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&unmary. - An expedient method for the prcparafion of diastereomerically and, by 
uiension, even enantiomericalty pwe vicinal difluorocllkanes is described. llle two 
fluorine atoms an intiuced in two consecudve steps : tig opening of an oxitwne by 
add&ion of hya?vgen fluoride and subsequent treatment 01 the resulting j’uorohydrine 
WIIA diethylaminosulfur tt$uon’&. 

For the elimination study described in the preceding article meso- and &6,7ditluorododecane were required. 

They were readily prepared in 42% and, respectively, 33% over-ail yield starting with cb- and franr&dodecenc 

(cis- and rraar-l), both obtained by stereoselective Wittig olefmation il* 2i. Treatment of the alkenes with mono- 

perphthalic acid led to the correspondiig oxiranw (ci.r- and hank-2) which reacted with hydrogen fluoride in the 

presence of triethylamine I31 to afford the fluorohydrines (three- and erylhro-3, respectively). These two 

diastcreoisomers could be easily intcrconverted by applying the Mitsunobu inversion method i4i. The 

replacement of the hydroxy group by a second fluorine atom was accomplished with diethylaminosulfur 

trifluoride in the presence of pyridine and the resulting difluoro-alkanes (meso- and df-4, respectively) were 

isolated as pure stereoisomers (mp 20 - 21°C and 35 - 3fYC). 
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The hydroxy/halogen substitution proceeded more rapidly and cleanly with the rhmo-fluorohydrine (rhrco-3) than 

with its e@rm-isomer. Already on previous occasions dl-difluorides were found to form only sluggishly and with 

low yields. 1’1 We tentatively attribute these reactivity differences in the two diastereomeric series to an eclipsing 

orientation of the halogen in the ear-fluorohydrine with respect to the approaching fluoride ion (transition 

state 5b). No such unfavorable electrostatic interaction is experienced by the tirreo-isomer (transition state Sa). 

5s Sb 

As others have already pointed out t6t, di-diastereomers of ~c-~uoro~k~~ shotdd widely prefer that confor- 

mation (&-4~) in which the two alkyl groups occupy an anfi-planar and the fluorine atoms a ~~fc~~~-position over 

the others (dl-4a and di-4b). In contrast, meso-diastereomcrs are expected to populate all three available 

conformations (@so-4a, its mirror-image me.w-4b and meso-ic) with roughly equal probabilities. The observed 

3JHF-coupling constants of 14 and 22 Hz (meso- and df-4, respectively) agree weti with these assumptions. 
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CH,R CH,R 
- 
- 
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Is it really inevitable to choose a multi-step sequence, as we have done, if one simply wishes to introduce two 

vicinal fluorine atoms into a paraffinic chain ? Not necessarily. Elementary fluorine can be added to alkenes in a 

clean ryn-mode if radical scavangers are present 1’1 Although it is yet unknown whether this method can be ap- . 

plied to large-scale preparations, it is certainty a very attractive one. The route via fhrorohydrines, however, has 

distinct advantages if not only diastereomeri~ly pure but also enantiomeri~tly pure ~uor~at~ compounds are 

the targets. Since optically active oxiranes are readily accessible by asymmetric epoxidation 1’) or other 

convenient methods, they may serve as precursors to chiral, f~~ionali~d ~~uoroalkan~. We have exemplified 
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this approach by the synthesis of 2,3-diffluoro-1-pentanol (aa), 2,3-difluoro-1-tridecanol(6b) and ll,lZdifluoro-l- 

tridecanol (7) isi. 

@ CIFCH-CF~-NK~I~I~ 

@ HOCW~-CHm4~ F OH 
* 

@ F,S- NIC,H,I, 

@ PdlC. Hz0 6 I- 

@ CIFCH-CFI-NIC+,II 

0 LIAIH, F 

Moreover, fluorohydrines offer much versatility. Their hydroxy group may not only be replaced by fluorine but 

also by chlorine, bromine, iodine or a variety of other nucleophiles. FmaIly it may be converted to a p-tolucne- 

sulfonyloxy moiety or another good leaving group, which can be eliminated under the impact of potassium reti- 

butoxide isi. Thus, 1-fluoroalkenes i9i become very easily accessible. 

EXPERIMENTAL PART 

For general remarks see the fust article ilo1 of this series. 

cisd-Dodecene (c&l) 

A mixture of hcxyltriphenylphosphonium bromide (235 g, 0.55 mol), sodium amide (42 g, 0.55 mol) and potas- 

sium rert-butoxide (6.2 g, 0.050 mol) in dry ether (1 L) was vigorously stirred 2 h at 25°C. At -75°C hexanal 

(50 g, 0.50 mol) was added in the course of 1 h dropwise to the mixture which was kept overnight at 25°C before 

water (500 mL) was added. The reaction mixture was extracted with diethyl ether (3 x 200 mL). The combined 

ether solution was evaporated under reduced pressure. The residue was triturated with hexane (250 mL) and tri- 

phenylphosphiie oxide was separated by filtration and washed with hexane (250 mL). After drying (CaSO,) and 

evaporation of the solvent, distillation of the residue afforded 70.7 g (84%) of a colourless liquid which did not 

crystallize even when cooled down to -75°C. bp 53 - WC/3 mmHg; ntl.4342. 

IR (Turn) : 3010 (m, Y[ =&HI), 2960 + 2930 + 2860 (s, v[-C-H]), 1655 (VW, v[C=C]), 1465 

(m, WH.J)~ 1380 (w. W-$1). 

‘H-NMR : 5.35 (2 H, r-like m. J - 5), 203 (4 H, q, I6.0). 1.3 (12 H, m), 0.90 (6 H, I, 16.8). 

MS: 168 (25%; M+), 111 (lo%), 97 (19%), 83 (29%), 69 (79%), 55 (100%). 

Analysis : talc. for C H t2 u (1683) C 85.63%, H 14.37%; found C 85.97%; H 14.37%. 
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c&6,7-Epoxydodecane (CL-Z) 

To a solution of cis-6-dodecene (170 g, 0.42 mol) in diethyl ether (2 L), monoperphthahc acid il1I (0.25 kg, 

0.83 mol) was added in the course of 20 min at 25°C. After 24 h stirriig the reaction mixture was filtered and 

vigorously shaken with a saturated aqueous solution of sodium thiostdfate (250 mL). The aqueous layer was 

reextracted with diethyl ether (2 x 100 mL). The combined organic layers were washed with water (2 x 100 mL), 

a saturated solution of sodium hydrogencarbonate (3 x 250 mL) and brine (200 mL), and dried. After stripping 

off the solvent, the residue was distilled to afford 66.5 g (86%) of a colorless liquid; bp 73 - 74”C/3 mmHg; 

mp -10 to -8°C; nz 1.4338; ci.r/imrrr-ratio 97 : 3 (according to gas chromatography (50 m OV-1701, 1WC). 

IR (film) : 2960 + 2935 + 2865 (s, &-HI), 1465 (m, 6[CHJ), I.382 (w, 6[CH_J). 

‘H-NMR : 2.90 (2 H,penGke m, / - 4); 1.4 (16 H, m); 0.91 (6 H, f-I&em, / - 6). 

MS (c.i.): 202 (loo%, h4+ + NH& 185 (2%), 113 (7%), 82 (3%). 

Analysis : talc. for C12H,0 (184.3) C 78.20%, H 13.12%; found C 78.19%, H 13.11%. 

(6R+, 7R*)-7-Fluoro&dodecaaol (flueo-3) 

The heterogenous mixture of c&6,7-epoxydodecane (66 g, 0.36 mol) and the 3:l complex of hydrogen fluoride 

and triethylamine (58 g, 0.36 mol) was stirred for 3 h at 150°C. Then it was poured into ice-water and extracted 

with diethyl ether (3 x 200 mL). The combined organic layers were washed with a saturated solution of sodium 

hydrogencarbonate (2 x 150 mL) and brine (2 x 200 mL), before drying After evaporation of the solvent, the 

residue was recrystallized from hexane. White crystals of 7-fluoro-ddodecanol were obtained; 60 g (81%); 

mp 59 - WC, e~rro/lhrco 2 : 98 (according to gas chromatography : SO m OV- 1701,14@C). 

IR (KEh) : 3390 (s, v[ OH]), 2950 + 2920 + 2850 (S, v[-$-HI), 1465 (m, 6[CHJ), 1365 (m, 6[CHJ]). 

‘H-NMR : 4.33 (1 H, dddd, / 48.7,8.5,5.0,3.5), 356 (1 H, d of symm. m,JHP 18.5). 2.10 (1 H, s), 1.5 

(16 H, m), 0.90 (6 H, r-lie m,/ - 7). 

MS (c.i.): 222 (100%. M+ + NH,), 202 (2%). 100 (2%). 83 (5%). 

Analysis : cdc. for C,,HzFO (204.3) C 70.54%, H 12.33%; found C 70.97%. H 12.37%. 

(6.S*, 7R*)-6,7-Difluorododecane (meso-4) 

To a solution of 7-fIuoro&dodecanol (40.9 g, 200 mmol) in CH,C$ (360 mL), a solution of diethylaminosulfur 

trifluoridc (37.1 g, 230 mmol) in CH2C$ (40 mL) was added in the course of 30 min dropwise at -50°C. The 

temperature was raised to -15’C, and pyridine (27.4 mL, 26.9 g, 340 mmol) was added dropwise in the course of 

15 min. The reaction mixture was kept overnight (16 h) at 25’C before being poured into ice-water and extracted 

with diethyl ether (3 x 150 mL). The combined organic layers were washed with 5% hydrochloric acid (3 x 100 

mL), saturated aqueous solution of sodium hydrogencarbonate (3 x 150 mL) and brine (3 x 150 mL). After 

drying and evaporation of the solvent, the residue was taken up in hexane (500 mL) and filtered through a short 

column filled with silica gel (approx. 250 g). The eluent was concentrated and cooled to -5(PC. Ditluorododecane 

was obtained as colorless crystals (25 g, 61%) which melted at ordinary temperature; bp 64 - 6YC/3 mmHg, mp 

20 - 21°C; n: 1.4135; meso/dl-ratio 99 : 1 (according to gas chromatography : 50 m OV-1701, 130°C). 

IR (film) : 2980 t 2950 t 2880 (s, v[-C-H]), 1470 (m, 6[CHJ), 1375 (w, 6(CH3). 

‘H-NMR : 4.48 (2 H, dd of symm. m, JHp - 48, 14), 1.5 (16 H, m), 0.90 (6 H, t-like m,J - 7). 

19F-NMR : -129.8 (symm. m). 
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MS (c.i.) : 224 (14%. M+ f NH& 166 (27%), 137 (16%)), 123 (23%), 109 (Sl%), 95 (100%). 

81(79%). 

Analysis : cak for Cr2H& (206.3) C 69.86%. H 11.72%; found C 70.26%. H 11.83%. 

trans-&Dodecene (&w-1) 

To a slurry of bexyltripheny~pbospbonium bromide (47.0 g, 110 mmol) in tetrahydrofuran (120 mL), a solution of 

lithium bromide-containing pbenyllitbium in dietbyl ether (0.43 M, 260 mL) at 0°C was stirred for 15 min at 2X 

and then cooled to -75% &fore hexanal (10.0 g, 100 mmol) was added dropwise in the course of 10 min. After 

additional 20 min at -75”C, a solution of pheny~it~um in dietbyl ether (0.43 M, 260 mL) was added dropwise in 

the course of 15 min. The temperature was allowed to raise to -30°C where it was kept 15 min. Again at -78°C. a 

diethyl ether solution of hydrogen chloride (3.1 M, 50 mL) was added dropwise in the course of 10 min. Finally, 

the precipitate was treated with potassium tetl-butoxide (16.8 g, 150 mmol) and stirred 2 h at 25°C. After 

addition of water (150 mL), the reaction mixture was extracted with diethyi ether (3 x 150 mL). The dried 

organic layers were evaporated under reduced pressure. After adding bexaae (150 mL), triphenyiphosphine oxide 

was separated by filtration and washed with bexane. After drying (C&O,) and evaporation of the solvent, 

distillation of the residue afforded a colorless liquid (9.6 g, 57%), bp 55 - 56”C/3 mmHg, mp -34 to -33”C, 

n; 1.4333. 

IR (film) : 3010 (m, v[=d-HJ), 2950 + 2975 + 2850 (s, P[-C-H]), 1625 (vw, Y[C=C]), X460 

(m, W-$1), 1375 (w, W-$1). 

‘H-NMR : 5.41 (2 H, If, J 3.8, 1.6). 2.00 (4 H, q-like m, / - 5.5), 1.3 (12 H, m), 0.93 

(6 H, t, J 7.1). 

MS: 168 (12%, A#+), 97 (15%), 83 (35%), 69 (lo%), 55 (95%), 41(81%). 

Analysis : caic. for C&I-& (168.3) C 85.630/o, H 14.37%. found C 85.74%. H 14.23%. 

iransd,7-Epoxydodecanc (wans-2) 

To a solution of fmtts-6-dodecene (8.4 g, 50 mmoi) io dietbyl ether (200 mL), monoperphthalic acid 11’1 

(29.6 g, 100 mmol) was added in the course of 15 min at 25°C. After 24 h stirring the reaction mixture was til- 

tered and vigorously shaken with a saturated aqueous solution of sodium tbiosulfate (50 mL). The aqueous layer 

was reextracted with dietbyl ether (2 x 25 mL). The combined organic layers were washed with a saturated 

solution of sodium hydrogencarbonate (3 x 25 mL), water (2 x 25 mL) and brine (50 mL), and dried (CaSO,). 

After stripping off the solvent, the residue was distilled to afford a colorless liquid (7.7 & &)%), bp 63 - 64“C/ 

3 mmHg, mp -16 to -WC, ng 1.4310, C&&LS ratio 2 : 98 (according to gas ~~omato~aphy : 50 m OV-1701, 

1WC). 

IR (films) : 2950 t 2920 t 28x) (s, v[-$-HI), 1460 (m, 6[ CH, ]), 1020 (m, Y[C-0 1). 

‘H-NMR : 2.68 (2 H,p-lie m, J - 3.5), 1.4 (16 H, m), 0.93 (6 H, t-like m, f - 7). 

MS (c.i.) : 202 (lOO%, M+ + NH& 113 (6%). 

Analysis : cal~.forC&H~O (184.3)C78.2Q%,H l3.12%;foundC78.19%,H 13.12%. 

A mixture of ~s-6.7-epo~dod~e (6.8 & 37 mmol) and hydrogen fluoride-trietb~~~e 3 : I complex 

(7.1 g, 44 mmof) was heated for 3 b to WC. The reaction mixture was poured into ice-water and extracted with 

diethyl ether (3 x 50 mL). The combined organic layers were washed with a saturated solution of sodium 
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hydrogencarbonate (3 x 50 mL) and brine (3 x 50 mL). After drying and evaporation of the solvent, the residue 

was recrystallized from hexane at -50°C. The product obtained, 7-fluoro&dodecanol (6.2 g, 82%), was a color- 

less liquid at ordinary temperature, bp 82 - 83”C/3 mmHg; mp 18 - WC, ng 1.4332; e@rro/fhreo-ratio 97 : 3 

(according to gas chromatography : Xl m OV-1701, 140°C). 

IR (film) : 3360 (s, VI W), 2%0 + 2920 + 2850 6, ~~-@-U), 140 (m, 6I W, I), I375 (m, a[ CHJ), 

1060 (m, Y[ C-O 1). 

‘H-NMR : 4.38 (1 H, dddd, J 48.0,9.5,4.2,2.5), 3.70 (1 H, ddl, J 15.5,85,3.6), 230 (1 H, s), 1.5 (16 H, 

nr), 0.90 (6 H, r-like m, J - 7). 

MS (c.i.) : 222 (loo%, hf+ t NH& 202 (2%), 100 (l%), 83 (3%). 

Analysis : cdc. for C,,I-&OF (204.3) C 70.54%, H 1233%; found C 70.96%. H 12.27%. 

To a solution of (6R*, 7R*)-7-fluoro-6-dodecanol (44 g, 0.21 mol), triphenylphosphine (56 g, 0.21 mmol) and 3,5- 

dinitrobenzoic acid (45 g, 0.21 mol) in tetrahydrofuran (0.2 L) was added dropwise in the course of 40 min at 

25°C. After keeping for 24 h at WC, the solvent was evaporated and the residue was washed twice with hexane 

and fmally recrystallized from hexane. The solid mixture of triphenylphosphine oxide and 3,5dinitrobenzoate 

was dissolved in tetrahydrofuran (0.3 L). A solution of methanol (0.20 L) and 1 N aqueous solution (0.16 L) of 

potassium hydroxide was added dropwise in the course of 20 min at 0°C. The reaction mixture was kept for 3 h 

at 25°C before being poured into water (500 mL) and extracted with diethyl ether (3 x 150 mL). The combined 

organic layers were washed with a saturated solution of sodium hydrogencarbonate (3 x 100 mL) and brine (3 x 

100 mL), and dried. After evaporation of the solvent, hexane was added and triphenylphosphine oxide was 

separated by filtration and washed with hexane. Concentration of the solution and distillation of the residue 

afforded a colorless liquid (31 g, 72%), bp 82 - 83”C/ 3 mmHg, mp 18 - WC, n: 1.4332; ctyfhro/lhfco ratio 

98 : 2 

(fX*, 7R*)-6,7-Dlfluorododecane (d-4) 

To a solution of 7-fluorod-dodecanol (30.6 g, I50 mmol) in CH,CI, (270 mL) at -50°C. a solution of diethyl- 

aminosulfur trifloride (29.0 g, 180 mmol) was added dropwise in the course of 20 min. The temperature was 

raised to -15°C and pyridine (24.2 mL, 23.7 g, 300 mmol) was added dropwise in the course of 10 min to the 

reaction mixture, which was kept overnight (I5 h) at WC. Afterwards it was poured into ice-water and extracted 

with diethyl ether (3 x 150 mL). The combined organic layers were washed with 5% hydrochloric acid (3 x 100 

mL), saturated aqueous solution of sodium hydrogencarbonate (3 x 100 mL) and brine (3 x 100 mL). After 

drying and evaporation of the solvent, the residue was taken up in hexane (500 mL) and filtered through a short 

column filled with silica gel (approx. 250 g). The eluent was concentrated and cooled to -50°C. Difluorododecane 

was obtained as colorless crystals (14.9 g, 48%), mp 35 - 36°C. meso/dl-ratio 1 : 99 (according to gas 

chromatography : 50 m OV-1701,130“C). 

IR (KBr) : 2946 t 2970 + 2850 (s, v[-C-H]), 1465 (m, 6[ CI-$ I), 1370 (w, 6[CH.J). 

‘H-NMR : 4.4 (2 H, dd of symm. m, lHp - 48, U), 1.5 (16 H, m), 0.90 (6 H, f-like m,l - 7). 

19F-NMR : -I33.6 (symm. m). 

MS (c.i.) : 224 (100%. M’ + NH&, 166 (30%), I37 (15%). I23 (25%), 109 (42%). 95 (66%), 81 

(49%). 

Analysis : talc. for C,,H,F2 (2063) C 69.86%, H 11.72%; found C 70.04%. H 11.72%. 
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