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Ionic bromination of 5-(difluoromethylene)-6,6-difluoro-2-norbornene (1) in methylene dichloride at  25" gave 
l-(bromodifluoromethyl)-3-bromo-7,7-difluorotricyclo[2.2.l.Oz~6heptane (2) and 2,7-dibromo-5,5-difluoro-6-(di- 
fluoromethy1ene)norbornane in the ratio of 4:l. In contrast, free-radical bromination gave 29% 2, 22% exo-2- 
bromo-endo-3-bromo-5-(difluoromethylene)-6,6-difluoronorbornane, and 49% exo-cis-2,3-dibromo-5-(difluo- 
romethylene)-6,6-difluoronorbornane. The nature of the ionic and free-radical intermediates is discussed. Domi- 
nant homoallylic participation from the exocyclic difluoromethylene moiety is further support for the stability 
of a -fluorinated electron-deficient carbon. 

Previous investigations from this laboratory have dem- 
onstrated the importance of y -fluorine polar and steric ef- 
fects on additions to the norbornene double b ~ n d . l - ~  In 
particular, fluorine substituents a t  the 5,6 positions deac- 
tivate the norbornene double bond toward electrophilic 
addition and only free-radical addition is observed. Fur- 
thermore, 5,6-endo fluorine substituents shield the endo 
side of the system from attack in comparison with norbor- 
nene itself. 

These studies are extended here to a more complex 
molecule, 5-(difluoromethylene)-6,6-difluoro-2-norbornene 
( Unlike other fluorinated norbornenes, e.g., 5,5,6,6- 
tetrafluoro- or 5,5,6-trifluoro-2-norbornene, 1 readily 
undergoes ionic bromination. The importance of homoal- 
lylic participation from the difluoromethylene moiety will 
be discussed. 

Free-radical bromination of 1 was also investigated. Stud- 
ies with other methylenenorbornenes have shown that 
products can arise from initial radical attack a t  either the 
exocyclic4-6 or endocyclic double bond,? and homoconju- 
gate addition is often observed.6 In this regard, the free 
bromination product distribution was examined and also 
compared with the ionic addition results. 

Results 
Olefin 1 rapidly consumed bromine in methylene di- 

chloride solvent in the dark and under oxygen a t  25" 
(ionic conditions) to afford a mixture of 79% 2 and 21% 3 
by glpc. 

Bromination of 1 under free-radical conditions2 gave a 
mixture of 38% 2, 3.5% 3, 18% 4, and 40.5% 5 by glpc and 
nmr analysis (see Experimental Section). With the as- 
sumption that 3 arose only via an ionic pathway (uide 
in f ra) ,  17% superimposed ionic reaction was present. Cor- 
rection of the observed results gave a free-radical product 
distribution of 29% 2,22% 4, and 49% 5.  

The reported dibromides accounted for >98% of the ob- 
served products. NO 1,2-dibromides resulting f rom addi- 
tion across the  difluoromethylene functionality were de- 
tected in either the  ionic or free-radical reaction. All di- 
bromides were stable to the reaction and analytical condi- 
tions, and the respective product distributions are those of 
the kinetically controlled addition reactions. 
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Structural Assignments. The respective dibromide 
structures were established by IH and 19F nmr and ir 
analyses. Appropriate double-resonance experiments at  
100 and 220 MHz allowed for the assignment of long-range 
couplings. The chemical shift data are presented in Table I. 

The dibromide 2 gave a narrow downfield resonance a t  6 
4.41 for a single proton geminal to bromine (Figure 1). 
The bridgehead proton H4 appeared at 6 2.46 and the cy- 
clopropane ring protons Hz and & gave an unresolved 
singlet at  6 2.21. Irradiation of H3 revealed a 1.3-Hz cou- 
pling with proton H k .  The characteristic 19F AB multi- 
plet of the geminal vinyl fluorines was absent and a nar- 
row triplet (JFF N 4 Hz) was observed at @I 42.0 for the 
fluorines adjacent to bromine. The absence of a C!===CFz 
double bond stretching frequency a t  1760-1777 cm- I, 
which was observed for 1 and 3-5, and the characteristic8 
ir bands observed a t  828, 833, and 867 cm-l further con- 
firmed the nortricyclene structure. 

The 100-MHz spectrum of dibromide 3 is shown in Fig- 
ure 2. Irradiation of the upfield protons H a ,  H a  at 6 2.63 
and 2.70 collapsed the Hz triplet (J = 6.5 Hz) a t  6 4.04 to 
a broad singlet. Irradiation of the allylic proton HI a t  6 
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Figure 1. Nmr spectrum (100 MHz) of 1-(bromodifluoromethy1)- 
3-bromo-7,7-difluorotricyclo[2.2.1 .02 ,6]heptane (2). 

5 
Figure 2. Nmr Spectrum (100 MHz) of 2,7-dibromo-5,5-difluoro- 
6- (difluoromethy1ene)norbornane (3). 

3.43 did not perturb the H2 or H a ,  H k  resonances. The 
proton adjacent to bromine at 6 4.04 therefore is endo and 
vicinal to HI and not H4. The higher field methine proton 
H4 exhibited a complex multiplet resulting from 4-5 Hz 
proton and fluorine couplings. Proton H7 exhibited no ap- 
preciable coupling and appeared as an unresolved singlet 
a t  6 4.26. A strong ir band at  1767 cm-l confirmed the re- 
tained difluoromethylene functionality. 

The assignment of structure 4 was more complicated, 
since isomers 2 and 4 could not be efficiently separated by 
glpc (see Experimental Section). The 2:l mixture of 2:4 
was examined (Figure 3). Careful integration of the down- 
field 6 4.4 multiplet indicated that one proton adjacent to 
bromine in 4 overlaps with H3 in 2. A second proton gemi- 
nal to bromine appeared at  6 4.14, while the bridgehead 
protons appeared a t  6 2.88 and 3.21. At 220 MHz the 
downfield 6 4.4 proton could not be resolved. Double irra- 
diation of the 6 4.4 and 4.14 multiplets sharpened the 6 
3.21 multiplet while the 6 2.88 multiplet was unaffected. 
This establishes coupling between the allylic proton H4 
and an exo proton. Proton H2 a t  6 4.14 is an apparent 
doublet of tripleis which resulted from 3.4 Hz H2H3, -2 
Hz H2H7, and -2 Hz H2F6 couplings. Proton H2 is there- 
fore endo and the magnitude of HzH3 coupling is consis- 
tent with a trans orientation of the vicinal  proton^.^,^-^^ 
These results agree with structure 4 and not with the 
trans isomer having an exo proton vicinal to HI. The di- 
fluoromethylene moiety was confirmed by 19F nmr and ir 
(1775 cm-l, C==CF2). 

Dibromide 5 gave a characteristic2 AB multiplet with J 
= 6.9 Hz for cis-oriented protons H2,H3 (Figure 4). A 
long-range H2,3H7, coupling of 2 Hz established the cis- 
endo stereochemistry of H2,H3. The retained exocyclic 
double bond was established by l9F nmr and ir (1760 
cm-l, C===CFz) 

Discussion 
The reactivity of 1 toward ionic bromination when 

compared with other fluorinated norbornenes2 and the 
dominant homoallylic participation of the exocyclic fluo- 
rinated double bond are support for the stability of a-fluo- 

Table I 
Chemical Shifts. for Dibromides in 

Carbon Tetrachloride 
Nucleus 2 3 4 6 

HI 3.43 2.88 2.96 
H2 2.21b 4.04 4.14 
Hh 4.41 2.70 (4.35, 

Hix 2.63 -4.4d 
Ha 2.46 2.85 3.21 3.29 
Hsa, Hss 2.35,2.57 
H6 2.21b 
H7a, H78 4.26 2.0-2.2d 1.96,1.37 
F5.w F s n  (98.1, 

4.56)c 

106.7) 
F B ~ ,  F B ~  (95.5, (98.2, 

F7r, 5'7n (115.8, 

F8 42.0 (78.8, (79.5, (79.5, 

114.2) 113.8) 

120.8) 

79.8) 81.7) 80.8) 

a All proton chemical shifts are reported in parts per 
million (6) relative to internal tetramethylsilane. All Auo- 
rine chemical shifts are in parts per million (+) relative t o  
5uorotrichloromethane (F-11) internal standard. All values 
refer to the high-field side of F-11. * HP, H6 not resolved. 
c Values in parentheses indicate respective resonances un- 
assigned. Not determined accurately owing t o  interfer- 
ences. 

rinated electron-deficient carbon. The proposed reaction 
intermediates are shown in Scheme I.13 

Scheme I 
W , Br 

la 3a 

t l 

2a 

Preferential attack of electrophile occurs on the endocy- 
clic double bond a t  the 2 position followed by charge delo- 
calization through homoallylic (2a) or cr participation 
(3a). Initial attack a t  the 3 position would generate posi- 
tive charge y to the geminal fluorines, which is known to 
be unfavorable.2 Furthermore, initial attack on the exocy- 
clic double bond is unlikely owing to the known unreacti- 
vity of related fluoro olefins to electrophilic addition.14J5 
Such attack followed by synchronous homoallylic partici- 
pation would again unfavorably position positive charge y 
to the geminal fluorines. Therefore, major product 2 arises 
from preferred intermediate 2a. 

The effects of fluorine substitution on carbonium ion 
stabilities is a recent topic of interest.16-21 Stabilization is 
possible through p-a overlap of the fluorine 2p lone-pair 
electrons into the vacant carbon p orbital, whereas the 
electronegativity of fluorine relative to hydrogen serves to 
destabilize positive charge on carbon. The stabilizing in- 
fluence of fluorine substitution has been demonstrated 
theoretically16,17 and experimentally.1s-22 Postulation of 
2a as the preferred intermediate is therefore reasonable. 
The regiospecific addition to 1 is also noteworthy. Several 
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F i g u r e  3. Nmr spectrum (100 Mz) of  2 and exo-2-bromo-endo-3- 
bromo-5-(difluoromethylene)-6,6-difluoronorbornane (4) (2:l mix-  
ture). 

F i g u r e  4. Nmr spectram (100 M H z )  o f  ero-cis-2,3-dibromo-5-(di- 
fluoromethylene)-6,6-difluoronorbornane (5). 

examples of electrophilic additions to fluoro olefins that 
proceed in accordance with the double-bond polarity are 
k n ~ w n . ~ ~ J ~  However, strongly polarized olefins e.g., 1,l- 
dif l~oroethylene,~~ are required for unequivocal electro- 
philic addition, and regiospecific addition is guaranteed in 
these instances, which, apriori, is not the case for l.24 

These results contrast with the free-radical addition. 
Free-radical attack occurs initially on the internal double 
bond of 1 from the exo direction to give 8 or 9. Subse- 
quent attack by a chain-propagating bromine molecule on 
8 occurs from the exo side to give 5. Such stereochemical 
control by endo fluorine substituents has been demon- 
~ t r a t e d . l - ~  Attack on 9 gives 4, and rearrangement prior to 
bromine attack leads to 2. The nearly equivalent amounts 
of (2 + 4) and 5 formed suggests that there is no prefer- 
ence for the formation of radical 9 or subsequent homoal- 
lylic p a r t i c i p a t i ~ n . ~ ~  ,26 

8 9 

Experimental Section 
All me l t ing  and boi l ing points  are uncorrected. The gas chro- 

matography work was performed as before2 w i t h  a 6 ft X 0.375 in. 
20% QF-1 fluorosilicone o n  60/80 Chromosorb P column. T h e  lH 
and 19F nmr spectra and decoupling experiments followed previ- 
ous procedures.2.27 Olef in  1 was available f rom a previous study.2 
The free-radical a n d  ionic reaction experimental procedures have 
been described in detai1.2s27 

I o n i c  Brominat ion .  A solut ion of  1.78 g (10 mmol )  o f  1 in 9 ml 
o f  methylene dichloride was brominated under ionic conditions 
with 1.60 g (10 mmol)  of bromine in 1 ml of  methylene dichloride. 
Work-up  afforded a quant i ta t ive y ie ld  o f  a mix tu re  of  79% 1-(bro- 
m o d  i f  luoromethyl) -3-bromo-7,7-difluorotricyclo [2,2.1 .02 s 8 ]  heptane 
(2) and 21% 2,7-dibromo-5,6-difluoro-6-(difluoromethylene)nor- 
bornane (3) by glpc (150"). Collect ion of  the 9.4- (2) and 11.7-min 
(3) peaks uia preparative glpc gave pure 2, a n  oil, and  3, mp 55- 

57". A cold pentane wash gave a n  analyt ical sample o f  3, mp 

Anal. Calcd for CsHeBr2F4: C, 28.43; H, 1.79; Br, 47.29. Found 
(2): C, 28.69; H, 1.87; Br, 47.20; (3): C, 28.41; H, 1.70. 

T h e  reaction was scaled up fivefold and d is t i l la t ion of  the prod- 
uct mixture afforded 14.3 g of  product, by 73-76" (4 mm).  The cut  
w i t h  bp 73" (4 m m )  was pure 2; the 75-76" cut  contained -46% 3. 

Free-Rad ica l  Brominat ion .  Brominat ion of  10 m m o l  of  1 with 
10 m m o l  of  bromine under free-radical conditions gave a quant i -  
ta t ive y ie ld  of  crude dibromides. Glpc (150") revealed three peaks 
wi th respective retention t imes o f  9.4, -9.8, and 11.8 min. The 
9.4- a n d  9.8-min peak products (56%) were collected together, and 
the 11.8-min peak product  (44%) was collected separately. Exam-  
inat ion o f  the f i rs t  collection by lH and 19F nmr and ir indicated 
a mix tu re  o f  68% 2 and 32% 4. The 11.8-min retention t ime mate- 
r ial ,  mp 46-49", was a mix tu re  of  92% 5 and 8% 3 by 19F and IH 
nmr. Several washings w i t h  cold pentane gave pure 5, mp 51-53". 

Anal. Found (2 + 4): C; 28.71; H, 1.80; (5): C ;  28.64; H, 1.78. 

R e g i s t r y  No.-1, 39037-72-4; 2, 50357-81-8; 3, 50357-82-9; 4, 

58.5-60". 

50357-83-0; 5,50357-84-1. 
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