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Abrtrrrl-Halofluormarlon of norbomadicnc utIh S~bromotuccimm~de. N.chlorosuccinimtie or xenon ddluoridc 
in IIK presence of polyh)drogcn fluoridc.pyridmc rcwllcd in ~hc formatton of rhrce producIs: 3-endo.halo-J-exe. 
Ruoro (2) and 3.exo-halo.!-e.ro~fuoronorIncyclanc (3). and !-exo-nuoro-7-syn-halo-norborncM-.c (4) The cxo- 
aIIack of Ihc clccIrophilc on norhornadicnc is sl~p.hhtly prcdominanc (65% X = Br. 64% X L Cl. ?3% X = R over the 
tndo-aIIack The Mccrwetn-Wagner rearranRcmcnI occurred only m the cast of chlormc or Ruonnc halo. 
tubrIlIuenIs of fi-carbonium Ions formed bg ero.aIIack of Ihc clecrrophilc 

The reactions of the bicyclic olefin norborncnc have 
been used as a mechanistic probe IO elucidate the 

mechanism of various rcacIions.’ On Ihe other hand. 
halogenation of norbornadienc has been studied much 

less intensively. Winstein’ has studied brominarion of 

norbornadicne and has pointed OUI the possibly dan- 
gerous properties of the products. In norbornene there is 

preferentially (or exclusively) e.ro-aItack by Ihe clcc- 
trophile. while in norbornadienc there is Ihe possibility of 

both exe and en&~-attack. This problem could not be 
solved with attack by X, species, because the stcreo- 

evidence is IOSI and for this reason we need and elcc- 

trophilic reagent of XY type. There is also the question 
as IO whether Ihc em-A or endo-B B-halosuhsIiIutcd 

carbocation (Scheme I) undergoes a Mcerwcin-Wagner 

rearrangement preferentially. We now report evidence 

for both exe and endo-attack by an clectrophilic species 
of “XF” type (X = Br, Cl, F) which was generated in a 
solution of polyhydrogen fluoride-pyridine’ in con- 

junction with h’-bromosuccinimidc (NBS). S-chlorosuc- 
cinimide (NCS) or xenon difluoridc. FurIhcr. we have 
found thar only exe-b-halocarbocation (A) undergoes Ihe 

Mecrwein-Wagner rcarrangcmenl. 

.4 I-hr reacIion of norbornadicnc (1) at room tem- 
perarurc in a mixture of polyhydrogcn fluoride-pyridine. 

ether and NBS resulted in the formation of two products 
(2a and 30. Scheme 2). Analysis of the minrurc by glc 
gave the relative yields listed in Scheme 2. The structure 

of the compounds was determined on the basis of Iheir 
mass and ‘H and “F NMR spectra. Both products have 

very similar mass spectra with the following major 

fragments: m/e: 192. I90 (M’ + 2. hi’). I I I. 109.91. wiIh 

very little difference in peak intensities. High resolurion 

measurements on the molecular peaks indicated. the 
formula to be C,H,BrF. Both products show in their ‘*I: 

spectrum one doublet signal: 6 -200.25 ppm @a). 6 
- 194.25 ppm (3a) and in their ‘H spectrum two signals af 

lower field: 6 4.75 ppm (d, J = 60 Hz). 6 4.55 ppm (s) for 
Zs, and 4.54 ppm (d. J = 60 Hz) and 6 3.87 (s) for 3a. A 

comparison of NMR data of 21 and 3a wiIh those of the 

other halogen substituted products (Zb. k. Jb. 3e) is 
presented in Table I. Chemical shifts for the F atom are 

typical for those of era-bonded fluorine. while in the 
proton NMR spectra the singlet signals af lower field 

indicate an exe 21 or an end&a bonded proton. On the 

basis of the above NMR data and mass spectra. WC have 
established the structure of 2a as 3-endo-bromo-5-exo- 

fluoronortricyclane and 3a as 3-eJo-hromo-5-exe-flu- 
oronortricyclanc. 

Chlorofluorination of norbornadiene with NCS under 
the same conditions as those for bromofluorination 

resulted in the formation of three products (2b. 3b, 4b) 
Analysis of the mixture by glc gave the relarive yields 
IisIed in Scheme 2. Products 2b and 3h have very similar 

mass spectra (m/e: l4g (M’ + 2). I46 (hi’). I II. 109. 91. 
x4. 79) with very IitIle difference in peak intenslrics. ‘The 
chemical shifts for signals in their “F and ‘H NMR 
specIra are very similar to those of the bromotluorides 
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(Table I). On the basis of the above data. we have 

established the structure of 2b as 3-endo-chloro-5-exo- 

fluoronortricyclane, and of Jb as 3-exo-chloro-5-exo-flu- 
oronortricyclane. The minor product formed (4b) has 
different mass fragments IO those of Lb and 3b. In its “F 

NMR spectrum it shows a signal al 6 - 184.5 ppm (dm). 
in its proton NMR three signals at lower field: 6 6.09 ppm 
(IWO olefinic protons). 6 4.6 ppm (dt. corresponding IO a 

proton bonded at the same carbon as the F atom) and S 
4.0 ppm (s. conesponding IO a proton bonded at the same 
C atom as the Cl atom). From the data. we propose the 
structure of 4b as ?-exo-fluoro-7-chloronorbornene-5. 

However. from the data just described we were unable 

IO make a decision about the stereochemistry at C7. In 
order IO establish this, we converted product 4b IO 
previously synthesised 2-exe-fluoro-7-syn-chloronor- 
bomane (58) by catalytic hydrogenation.’ 

The fluorination of norbornadienc with xenon diflu- 

oride in rhe presence of polyhydrogen fluoride-pyridine 
also resulted in three products (2~. 3c. 4e) with relative 
yields as stated in Scheme 2. Products 2c and 3c have 
very similar mass spectra. while 4c has the same molc- 

cular peak m/c I30 but different mass fragments. Product 
2c shows in its “F NMR spectrum two doublets (6 2 

201.8 ppm and 6 = 213 ppm. corresponding IO exe- and 
endo-bonded fluorine) and in its ‘H NMR spectrum IWO 
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doublets at lower field (6 = 5.22 ppm and d = 4.74 ppm, 
corresponding to exe- and endo-bonded protons). 
Product 3e shows in its “F NMR spectrum one doublet 
signal at 6 = -201.4ppm. corresponding to exe-bonded 
F atoms. and in its ‘H NMR a doublet signal at lower 
field at 6 = 4.53 ppm corresponding to the two endo- 
bonded protons. On the basis of the data. we have 
established the structure of 2e as 3-endo-S-exo-diflu- 
oranortricyclane and of 3e as 3-exe-S-exodifluoronor- 
tricyclanc. The minor product formed (4e) shows in its 
“F NMR spectrum one doublet of doublet signal at 
d - IRO ppm and one multiplet signal at S = -187.5 ppm. 
and in its ‘H NMR three signals at lower field: a mul- 
tiplct signal at S = 6 ppm (two vinyl protons), a doublet 
of triplet signal at 8 = 4.6 ppm (J = 60 Hz). We propose 
the structure of 4e as 2-era-7difluoronorbornene-5. 
However. from the data we were unable to make a 
decision about the stereochemistry at C7. In order to 
establish this. we converted product 4e into previously 
synthesised ?-exe-7-svn-difiuoronorbomane (9~) by ca- 
talytic hydrogenation.’ 

The reaction pathways leading to the products formed 
by halofluorination are presented in Scheme 3. In all 
cases endo- and exe-f3-halo substituted carbonium ions 
arc formed. Roth cations are transformed to halonor- 
rricyclyl cations which are attacked by a fluorine anion, 
thus forming halofluorides 2 and 3. In a polyhydrogcn 
fluoridepyridine-ether solution. fluorine anion attack on 
the halonortricyclyl cation is exclusively exe. The for- 
mation of the products 4b and 4e could be explained by 
Meerwein-Wagner rearrangement of halocarbonium ions 
formed by era-attack of the electrophile. 

It is very interesting that Meerwein-Wagner rear- 

rangement occurs only in the case of chlorine or fluorine 
halo-substituents and /I-substituted carbonium ions, 
formed by an exe-attack of the electrophilc. From the 
data stated in Scheme 2 it can be seen that exe-attack by 
the electrophile on norbornadiene is slightly predominant 
(65% X = Br, 73% X = Fl over endu-attack. 

FJtPEUMMAL 

I.R. specna were recorded with a Pcrkm-Elmer 257 spec. 
rromcler. and ‘H and ‘*F NMR specrn with a JEOI. JMK-PS- 
100 (Ccl, as solvent and Me,% or CCI,F as internal reference) 
Mass spectra and high resolution measurements were obtained 
with a CEC- 21.110 spectrometer. cilc was carrred out wilh a 
Varian Aerograph I800 instrument. 

Afarrrio/r. CommercialI) avadable norbomadicnc and nor- 
bomenc were purified before UK. Polyhydrogen fluoride-pyridine 
soln was prepared according IO Olah rf PI..’ xenon dllluoridc was 
prepared hy a pholosyntberlc method’ and its purity uas betIer 
than 99.5%. 

Addition and irnlafion procrdurrr 

hmo- and chlo&torinarion of norbomadirnc In a mlxturc 
of 70% HF-pyndinc (2 ml) and ether (2mll. NBS or X(‘S 
(I.4 mmol) was dissolved wlrh stining al m = 0” and then nor- 
bomadiene (I mmol) was added. The mIxlure was stirred for I hr 
ar 15”. tben poured into ice ylalcr and extracted with ether. The 
ether layer was washed with water. NaHCO, aq and waler again. 
dried tNa,So,~ and evaporated. ‘The N!AR data were taken on 
the crude mixture. This was analyzd by glc Karbowax. 20%4- 
25%. Varapon 30 70/80. T - I&P). The products were vzparated 
by preparative glc. and NMR. mass and IR spcc~ra were taken 

3 . endo . Bmmo . 5 . exo fiuoronorrricyrlane (211. yield 20% 
of liquid product. NMR (CCI,): 6 CBrl&,, 4.55 ppm(s). 6 

Cnj, 4.75 ppmtd). 6 CHF,,, -200.2s ppm(d). J,, .UlHz. 
mass spewa calcd for C-H&F 1X9.9794 Found: 189.9792. m/r 

L0 / 

X : Br. Cl. f 

Scheme 3 
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t92fM’ + 2. 4%). l%fM’. 4). 1llflCQ. lO9f27L 9108). 6X12). 
Cak. for C,HxBrF: C. U.01; H. 4.22%). Found: C. U.42; H. 4.53. 

3 - exo . B&o - 5 - exo _ Jluorononricyclane fk). yield 3rX 

of liquid product, NMR fCCl,J: 6 CBrH, 3.81pprnfrL 6 
CFY, 4.54 ppmtd). 6 CHF, -194.25 ppmtd). J, = 60 Hz. 
mass spectra cak. for C,H,BrF 189.9794. Found: 189.9793. m/r 

l92tM’ + 2. 4%). l%fM’. 31. lllflOO). IO9f22). 9H35). 65flO). 
(Found: C. 44.13; H. 4.32. Calc.. for C,H,BrF: C. 44.01; H. 

4.2%). 

ens, 417s ppmtd). 6 CHP, -2fXt.25 p&(d). Ji - 60 Hr. 
ms spectra cak. for C,HaCIF 146.0296. Found: 146.0296. m/r 

l48fM’ + 2. 13%). I46 (M’.40O). lllflOO). 109157). 9H84). 84f24,. 

3 . cd0 - Chloro . s . exo . ~rrorono~ticycfalrr (zb). yield 20% 

of liquid product, NMR fCC1.J: 6 CCIH, 4.42ppmft). 6 

3 . end0 . 5 - exo - Di~uofonorttiryc~4nt (k). yield 35% of 

waxy soolid product. mpfseakd capihary) 75-76’. NMR (Ccl,): 6 
F -2Ol.Eppmfd). J,=6OHz. 6 F,-2l3ppmfd). I,,= 
64Gx. 6 CFH,” J22ppmtd). 6 CFH, 4.74ppmtd). mass 
spectrum. Calc.?& C,H$,: m/c l30.05%~ound:~~30.0597. m/r 

13Ofhf’. 58%). IIHS3). lO%300,. 97flW). 8y35), 7%65). (Found: C. 
64.65; H. 6.08. Cak. for C,H,F,: C. 64.61: H. 6.18%). 

ll5t45). lO9tUi. ti(loO). 8408). 79f57). (Found: C. 64.33: H. 3 95. 

3J-I)l’txo-dj~uorono~~~~ne t3c). yield 30% of waxy solid 

product, mpfsealed capihary) 76-77’. NMR (Ccl>: 6 F- 

Cak. for C,H,F?: C. 64.61; H. 6.19%). 

2001.4 ppm(d). 8 CFij 4.53 pprnfd). Jn( - 60 Hz. mass spectra 

CaJcd. for C,H,F,: 130.0594. Found: I3O.OJ97. m/e 13OfM’. 35%). 

2 - exo - 7. syn . ~fluorono&omenr - 5(&j. yield 6% of waxy 
8W20). 79f45). 66f32). 51(22). Found: C. S7.01; H. 5.70. Cak. for 

C,H,CIF: C. 57.36; H. 5.50%). 
3 . exo . G/on, . 5 - exo . ~uonono~ricychnr (a). yield 49% 

of ltquid product, NMR (CCIJ: d CCIJj, 3.81 ppmts). 6 

wLn 4.51 ppmtd). 6CHP, -195 ppmtd). 1, - 60 Hz. mass 
spectra talc. for C,H.CIF 146.02%. found 146.0299. m/e I48 
(M’ t 2. 1255). 146tM:. 38). lll(lOO). 109f67). 97f35). 9lf88L 

84f54). 79(98). 66(47). 5100). Found: C. S6.93: H. 5.41. Cak. for 
C,H,CIF: C. 57.36; H. 5.50%). 

2 - en0 - Rvoro .7 - syn . chloronortomeae .5 t(b). yield 3% 

of liquid product, NMR tCC1.I: 6 CHP, - 184.5 ppmfdm). d 

CFlj, 4.6 ppmtdt). 6 CCIH 4.0 ppmfs). dH,. H, 6.09 ppmfm). 6 

H, 3.1 ppmtm). dH, 2.9 ppmfm). 6 H, 2.1 ppm fdm). 1.9(m). mass 
spectra (Found: 146.03Lt7, m/e 148fM’ +2. 8%). 116(M’.U). 
llH26). 109f32). 102t27). loo(81). 97(26). 9104). 79floOL 65f499). 
51(19). Calc. for C,H,CIF: 1460296,. 

Halofluorination was repeated three times and the average 
product distributions are stated in Scheme 2. To test the stability 

of the halotluorination products in the reaction mixture. a sample 
(0.1 g) containing 2. 3 or 4 was added to 70% HF.pyridine (2 ml). 

ether (2 ml) and NBS or NCS (0.2 mmd) and the mixture was 

solid product, m.p. (sealed capillary) 8243. NMR tCCl.J: 6 

F, - l87.S ppmtm). 6 F, - I80 ppmfdd). d CFfj, 4.74 ppmfdt). 6 

CFfj, - 4.6ppmfd). 6 CH 6.0ppmfm.ZHJ. Jmo = 6OHr. JPH = 
12Hz. Jpncl - J7Hr. mass spectrum cak. for C,H,Fr m/e 
130.0594. found 130.0589. m/e 130(M’25%). lO9flO). 97fl8). 

84( 100). 79f65). 

Hydrqpenation o/ 2-cxo-puoro-7-syn-holo~rbonune.~ t&SC) 
[Compound 4h or C (0.5 mmol) was dixaolved tn 3 ml MeOH. 

0.3g of 10% P&C was added and stirred at room temp. under 

H,. After 0.5 mmol of H, had reacted, the cotnlyst was filtered off 
and the mixture was analyzed by gk. The retention time of the 
product formed above was identiul to that of k’ in the case of 

B. and to that of 5b’ in the case of 4c. The NMR spectra of Ja 
and sb were identicaJ to those of indepemntly prepared com- 

pomlds.‘~ 
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Ruorinorion oj norbomodiene 

In a mtxture of 70% HF-pyridine (2ml) and ether t2mlL 
I mmol of norbornadiene was dissolved at 25’ and under stirring ‘R. C. Fahey. Top. Stercochem. 3. 237 (1968): 1. A Berron. 

I mmol of xenon difluoride was added. After 3Omin gas evdu- Corbonirrm Ion Reananpments in Bridged Bicyclic Sysrems. in 

tion had ceased and rbe reaclion appeared to be complete; the hfoleculor Remungaenfr (Edited by P. de Mayo) Vol. I, Part 

mixture was poured into UC water and extracted with ether. The 2. p. Ill. Interscience. New York (1963); T. G. Traylor. Arc. 

ether was washed with water. NaHCO,aq. then water again. C’hn. Ral 2. I52 (1969). 

dried (Na$O,) and evaporated. The crude mixture was analyzed ‘S. Winstein. 1. Am. Chem. Sot. 83. 1516 (1961). 

bv SMR and ak ftbe relative vieIds of the oroducts are stated in ‘C. A. Olah. M Nojima and I. Kerekes. Synfherrr. 779. 780 

Scheme 2) The mixture was’pur&ed by preparative pk (Car- (1973). 

bowax. 2OM-25%. Varaport 30 70180. MO?. The products were ‘D. D. Tanner and P. Van Bostekn. 1. Am. Chn. Ser. 94. 3197 

separated by preparative gk and mass. NMR and ir spectra were (1972). 

taken. ‘S. M. Williamson. fnorg. Syn Il. I47 tI%8). 


