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w : By treatment with dibromodifluoromethane and triphenyiphosphine, four 
unfunctional&d olcfq four enethers and one bii-enether were converted to the 
gun-difluorocyclopropancs 1 - 9. The yields were considerably increased and 
isomcrizations at tbe double bonds were avoided if the reactions were carried out in 
the presence of a macrocydic polyether such as ‘I&crown-6 and if, in addition, the 
reagents were employed in moderate cxaxs. 

Cydopropancs having a pair of gcminal fluoro substituents deserve attention in their own right, as a class of 

compounds offering potential therapeutic and notably pcsticidal activity. In addition, they can be considered as 

precursors to spccificaUy fluorinated ring-opened derivatives. Expedient methods for their preparation are hence 

quite welcome. 

R’ R’ 

Several years ago we have discovered a very simple route leading togam-difluorocyclopropancs. Such compounds 

were found to be formed when dichlorodifluorom&anc. (V’rem P’) was added to the mixture of an alkene and 

solid or ethereal methyllithium. Unfortunately, the yields were poor or moderate at best since the intermediate 

ditluorocarbcnc or a carresponding carbcnoid (cg, chlonxWwromctbyllit.hium) is prone to enter a 

halide/methyl sub&utiom cascade and thus to geacrate ww rca& speck which can equally combine with 
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olehs by cycloaddition. With Zmcthyi-Zpentene, for example, only smah amounts (up to 1296) of the desired 3- 

ethyl-l,l-difluoro-~-dimethyl-cyclopropane were obtained besides several by-products, notably lethyl-l-fluoro- 

1,2,2-trimethylcyclopropane (up to 38%), 3-ethyl-l-chloro-l,~-2_Crimethylcycloprop (up to 12%) and g-ethyl- 

1,1,&2-tetramethykyclopropane (up to 5%). [‘I 

d Cl 

We expected enethers to be better carbene and carbenoid traps than ordinary olefu and thus to be more 

cfticient in competing with the organolithium reagent. Nevertheless the results were disappointing as long as the 

enether was employed in stoichiometric amounts rather than as a u&vent. With butyl (2)1-propenyl ether the 

corresponding gem-ditluorocyclopropane 1 was formed with a maximum yield of 7% under such conditions (sex 

table 1). 

bW9 _ OCIJ9 

h. 
F F 

1 

Therefore, we extended our investigation to other difluorocarbene producing reactions. A number of prominent 

difhtorocarbene sources were deliberately excluded from this systematic comparison : difluorodkirine t2) 

because of the hazards inherent in large-scale preparations; phenyi(trifluoromethyl)mercury I31 and (trifhtor- 

methyt)trimethyh.in f41 because of limits in their avaitabii@, chlorodifluoromethane in the presence of oxirane 

and soluble halides PI because of the required rough reaction conditions which we believed to be incompatible 

with heat and base sensitive substrates. Out of the remaining sources dibromodifluoromethane (in the presence 

of lead t6)) and methyl chlorodifluoroacetate (ii the presence of metal halides t71) gave only low yields of 
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~~~~laadwere~donedinfurtherstadieaOntheotbtrhand,thetbamaldtcarbarylatioaof 

chlorodifbloroacetnte F31 and, in particular, the fluoride prlnnotcd decomposi& of in si& generated (bromo- 

ditluoromethyl)triphenylphouphonium bromide, as described b Burton et al [91, showA quite promising results 

(see Table 1). 

Table 1. Yiids of 2-butoxy-l,l-difluoro-3-methykyclopropane (1) obtained upon reaction 

behveen butyl (2)~propenyl ether and a variety of difluorocakne preuusors. 

carbene 

source 
reagent 

additive 4 

(_enw 
solvent b, 

timeand 
yield ‘1 

temperature 

0.2 h -7X 1% 

0.2 h -7X 1% 

0.2 h -7X 7% 

l8uownd (1.0) MEGME 2Ah 95°C 30% 

HMFT (4.0) MEGME 24h 9S’C 34% 

ClCF2CDGNad) - - TEGME 05 h 165°C 42% 

l&Crown-6 = 1,4,7,10,u,16_hexaoxacy&octadecanc; HMPT = hexamcthylphosphoric 
triamide. 
HEX = hexane, MEGME = (mono)ethyIene glycol dime&l ether (j&me’), TEGME = 
triethyleneglycol dimethyl ether @iglyme’). 
Determined by gas chromatography (10 m SE-54, WC, dodecane as an “internal standard’). 
When 4.0 rather than 20 equivalents of sodium chlorodifluoroacetate were used, the yield 
rised to 53%. 

!kveral attempts were made to improve the outcome of the chlorodifluoroacetate decarboxyiation, however, 

without much succe.ss. Moreovw, at the optimum reaction tempera- of 165°C substantial amounts of cyclo- 

propane 1 were lost by thermal decomposition (see Table 2). In contrast, it was possible to accelerate conside- 

rably the difluorocarbene generation from (bromodifluoromethyl)triphenyiphosphonimn bromide by adding 

catalytic amounts (typically 0.1 equivalents) of the macrocyclic polyether l,4,7,lO,l3,16-h~oxacyclooctadecane 

(Wkrown~) to the reaction mixture. Using this complesand, we =re able to shorten the reaction times, to 

replace the expensive caesium by the cheap potassium fluoride and to use mono- rather than triethylene glyml 

dimethyl ether as the solvent. If, in addition, the reagents were employed in moderate excess (typically 20 

equivalents) an almost quantitative yield was obtained (see Table 2). 
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Table 2 Yields of 2-butoxy-1,ldifiuoro-3-methy+kpropane (1) obtained upon reaction 

khvcen butyi (2’)propenyi ether and sodium or potassium chiomdifIuoroaeetate (20 

quivaIents) or (bromod;auotomethyl)triphcnylphospbonium bromide (1.0 quivaient). 

carbene 

soura 
reagent 

additive ‘I 

(quivaients) 
solvent b, 

time and 

temperature 
yield ‘1 

CICF$GGNa - TEGME 05 h 17x 42% 

CICFzCGGK - 18-crown-6 (0.1) TEGME 02h 165°C 57% 

ClCF$GOK dI - TEGME 02h 165oC 54% 

CIC!FzCGGK - - TEGME 05h 165°C 46% 

ClCF&OOK - TEGME 1.0 h 16YC 35% 

ClCF$GOK - TEGME 0.5h uo”C 30% 

CICFzCGOK - TEGME 1.5 h 130°C 30% 

BrCF ?(CsH& 
20 

Q$e) _ MEGME 24h2YC 60% 

BrCF P(C6H& KF 
20 

18-crown-6 (0.05) MEGME 24h 2X 76% 

BrCF P(C6H& KF 
+3 

lkrownd (0.1) MEGME 8h 2!?C 82% 

BrCFZp(CsHJs ‘)KF l8-crownd (0.1) MEGME 8h 2!?‘C 99% 

a) l&crown-6 = l,4,7,10,16-hexaoxacyeiooctadecane. 
b) HEK = hexane, MEGME = (mono)ethyiene giycol diitihyi ether (“giyme”), TEGME = 

triethylenegiyeol dimethyl ether (“trigiyme”). 
c) Determined by gas chromatography (10 m SE-54 70°C dodecane as an “internal standard”). 
d) When 4 equivalents of potassium chiorcditluoroaeetate were used the yield rised to 62%. 
e) Potassium fluoride gave a simiiar yield if the reaction time was extended to 48 h. 
f) With 2.0 quivalents of the carbene soura. 

When this procedure was appiied to a wide choice of substrates of the akene or enether type, satisfactory to 

excehent yields were obtained in aIi cases (Table 3). In contrast, the originat Burton protocol i9i gave very tittIe 

product whenever an unbranched olefm rather than a more reactive ilo1 triakyi substituted ethyiene was 

employed. For example, cir-butene was reportedly converted to l,l-difIuoro-2,kiimethyicyciopropane under 

such conditions to the extent of only 6%. 

Worse, under the originai conditions extensive base cataid isomerization i’*] at the double bonds oaurred 

with butyi Q-1-propenyt ether (20%) and, to a small extent (- l%), ako with cir- or bmrr-2-hexene. On the 

other hand, when the reactions were conducted in the puena of ‘l8-crown4 polyether, the exclusively 

detectable products were cyciopropanes having entirely conserved the regio- and notably stereochemical integrity 

as predetermined by the configuration of their unsaturated precursors. 
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a) For standard reaction conditions, see Table 2 and JZxperimental Part. 

b) With 4.0 rather than 2.0 equivalents of reagent approximately 70% yield 
(see Experimental Part). I 

Table 3. Transfer of difluorocarbene from @romod&oromethyl)triphenylphosphoniumbr~ 

mide. to unsaturated substrats : yields of isolated and purified gem-difluorocyclopropanes. ‘) 

yield 

82% 
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We are not aware of any more conclusive test on the performance of a synthetic method than to carry out a 

“double reaction”. This means, a biftmctionai substrate is ahowed to undergo the chemical transformation, which 

one wants to evalute, twice. In order to have a fair chance to isolate the double reaction product in reasonable 

quantity and with reasonable purity, each of the two reaction sites must be converted with a 70% probability at 

least. As a substrate carrying the required functionality twice we have selected ethylene glycol (ZZ)-bis(l- 

propenyl) ether [(~Z-l,Z-di(l-pro~nylo~)e~~e], The result was quite gratifying, 79% of bii-eycloadduct 9 

being isolated as a 1: 1 mixture of rnero- and dl-diastereoisomers besides some LSSI, of monoadduct 8. 

EXPERIMENTAL PART 

1. General Remarks 

Smti~lg nruteriuis have been purchased from Fluka AG, Buchs, Aldrich-Chemie, Steinheim, or Merck- 
Schuchardt, Darmstadt, unless literature sources or details for the preparation are given. AU commercial 
reagents were used without further purification. 

Anhydrous heraize was obtained by careful azeotropic ~~tiIiation, ~@~I~~~~Jz by distillation from sodium 
wire after the caracteristic bhte coior of in situ generated sodium ~phenylke~l I*‘1 was found to persist. In case 
of poor quality of the crude material, the latter solvent was pretreated with cuprous chloride R3j and potassium 
hydroxide pellets. A suspension of finely powdered calcium hydride in nwno- or @iethylene g&co! di~nethyl ether 
or dimefhyl su@xide was vigorously stirred 3 h at ‘75°C before the solvents were diitilled, the two last mentioned 
under reduced pressure, and stored in Schlenk burettes. ~icllfo~le~~zane was distilled from phosphorus 
pentoxide after having been stirred 4 h together with the drying agent. 

Ethercal extructs wen! tied with sodium sulfate. Before distillation of compounds prone to radical polymerisation 
or sensitive to acids a spatula tip of hydmquinone or, respectively, potassium carbouafe was added. 

The temperature of dry ice-methanol baths is consistently indicated as -7X, *room temperature” (22 - 26°C) as 
25°C. If no reduced pressure is specified, boiling rortges were determined under ordinary atmospheric conditions 
(720 f 25 mmHg). Melt&g MJ~SS (mp) are reproducible after resolidification, unless otherwise stated (“dec”), 
and are corrected using a calibration curve which was established with authentic standards. If no melting points 
arc given, it means that all attempts to crystallize the liquid product have failed even at temperatures as low as 

-75°C. 

Whenever reaction products were not isolated, their yiekb were determined by gus c~!~~?iafo~phy comparing 
their peak areas with that of an internal standard and correcting the ratios by response factors. The purity of 
distilled compounds was checked on at least two columns loaded with stationary phases of different polarity. 
Chromosorb G-AW of 80 - 100 and, respectively, 60 - 80 mesh particle size were chosen as the support for 
packed analytical or preparative columns (2 or 3 m long, 2 mm inner diameter and 3 or 6 m long, 1 cm inner 
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diameter, respectively). All packed columns wcrc ma& of slass, while quartz was chosen as the material for 
coated, GROB-type capillary columns (2 10 m long). The type of the stationary phase used is abbreviated as 
SE-30, SE-54, OV-17 or DB-1 (silicone rubber), ApL (Apiezon L hydrocarbon) and C-2OM or DB-WAX 
(polyethylene glycol). 

Infid spectru were recorded of films if the sample was liquid at rmrn temperature, while solid substances were 
embedded in potassium bromide pellets. The intensities of absorption bands are abbreviated as s (strong), m 
(moderate) and w (weak). 

Nuclwr magnetic msomvtce spctm of hydrogen nuclei were recorded at 360 MHZ, of carbon-l3 nuclei at 90.6 
MHz (either under broad band or gated decoupling) and of fluorine-19 nuclei at 188 MHz. Unless otherwise 
stated, deuterochloroform was nsed as the solvent. Chemical shifts refer to the signal of tetramethyisilane (6 = 0 
ppm), which served as an internal standard in the case of ‘H spectra, and of a,a,a-trifluorotoluene for 19F 
spectra. Coupling constants (J) are measured in Hz. Coupling patterns are described by abbreviations : s (shgu- 
let), d (doublet), t (triplet), q (quadruplet), pent (pentuplet), hex (hexuplet), td (triplet of a doublet) and m 
(multiplet). 

In general, maSS spbn were obtained at a 70 eV ionization potential. The intensities of fragments relative to 
the base peak are given in parentheses after their molecular weight (m/e). When no molecular peak was obser- 
ved under standard conditions, occasionally chemical ionization (Y.i.“) in an ammonia or methane atmosphere 
was applied. 

2. !&tine Mat&& 

Olefins, enethers, reagents and solvents have been purchased from Fluka (Buchs), Aldrich-Chemie (Steinheim), 
MerckSchuchardt (Darmstadt) or Htils (Troisdorf) unless literature sources or details for the preparation are 
given below. All commercial products were used without further purification. 

Q-1-Butoxypropene [141 was obtained by base catalyzed isomerization PSI of Buyl butyl ether. 

If-Di(allyloxy)ethane [16] was prepared by heating a mixture of ethylene glycol (31 g, 0.50 mol), ally1 bromide 
(0.10 L, 0.15 kg, 1.2 mol) 50% aqueous sodium hydroxide (130 mL, 020 kg, 25 mol) and tetrabutylammonium 
hydrogen sulfate (68 g, 0.20 mmol) 2A h to 75°C. After addition of water (200 mL) the product was isolated by 
extraction with pentane (4 x 25 mL) and distiition; 43.0 g (60%); bp 59 - WC/l1 mmH6 nt 1.4338. - 
‘H-NMR (CDCIJ : 5.90 (2 H, ddt, / 175, 11.5, 5.8), 5.28 (2 H, dq, Il7.0, 14, 5.17 (2 H, dq, 111.0, 1.5), 4.01 
(4 H, dt, 16.0, 1.5), 3.61 (4 H, s). 

This material (213 g, 150 mmol) was added to a solution of potassium tut-butoxide (45 g, 40 mmol) in 
anhydrous dimethylsulfoxide (40 mL) which then was kept 20 h at 50°C. After addition of water (100 mL), l,l’- 
(ethyiened.ioxy)bis-1-prupene [lfdI(l-pmpenyloxy&thane] was extracted with pentane (3 x 50 mL) and 
distilled; 15.2 g (72%); bp 59 - WC/12 mm% n,, 1.4451. According to gas chromatography (10 m, SE-54, 
90°C; 3 mi C-2OM, l3OT) the colorless liquid was composed of (zZ)- and (Z,E)-stereoisomers in the ratio of 
%:4. - H-NMR (CDClJ : 5.99 (2 H, d% I6.2,1.6), 4.43 (2 H, pent, J 65), 3.91(4 H, s), 1.60 (6 H, dd, J 65, 
1.5). - Analysis : talc. for GH,O, (142.20) C 67.57, H 9.Q found C 67.50, H 9.81%. 

3. m-Difluorocvclomovan~ 

General working procedure : Upon adding dibromodilluoromethane (93 mL, 21.0 g, 100 mmol) to a solution of 
triphenylphosphine (26.2 g, 100 mmol) in ethylene glycol dimethyl ether (So mL) a white precipitate formed 
instantaneously. About half of this suspension was poured into a vigorously stirred mixture of the olefin or 
enether (50 mmol), potassium fluoride (11.6 g, 200 mmol) and 1,4,7,10,13,16_hexaoxacyclooctadecane 
(“l&aownd”, 13 g, 4.9 mmol) in ethylene glycol dimethyI ether (50 mL) and, after 5 h, the other half. 
After additional 5 h of stirring, always at 25 T, the reaction mixture was diluted with pentane (250 mL) and 
centrifuged. The supematant clear liquid was either distilled immediately or, more frequently, after being 
thoroughly washed with a 2% aqueous solution of sodium hydroxide (4 x 0.25 L). 
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~~-2.Butoxy-l,X-dMuo~m~~oprapanc (1) : 6.7 g (82%); bp 50 - WC/25 mmHg nz 13872 - 
H-NMR (CDClJ : 3.57 (2 H, t, J 65),3.49 (1 H, ddd, 1 11,0,9.0,2.0), 1.60 (2 H,pcnt-like m,J - 7), 1.6 (1 H, 

m), 1.40 (2 H, hwq 3 75), I.15 (3 H, ddd, J 6.5,3.0,1.5), 0.94 (3 H, t, 17.5). - H-NMR (C Dd : 3.25 (2 H, 
symm. m), 3.12 (1 H, ddd, J 10.2, 8.6, 1.8), 1.39 (2 H, m-like pent, I - 7&1.27 (2 H, m-like !tex, J - 7), 1.11 
(1 H, symm. m), 0.95 (3 H, ddd, I 65,3.0, 1.5), 0.77 (3 H, t, I 7.5). - 
I 168); -65.8 (dddg I 166,17,1I, 3). - MS : 164 (0.6%, M+), 57 (lOO%), 56 (l5%), 
for C,Ht,F,O (164.20) C 5852, H 8.59; found C 58.46, H 8.76%. 

2-Butoxy-l,la;i~uo~ciop~~ne (2) : 5.5 g (73%); bp 70 - 7l*C/loO mmHg, I$ 1.3785. - ‘H-NMR 
3.6 (3 H, m), 1.5 (6 H, m), 0.92 (3 H, fJ 7.4). - ‘H-NMR (CeHrs) : 3.2 (3 H, m), 1.36 (2 H, pent-like 
1.22 (2 H, hex-like m, J - 7), 1.04 (1 H, symm. m), 0.89 (1 H, symm. m), 0.77 (3 H, t, 17.3). - 

(CDC$) : - 86.1 (dddd, f 168, 16, 7, 3), -67.4 (dddd, 1 166, 14, 10, 6). - MS : 150 (0.2%, M+), 77 (9%), 57 
(loo%), 56 (15%), 51(7%). - Analysis : talc. for C,H,,F,O (150.17) C 55.99, H 8.05; found C 55.89, H 7.%%. 

i,l-Difluoro-1-methoxy-l-mcthylcyc~opropane f*q (3) : Because of the high volatility of compound 3, diethylene 
glycol dimethyl ether was used as the solvent . - 5.4 g (88%); bp 65 - WC; ng 1.3591. - ‘H-NMR (C6D6) : 
2.96 (3 H, s), 1.12 (1 H, ddd, I 16.5, 8.6, 4.6), 1.06 (3 H, dd, J 2.8, 1.9), 0.62 (1 H, ddd, I 14.6, 8.5, 5.7). - 
t9F-NMR (C,D ) : -83.6 (dddq, J 161, 17, 6,3), -73.9 (dddq, / 161, 17, 4, 2). - MS : 102 (2%, M+ - 2O), 89 
(14%), 60 (100%). - Analysis : talc. for C5H8F20 (122.11) C 49.18, H 6.60; found C 49.17, H 6.86%. 

7,7-Difluoro-2-oxabicycyclo[4.1.0lbeptane (4) : 5.7 g (85%); bp 12.5 - 128 “C, tr: 1.W. - ‘H-NMR (C De) : 3.44 
(1 H, ddt,J 11.4, 9.0, 2.5), 3.37 (1 H, dt,I 10.8, 3.5), 2.7 (1 H, m), 1.4 (1 H, m), 1.3 (1 H, m) 1.0 (2k, m), 0.8 
(1 H, m). - “F-NMR (CeD& : -93.8 (dt, i 169,2), 68.4 (dqt, f X$8,2). - MS : 134 (796, hi+), 133 (21%), 93 
(70%), 84 (49%),7-J (100%). - Analysis : talc. for CaHaFzO (134.13) C 53.73, H 6.01, found C 53.74, H 5.90%. 

~-Butyl-l,l-di~uoro-2f-dfme~~~clopropa (5) : 7.2 g (89%); bp 58 - 5PC/40 mmHg; n: 13919. - 
H-NMR (CDCl3 : 1.4 (6 H, m), 1.2ot63 H, dd, J 2.8, 1.6), 1.08 (3 H, dd, J 2.8, 1.9, 1.02 (1 H, dtd, 1 15.5, 7.0, 

1.8), 0.92 (3 H, m-like t, I - ‘7.5). - F-NMR (CDCQ : 85.9 (d I 151), -73.9 (dd, I l51, l5). - MS : 162 
(O.l%, M+), 86 (l3%), 69 (14%), 57 (100%). 
C 66.76, H 10.29%. 

- Analysis : talc. for C9H16Fz (162.23) C 66.64, H 9.p4; found 

ci~-l,l-Difluoro-2-meth~-3-p~p~~ciop~ 
2P 

ne (c&6) : 2.9 g (43%) or 3.9 (58%) with 20 or, respectivefy, 4.0 
equivalents of reagent; bp 104 - 105 *C, nD 13778. - ‘H-NMR (CDCI 
1.2). 0.94 (3 H, t, fine structure, I 6.9). - “‘F-NMR (CDCI,) : - 

: 1.5 (6 H, m), 1.03 (3 H, ddd, J 6.5,3.0, 

MS : 134 (0.3%, M+), 91 (lOO%), 77 (61%). 
(d, broad, 1 154), -63.9 (dm, J 154). - 

C 62.86, H 8.91%. 
- Analysis : caic. for C,H,2F2 (X34.17) C 62.67, H 9.02; found 

~ru~rs-l,l-Df~uoro-2-methyi-3-propyl~lop~~ne (upnS;a) : 2.8 g (42%) or 4.0 g (60%) with 2.0 or, respectively, 
4.0 equivalents of reagent; bp 98 - 99 ‘C, rrr 1.3717. - 
m), 0.96 (3 H, t, fine structure, J 6.9). - 

H-NMR (CDClJ : 1.5 (4 H, m), 1.2 (3 H, m), 1.1 (2 H, 
FNMR (CDC1.J : -77.7 (m). - MS : W (0.2%, M+), 91 (RIO%), 77 

(55%). - Analysis : talc. for C,H12F2 (134.17) C 62.67, H 9.02, found C 6278, H 9.05%. 

7,7-Difluorobicyclo[4.1.0]heptane t’*l (7,7difluoronorcarane, 7) : 2.5 g (37%)! 3.4 g (51%) or 4.4 g (67%) with 
2.0,3.0 or 4.0 equivalents of reagent; bp 63 - 64*C/lOO mmHq ng 1.4148. - 
1.7 (2 H, m), 1.54 (2 H, ddd, Il5.0,5.0,1.8), 13 (4 H, m). - 

H-NMR (CDCL,) : 1.8 (2’H, m), 
: 1.4 (2 H, m), 1.3 (2 H, m), 1.12 

(2 H, ddd, I 15.0, 5.0, 2.0), 1.1 (2 H, m), 0.9 (2 H, m). - 
(dt, broad, I lSS,15). - 

LJ : -87.4 (d, broad, J Isa), -62.3 
MS : 132 (250/o, M+), 90 (76%). 81(32%), 68 (lOO%), 56 (55%). 

l,l-Di~uoro-2-methyt3-(2’-[l’-propcnytoxy]eth~oxy)cyclop~panc (8) : Two portions 100 mmol each of the 
triphenylphosphine-dibromodifluoromethane adduct were added in a 3 h interval to the biinether (50 mmol) 
and the stirring was continued for 3 additional hours after the second addition. Distillation afforded a fraction 
(bp 70 - Zoo”C/1OO mmHg) which contained the mon~clopropane 8 (appro~mately 10 mmot or 20%) besides 
the biscyclopropane 9 (approximately 20 mmol or 40%). The former was separated by preparative gas 
chromatography (3 m, 5% OV-17, WC), bp 183 - lWC, nt 1.4180. - ‘H-NMR (ChDJ : 5.77 (1 H, dq, J 6.2, 
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1.6), 4.37 (1 H, pent, J6.2), 3.43 (2 H, symm. m), 3.28 (2 H, symm. mjb3.20 (1 H, ddd, I 10X,9.0,2.0), 1.68 (3 H, 
dd, J 7.0, 1.8), 1.05 (1 H, symm. m), 0.95 (3 H, ddd, I65,3.0,15). - : -%.4 (d, broad, / 167), 
-65.8 (dddq, J 167, 17, 11, 3). - MS : 192 (0.41, M+), 91 (la%), 73 (19%). 47 (27%). - Analysis : 
talc. for C&f,,F,O, (192.21) C 56.24, H 734, found C 56.43, H 7.01%. 

2J’-(Ethylcncdioxy)bis-(l,l_dinsoro_3slne) (9) : The same quantities were applied as described 
in the preceding chapter, but the &ring was extended over 2 x 8 h periods. The product was isolated by 
distillation and collected as a colorless liquid; 9.6 g (79%); bp 93 - 9m/ll mmHg; n: 13978. As gas 
chromat 

y 
aphy (10 m, SE-54, loo”C, 3 m, CXOM, 130°C) revealed, two diastereoisomers were present in a 1: 1 

ratio. - H-NMR (CDCQ : 3.77 (0.5 x 4 H, s), 3.76 (05 x 4 H, s), 3.60 (05 x 4 H, ddt, J 11.0, 9.0, 2.0), 1.61 
(2 H, symm. m), 1.15 (6 H, dm, J6.9). - ‘kNMR (CDCy : -97.0 ( 05 x 1 F, d, broad, I 171), -%.9 (05 x 1 F, 
d, broad, J 171), -65.9 (1 F, dddq, 166,17, 11,3). - MS : 227 (O.S%, M+ - 15). 91 (lOO%), 71 (30%), 51 (34%). 
- Analysis : talc. for Cn,H14F402 (24221) C 4959, H 5m, found C 49.74, H 6.83%. 
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