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Summary : Hydrogenolytrc rmg cleavage of gem-ditluorocyclopropanes occurs 
exclusively at the carbon-carbon bond opposite to the halogen-bearing center and 
affords mamly gem-difluoroalkanes. The intermetllacy of catalyst/cyclopropane 
derived adducts (e g , palladacyclobutanes or 1,3&palladiopropanes) 1s postulated in 
order to ratio&ii the formatron of monofluormated and halogen-free by-products 
and, m addrtron, to explam specific substrtuent effects on the reaction rates. 

Geminal drfluorocyclopropanes are readily avarlable by cycloaddrtion of ddIuorocarbene to alkenes. 1% ‘1 

We wondered whether a hydrogenolytrc ring opening could be selectwely performed at the longer 131, hence 

weaker carbon-carbon bond opposrte of the heterosubstrtuted center. If this could be accomphshed, it would 

offer a new option for the mtroductton of a drfluoromethylene group mto an ahphatic cham Thrs new method 

would be completely mdependent from the exrstmg one whrch relies on the heteroatom exchange between a 

carbonyl compound and sulfur tetrafluorrde 141 or dnethylaminosulfur trifluorrde 1’1 

-CH=CH- - 
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t 

-CH,-;-CH,- - -CH,-$ -CH,- 
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Up trll now, only a few successful hydrogenation reactions wrth gem-drfluorocyclopropanes have been reported 

Roth, Krrmse et al 161 were able to convert 2-vinyl-l,l-ddluorocyclopropane and two closely related compounds 

almost quantitatrvely to the correspondmggem-ddIuoroa1kane.s (eg., 2,ZQfluoropentane) 

The catalytic hydrogenation of &I-dlfluoro-2-phenylcyclopropane, studied by Isogai et al (7, afforded roughly 

equal amounts of 2,2-diiuoro-1-phenylpropane, 2-fluoro-1-phenylpropane and 1-phenylpropane. In addition, 

small quantities of (2)2-lluoro-I-phenyl-l-propene were identdied. Two structurally srmdar model compounds 

agam produced mtxtures of zero-, mono- and diiuormated rmg opened derivatrves 
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Since 1-alkenyl and aryl substituents are known to facilitate the hydrogenolysrs of cyclopropane rings wnsrder- 

ably f6 - 9]. rt was doubtful whether entirely saturated gem-dQuorocy&propanes would react at all. To our 

surprrse, the hydrogenolytrc rmg scission was found to occur quite readrly and wrth perfect repro- and reasonable 

typoselectivrty, d palladmm on charcoal was used as the catalyst. Gemmaf drffuoro wmpounds were obtained as 

the man products wntammated wrth the correspondmg monofhrorinated denvatrves (see Table). We wish to 

summarrze our fimdings pomt by point 

Table Products obtamed by the palladmm catalyzed hydrogenatron 

of l,l-difluoro-2-methyL3-propylcyclopropane (1, cls or trans 

roomer), 7,7&luoronorcarane (Z), 2-butoxy-l,l-ddluorocyclo- 

propane (3) and cis-2-butaxy-1,1-difluoro+methylcyclopropane (4). 

starting main side trace 
material product product amount 

Fk= ra, Fca, HK,,_ -1 F F o. 00 Oo 
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F F 
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F 75% F 
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I-I 20% H I-I o 6% 

b”“\ v- v- k”” 
F F cis-4 F F 69% F 1-I 25% H H 3% 

Fluonne Eflect 

The gem-difluorocyclopropanes undergo hydrogenolysrs much faster than monofluorocyclopropanes 1% lo1 not to 

speak of halogen-free cyclopropanes Thrs rate enhancement reflects to some extent the destabrlixing effect 

whrch the two fluorine atoms exert on the three-membered rmg and whrch has been esbmated to approximate 

13 kcal/mol [6p *‘I One may feel tempted to unpute thts destabthzatron to anti-bonding interactrons between the 

substttuents and the Walsh orbrtals of the cyclopropane rmg [I21 Thrs concept has provided an explanatson for 
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substituent effects on the norcaradlene/cycIoheptatrlene eqmhbrmm [131. In the present case, however, sunple 

geometrical factors (“hybridrzatlon” [141) appear to be dommant. Due to the rmg strain, cyclopropaues have 

severely compressed CCC angles and hence offer gemmal subshtuents the comfort of expanding their exocychc 

valence angles almost wthout restnction. Fluorine substituents cannot draw advantage of thts opportunity smce 

they prefer short angular distances to their nearest neighbors anyway (For example, 1,1,4,4-tetrafluorocydo- 

hexane Its1 < C-CF2-C 1147”, -z F-C-F 104 6”, < C-C%-C 114 7”, < H-C-H - lW, to be compared w&h 

cyclohexane [“I < C-C-C 1113”, < H-C-H - 108” and propane [‘q < C-C-C 112 4”, < H-C-H - 1070) 

Regoselechnfy 

The hydrogenolytic bcisslon affects practically exclusively the longest f31 carbon-carbon bond located across the 

rmg m front of the gemmal piur of fluorine atoms In a single case we were able to ident@ also a regioisomenc 

rmg openmg product 7,7-d&loronorcarane (2,7,7-ddluoroblcyclo[4.1 Olheptane) gave just trace amounts (0 1 - 

0 5%) of drfluoromethylcyclohexane besides the mam product 1,1-ddluorocycloheptane 

2 
Fi 

1’ 
LZZ- CHF* 

F F \ 

Q 
F F 

Slenc Hdrance 

The rate of hydrogenolysls proved to be quite sensltlve to steric effects. Even at a hydrogen pressure of 

100 atm, ~ru~~s-l,l-d~uoro-2-methyl-3-propylcyclopropane (tra-1) reacted only slugg&ly whde the czs somer 

(crs-1) as well as 7,7-dlfluoronorcarane (2) were rapidly consumed already at 25 atm Obviously the cyclopropane 

can much better approach the catalyst surface rf at least one of Its faces IS not encumbered by bulky substltuents 

(crs-la vs trurts-la) 

Geomelncal Isonaenzatron 

trans-1 a 

No mutual lsomervatlon of CIS- and Irarts-1,1-tiuoro-2-methyl-3-propykyclopropane (CW and tmns-1) was 

observed under the standard hydrogenation condltlons. Furthermore, not even trace amounts of the tnans somer 
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were formed durmg the hydrogenatton of crs-2-(crs-l-butenyl)-3-ethyl-l,l-difluorocyclopropane (CZS-5). When the 

reaction was complete, 4,4&luorononane (70%), 4-fluorononane (28%) and nonane (9,7%) were identitled as 

the sole products 

y--;;--+--(--+--- 

CiS-5 

Apparently the reducttve metal insertton lt*l mto the carbon-carbon bond of the three-membered rmg, affordmg 

the metallacyclobutane , [191 6 IS an trreverstble process In addrhon, no evtdence was found for the mtermedracy 

of a free radical speues 7 m which free rotatron would be restored V’l 

Pd .Pd 

RTR’ z R 
--G- 

R’ z R fxl;R’ J 

F F F F F F 
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Complexatlon Medaated Rate Enhwtcement 

Alkoxy substttuents factlitate srgmlicantly the hydrogenolytic rmg openmg Thus, czs-2-butoxy-l,l-muoro-3- 

methylcyclopropane (CU-4) reacts roughly two orders of magnitudes faster than does its oxygen-free analog CIS- 

l,l-drfluoro-2-methyl-3-propylcyclopropane (CIS-1) We ascrrbe this rate enhancement to the formatton of a 

donor-metal complex 8a whmh precedes the cructal reductive msertton mto the ring carbon-carbon bond of the 

three-membered rmg Olefmtc and aromattc substituents presumably act m the same way (complex Sb) 

&R H/ i 

x ’ H 

\c+ 
H 

8a 8b 
F F F F 

Loss of Fluonne 

As already recogmzed prewously 1’ _ *l, the hydrogenolyttc rmg opcnmg of gcrn-dttluorocyclopropanes IS accom- 

pamed by partial replacement of fluorme by hydrogen atoms Thts reduction must occur at some transtent stage 

since ge/n-dnluoroalkanes prove to be completely mert towards hydrogenatton Tentatively we suggest a reaction 

sequence mvolvmg the drhydropalladacyclobutane 9a as a turntable. It may emerge from dnect msertion of 

palladmm hydride mto the carbon-carbon bond of the gent-dlfluorocyclopropane or, much more probably, be 

generated by consecutive msertron of a Pd(0) spcues and hydrogen addrhon Its prmupal mode of reaction 1s 

ring openmg and simultaneous or subsequent hydride transfer from the palladrum to one of the adjacent carbon 

atoms, gtvmg rise to an alkylpalladmm hydride which uumedtately undergoes stabthxatton by reductive ehmina- 

tton of zero-valent palladrum In a competitive process, however, the hydride may mstead be dehvered to the /?- 

carbon atom where It ejects a fluoride ton whtch then picks up the second metal-attached hydrogen atoms Thus, 
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after hydrogen ad&tron a monofluormated hydrrdopalladacyclobutane 9b is obtained which again has the choice 

to proceed by hydrogenolysis towards a monofluoroalkane or to loose also the second fluorine atom before it 

passes through the mtermedrate 9c and ends up as a halogen-free hydrocarbon. 
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Detads of the fluorrde-by-hydnde replacement are unknown. It may imply an mtramolecular substitution with 

palladmm as the nucleophile (producing the metallabqchc intermediate lo), a direct mtramolecular 

nucleophdic substnutron by hydrogen (transrtton state 11) and finally a combmed Pd-centered a-eliminatron and 

a CC-centered @-ehmmatron (generatmg a u-2-fluoroallylpalladmm specres 12). The latter route may also lead to 

fluoroalkenes which mdeed are occasronally observed as final products l’* 8l 

H H 
‘PZ 

9a w 
F F 

Pd 

w 
F H 



1236 Y BE~SARD and M. SCHLOSSER 

Of course, the concomrtant formatron of mono- and zero-fluorinated by-products impaus the practrcal utrhty of 

the new synthetic entry to gem-difluoroalkanes. Smtable moditicatrons of the expenmental condnions, however, 

should allow to mlnunize the srde reactrons. Actually, with rhodmm (5% on charcoal) rather than palhxdium as 

the hydrogenation catalyst, cr.+2-butoxy-1,1-drtluoro-3-methylcyclopropane (crs-4) afforded 87% of butyl 2,2- 

drlhrorobutyl ether and only 3% of the monofluoro analog besrdes 2% of drbutyl ether 

EXPERIMENTAL PART 

1 General 

Stariing materials have been purchased from Fluka AG, Buchs, Aldrtch-Chemre, Stemheun, or Merck- 
Schuchardt, Darmstadt, unless hterature sources or detarls for the preparatron are grven. All commercial 
reagents were used wrthout further purrtication 

Anhydrous tetmhyakofimn and g&co1 &methyl ether (1,2_dlmethozyethane) were obtained by drstrllahon from 
sodium wire after the caracterrstrc blue color of zn srhr generated sodium drphenylketyl 1211 was found to rsrst 
In case of poor quality of the crude material, the latter solvent was pretreated wrth cuprous chlorrde 1% and 
potassmm hydroxide pellets Dwzhloromethane was distilled from phosphorus pentoxide after having been stured 
4 h m the presence of the drymg agent 

Ethereal ertrects were &red wrth sodmm sulfate, Before btrllatron of compounds prone to radical polymerrsatron 
or sensitive to acids a spatula tip of hydroquinone or, respectively,potassmnt cadonate was added. 

The temperature of dry Ice-methanol baths 1s conststently mdrcated as -75 “C, “room temperature” (22 - 26 “C) as 
25 “C If no reduced pressure 1s speufied, bodmg ranges were determined under ordinary atmospherrc conditions 
(720 f 25 mmHg) All products were hqurds and attempts to crystalhze them have faded even at temperatures as 
low as -75 “C 

Whenever reaction products were not nolated, theu yrelds were determmed by gas chromatography comparmg 
theu peak areas wrth that of an mternal standard and correctmg the rabos by response factors The purrty of 
drstrlled compounds was checked on at least two columns loaded wrth stationary phases of Uferent polar@. 
Chromosorb G-AW of 80 - 100 and, respectnely, 60 - 80 mesh part& sue were chosen as the support for 
packed analytmal or preparative columns (2 or 3 m long, 2 mm mner diameter and 3 or 6 m long, 1 cm mner 
diameter, respectwely) All packed columns were made of glass, while quartz was the material for coated, Grob- 
type capillary columns Q 10 m long) 

Nuclear magnetrc resonance spectra of hydrogen nuclei were recorded at 360 MHz and of lluorme-19 nuclei at 
188 MHz Deuterochloroform was used as the solvent. Chemical shrfts refer to the signal of tetramethylsrlane 
16 = 0 ppm), whrch served as an internal standard 111 the case of lH spectra, and of a,a,a-trfluorotoluene for 
9F spectra Couphng constants (J) are measured m Hz Couplmg patterns are described by abbreviahons . s sm- 

gulet), d (doublet), t (triplet), q (quadruplet), pent (pentuplet), hex (hexuplet), td (triplet of a doublet) and 
m (multiplet) 

In general, ntuss spectra under electron unpact were obtained at a 70 eV tontzatton potenttal and at Xl0 “C 
source temperature The mtensrtms of fragments relative to the base peak are grven m parentheses after then 
molecular weight (m/e) M+ means the peak of the mtact molecule in form of Its ra&cal-cation When no 
molecular peak was observed under standard condrtrons, chemrcal romzatron (“c 1”) m an ammoma atmosphere 
at 95 3 eV romzatron potential and at 100 “C source temperature was applied 
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2. Startiw Materials and Products for Comnarison 

a) l,l-D@onxyclopropanes : Most compounds have aheady been described previously. [‘I Using the same 
procedure [‘I, cqcu-3,5-octa&ene V1 was converted to c~-2-(c~-l-butenyl)Sethyl-l,l-dlfluoroc 
(5), 86%, bp 55 - 56 “C/30 mmHg; I$ 14138. - ‘H-NMR : 5.65 (1 H, dtd, J 10.7,7.3,0.7), 5.14 (1 H,ls~ m), 
2 32 (1 H, symm m), 2 12 (2 H, pent, J 7.5), 1.5 (3 H, m), 101 (3 H, t, I 7.4), 0.98 (3 H, t, I 7.4). - F-NMR . 
-89 2 (d, J L54), 60.9 (dt, I 154,13). - MS : 160 (ll%, M+), l31(17%), 118 (70%), 103 (100%). - Analysis : talc 
for CgH,F,(160 20) C 67 48, H 8 80, found C 67 10, H 858%. 

b) gem-Dlfuoro(qclo)alkanes 3,3-Drfiuoroheptane iv, (ditIuoromethyl)cycIohexane iN1 and l,l-drfIuoro- 
cycloheptane izsl as well as two new compounds were prepared m the usuai manner izsi by treatment of the 
correspondmg carbonyl compound wrth diethylammosulfur trdhtoride - 4,4-Difluorononane . 44% bp 158 - 
159 “C, n20 13868 - ‘H-NMR 
(3H,t,l?O)-l9 

1.78 (4 H, symm m), 15 (4 H, m), 131(4 H, symm m), 0.96 (3 H, t, I7.3), 0.90 
F-NMR . -35 0 (pent, J 16) - MS : 182 (0 7%, M+ + NH& 144 (8%, M+ - HF), 124 (50%), 81 

(108%) - Analysts caic. for C9H aFz (16424) C 65 82, H 1105, found C 66 01, H 10.95%. - Butyl 2,2- 
difluoropropyl ether {from 1-butoxy- $ -propanone i291) So%, bp 123 -124 “C; n: 13675 - ‘H-NMR : 3 57 (2 H, 
t,~l20),354(2H,t,166),1.64(3H,t,1187),159(2H,pent-~em,~-7),140(2H,hex,174),0.93(3H, 
t,174) - 19F-NMR : -35 2 (qt, I 18,12) - MS 152 (0 l%, M+), 109 (%), 87 (24%), 57 (100%) - Analysis . 
talc for C&F20 (152.18) C 55 25, H 9 27, found C 55 10, H 9.35% 

c) Fluoro(cyclo)alkanc FIuorocycIoheptane Pi and three new compounds were prepared by treatm the 
corresponding alcohol wtth drethylammosulfur trrfiuoride accordmg to the standard hterature procedure bl _ 

3-Fluoroheptane : 29%, bp 110 - 111 “C, nz 13848 - ‘H-NMR 4 41(1 H, dm, J 49.6), 15 (8 H, m), 0 97 (3 H, 
t, J 7 5), 0.90 (3 H, t, / 7 3) - 19F-NMR -118 6 (symm m). - MS [cl] 
(30%), 70 (100%) - Analysts 

136 (2%, Mt t NHJ, 98 (19%), 83 
talc for C71-IuF (118 19) C 7113, H 12.79; found C 70 98, H 12 87% - 4-FIuoro- 

nonane 63%, bp 160 - 162 “C, nt 14002 - 
J 7 2), 0 90 (3 H, t, J 7 0) - 19F-NMR 

‘H-NMR * 449 (1 H, dm, J 49 0), 1.5 (12 H, m), 0 94 (3 H, t, 
-117 8 (symm m). - MS 

Analysis 
126 (4%, M+ - HF), 97 (32%), 55 (100%) - 

talc for C9Ht9F 146 25) C 73 91, H l3 09; found C 73.89, H I.3 08%. - Butyl 2-fluoropropyl ether 
56 (from 1-butoxy-Zpropanol [ I) . 9%, bp 129 - 130 “C; nt 1.3863 - ‘H-NMR * 4 83 (1 H, dm, J 48 8), 35 (4 H, 

m), 160 (2 H, pent-hke m, I - 7), 1.40 (2 H, hex-hke m, I 7.5), 1.35 (3 H, dd, 123 8,6 4), 0.93 (3 H, t, J 7.4) - 
‘9F-NMR -116.5 (symm m) - MS 134 (l%, M+), 91 (8%), 87 (ll%), 57 (100%) - Anaiysrs caIc for 
C7H,,F0 (134 19) C 62.65, H 11.27, found C 62 78, H 10 98%. 

d) Halogen-free products Butyl propyl ether was prepared from propyl bromrde and potassium butoxide m 
tetrahydrofuran, foiiowmg a literature procedure i301, 46%, bp 115 - 116 “C, nz 13909 

3 Hvdrocrenatlon Reacttons 

a) General method If the reaction was carrred out on an analytrcai scale, the 1,1-drfIuorocycIopropane 
(10 mmol) was dissolved m pentane (5 0 mL), 10% palladmm on charcoal (0 10 g) was added and a hydrogen 
pressure of 25 atm was applied durmg 30 mm at 25 “C Tenfold quantttres were used for preparatrve reactions 

b) Evaluation of products Yields (see Table) were determmed by gas chromatography (GC) relatrve to an 
mternal standard and were corrected by cahbratron factors Whenever possible, products were identied by gas 
chromatographx comparison Hrlth authentic samples (see Section 2) aud by GC-coupled mass spectrometry The 
two prmcrpal products resulting from the hydrogenolysrs of ns-2-butoxy-1,1-ddhtoro-3-methylcyclopropane (CW 
4) were rsolated by means of preparative GC (3 m, 8% Carbowax 20 M, 65 “C) from the hydrogenation mn$ure 
Butyl (t,&difIuorobutyI) ether bp 146 - 147 “C, nz 1.3784 - ‘H-NMR 3.59 (2 H, t, I 12 5) 3.53 (2 H, t, J 6 5), 
194 (2 H, qt, I 17 0, 7 5), 158 (2 H, pent-like m, I - 
74) - 19F-NMR 

7),1.39(2H,hex,J75),1.03(3H,t,J75),093(3H,t,J 
-44 3 (tt, J 17, 13) - MS 166 (0 1%, M+), 87 (22%), 73 (6%), 57 (160%) - Analysrs caIc for 

C&&F,0 (166 21) C 57 81, H 9 70, found C 57 97, H 9 69%. - Butyl (2.fluorobutyl) ether bp 154 - 155 “C, nzo 
13949 - ‘H-NMR 457(1H,ddtd,1493,108,55,4106,35(2H,m),349(2H,t,167),16(4H,m),139~ 
H, he& J 7 5), 100 (3 H, t, J 7 2), 0 93 (3 H, t, I7 4) - F-NMR - -124 0 (symm m) - MS 
(24%), 75 (4%), 57 (100%) - Analysis 

148 (0 5%, M+), 87 
talc for CaH$O (148 22) C 64 83, H 1156, found C 65 22, H 1122% 
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