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&RRR~~ : Three new model substrates of the chlorofluorocyclopropane type (6,ll 
and 14) were submitted to silver ion-assisted ring opening. No rearrangement, but 
only fragmentation or direct solvolysis was found to take place. In the latter case, 
primary rather than tertiary Zfhtoroalfyl alcohols are formed ahnost exclusively. 
Nucleophilic attach at the unsubstituted termmus of the 2-fluoroallyl cation is 
apparently favored for steric reasons 

A systematic investigation of the rmg-openmg solvolysrs of ge~xhlorofluorocyclopropanes has revealed a strikmg 

difference between the campher derrved model compound 4 and a monocyclic analogon 1 PI Upon treatment 

with silver mtrate in the presence of aqueous pyridme the syn dlastereomer of 2ders-butyl-1-chloro-1-fluoro-2- 

methykyclopropane (1) generated a Zfluoroallyl catron whrch upon ad&tron of water afforded a 1: 3 mixture of 

(Z)-2-fluoro-3,4,4-tr~ethyl-2-penten-l-o1 (Z-2) and 2-fluoro-3,4,4-&methyl-1-penten3-ol(3). 
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In contrast, the spire compound 4, prepared by Wittrg methylenatron of camphor and subsequent addition of 

cblorofluorocarbene, produced a Zfluoroallyl cation which immediately underwent a Wagner-Meenvem type 

rearrangement gwmg rise to a lert-alkyl cahon. The latter became stab&cd by proton loss to afford l-(l- 

fluorovinyl)-3,3-dimethyl-2-methylenebmyclo[2 2 llheptanc (5). [l] 
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Imttally we attempted to rattonalixe thts divergent behavtor by postulatmg concertedness between rmg opemng 

and alkyl mtgratlon m the case of the spuo compound 4 and stepwise reactron of the monocycltc analog 1 The 

latter was assumed to suffer from a conformattonal dlscriminatron Inspectton of molecular models, however, dtd 

not support thrs vtew The rmg strmn of the bornyl skeleton 1s probably the true reason why the campher dertved 

2-fluoroallyl catron rearranges faster than rt adds water This strain 1s substanttally attenuated at the transition 

state of the alkyl mtgratton. We wondered now whether thts drtvmg force would be powerful enough to brmg 

about the rearrangement of the 2-fluoroallyl cation mtermedtate also m cases where only a secondary carbenium 

ion can result We would expect such an tsomerixation to be still exothermal In the gas phase at least, the 

hydride a&my of an ally1 catton 1s somewhat hrgher than that of secondary alkyl cattons 1’1. The fluorme 

substltuent at the nodal posttton should further destabthxe the postttvely charged entity 

As the first example of this kmd we studted the solvolys~s of dtastereomenc chlorofluorocyclopropanes 6 

prepared from /3-pmene Neither straightforward hydrolysrs nor rearrangement to a secondary alkyl catton but 

rather a stepwise fragmentation was observed Bond sasston between the gertt-dtmethyl substituted bridge and 

the cham adjacent bridge-head posttton produced agam a tertiary carbocatton The latter underwent stabdt- 

ratron by deprotonatlon, leading to a mtxture of fluorotrtenes 7 and 8 (together 28%), and concomttant addition 

of water to gtve the alcohol 9 (51%) The proportton of the latter product increased at the expense of the 

fluorohydrocarbons 7 and 8 wtth ttme 
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On the other hand, some of the alcohol 9 was progressively consumed by polymerrzatton and more of tt by aad- 

catalyzed hydrolysts converting tt mto the ketone 10 Similar reactions have been described previously f3) 
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The camphene derived diastereomeric chlorofiuorocyclopropanes 11 opened smoothly the thrwmembered rmg 

to set tke a pair of geometricaUy isomenc 2AhtoroaUyl cations which lack any attractive mode of fragmentation. 

On the other hand, they could be transformed into a secondary or tertiary carbocation by methylene or methyl 

migration, respectively Neither type of rearrangement drd really occur. The only products isolated were Q- and 

(~-2-(3~~ethyl-Zb~~~o[2.2.l]heptylil (Z- and E-12, 14% and 55%, respectrvely) and 

trace amounts of en&-2-(l-fluorovmyl)-3,3-duuethyl-cv~-2-bqclo[2 2 l]heptanol(l3,2%). 
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An analogous outcome was noticed when the tsomeric chlorofluorocyclopropane 14 was submitted to the silver 

ion-assisted solvolysis. Substrate 14 was prepared by addtion of chlorofluorocarbene to 7,7-dlmethyl-2- 

methylenebicycl~2.2 llheptane (“a-fenchene”). This startmg material is duectly accessiile by solvolytic 

elimiition of endo-fenchyl p-toluolsulfonate i4] or on a more lengthly route starting with campher and 

proceedmg viu 1-bromo-7,7-dunethyl-bicycto[2.2 llheptanone [‘I 

The chlorofiuorocyclopropane 14 was obtained as an inseparable mtxture of dmstereomers with relative amounts 

of 10 : 40 : 10 : 40. The indwidual signals in the 19F-nmr spectrum were well resolved and, on the basis of 

chemical shtfts and ‘J or 6J couphng constants, qn-endo, anti-endo, syn-ero and ana-ew wntigurations were 
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teatahvely ass&cd. The solvolytic rmg opening of the mixture gave, besrdes very httle of the tertiary alcohol 16 

(< l%), (2) and (E)-3-(7,7~etayl-~b~~~o[Z~l~h~p~~eae)-2-fl~r~~~~-i-~ (Z- and E-15; 79%) ia 

the apprownate ratio of 1: 2. 
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Same the sovolytic opening of three-membered rings Pollows a dtsrotatory mversioa mode i61, we would have 

expected the (2) and Q isomers of 15 to emerge ia a 1 - 4 rather than 1: 2 ratio. For the moment we have no 

coavinciag explanattoa for this drscrepancy We have considered the possibiity of an acid catal@ isomerizatioa 

of initially formed 16 to 15 (sad, by analogy, of 13 to 12), but have provisionally rejected it on the basis of 

indirect evidence. 

The additroa of water to a reactwe carbocatioa is generally coasrdered to be a diffusion controlled process 

heviag a aegligeable activatroa barrrer @, 5 3 kcal/mol). Indeed the 3,4,4-trmrethyl-2-pentea-l-y1 cation which 

results from the ionization of the chlorofluorocyclopropaae 1 undergoes hydrahoa faster than methyl migration 

although the latter process should require an actrvatioa energy of not more than 2 or 3 kcal/mol as estimated by 

analogy. r7l Therefore, the general preference I31 for the terhary (or secondary) rather than the primary fluoro- 

ally1 alcohol appears not to be the outcome of aa ordmsry competrtioa arbitrated by two uphdl potentials of 

drffereat height. The tixatroa of a water molecule at the substrtuted, more posrtively charged terminus of the ally1 

moiety causes the least perturbation of the electron drstrlbutioa and notably the C,C bond distances. Thus it 

should be favored for probabthty reasons (“prmciple of the least mottoa” [‘I). The ordinary regtoselectivity of 

aucleophilic addition may, however, be altered d severe steric hmdraace overrides other effects. Thrs IS obviously 

the case with the cations dertved from the chlorofluorocyclopropaaes 1,ll and 14 
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1 General 

Nuclear mqnetrc resonmce specttu of hydrogen nuclei (‘H-NMR) were recorded at 60 MHz or, tf marked with 
an asterrsk, at 250 or 360 MHz, those of fluorine nucler (19PNMR) at 84.7 MHz or, if marked with an asterisk, 
at 188 MHz Chemrcal shifts are given relative to the si 

VI 
al of tetramethylsdane and tritluoromethylbenxene, 

respectively For other details see articles on related topics 

2 Chlorofluorocvcdoprooanes 

General procedure Ilo] A round-bottom flask was cooled to 0 “C and filled wrth benxyltrtethylammonium 
chlorrde (2 3 g, 10 mmol), potassium hydroxide pellets (20 g, 0 36 mol), the olefm (0.10 mol) and precooled 
drchlorofluoromethane (“Freon-21”, 0.10 L, 0 14 kg, 1.4 mol) The flask was closed with a dry me/methanol 
condenser and placed m the cavtty of an ultrasonicator whtch was put in actton. After 10 h, the remaimng 
haloform was condensed into a collector bottle, Celite (kieselgur, diatomite) was added, the mrxture was 
trrturated wrth &ethyl ether (0 10 L) and filtered wrth suction. The filtrate was concentrated. The product was 
isolated by drstdlatton under reduced pressure 

2’-Chloro-2’-fluoro~~imethylbieyclo[3.1.1]heptnne-2-spiro-l’cyclopropane (6) 85%, bp 58 - 62 “C/O2 
mmHg - ‘H-NMR* .2.3 (2 H, m), 2.0 (3 H, m), 1.80 (- 0.5 H, td, J 55,3.2), 1.67 (- 0.5 H, t, J 5.5), 1.50 (1 H, 
dd 7, J 10 5, 3 2), 13 (2 H, m), 1.26 (- 1.7 H, s), 124 $ 1.3 H, s), 1.09 (- 05 H, dd, J - 7, - 6), 1.04 (- 0.5 H, 
dd, J 8 0, 7.5), 0 97 (- 1.3 H, s), 0.95 (- 1.7 H, s) - F-NMR : -61 (dd, J 18, 8) and -63 (d, broad, J 18) with 
- 1 1 mtensrtres. - Analysis . talc. for C,,Ht&lF (202.70) C 65.18, H 7 %, found C 65.21, H 7.97%. 

2’-Chloro-2’-fluoro-3~-dimethyfbicyrlo[23.1]heptane-2-spiro-l’~opropane (11) 15% (81% of carnphene 
recovered), bp 61- 64 “C/O.2 mmHg. - ‘H-NMR* : 2 2 - 0 8 (16 H, m, broad, including six sharp, s-hke peaks at 
6 1 18, 113, 112, 106, 102 and 0 90 wrth approxtmate relatrve intensrtres of 1 1 1 1 . 2 2) - 19F-NMR . -49 
(d-like m, J - 20) and -52 (d, J 24) with - 1 5 mtensttres 

2’-Cbloro-2’-fluoro-7,7I-dime~yl~clo[22.1]heptane-2-sp~ro-l’cyclopropane (14) 
mmHg - ‘H-NMR* 

60%; bp 85 - 87 ‘C/l1 
2.1 (1 H, m), 1.6 (7 H, m), 1.18 (0 5 x 3 H, s), 1.15 (0.2 x 3 H, s), 105 (0.3 x 3 H, s), 100 

(3 H, s), 10 (2 H, m) - t9F-NMR* . -73.3 (dd, J 16 0,6.2 “anfi-endo” ‘), -74.4 (dt, J 16.0,6 0 “syn-endo” 9) -76.0 
(dm, J 16 0, “unh-ero” v), -76.5 (ddm, J 16 0,6 4 “syn-ew” 7). - MS 204 + 202 (14% + 461, M+ [37Cl + ‘Cl]), 
174 (93%), 94 (100%) - Analysis talc for C,tH,,ClF (20270) C 65 18, H 7 96, found C 64 97, H 7 74% 

3 Ring OneninP Reactrons 

General Procedure The chlorofluorocyclopropane (50 mmol) was added to a solutton of stlver nitrate (210 g, 
125 mmol) in pyrrdme (100 mL, 98 g, 124 mmol) and water (10.0 mL) The heterogeneous mixture was 
magnetrcally stirred and heated to reflux during 24 h (100 h in the case of 14) After centnfugation, the 
supernatant hqutd was decanted from the prectpttate which was thoroughly washed with diethyl ether (25 mL). 
The liquid phase was also extracted wtth ether (3 x 25 mL). The combmed organic layers were washed wrth 
brine (50 mL), dried and evaporated. The residue was drstdled and the crude products were purified or 
separated by column chromatography or preparative gas chromatography. 

1-(l-Fluoroethenyl)4(1-methylethenyl)cyclohexene (7) and l-(l-fluoroethenyl)4(l-methyletb~id~e)~l~ 
hexene (8) 28%; bp 65 - 70 ‘C/l mmHg. - Analysrs talc. for C,,H F (166.24) C 79.48, H 9.10, found C 78.88, 
H 9 00% - The two components were separated by preparative gas &omatography (6 m, 20% Carbowax 20 M, 
135 “C) - 7 ‘H-NMR * 6.28 (1 H, t-hke m, J - 5), 477 (2 H, symm. m), 4.61(1 H, dd, J 18,3), 4.44 (1 H, dd, 
/51,3),22(7H,m),175(3H,t,Jl) - 19F-NMR -31 (dd, J 51,18). - 8 :1H-NMR : 6.27 (1 H, t, J 4.5), 4.61(1 
H, dd, J 18,3), 4 44 (1 f-f, dd, J 51,3), 3 0 (2 H, m), 2 3 (4 H, m), 170 (6 H, s, broad) - t9F-NMR : -32 (dd, J 51, 
19). 
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l-(l-FIuoroethenyl)~4-(l-hydroxy-l-me~~e~y~)~loh~ene (9) : 33%; bp 101 - 104 “C/l mmHg. - ‘H-NMR * 
6 22 (1 H, t-hke m, I - 5), 4.61 ( 1 H, dd, J 18,3), 4.44 (1 H, dd, J 51, 3), 191 ( 1 H, s), 2.1 (4 H, m), 1.4 (3 H, 
m), 1.15 (6 H, s). - 19F-NMR -32 (dd, J51, 18). 

1-[4-(l-Hydroxy-l-methylethyl)-l-cyclohcxcnyI]ethanone (10) : 20%; bp 141- 143 ‘C/l mmHg. - ‘H-NMR : 6.88 
(1 H, t-like m, J - 5), 2.17 (3 H, s), 2.14 (1 H, s), 2.1 (4 H, m), 1.4 (3 H, m), 1.14 (6 H, s). - Analysis : talc. for 
CllH1s02 (182 26) C 72 49 H 9.95, found C 72.32, H 9.99% 

2-(3~-Dimethyl-2-hi~~o[22.1]heptyl~dene)-2-fluoroetbrrnol (12) . 66%; bp 91 - 94 “C/l mmHg. - Analysis : 
talc. for C H 
a 4 1 rat.!:. +f 

0 (184 25) C 7171, H 9 30; found C 71.90, H 9.33%. - The (2) and Q isomer were present m 
e two components were separated by preparative gas chromatography (6 m, 28% Carbowax 20 

M, 185 “C) - Z-12 . mp 52 - 53 “C. - ‘H-NMR : 4 17 (2 H, d, J 22), 279 ( 1 H, s, broad), 1.92 (1 H, s), 2 1 - 0.9 (7 
H, m), 119 (3 H, s), 1.15 (3 H, s). - 19F-NMR . -41 (t, J 23). - E-l2 : ‘H-NMR : 4.50 (2 H, d, J 22), 3.15 ( 1 H, s, 
broad), 2.29 (1 H, s), 21- 0 9 (7 H, m), 1.15 (3 H, s), 1.11 (3 H, s). - 19F-NMR : -48 (t, J 23). 

The lowest boiling fraction contamed a by-product, presumably the tertiary alcohol 13 (1 - 5%), which showed a 
characterishc 1-fluorovmyl signal (6 - 4 5,2 x dd, JHIHp 49,18) 

2-(7,7-Dimethyl3-bicyclo[22.1]l~eptylidene)f-fluoroethanol (15) 79%; bp 105 - 110 ‘C/l0 mmHg. - Analysis : 
talc for C,,H17F0 (184 25) C 7171, H 9 30, found C 7168, H 9 03% - Under standard conditions the (2’) and 
(I?) roomers were obtamed m a 2 1 or 5 2 ratro, attempts to separate the two components failed - ‘H-NMR* : 
4 20 (0 3 x 2 H, dd, J 21.6,1.5), 4.15 (0 7 x 2 H, dd, I21.0,1.5), 2 50 (0 7 x 1 H, dm, J 4 0), 2 45 (1 H, ddd,J 15.4, 
70,3.3), 221 (0.3 x 1 H, t,J3.5), 20 (1 H, m), 18 (6 H, m), 1.00 (3 H, s), O.% (3 H, s) - 19F-NMR* : -62.1 (0.7 
F, tm, I 21.0), -63.1 (0 3 F, tm J 21.0). - Acetate : bp 225 -229 “C - Analysis : talc. for C13H19F02 (226 29) 
C 69 00, H 8 46; found C 68.78, H 8.52% 

The presence of a by-product in the crude reaction mixture is revealed by a ‘H-NMR signal typical for the l- 
fluorovmyf moiety (6 - 
alcohol 16 

45,2 x dd, JBP 49,18). Thrs may well be caused by trace amounts (< 1%) of the tertmry 

Acknonledaement This work was supported by the Schwelrerlscher Nationalfonds zur Ferderung der wissen- 

schaftllchen Forschung, Bern (grants 2-467 O-75 and 20-25'577-68) 

[ 11 

t 3 

[ 41 

t ii 
11 

1 81 
t 91 

PO1 

REFERENCES 

M. Schlosser, Y Bessrere, Helv. Cj’trnt. ACM 60 (1977), 590. 
P Vogel, Curbocutton Chenustry, Eisevrer, Amsterdam 1985,O 5 (p 161- 208) 
M. Schlosser, Le Van Chau, Helv. Chrnz Acta 58 (1975), 2595, Y BessrEre, M Schlosser, Helv. Chrna. 
Actu 59 (1976), 6%, S. Cottens, doctoral dissertation, Ecole Polytechmque Fed&ale, Lausanne 1985, 
pp. 20 and 67 
W.C MC Kokke, FA. Varkewisser, J. Org. C/rent 39 (1974), 1653, see also . W. Huckel, D. Volkmann, 
tieb1g.s Ann. Chew 664 (1%3), 31, spec 60 
C.W Jefford, A.F Boschung Helv. Chrrn Acfu 57 (1974), 2242 
C H. DePuy, Act. C%enl. Res. 1 (1968), 33, spec 39 
GA. Olah, J Lukas, I Ant Chem. Sot 89 (1%7), 4739, see also - D.M Brouwer, Red Tmv Ch1ml Pays- 
Bus 87 (1968), 210. 
J Hine, Adv Phys Org Uzem. 15 (1977), 1. 
S. Matsubara, H Matsuda, T. Hamatam, M Schlosser, Tetruhedron 44 (1988), 2855, H. Suga, 
T. Hamatam, M. Schlosser, Tetrahedron 46 (1990), 4247, Y. Bessard, U Muller, M Schlosser, Tetra- 
hedron 46 (l!I!IO), 5213. 
Thus protocol IS an Improved version of former ones f3) which can stall be recommended for application in 
routine cases 


