 (ddd, 'Jps 
= 261 Hz, 'Jp 12.2 Hz, 1 F), -108.6 (dt, 'Jps  

73 = 17.1 A, 1 F); 'H NMf? (CDCl,) 4.36 (4, 'JHS = 7.1 Hz, 
2 H), 3.11 (t, 'JH,H 6.6 HZ, 1 H), 2.64 (m, 2 H), 1.38 (t, 'JH,H 
= 7.1 Hz, 3 H), 0.18 (8, 9 H); "C NMR (CDClJ 163.77 (t, ' J F , ~  
= 31.9 Hz), 115.74 (t, 'Jp,c = 252.6 Hz), 63.19, 39.16 (t, 'Jp,c = 
24.2 Hz), 13.94,4.41 (t, 'Jp,c 4.2 Hz), -2.42; m-m (cc4) 1095 

(CDC13) -102.1 (dt, 'Jp = 266.1 Hz, 'Jp = 17.1 Hz, 1 F), -107.6 
(dt, 'Jpp 266.1 Hz, '43 = 17.1 Hz, 1 8; 'H NMR (CDCld 4.34 

= 14.6 Hz, 'JF 

(a), 1191 (a), 1254 (a), 1761 (a), 1774 (81,2960 (m) cm-'; MS 350 
(M+, 2.3), 185 (54.5), 103 (loo), 84 (25.7), 77 (53.7), 73 (78.0). 

prepared from 2.3 g (20 mmol) of l-octene, 2.6 g (10 mmol) of 
IC, and 0.2 g (3.1 "01) of copper. Distillation of the reaction 
mixture gave 3.0 g (79%) of 9, bp 135-137 OC (1.4 mmHg): '9 

ISOp~pyl2f-MflUO~4-~odod~ododecanoats (9). S h h d y ,  9 Was 

NMR (CDC13) -102.4 (ddd, 'Jpp 
= 15.5 Hz, 1 F), -108.3 (ddd, 'Jpp = 261 Hz, 'JFq = 17.1 '4s 
= 14.7 Hz, 1 H); 'H NMR (CDClJ 5.15 (hept, JHS = 5.8 Hz, 1 
H), 4.23 (pent, 'JH,H = 5.9 Hz, 1 H), 3.08-2.56 (m, 2 H), 1.74 (m, 
2 H), 1.38-1.31 (m, 14 H), 0.88 (m, 3 H); FT-IR (CCC) 1080 (e), 
1129 (a), 1212 (81, 1377 (e), 1758 (a), 1769 (a), 2830 (m), 2959 (8) 
an-'; MS 317 (1.04), 207 (24.29), 189 (15.07), 77 (9.04), 57 (55.321, 
43 (100). 

Isopropyl 2f-Difluoro-4-iode4-(trimethylsilyl)butan~~ 
(10). Similarly, 10 was prepared from 1.5 g (15 mmol) of tri- 
methylvinylsilane, 2.1 g (8 mmol) of IC, and 0.1 g (1.5 mmol). 
Distillation of the reaction mixture gave 2.1 g (72%) of 10, bp 

261 Hz, 'Jp3 = 12.2 Hz, 

98-100 OC (3.5 "Hg): '9 NMR (CDCld -102.9 (at, 'Jpp 261 
Hz, 'JpS = 14.6 Hz, 1 H), -107.9 (dt, 'JIB = 261 Hz, 'Jpw = 16.6 
Hz, 1 H); 'H NMR (CDCl3) 5.16 (hept, J H ~  6.2 Hz, 1 H), 3.10 
(t, 'JHS = 6.8 Hz, 1 H), 2.61 (a, ' JH~ = 16.4 Hz, 'J = 6.8 Hz, 
2 H), 1.35 (d, 3J~34 = 6.2 Hz, 6 H), 0.16 (8,9 H); %IR (ccb) 
1087 (a), 1185 (a), 1208 (a), 1253 (a), 1755 (8),1770 (a), 2970 (m), 
2984 (a); MS 364 (M+, 0.5). 230 (30.6), 195 (loo), 185 (57.4), 103 
(55.9), 77 (45.6), 73 (77.7), 43 (51.6). 
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of lb, and 0.06 g (1 mmol) of copper. Column chromatography 
of the reaction mixture on silica gel (hexanexthy1 acetate = 32) 
gave 2.1 g (88%) of 16 'H NMR (CDCla) 4.49 (pent, *JH,H = 6.7 
Hz, 1 H), 4.36 (q, - 7.2 Hz, 2 H), 4.29 (m, 4 H), 3.03-2.84 
(m, 4 H), 1.40 (t, zci7.1 Hz, 6 H), 1.38 (t, *JHJI 7.1 Hz, 3 
H); 'BF NMR (CDCl3) -102.5 (dt, 'Jp 14.7 
Hz, 1 F), -107.6 (dt, 'Jpf 266.1 Hz, Jpp 14.7 Hz, 1 l$, -112.3 
(ddd, 'Jp 19.5 Hz, 2 F); *'P 
NMR (Chid 5.52 (t, 'Jpp = 105.0 Hz); '8c NMR (CDCIJ 163.16 
(t, 2Jp,c = 33.0 Hz), 121.52 (td, 'Jpc = 262.4 Hz, 'Jp,c 215.0 Hz), 
115.84 (d, 'Jpp = 210 Hz), 64.90 (d, 'Jp,c 7.0 Hz), 63.35,44.97 
(t, 2Jpc = 23.2 Hz), 44.72 (t, 'Jp,c 19.6 Hz), 16.39,13.83,5.26; 

266.1 Hz, *Jp 

105.0 Hz, Jpp 5 41.5 Hz, J p s  

FT-Id (CCW 2986 (m), 1774 (a), 1762 (e), 1276 (a), 1179 (e), 1097 
(a), 981 (s) cm-'; MS 479 (M+ + 1,3.08), 351 (85.57),267 (loo), 
163 (44.3), 109 (51.80), 81 (59.02), 65 (55.15). 

Methyl 2,2-Difluoro-2-(2-iodocyclohexyl)acetate ( 17). 
Similarly, 17 was prepared from 0.8 g (10 mmol) of cyclohexane, 
1.2 g (5 "01) of la, and 0.1 g (1.5 mmol) of copper. Distillation 
of the reaction mixture gave 1.25 g (78%) of 17, which is a "e 
of trans and cis isomers, bp 105-108 OC (3 mmHg): '8F NMR 
(DMSO) trans -105.7 (ad, 12.2 Hz, 0.7 
F), -112.7 (dd, 'Jpp 263.;&Gp 5 17.1 Hz, 0.7 F); Cis-110.6 
(d, 'Jpa 12.2 Hz, 0.3 F), -110.8 d, 'Jpp 5 17.1 Hz, 0.3 F); 'H 
NMR (CDClJ trans'* 4.32 (ddd, 'JHJI 15.5 Hz, 'JHJI 8.4 Hz, 

- 263.7 Hz, * J p s  

'JH = 4.0 Hz, CHI, 0.7 H); cis1* 4.66 (br, CHI, 0.3 H), 3.89 (e, 
3Hf2.72(m,0.7H),2.38-1.32(m,8H);'%NMR(CDCs)164.19 
(t, 'JF,c 
257.6 Hz), 115.45 (t, 'Jp,c = 255.3 LIZ), 53448.26 (t, 'Jp,c = 21.1 
Hz), 47.00 (t, 'Jp,C 22.8 Hz), 39.50, 37.30, 28.94, 26.72, 25.93, 
25.25 (t, 'Jp,c 3.5 HZ), 25.09, 24.69, 24.61, 23.49, 22.29,22.17; 

32.9 Hz), 163.98 (t, 'Jpc 33.0 Hz), 116.48 (t, 'Jp,c 

FT-IR (CCI$ 1086 (a), 1170 (e), 1201 (e), 1247 (a), 1764 (a), 1769 
(s),1774 (s),1780 (a), 2940(s), 2950 (8)  cm-'; GC-MS trans 318 
(M+, 2.6), 191 (51.0), 171 (98.9), 127 (49.8), 91 (48.21, 81 (25.91, 
77 (59.5), 59 (loo), 39 (43.2); cis 259 (M+ - COfie, 1.3),191(57.1), 
171 (loo), 127 (36.0), 91 (43.8), 81 (26.9),77 (50.1), 59 (80.3), 39 
(32.6). 

Ethyl 2J-Difluoro-2-(2-iodocyclohe.yl)acetate (18). Sim- 
ilarly, 18 was prepared from 1.24 g (15 "01) of cyclohexene, 2.5 
g (10 mmol) of lb, and 0.1 g (1.5 mmol) of copper. Distillation 
of the reaction mixture gave 2.5 g (75%) of 18, which is a mixture 
of cis and trans isomers, bp 110 OC (1.4 mmHg): '9 NMR 
(DMSO) trans -106.0 (dd, 'Jpp*; 263.7 Hz, *Jps 12.2 Hz, 1 
F), -112.3 (dd, 'Jpp = 263.7 Hz, = 12.2 Hz, 1 F); cis -110.9 
(d,'Jps = 17.0 Hz, 1 F),-111.3 (d,@s = 12.2 Hz, 1 F); 'H IQdR 
(CDCl,) 4.66-4.29 (m, 3 H), 2.75-2.65 (m, 1 H), 2.35-1.47 (m, 8 

1760 (a), 1288 (m), 1176 (a), 1083 (e) cm-'; GC-MS trans 332 (M+, 
0.02), 205 (58.63), 185 (36.14), 157 (100),131 (45.78),81 (50.20); 
cis 332 (M+, 0.26), 205 (49.59), 185 (35.12), 157 (loo), 131 (42.51), 
81 (39.67). 

Ethyl 2f-Difluoro-4-iodo-3-propylheptanoate ( 19). Sim- 
ilarly, 19 was prepared from 1.2 g (10 mmol) of 3-octene, 1.3 g 
(5 mmol) of lb, and 0.08 g (1.25 mmol) of copper. Distillation 
of the reaction mixture gave 1.3 g (72%) of 19, which is a dia- 
stereoisomeric mixture, bp 114-116 "C (3.4 mmHg): '9 NMR 

NMR (CDCl') 4.49-4.26 (m, 3 H), 2.71 (m, 1 d, 2.06 (m, 1 H), 
1.78-1.24 (m, 10 H), 0.94 (m, 6 H); '*C NMR (CDCl,) 163.89 (t, 

H), 1.38 (t, 'Jm = 7.1 Hz, 3 H); FT-IR (CCh) 2942 (s), 1774 (s), 

(CDC19) -113.8 (d, 'Jpp = 17.1 Hz), -114 (d, '4 12.2 Hz); 'H 

'Jp,c 32.9 Hz), 116.61 (t, 'Jp,c = 257.0 Hz), 63.12,50.77 (t, 'Jp,c 
= 20.4 Hz), 48.05 (t, 'Jp,c 21.8 Hz), 41.78, 37.55,33.39, 33.34, 

23.06, 21.65,'21.56, 14.25, 14.09, 14.01, 13.94, 12.97, 12.93; FT-IR 
(CCJ) 2964 (a), 1770 (a), 1764 (a), 1294 (a), 1189 (e), 1097 (a), 1053 
(8) cm-'; GC-MS (a) 289 (M+ - CO&, Ll), 235 (loo), 187 (23.0), 
121 (25.5), 77 (40.3),29 (36.3); (b) 289 (M+- CO& 0.8), 235 (loo), 
187 (19.4), 121 (19.7), 77 (43.2), 29 (40.1). 

Reaction of lb with Diallyl Ether and Copper. Similarly, 
a mixture of 1.0 g (10 mmol) of diallyl ether, 1.25 g (5 mmol) of 
lb, and 0.08 g (1.25 mmol) of copper was stirred at  55 OC for 3 
h. Distillation of the reaction mixture gave 1.43 g (82%) of 20, 
which is a 1:3 mixture of geometrical isomers, bp 116-119 OC (1.5 
mmHg): '9 NMR (CDCl*) -101.5 to -109.0 (m); 'H NMR 
(CDCld 4.32 (q, S J w  = 7.1 Hz, 2 H), 4.05-3.15 (m, 6 H), 2.73-2.07 
(m, 4 H); IR (CCl,) 2985 (81, 1775 (81,1773 (a), 1769 (81,1761 (81, 
1308 (a), 1192 (e), 1097 (a), 1073 (8) cm-4 MS (a) 348 (M+, 1.06), 
221 (76.60),191 (86.17), 143 (65.43), 97 (78.72), 77 (loo), 55 (68.09); 

32.26 (t, *JFc = 4.6 Hz), 32.20, 31.97, 31.90, 28.14, 28.06, 23.90, 

Ethyl 2f.Difluoro-a-iodo-7~8-eporyoct~naate (1 1). Simi- 
larly, 11 was prepared from 1.0 g (10 "01) of 5,6-epow-l-hexene, 
1.3 g (5 mmol) of lb, and 0.6 g (1 mmol) of copper. Distillation 
of the reaction mixture gave 1.4 g (80%) of 11, bp 100-101 OC 
(0.05 mmHg): 'H NMR (CDCla) 4.35 (9, * J H ~  7.1 Hz, 2 H), 
4.27 (m, 1 H), 2.96-2.90 (m, 2 H), 2.78-2.74 (m, 2 H), 2.54-2.48 
MS 1 H), 2.16-1.78 (m, 4 H), 1.37 (t, $JHJI = 7.1 Hz, 3 H); 'BF 
NMR (CDClJ -101.8 (dm, 'Jpp = 264 Hz, 1 F), -107.7 (dt, 'Jpp 
= 264 Hz, *Jps = 17 Hz, 1 F); W NMR (CDCla) 163.24 (t, 'Jpc 
= 32.0 Hz), 115.12 (t, 'Jp,c = 252.1 Hz), 63.27,51.35,50.39,46.81, 
46.66,45.28 (t, *Jp,c = 23.2 Hz), 45.19 (t?Jp,c 23.2 Hz), 37.02, 
36.53,32.61, 32.12,22.14,21.95 (t, 'Jpc 4.0 Hz), 13.87; FT-IR 
(CCI,) 2985 (m), 1773 (81,1763 (81,1445 (m), 1375 (m), 1210 (81, 
1190 (a), 1075 (e) cm-'; MS 349 (M+ + 1,0.01), 221 (25.74), 155 
(37.50), 103 (44.49), 79 (44.12), 55 (loo), 41 (48.90). 

mixture of 0.8 g (5 mmol) of Qdecenol, 1.3 g (5 "01) of lb, and 
0.06 g (1 mmol) of copper was stirred at  60 "C for 2 h. Column 
chromatography of the reaction mixture on silica gel 0lexane:ethyl 
acetate = 23) gave 1.9 g (92%) of 12: 'H NMR (CDClJ 4.35 (q, 
*JH3 = 7.2 Hz, 2 H), 4.17 (m, 11, 3.64 (t, *JH* 5 6.4 Hz, 2 HI, 
230-2.65 (m, 2 H), 2.05 (8, 1 H), 1.46-1.18 (m, 19 H); '9 NMR 
(CDClJ -102.1 (dt, 'Jpp = 259 Hz, *Jp = 12 Hz, 1 F), -107.7 
(dt, 'Jpj = 264 Hz, 'Jpa 12 Hz, 1 H); & NMR (CDClJ 163.44 
(t, 'Jp,c 32.0 Hz), 115.20 (t, 'Jpj 253.7 Hz), 63.24,62.67,45.31 
(t, 'Jp,c 5 23.3 Hz), 40.40, 32.68, 29.43, 29.32, 28.45,25.72,23.30 
(t, *Jpc = 4.1 HZ), 20.98, 13.88, FT-IR (CCA) 3638 (W), 2933 (S), 

Ethyl 2f-Mfluoro-a-iodo-12-hyd~~dod~oa~ (12). A 

1772 b, 1762 (81, 1239 (a), 1185 (81, 1075 (e) cm-'; MS 407 (M+ + 1,0.03), 215 (14.05), 97 (14.05), 83 (46.28),69 (81.82), 55 (loo), 
41 (55.37). 

Ethyl 2~-Mfluoro-4-iodo-7sxooctanoate (13). Similarly, 
13 was prepared from 0.5 g (5 "01) of bhexen-2-0110, 1.3 g (5 
mmol) of lb, and 0.08 g (1 mmol) of copper. Column chroma- 
tography of the reaction mixture on silica gel 0lexane:ethyl acetate - 23) gave 1.2 g (62%) of 13 'H NMR (CDClJ 4.35 (t, *JH - 7.1 Hz, 2 H), 4.25 (m, 1 H), 3.01-2.61 (m, 5 H), 2.18 (8, 3 I-$ 
2.15-1.92 (m, 1 H), 1.37 (t, = 7.1 Hz, 3 H); "F NMR (CDCld 
-102.1 (dt, V p j  264.0 Hz, aJP J p p  17 Hz, 1 F); -107.3 (dt, 'Jps 

264.0 Hz, 'Jpa 0 17.1 Hz, 1 F); '8c NMR (CDCU 206.92,163.24 
(t, 'Jpc 3 32.3 Hz), 115.06 (t, 'Jp,c 254.0 Hz), 63.34, 45.30 (t, 
'Jpg 23.2 Hz), 43.41,34.12,30.05,22.26 (t, *Jp,c 4.5 Hz), 13.87, 
FT-IR (CDClJ 2985 (m), 1773 (a), 1762 (81,1722 (81,1186 (8),1093 
(e) cm-'; MS 350 (M+, 0.01), 221 (52.74), 129 (2.19), 99 (5.17), 58 
(15.81), 43 (100). 

Diethyl 2J-Difluoro-4-iodo-6-methylheptane-1,7-dioate 
(14). Similarly, 14 WBB prepared from 0.7 g (5 mmol) of ethyl 
2-methyl-4-pentenoats, 1.3 g (5 "01) of Ib, and 0.06 g (1 "01) 
of copper. Column chromatography of the reaction mixture on 
silica gel (hexamethyl acetate = 41-3:2) gave 1.8 g (90%) of 14: 
'H NMR (CDCIS) 4.34 (q, 'JH~ = 7.2 Hz, 2 HI, 4.25-4.07 (m, 3 
H), 2.W2.64 (m, 3 H), 2.28-2.04 (m, 1 H), 1.85-1.65 (m, 1 H), 
1.36 (t, *JHp = 7.2 Hz, 3 H), 1.26 (m, 3 HI, 1.21 (d, *JH 7.0 
Hz, 3 H), 1.13 (d, *J 5 7.0 Hz, 3 H); '9 NMR (CDCl$-lOl.8 
(dm, 'Jpp = 254.0 g), -108.2 ((dm, 'Jpp 254.0 Hz); FT-IR 
(CClJ 2983 (m), 1775 (a), 1760 (a), 1741 (e), 1374 (e), 1185 (a), 1095 
(s) MS 393 (M+ + 1,0.15), 265 (83.23), 191 (loo), 171 (86.23), 
143 (43.71), 115 (20.1), 99 (36.4), 55 (35.93). 

Ethyl 2,2-Difluoro-4-iodo-S-(diethoxypho~phinyl)penta- 
noate (16). Similarly, 16 was prepared from 0.9 g (5 mmol) of 
diethyl allylphoephonate, 1.3 g (5 "01) of Ib, and 0.06 g (1 mmol) 
of copper. Column chromatography of the reaction mixture on 
silica gel (hexane:ethyl acetate = 23) gave 1.65 g (77%) of 15: 
1H NMR (CDClJ 4.24 (m, 3 H), 4.03 (m, 4 H), 2.98 (m, 1 H), 2.75 
(m, 1 H), 2.52 (ddd, 'JH = 19.6 Hz, *JH 7.2 Hz, '&,H = 1.9 
Hz, 2 H), 1.26 (m, 9 H); & "R (CDCl$-lO2.7 (at, 'Jpp = 266 

Hz, 1 Ef; 3lP NMR (CDCl,) 24.8 (8) ;  NMR (CDCl& 163.22 
Hz, *Jp 

(t, 'Jp,c 9 32.0 Hz), 114.94 (t, 'Jp,c 

'Jpc 

17.0 Hz, 1 F), -107.9 (dt, 'J p 5 266 Hz, *Jpa = 17.0 

254 Hz), 63.30,62.32 (d, 'Jpc 
7.2 Hz), 44.85 (dt, 'Jpp = 40.2 Hz, 'Jp,c = 17.2 Hz), 38.94 (d, 

136 I&), 16.39 (d, Jp,c 5 5.9 Hz), 13.88,7.75; FT-IR (CCW 
2985 (m), 1770 (a), 1763 (e), 1302 (m), 1254 (a), 1183 (a), 1074 (a) 
cm-'; MS 301 (M+ - I, 4,671,227 (93.941, 199 (52.021, 171 (1001, 
149 (54.55), 81 (51.52), 65 (34.60). 

Ethyl 2f,6,6-Tetrafluoro-4-iodo-6-( diethoxyphoephiny1)- 
hexamate (16). Similarly, 16 was prepared from 1.1 g (5 mmol) 
of diethyl (l,l-difluoro-3-butenyl)phosphonate, 1.3 g (5 mmol) 
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(b) 348 (M', 0.24), 221 (25.37), 191 (26.49), 97 (58.96), 77 (89.55), 
55 (97.01),41 (100). 

Reaction of l b  with l-Octene and Copper in Presence of 
Iahibitor. A mixture of 0.032 g (0.5 mmol) of copper, 0.084 g 
(0.5 m o l )  of pdinitrobenzene, 0.45 g (4 mmol) of l-octene, and 
0.75 g (3 mmol) of l b  in 5 mL of hexane was stirred at  60 "C for 
4 h. 'gF NMR indicated that no reaction occurred; only l b  was 
detected. 

Similarly, after a mixture of 0.75 g (3 mmol) of l b  with 0.45 
g (4 mmol) of l-&ne, 0.032 g (0.5 mmol) of copper, and 0.07 
g (0.5 mmol) of di-tert-butyl nitroxide was stirred at  60 *C for 
4 h, 'gF NMR indicated no reaction. 

Reaction of l b  with l-Octene and Copper in  Solvent. A 
mixture of 0.45 g (4 m o l )  of l-&ne, 0.5 g (2 mmol) of lb, and 
0.26 g (4 mmol) of copper in 4 mL of solvent was stirred at 25-55 
OC for 30 min to 5 h. The yields of 7 and (carbethoxydifluoro- 
methyl)copper'@ were determined by '9 NMR (va C91,CF3). All 
results are summarized in Table 11. 

Reaction of l b  with Cyclohexene and Copper in Solvent. 
A mixture of 0.33 g (4 mmol) of cyclohexene, 0.5 g (2 mmol) of 
lb, and 0.26 g (4 mmol) of copper in 4 mL of HMPA waa stirred 
at 55 "C for 1 h. '8F NMR analysis indicated 65% of 18,9% of 
ethyl difluoroacetate, and 4% of (carbethoxydifluoromethy1)- 
copperlg (-44.5 ppm vs CaHsCF3). 

Representative General Procedure for the Reduction of 
the Adducts: Ethyl 2 f - D i f l u o r o d ~ o a t e  (7b). A flaek fitted 
with a atir ring bar and a condenser topped with a Nz inlet was 
charged with 0.65 g (10 mmol) of Zn, 0.12 g (0.5 mmol) of Ni- 
C12-6Hz0, l drop of water, and 10 mL of THF. The resultant 
mirture was stirred at 25 "C for 15 min, and then 1.8 g (5 mmol) 
of 7 waa added and stirred for 45 min. The reaction mixture was 
then poured into NH4Cl solution and extracted with ether (2 X 
50 mL). The combined ether layers were washed with water and 
dried over MgSO,. After evaporation of the ether, the residue 
was &tilled to give 0.95 g (81%) of 7b, bp 96-97 "C (1.8 mmHg): 

4.31 (q, s J ~ a  7.2 Hz, 2 H), 2.15-1.96 (m, 2 H), 1.46 (m, 2 H), 

Hz, 3 H); '4 NMR (CDC13) 163.41 (t, 2 J p , ~  = 33.0 Hz), 115.23 

(CCl,) 2957 (81, 1772 (81, 1761 (e), 1304 (e), 1229 (8),1184(8), 1085 
(e) cm-'; MS 236 (M+, 0.42), 193 (32.91), 179 (46.33), 157 (32.91), 
129 (32.63), 101 (35.59), 57 (loo), 43 (94.79). 

Ethyl 2 f - D i f l ~ o m U 0 a t e  (5b). S i l y ,  Sb WM isolated 
in 87% yield 'gF NMR (CDCl3) -106.4 (t, 'JpS = 17.0 Hz); 'H 
NMR (CDClS) 4.32 (9, 'JHB = 7.2 Hz, 2 H), 2.10-1.96 (m, 2 H), 
1.49-1.41 (m, 2 H), 1.34 (t, 'JHH = 7.2 Hz, 3 H), 1.38-1.31 (m, 
6 H), 0.89 (t, 'JH,H = 7.0 Hz, 3 k); "C NMR (CDCl3) 164.53 (t, 
2Jp,c 33.22 Hz), 116.49 (t, 'Jp,c = 251.2 Hz), 62.71,34.58 (t, 'JF,C 
= 23.3 Hz), 31.67, 28.98, 22.64, 21.53, 14.06, 13.99; FT-IR (CC14) 
2933 (81, 1773 (e), 1763 (e), 1305 (m), 1190 (81, 1072 (8)  cm-'; MS 

43 (loo). 
Ethyl 2f-Difluorononanoete (6b). Similarly, 6b was isolated 

in 85% yield 'H NMR (CDClJ 4.32 (4, '&,H = 7.1 Hz, 2 H), 
2.08 (m, 2 H), 1.35 (t, ' J H H  = 7.1 Hz, 3 H), 1.58-1.28 (m, 8 H), 
0.89 (t, s J y ~  6.9 Hz, 3 h); 'V NMR (CDClJ: -106.4 (t, ' J p s  

28.98, 22.65,21.53, 14.06, 14.00; FT-IR (CCl,) 2983 (m), 1774 (a), 
1764 (a), 1305 (s), 1206 (s), 1188 (e), 1079 ( 8 )  cm-'; MS 194 (M+ 

(43.67), 43 (1001, 41 (58.23). 
Isopropyl 2,2-Difluorodecanoate (9b). Similarly, 9b was 

iaolated in 79% yield, bp 96-98 OC (1.4 "Hg): '9 NMR (CDClJ 

= 6.2 Hz, 1 H), 2.10-1.96 (m, 2 H), 1.45-1.38 (m, 2 H), 1.32-1.01 

'gF NMR (CDCls) -106.4 (t, 'Jps  17.2 Hz); 'H NMR (CDClJ 

1.34 (t, 'JH 7.0 

(t, 'Jpc 5 249.0 Hz), 63.46,45.41 (t, 2 J p , ~  = 23.2 Hz), 40.49,31.60, 
29.47, 28.23, 23.30 (t, 'Jp,c = 3.8 Hz), 22.58, 14.00,13.85; FT-IR 

7.2 HZ, 3 H), 1.28 (m, 9 H), 0.88 (t, 'JH,H 

207 (M+ - 1,1.62), 141 (25.88), 139 (58.77), 111 (29.39), 69 (28.51), 

17.1 Hz), Bc NMR (CDClS) 164.53 (t, 2 J p , ~  = 35.0 Hz), 116.49 
23.1 Hz), 31.67, 29.11, (t, 'Jp,C 249.2 Hz), 62.71,34.59 (t, 'Jp,c 

- C2H4, 0.37), 193 (M' - Et, 2.77), 115 (12.66), 101 (12.03), 57 

-106.5 (t, ' J ~ H  = 17.1 Hz); 'H NMR (CDC13) 5.14 (hept, '&,H 

(m, 16 H), 0.88 (t, ' J H ~  = 7.1 Hz, 3 H); 'W NMR (CDC13) 163.98 
(t, 'Jp,C = 33.1 Hz), 116.41 (t, 'Jp,c 250.0 Hz), 70.87, 34.55 (t, 
*Jpc 23.2 Hz), 31.84, 29.26, 29.12, 22.69, 21.54, 14.09; FT-IR 

(8) ~m-'; MS 207 (M+- C3H7,0.62), 119 (1.33), 69 (8.46), 57 (43.75), 
(CclJ 2984 (a), 2924 (81,1769 (81, 1759 (81,1377 (81,1182 (SI, 1082 

43 (loo), 41 (36.40). 
1~0pr0p~l2,2-Difluoro-4-(trimethylsilyl)butanoate (lob). 

Similarly, 10b was isolated in 72% yield, bp 60 "C (1.5 mmHg): 
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lH NMR (CDClJ 5.15 (hept, = 6.3 Hz, 1 H), 2.00 (m, 2 H), 
1.32 (d, VW = 6.3 Hz, 6 H), 0.59 (m, 2 HI, 0.02 (8,9 H); * NMR 
(CDCl,) -108.0 (t, 'Jps  = 17.1 Hz); 'Bc NMR (CDClJ 163.94 (t, 
2Jp,c = 33.34 Hz), 116.91 (t, l J p , ~  250 &), 70.73,29.41 (t, 2Jp,~ 
= 24.5 Hz), 21.55,7.77 (t, 'Jpc = 2.6 Hz), -209; FT-IR (CCW 2985 
(m), 1769 (e), 1758 (81, 1376 (e), 1302,1207,1074 cm-'; MS 181 
(2.21), 104 (17.66), 77 (37.77), 73 (loo), 59 (31.52), 43j86.96). 

Ethyl 2 , 2 - D i f l ~ 0 ~ 1 2 - h y h ~ ~ d o d e ~ a n o a t e  (12b). Smu.hrly, 
12b was prepared from 0.8 g (2 "01) of 12,0.3 g (4.6 "4 of 
zinc, 0.07 g (0.3 mmol) of NiCla.6Hz0, and 1 drop of water in 3 
mL of THF. Usual workup gave a residue, which waa purified 
by column chromatography on silica gel (hexane:ethyl acetate = 
23) to give 0.4 g (71 % ) of 12b '9 NMR (CDClJ; -106.4 (t, ' J ~ H  

(t, 'Jm = 6.8 Hz, 2 H), 2.48 (8, 1 H), 2.03-1.29 (m, 20 H); FT-IR 
(CCl,) 3639 (m), 2930 (e), 1772 (81, 1457 (m), 1304 (a), 1192 (a) 

69 (54.05), 55 (loo), 41 (70.95). 
Ethyl 2 , 2 - D i f l u o r o - 7 ~ x m ~ ~ ~  (13b). similarly, 13b was 

isolated in 74% yield, bp 68-70 "C (0.05 mmHg): '@F NMR 

(m, 2 H), 1.63 (pent, 'J = 7.5 Hz, 2 H), 1.47 (m, 2 H), 1.35 (t, 
'443 = 7.1 Hz, 3 H); ' F N M R  (CDCIJ 208.06, 164.22 (t, 2 J p , ~  

33.1 Hz), 116.22 (t, 'Jp,c = 149.5 Hz), 62.83,43.06,34.36 (t, 'Jpc 
= 23.3 Hz), 29.88, 23.11, 21.12 (t, = 4.2 Hz), 13.97; FT-Ik 
(CCl,) 2984 (m), 1771 (81,1762 (s), 1722 (s), 1185 (a), 1099 (8) cm-'; 
MS 222 (M', 0.19), 137 (4.33), 81 (11.30), 71 (16.42), 58 (56.02), 
43 (loo). 

Diethyl 2,2-Difluoro-6-methylheptanel,7-dioate (14b). 
Similarly, 14b was isolated in 88% yield: '9 NMR (CDClJ -106.5 
(t, 'Jpa = 17.1 Hz); 'H NMR (CDCl') 4.32 (9, 7.1 Hz, 2 
H), 4.23 (9, ' J H ~  = 7.1 Hz, 2 H), 2.44 (m, 1 H), 2.18-1.98 (m, 2 
H), 1.74-1.21 (m, 4 H), 1.35 (t, 'Ju = 7.1 Hz, 3 H), 1.26 (t, s J w  
= 7.1 Hz, 3 H), 1.16 (d, '443 = 7.0 Hz, 2 H); "C NMR (CDCls) 
176.23,164.31 (t, Vp,c = 32.7 Hz), 116.24 ('Jp,c = 250.2 Hz), 6281, 
60.35,39.33,34.46 (t, 'Jp,c 23.8 Hz), 33.17, 19.42, 17.09,14.28, 
14.00; FT-IR (CClJ 2982 (s), 1769 (81,1762 (8),1760 (8),1736 (e), 
1375 (s), 1189 (e), 1097 (8) cm-'; MS 267 (M+ + 1,0.16), 193 (25.81), 
115 (28.63), 102 (loo), 69 (25.81), 55 (29.44). 

Ethyl 2~-Difluoro-5-(diethoxyphosphinyl)pentanoate 
(1Sb). Similarly, 15b was isolated in 77% yield '@F NMR (CDCg) 

Hz, 2 H), 4.10 (m, 4 H), 2.20 (m, 2 H), 1.83 (m, 4 H), 1.35 (m, 9 

= 17.1 Hz); 'H NMR (CDClJ 4.23 (q, ' J H ~  = 7.1 Hz, 2 HI, 3.63 

~m-'; MS 279 (M+ - 1,0.10), 193 (31.25), 101 (27.70), 83 (27.36), 

(CDClJ -106.4 (t, 'JpS = 17.1 Hz); 'H NMR (CDClJ 4.32 (9, ' J w  
= 7.1 Hz, 2 H), 2.47 (t, 'Jw = 7.1 Hz, 2 H), 2.14 (s,3 H), 2.14-2.00 

-106.6 (t, ' J p s  = 17.1 Hz); 'H NMR (CDClJ 4.33 (q, 'Jm 7.1 

H); "P NMR (CDC13) 30.5; "C NMR (CDCld 164.06 (t, 'JFC = 
33.0 Hz), 115.98 (t, 'Jpc = 252.7 Hz), 62.96,61.76 (d, V p , c  7.4 
Hz), 34.90 (M, 2Jp,c = 23.6 Hz, 'Jpp 14.6 Hz), 25.28 (d, 'Jpc 
= 142.8 Hz), 16.51, 16.44 (d, 'Jp,c = 5.1 Hz), 13.97; FT-IR (CClJ 
2985 (e), 1770 (a), 1763 (e), 1299 (a), 1249 (e), 1179 (a), 1094 (e), 
1062 (e) cm-'; MS 303 (M+ + 1, 1-54), 229 (38.37), 179 (81.40), 
138 (loo), 125 (77.71), 111 (43.021, 81 (31.67). 

Ethyl 22-Difluoro-2-cyclohexylacetate ( 18b). Similarly, 
18b was isolated in 85% yield, bp 71-72 "C (1.6 "Hg): 'PF NMR 
(CDClJ -114.2 (d, 'Jps  = 15.0 Hz); 'H NMR (CDClJ 4.32 (q, 
' J H ~  7.0 HZ, 2 H), 2.17-2.02 (m, I), 1.83-1.56 (m, 6 H), 1.35 
(t, JHa = 7.0 Hz, 3 H), 1.25-1.13 (m, 4 H); "C NMR (CDClJ 
163.89 (t, 'Jpg = 30.3 Hz), 117.28 (t, 'Jp,c = 254.9 Hz), 62.35,42.18 
(t, 2Jp,c e 22.0 Hz), 25.71, 25.21, 24.65 (t, 'Jp,c 3.9 Hz), 14.00; 
FT-IR (CCl,) 2942 (e), 1772 (s), 1764 (s), 1299 (a), 1194 (s), 1116 
(s), 1062 (8) cm-'; MS 207 (M+ + 1,4.23), 124 (96.97), 113 (69.70), 
83 (82.83), 81 (98.99), 55 (84.85), 41 (100). 
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Several standard and some novel cyclization reactions have been applied to 9-substituted decanoic acids to 
establish which are the optimum procedures for lactonization and lactamization at  80 “C under identical 
high-dilution conditions. The methods of Galli-Mandolini and Kellogg (cyclization of 9-bromodecanoate ion), 
Gerlach (cyclization of S-2-pyridyl9-hydroxydecanethioate in the presence of AgClO,), and Yamaguchi (activation 
of the carboxyl group as a mixed anhydride) in the presence of an excess of D W  appear to be the most useful 
for the preparation of the 10-membered lactone, phoracantolide I, under these conditions. Analogously, treatment 
of S-2-pyridyl S-azidodecanethioate with Sn(SePh)8- afforded the best yield of the 10-membered lactam. The 
mixed anhydrides RCOOCOAr (Ar = 2,4,6-trichlorophenyl) are more reactive than thioesters RCOSPy (Py = 
2-pyridyl) with benzyl alcohol or benzylamine; it is conf i ied  that the addition of DMAP activates the reaction 
of alcohols with mixed anhydrides much more than with pyridyl thioesters, while the addition of Ag+ strongly 
activates RCOSPy in relation to either RCOOCOAr or RCOOS02Mes. 

In connection with a research project aimed at preparing 
modified macrolides of potential therapeutic interest, we 
focused our attention on relevant lactonization and lac- 
tamization procedures’ developed in the past two decades 
to perform the crucial step in the synthesis of these and 
related natural products. Rather than checking randomly 
some of these methods on our modified secoerythrono- 
lides? we considered that a comparison under similar 
conditions on a much more readily available substrate 
would be more useful. Thus, we chose a set of 9-substi- 
tuted decanoic acids 1, which could afford (i)-phoracan- 
tolide I (9-decanolide, 2)9 or ita analogue 2-aza-&methyl- 
cyclodecanone (9-decanelactam, 3), because of their sim- 
plicity, but also because their cyclization was a challenge 
since, as it is well-known, the formation of medium-sized 
M g s  is much more difficult than that of smaller and larger 
cyclic compounds (Scheme I). 

We report here our results-percentages of monomers 
2 and 3 and the corresponding cyclic dimers-at 80 O C  in 
all cases under identical high-dilution conditions. Thus, 
we have compared the relative cyclization rates of sub- 
strates 1, usually after conversion of their COOH groups 
into different, more reactive carboxyl derivatives. 
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Scheme I 
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Scheme I1 
(i) Ph3PBr2: (ii) MnO4’ 

CH2=CH(CH2)8CHzOH - M@C(CH2)gCH2Br 
4 (iii) McOH, HC /;Eiiii) KOH 

HqC(CH2)$H=CH2 

(i) HgUl); (ii) BH4- 
CH3CH(CH2)$02H /-. TA CH3Y(CH2)7C%H 

OH l a  lb 
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CH3FH(CH2)7COSPh CH3fH(CH2)7CO2- - C H f j H ( C H 2 ) m H  
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C H ~ F H ( C H ~ ) ~ % N B U ~ +  CH3CH(CH2)7COSPy CH~CH(CH~)~C*C~CIS 
/ 
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Several routes to 9-hydroxy-, 9-bromo-, 9-amino-, and 
9-azidodecanoic acid (la-d) can be envisaged starting from 
available substances such aa 10-undecenoic acid or 10- 
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