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: krury The br~fluorination of norbornadiene using NBS in the presence of the neu 

fluorlnatfng agent Et3N13HF leads to a 382 mixture of 3-exe-bromo-5-axo-fluoronortricy- 

clane 1 dnd 3-cxo-bromo-5-en&-fluoronortricyclane 2. The structures of these compounds 

were proven by independent syntheses and extensive Nm spectroscopfc studies. The structure 

(3-~~-bra-S-exe-ftuoronortricyclane) given for the minor co~ound in the literature1o 

wus revised especially In terms of the comparison of 35 CF coupling constants in the l3C 

NHR spectra of both compounds. No evidence for an endo attack of the bromonium species 

on norbornadicne as stated in the literature 10 was observed. 

Introduction 

The reagents most widely used in the past for the introduction of fluorine 

atoms into unsaturated molecules were somewhat dtfficutt to handle because 

of their corrosive nature and toxicity. Usually, special polyethylene or poly- 

propylene equipment and working at low temperatures are necessary when using 

anhydrous hydrogen fluorfde by ftself or dissolved in various solvents. These 

precautions should also be observed with pyridinium poly(hydrogen fluoride) 

(Olah's reagent) or other combinations with amines'. In former papers, we have 

shown that trfethylamine trts-hydrofluoride (Et3N/3HF)2 is a highly versatile 

and easy-to handle source of fluoride ions for the introduction of the ftuoro 

substltuent by ring opening of various azirldfnes3, ariridinium 
4 

desss6 

ions , epoxi- 

as well as. for the nucleophilic substitution of sulphonates by fluo- 

ride ion7. Very recently, we have used this reagent in halofluorination reac- 

tions of unsaturated hydrocarbons using respecttvely N-chloro-, W-bromo- and 

N-fodo-succinimfde. as sources for the halonium ions 8 . 
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Ye have recently observed that selectivity and/or reaction pathway in 

ring opening of epoxides5 or bromofluorlnation of cycloalka-1,5-dienes ' depend 

on the fluorinating agent used. In particular, we have shown that the difference 

In sclectlvity between Olah's reagent and the Et3W, 

acidity of the former, 

3HF complex Is due ysty 

while the latter exhibits a nucleophllic character * ' . 

It was therefore interesting to compare the Et3H, 3HF complex wjth Olah's rea- 

gent (or polymer-supported hydrogen fluoride) used by Gregorcic and Zupan 
10 

as regards the sclectlvity of the norbornadiene bromofluorination. 

Rcsu'fts and discussion 

The reaction of norbornadiene with NBS and Et3N13HF leads to a mixture 

of three compounds 1, 2 and 3 (Scheme I) In a ratio of 53:38:5 and in nearly 

quantitative yield. 

The minor product J is a dfbromo nortricyclane which was previously known 12 

and the mafn products are bromo fluoro derivatives. The 'H NHR and especially 

the 13C NHR spectra are in good agreement with structures 1 and t. However, 

Gregorcic and Zupanfo gave structures b and 4_ for the products they obtained 

In the reaction of norbornadiene with NBS/Olah's reagent. We repeated this 

reaction and found that the two isolated lsomeric bromdfluoro compounds formed 

in that way were identical with our compounds 1 and 2, although the product 

distrtbutions were different. Taking tnto account our disagreement concerning 

the structure of the minor bromofluoro compound 2 or &, it seemed necessary 

to determine the correct structure by an independant synthesis together with 

an extensive NHR study because the formation of compound 5 would establish 

the posslbflity of an unusual cndo-attack of electrophiles on norbornadiene. 

An endo-attack was only observed in a 5 X yield during the radical addition 

of bromotrichloromethane- to norbornadiene 13. Actually, in the literature, such 

electrophiles as bromine 12,14,15 

peracids18, chlorosulphonyllsocya~a~~~~~~~,lc~uo~~~~z~~, 

phosphorous tribromldel', 
22 arylsulphenylchlorides , 

chlorosulohamatesz3 or arylsulphenylsu~phamates gave an exclusive exo-attack. 

Only the exo-attack allows the participation of the second double bond leading 

to a homoallylic carbocation without the necessity of the formation of an lnter- 

mediary cw-bromo carbocatlon (Scheme 2). 

The determination of the exact structure 2 or 3 would allows us to answer 

some questions arising from the mechanism proposed by Zupan (Scheme 3) 8 why 

the Yagner-Heerwein like transposition of the cation & leading to compound 

2 (X=F or X=Cl) is not observed starting from the cation @ and why the bromon~um 

spccfes attacks norbornadiene from exo and endo face while the F- attacks the 
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cation 0 and especially C exclusively from the exe 

for the latter, no sterlc hindrance could be ClJtmd 

behrvtor ? 

exo attack 

3553 

side, since, especlrlly 

to explJln such unusurl 

I endo 

attack 

b l c x 
1 

F -A X F J? 
X 

5 (x-a) 1 (X= fir) 4 (x:Br) 

sdmme3 

Ye therefore made Jn extensive structural study of the reaction products 

especially becruse no 
13 C NHR drta hJS been reported for this clrss of fluort- 

nrtcd compounds. 

The 13C NMR 

tants are In good 

that the coupling 

spectra (table 1) and In prrticular the 3JcF coupling cons- 

agreement with structures 1 and 2. It is a well-known effect 
25 

constants are maxlmum for the Jntl-arrangement of the CCCF 



G. ALm?aia l l 01. 

Table 1 

13C-maqnetlc resonance spectral assiqnmcnts for conOounds 1, 2, 2, 6, h.9 and2. 

(6and J C-F values) 

Products C-l c-2 c-3 c-4 CT5 C-6 c-7 

13.6 23.2 50.2 41.6 93.4 19.4 28.4 

J=6.0 3J=3.1 2J=16.5 ‘J=196.2 2J=24.9 _ 

15.9 

'J=6.7 

19.9 53.2 41.7 97.2 la.3 27.8 

2Ja16.0 1J=190.4 2J=22.9 3J=3.3 

13.4 22.2 51.0 41.0 

11.4 14.1 

J=22.8 

98.2 33.9 29.3 13.9 

lJ=laa.4 2J=16.2 3J=4.4 3J=7.3 

44.2 133.1 44.2 

3J=17.3 3J=8.5 2J=17.3 

12.7 20.5* 52.6 

15.2 

21.0 

19.lf 

25. 

54.8 

50.7 

43.0 

43.2 

45.3 

51.0 

21.6 

72.8 

76.2 

205.1 

22.2 

22.2* 

19.9. 

28.1’ 

29.1 

30.0 

97.7 

lJ=204.7 

27.5 

28.9 

30.0 

l Jc.constants values may be interchanged within each line 

and are minfmum for skew conformations : 3JCf coupling constants between 

3.1 and 6.7 Hz are experimentally observed in the spectra of 1 for C-2 and 

C-3 and in that of 2 for C-l and C-7. Consequently, the fluoro substitucnt 

is in exo configuration in compound 1 and In the endo position in compound 

2. For a structure such as 3 instead of 2, the values of 3JcF coupling constants 

for C-2 and C-3 should be the same than those observed for 1. Very similar 

3JCF coupling constants were also observed in the 
13 C NMR spectrum of 3-fluoro- 

nortricyclane 5 
26 , for which we found a simple synthesis with a nearly quanti- 

tative yield (see experimental part). 

The chemical shifts observed in the 
1 Ii NMR spectra dre in good agreement 

wfth structures 1 and 2, especially the observed downfield shift effects (cf. 

table 2) initiated by the halogens to the syn-1,3-diaxial protons (well-known 

in the cyclohexane series27) support these structures. Nevertheless, in this 

case the dihedral angles are different from those usually observed in a classi- 

cal cyclohexane chair conformation. In compound 2, the endo fluoro rubstituent 

actually causes a downfield shift of Ab = b,_, (2)- 6,_,(L) = 0.49 ppm and 

the l xo bromo substituent shifts the proton Ii-7a In 2 by 0.49 ppm downfield 
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as compared to Ii-7b in 2. Furthermore, in compound 1, the chemical shifts caused 

by the bromo and the fluoro substltuents which are both In exe conflguratton 

are in the same range for H-7a and H-7b. It should also be noted that the H-5 

protons have similar chemicals shifts In 1 and 2, 

5 one should expect a slgnlflcant shift difference 

the syn diaxlal Br and H-5 lnteractlon In compound 3. 

while for the pair 1 and 

A& as a consequence of 

Tile 2 

lH maqnetlc resonance for compounds 1 and 2 (200 Liz) and, for conp arlson --- 6 (350 Wt), 

protons asslqnements for 1 and 2 uslns 2D NMR. 

(13C-lti correlations) 

H 
Br 

H-l 

H-2 

H-3 

H-4 

H-5 

H-6 

H-7a 

Ii-7b 

6 

1.72 

1.82 

3.96 

3.87)'O 

2.37 

4.65 

4.54)'O 

1.54 

2.13' 

2.03. 

coupling (Hz) 

t 

t 

d 

3JHH=1.36 

s broad 

dt 

2JHF=58.3 

)JH4H5=3JH5H6'1.8 

t 

part A of 

a AB system 
2 
JHaHb'll.2 

part 6 of 

a AB system 

6 

1.59 

1.79 

4.45 

:4.55)'0 

2.22 

4.73 

(4.75)'C 

1.41 

1.99 

1.50 

coupling (Hz) 

t 

t 

s broad 

s broad 2.02 

dt 

2JHF=58.6 

J H4"5=3JH5H6=1'8 

t 

part A of 

a AB system 

2 
JHaHb=ll.3 

part B of 

a AB system 

6 

4.68 

(4.58)2' 

1.32 

1.90 

coupling (Hz) 

dt 

2JHF=59.5 

Jti2H3=3JH3H4='*g 

5 

part A of 

a AB system 

2J HaHb'lO 

part B of 

a AB system 

Between brackets, values given in the literature 1o,26 (CC14). 

l Values may be interchanged within column. 
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In comparison, It should be mentioned thJt the proton on crrbon C-3 of 

the fluoronortrlcyclrne 5 (which 1s neither endo nor exo becruse of the Cgv 

symmetry of the nortrlcyclane skeleton 6J) hrs a chcmlcrl shift (4.68 ppm) - 

very close to those, observed for H-5 in 1 Jnd 2 (4.65 Jnd 4.73 ppm, respscti- 

vely) since for 6, there Is no syn-1,3-dlrxlal halogen effect on the H-5 proton. 

In ContrJst, such an effect is JctuJlly observed for the proton H-7b (A& 
0.58 ppm) of 6 as well as for H-7a of 2 (vlde suprr). Furthermore, In the 

19; 

WMR spectra, the irradiation of H-3 cJuses a MOE effect of g X on the F substl- 

tuent in position 5 of compound 2 and only J negligible effect In compound 1. 

In addition to these spectroscopic proofs, we tried to make some ChenlcJI 

transformations to confirm our structural assignments. The reduction of 3+x0- 

bromo-5-exo-fluoronortrlcyclane 1. using Bu3SnH in benzene yielded J mixture 

of two compounds in nearly 1:I ratio. One of them UJS identical to the authentic 

sample of 6 and the other one was identified to be 7-Jnti-fluoronorbornene 

1 (Scheme 4). Unfortunately the reduction of compound 2 under the sJmc condl- 

tlons gave nonfluorinated compounds. 

H H 

sdmme4 

On the other hand, we synthesized compounds 1 and 2 using another lnde- 

pendant pathway. 

The formrtlon of 'the bromohydrlns 8 Jnd 9 should give some JddltlonJl 

structural evidence. Their oxidation into bromoketone should indicated whether 

the bromine orientation In the two Isomers Is the same or not. The study of 

these bromohydrins and of their derivatives should complete the observJtlon 

obtained by 
1 Ii NMB concerning the syn-1,3-dlaxlal effect in these series. Fur- 

thermore, the substltutlon of the hydroxyl groups by fluorlne atom VfJ a SN2 

mechanism should be J second route to these bromofluoro compounds (Scheme 5). 
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The hydroxybromination of norbornadlene has previously been reported in 

a patent*8. However, no informations concerning the yield, the number of isomers 

and the products structure are mentioned. Therefore, we submitted norbornrdiene 

to bromohydroxylation reaction using NBS in a mixture of water and DMD and 

obtained two products 4 and 9 in very close proportions with a yield of 90 X. 

These crystalline products were separated by column chromatography. The 'H 

NHR spectra of g and 2 (table 3) are in good agreement with these structures, 

especially the deshielding Ab (0.66 or 0.54 ppm) confirms the respectfve 

endo and exo orientations of the hydroxyl group of 2 dnd s. The nesyldtion 

of g dnd 9 leads respectively to the mesylate compounds M and g and causes 

a deshielding of the proton attached to C-5 which allows the unarbiguous rttri- 

bution of H-3 and H-5 for -2 (only the proton at 6 = 3.86 ppm in the spectrum 

of 9 is deshielded after mesylation). In addition, the Syn-1,3-didxtdl effect 

is of related importance for the mesylate u (Ad - 0.50 ppm) compared to 

No. 

The Oxidation of the bromohydrins by pyrldinium chlorochromdte leads in 

80 X yield to d single bromoketone 1_? ('H and l3 C NHR) which clearly proves 

the same orientation of. the C-Br bond in the two bromohydrins & and 2. This 

fact excludes the possibility of d simultaneous exo and endo attack on the 

norbornadiene during the reaction with NBS and H2O/DRSO. The sdme observdtion 

was made in the reactions of N-halosuccinfmides with norbornddiene in the prt- 

sence of alcohols or acetic acid. 

In order to manage d nucleophilic substitution by the fluoride ion, we 

prepared the corresponding trifluoromethanesulfonates of the bromohydrfns In 

CDC13 using trifluoromethane sulphonic anhydride In the presence of pyridine. 

After go4ng up to room temperature ina usual work up the 1 
H NRA spectra indicate 

the presence of two trffluoronethdnesulfonates 13 and 14 tn a 3:2 ratio no - 
matter what starting bromohydrin is used. 
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PrW.llJctS H-3 

TIlc 3 

Chemical shifts of M-3 and H-5 protons af 3,5-dlsusbtltutcd nortrlcYclrnes 

*Values may be interchanged within the line 

R1 . F 
' R2.H 

R1 = H 

' R2.P 

RI - Ii 

3 R2 
n 8r 

R1 = OH 

' R2.H 

c 
3.96. 4.65 9 

4.45 4.73 X 

4.60 3.95 11 

3.w 3.89' L! 

1 
These results 

1 

2 

Br A 4 s 
It9 

H R2 

H-5 Products 

rr 

Rl l H 

R2 = TINi 

Rl = CM 

R* = H 

R1 = H 

R2 - ens 

Rl = OTfl 

R2 = H 

R1 = H 

R2 = OTfl 

L H-3 H-5 

clearly cstsbllrh that a thermodynamic 

between the two trlfluoromethanerulfonates. However, such 

4.43 3.86 

3193 4.56 

4.43 4.67 

3.89 4.78 

4.41 4.91 

equlTlbriua exists 

an cqulllbrlum 1s 

qultc uncommon 
29 and rather than a simple equlllbratlon by ion patr'one can 

consider a homoallylic carbocatlon-like transition state (Scheme 6) In good 

agreement with the very easy solvolysls of chloromethylcyclopropane 
30 and with 

the studles concerning the solvolysls of bromobenrene sulphonyloxy-nortrlcy- 

clane31. The extent of thls epimerlratlon may be mlnimtred by carrying out 

the sulphony\rtlon at -3O.C then addlng the Et3N/3HF complex to the reaction 

mixture at the same temperature. Therefore, we obtained a solutlon contrlnlng 

the bromofluoro derlvatlves 1 and 1 in a 3rl ratio respectively strrtlng from 

9 and in a 1:3 ratlo starting from 4. Thus, SN2 displacement mainly occurs 

and the structures of the bromohydrins confirm those of the brosofluoro com- 

pounds. 

& Br OSQgcF, = a =Br 
13 

J? 
14 osorcr, 
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Conclurfon 

Our study actually demonstrates that the minor 3-brono. 5-fluoto compound 

obtrintd by the .actfon of NBS toqetbtt with Et3N/3HF as well 1)s with Olrh's 

reagent on norbocnadltne has structure 2. and not structure 5. Thr wrong attrf- 

bution of the structure reporttd in the llttrrturt 10 for this compound obviously 

cones from the fact that the tfftct of an halogen on tht chcaical shift of 

an 1,3-syn-diJxfJT proton was ntglectcd, according too much importanct to endo 

or cxo crftntatfons of the H-5 hydrogens in the compound 1 and the proposed 

compound 1. Houtver, tt fs quite evident that a substitucnt fn 3, 5 or 7 posi- 

tion of a mono-substituted nortricyclant system is neither endo nor exo becJuse 

of the system's symmetry (cf. 3-fluoronortricyclane 6). The observed chtnfcal 

shtft effects on the H-3 or H-7 protons are in fact caused predominantly by 

the trough-space influence of neighbouring groups. 

Therefore, we can assume that there is no electrophilfc tndo attack of 

a bromonium species on norbornadiene, which mesns that the right side of Scheme 

3 does not exist. fn the case of the action of N8S on norbornadiene, only the 

two possibilities of txo or tndo attacks on Cation & by the nucltophilt occur, 

leadfnq to compounds or 2 

After of thts work, Evans published II synthc- 

sis of 
10,11 , 

they probably Jttrfbuted Jn erroneous structure for the 3-tndo-fluoro-S-cxo- 

lodonortricyclant. note recently, Jfter our nrnuscrlpt had been submitted for 

publicat+on, Chfzhov and Jl.33 published an exhaustfvt 'H and "C NWR study 

of 3,5-dfsubstftued nortricyclrnts ; their drta art in good agreement with 

ours ; in prrttcular, they proposed thrt the 3-cndo-bromo-S-cxo-fluoronortr~- 

CyCl JftJ structure givtn by qregorcic and Zuprn IO,11 
should be replaced by a 

3-exo-bromo-S-endo-fluoro structure. 

EXPERTMENTAL 

CJUttOll ! Although triethylamfne trfs-hydrofluorfde (Fluka) Is less corrosive thJn Olah's nJgcnt 

or anhydrous hydrogen fluoride itself, any contact with tht skin should be avoided. The rtagtnts 

hsve been tested for IJborJtory use only. The experiments should be dont under a very tfffcitnt 

hood, wearing personnal safety protectlon equtpmtnt. 

GERERAL - Belting points were determined in capillary tubes on a BUchi apparrrtus and art uIcor- 

rected. 

'Ii NRR spectra uere recorded efther on a Varfsn EM 360 (6q Mfr), Y&an XL 100 (IOU Wt), Bruker 

AC 200 (200, 13 Miz) or Cameca 350 (350 Wz) spectraaeter as indicated. Unless otherwise stated 

NRR spectra were taken in COC13 and chemical shifts are given in ppm downfield fron MS for 

'H and 13C and upfield fra CFC13 for "F. 

Coluan chrmnatographfts were carried out oo Si02 (silica gel 60, Merck, 230-400 mesh] using 

light pttroleux ether (Eb760 - 45 to 65.C) IS eluant unless otherwise stated. Ricroanalyses 

were performed by "Service Centrrl de Ulcrosnslyses du CNRS", 69 SOCAIZE (France). All new corn- 

pounds wre fully chrractcrired by spect~oscopfc and srtisfactory clementsl JnJty$e$ (* O,4 X 

of theory). Unstsbility of trfflu0romethJnesulfonates Jnd msylatts did not allowed us to get 

SJtfSfJCtOry JnJTySeS. 
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-WRIMTIoII OF IIORWRIUDIEME 

y Y(th 1111s d Oll'r reqont (Zwan's methoP). At 0.C under stirring NBS (Il. ~1) 

is added to a mixture of 20 ml of Olah's reagent in 20 ml of anhydrous cthdr (or Cii2C12). After 

15 min NBS Is almost completely dissolved. Norbornadicne (10 mnol) is JddcU dropwire ard the 

rcrctlon mixture is stlrrcd for one additional hour at roomtcrpcrrture, then poured ?nto icy 

rater, extracted with ether. The organic phase is wJshed with uJter, aqueous NaHCO3, water, 

dried over J+SO, and concentrated on rotavapor under vacuum. The "F HMR of the crude shows 

the presence of two fluom compounds in the rrtio 66134. The reaction mlxture ~14s purified by 

colwi chromato9rrphy to give the cmounds 1 and 2 in an almost quantitative yield. For IH 

Jnd l3 C spectroscopic ddta see tables 1 - 3 I "F llclR I 0 (1) = -191.7, 0 (2) - -197.1 (WIO, 

solvent Ccl4 : 0 (I) - -194.3, 0 (2) = -280.3). 

- 3-exe-bromo-5uo-fluoronortricyclane I Anal. Calc. for C7HBBrF t C, 44.01 t H 4.22 I F, 9.94. 

Found : C, 43.90 ; H 4.32 ; F 9.74. 

- 3uo-bromo-5-u&-fluoronortricyclane : Anal. Calc. for C7H8BrF : C, 44.01 ; H, 4.22 ; F, 

9.94. Found : C, 44.14 ; H 4.26 8 F, 10.01. 

y With NBS and triethylrine tris-hydrofluoridc. In an usual' glass round-bottaaed flask 

a mixture of norbornadiene (20 maol), triethylamine trls-hydrofluoride (10 ml, 50 mnol) Jnd 

dichlororrrthane (or ether) (20 ml) Is treated with NBS (22 -1). After 15 mln Jt OJC, stirring 

is continued at 15-2O.C for 5 h. Then the mixture ir.poured into icy water (500 ml), neutrrlired 

with aqueous 28 X amnonla and extracted with dichloraaethane (or ether) (3 x 100 ml). The can- 

blned extracts a washed with do.1 normal HCl (2 x 100 ml) and with 5 X NaHC03 (2 x 100 ml) 

and dried over MgSO,. Evrporstion of the solvent under vacuum and chranatographic separation 

of the crude gave the products 1, 3. and 3 in the ratios 57:38:5 respectively. For spectroscopic 

caparison authentic saple of 3-•xo-5-u&-dibrcmonortricyclane 1 uas prepared by addition 

of bromine on norbomadiene according to the method of Yinrte'in l2 (see tables 1 and 3). 

The Jction of Olah's reagent in ether Jt -5O.C on norbornrdient during 5 h followed by extrac- 

tion, washing with wJter, 28 X ~nia, water, drying over HgSO, leads, after removal of solvent, 

JlmSt quantitJtively t0 3-fluoronortricyclJnt fi identiCJ1 t0 TJnner'S one 
26 . &J = 54-55’c, 

lit. 52-54.C. For spectroscopic data see tables I and 2. 

ACTILlN aF lRIWTYLTIN HYBRIOL ON 3-EXO-BRaO-5-EXB-FLLKROWORTBICYCLME 1 

The rction of tributyltin hydride on compound 1 in benzene In the usual mJnntr 34 lead after 

40 h of reaction to J mixture of 3-fluoronortricyclane 6 and 7-anti-fluoro-2 norbornene g6uhich 

were identified by conparisoti of their spectroscopic data with those of the literature (set 

tables 1 and 2). 

SYNTHESIS OF BBWXtYIRINS B UIO 9 

Norbornadlent WJS treated In MS0 at O'C under vigourous stirring with 1.1 equivrltnt Of NBS 

for I5 min. A large excess of water was then Jdded and the reaction mixture kept Jt roan tcnpe- 

rature for 24 h. After wJShin9 with water and extraction with ether, the organic layer was dried 

(HgSO,) and concentrated under vacuum. Canpounds 4 Jnd 9 were SepJrJted by column chromatography 

(light pet. ether/ether, l/2, v/v). Spectroscopic data I see tables 2 Jnd 3. 
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- 8 Anal. Calc. for C,HgErO I n = 199.04 1 C, 44.47 ; It, ; Et, 42.26 1'0 8.46. Found : 

C, 44.61 ; H, 4.86 ; Br, 41.99. 

- 2 Found : C, 44.42 ; H, 4.04 ; Br, 42.39. 

In a three-necked round-bottomed flask fitted with septm, thennumzter, cdlcirm chloride guard, 

under vigourous stirring, bromhydrin (0.189 g, 1 ~1) dissolved in ether (10 ml) was introduced. 

0.6 ml of (4 ~1) Et3N are added at -6O.C. Then 0.170 ml (2.2 mmol) of methanesulfonyl chloride 

were added dropwise under stirring. Temperature is allowed to rise slowly to room tcllperature. 

The stirring is kept at r.t. during 3 h. The reaction mixture is dissolved in ether (50 ml), 

washed with water, dried over MgSO4. After evaporation under vdcuua of the solvent the thick 

yellow oil is purtfied by column chromatography (light pet. ether/ether, l/2, v/v) to give 

0.245 g of a thick oil (yield 88 %). Spectroscopic data : see table 3. 

- Mesylrte uof the btiydrln 2(OH-Qnen) 

Same procedure ds dbOve. Reaction was finished after 15 h to give 0.235 g of a thick 041 (yield 

92 %). Spectroscopic data I see table 3. 

To 0.380 g (2 avnol) of bromhydrin !j or 9 in 20 ml of dry dichloromethdne were added 2.15 g 

(10 nmol) of pyridiniun chlorochromate. The flask wds safely stoppered and vigorously stirred 

dt room tcnrperdture for 1.5 h. The reaction uds followed by TLC (light pet. ether/ether, l/2, 

v/v). When all bromhydrln wds consumed 20 ml of ether were added ; the resulting suspension 

was then filtered over d silica-gel colunm. After evaporation of solvant under vacuum d pale 

yellow oil (0.300 g, 80 I) is obtained. Both bromhydrins 4 and 2 gave the S&W conpound g dS 

shown by spectroscopic data (see table 1). 

Anal. Calc. for C7H7Br0 t M = 187.04 8 C, 44.95 1 H, 3.77 1 Br, 42.72 8 0, 8.55. Found I C, 

44.55 ; H, 3.81 ; Br, 43.00 ; 0, 9.00. 

TRIFL~RX~OICTHMESULF~XATES 13 MD 14 --- 

0.095 g (0.5 nanol) of bromhydrins 3 or 2 are dissolved in CDC13 (1 ml) containing 0.2 ml of 

pyridin (2.5 rmtol). The reaction vessel is then safely stoppered with d septua. After cooling 

at -2O'C was added with d syringe 0.170 ml (1 axnoT) of trifluorathanesulfonic anhydride. The 

mixture is dlltYWed to rise to roan temperature. The reaction mixture is then wdshed at O'C with 

3N HCl, water, NaHC03 and water again. 
1 

After drying over HgS04 and concentration under VacuUm 

H NmR shows the presence of a mixture of trifluoromethanesulfondtes u and fi (55:45) whatever 

wds the starting bromohydrin. 

CORVERSICN OF THE TRIFl.UMKTHARESULFCUATES 13 AND 14 INTO THE 6R6MFLUOR~lRICYCES 1 

moz 

0.4 g (25 mnol) of Et3N, 3HF dre added to the preceding mixture of trifluororrthanerulfonates 

13 and u (55:45) in solution in COC13. The redction fldsk is stoppered and kept d r-t. for 

15 h. Aften washing of the solution (ftdHco3, H20, HCl, H20) and drying, the 'Ii NM spectrum 

shows the presence of the bromofluoronortricyclanes 1 and 2 In the ratio 55:45. 
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OIIE-POT CtII4VERSIGl4 GF THE -GRIIs 8 AllO 9 IllTo THE MMFLWRarreRlRKYC4hME~ 2 11110 1 

To a solution of 0.095 9 of braxohydrln (0.5 mmol) In 1 ml of dichloromethanc were added one 

or two crystals of 4-dlmethylamlnopyrldinc and 0.105 ml (1.3 aotol) of pyridine. After coolin 

at -35'C 0.1 ml (0.6 mnol) of trifluoromethanesulfonlc anhydride was added dropwise with a nicro- 

syringe. The reaction mixture was stirred for 45 mn at -WC. Et3N, 3HF (0.4 g ; 25 ml) was 

then added under stirring. After 36 h at room temperature the mixture is washed (NaHCO3, H20, 

HCl, H20) and dried. 'H NCIR spectra indicate the presence of the bromofluoronortricyclanes 1 

and 2 in the ratio 7r3 starting from bromhydrin 9 and the ratio 3:7 starting from bromhydrin 

S. 
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