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XENON DIFLUORIDE FLUORINATION. II.
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Fluorination of norbornene I with xenon difluoride using a recently reported benchtop pro-
cedure’ selectively produced 2-exo-5-exo-difluoronorbornane II and the analogous 2-endo-5-exo-
difluoronorbornane III. This selective, direct synthesis of the two isameric 2,5-difluoronor-
bornanes as major products is without precedence in previously reported studies of halogen and

interhalogen additions to norbornene. 22
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Past norbornene fluorinationsz_3 and one interhalogen "bromine fluoride" addition to nor-

bcu:‘merxe4 resulted in three major products cammon to each reaction system. Fluorination with
lead tetraacetate/hydrogen fluoride in a Freon 112/methylene chloride solvent produced 2-exo-
7-anti-difluoronorbornane IVa, 2-exo-7-syn-difluoronorbornane Va, and a nortricycyl fluoride VIa
as the major reaction p::odv.:cts.2 A reported reaction between substituted difluoroiodobenzenes
ard norbornene in a methylene chloride/hydrogen fluoride solvent yielded the same three products3;
ard in both cases cited, the 2-exo-7-syn—difluoronorbornane Va was the predominant species. Re-
action between norbornene, N-bromoacetamide, and hydrogen fluoride in ether generated "bramine
fluoride" and resulted in the same two analogous 2,7-disubstituted products IVb, Vb plus a dif-
ferent isomeric nortricycyl derivative V_:lb_.‘1 Very recently a hydrogen fluoride catalyzed reac—
tion between norbornene and xenon difluoride in methylene chloride solvent was reported.5 Seven
products were isolated with the major product being a nortricycl fluoride VIIa (37-44%). Com-
pounds II (6~12%), III (13-23%), IVa (16-20%), Va (5-6%), 2-exo-3-exo-difluoronorbornane (1-6%),
ard 2-endo-3-exo-difluoronorbornane (1-11%) were present in low to moderate distribution. Co-
incidently, this laboratory conducted similar norbornene/xenon diflucride additions using boron
trifluoride etherate as the lewis Acid initiating species.

Reported in this paper is the first selective, high yield synthesis of the exo-exo— and
endo-exo—2, 5-difluoronorbornane isomers by this boron trifluoride etherate initiated norbornene/
xeron difluoride reaction. Additional characterization of these novel compounds is also provided.
Interestingly, the 2-exo-7-syn—-difluoronorbornane Va, produced as the predominant derivative in
all but one previous norbornene fluorination, 2-5 was not detected even as a trace product from
this boron trifluoride initiated reaction.

Fluorination of norbornene with xenon difluoride in a stirred methylene chloride suspension
was initiated with boron trifluoride etherate in a standard pyrex round bottom flask. At -78°C
reaction was extremely slow during the first 5-6 hours. The cooling bath was then insulated and
allowed to warm gradually toward ambient temperature during the next 15-16 hours. The reaction
was worked-up as previously outlin:ed.1 Isomeric product analysis, separation, and isolation by
glpc was generally accomplished prior to final solvent removal using a 10 ft. by % in. 10%
Carbowax 20M column packed with 80/100 mesh Chromasorb W. Despite the highly volatile nature of
the difluoronorbornane isomers, in vacuo solvent removal did provide a 51-76% crude yield of
brownish waxy solid comprised of the three isameric difluoronorbornanes (Bquation 1) .10

Spectral characterization of II, III, and the analogous 2,3-iscmers only recently was re-
ported.5 However, due to an expected spectral similarity between 2,5~ and 2,3-difluoronorbornane
iscmers,ll deuterium labeling on one vinyl position of the norbornene reactantlz was employed to
establish unambiguously II and III as being 2-exo-5-exo-difluoronorbornane and 2-endo-5-exo-
difluoronorbornane respectively. The 2-exo-5-exo-difluoronorbornane II is a volatile white solid
(mp 106.0-107.2°C, sealed capillary)l® and gives the H mmr spectrum illustrated in Figure 1.
Figure 2 provides the ]'H nmr spectrum displayed by 2-endo-5-exo-difluoronorbornane 111, which
also is a volatile white solid (mp 105.0-107.0°C, sealed capillary).!® Mass spectral data which
shows the 2,5-difluoronorbornane isomers with a base peak m/e = 86 and the 2,7-diflucronorbornane
providing an 81 base peak is identical to that reported.’
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Figure 1 Figure 2

Equation 1 outlines the highly selective nature of this reaction when run over the entire
20-22 hour duration at -78°C to near room temperature. When the same reaction is conducted at
-46°C to -39°C for 1-1/4 hours and quenched, glpc analysis reveals II, III, and Iva are initially
present; however IVa constitutes the predominant isomer (Equation 2)., Studies conducted with
monodeuterovinyl norbornene indicate II and III are directly formed fluorination products. Selec-
tive isomerization of IVa mostly to II and to III in minor amounts occurred during the extended
20-22 hour reaction conditions to provide the more selective distribution displayed by Equation 1.
The isomerization of norbornane fluorides in the presence of hydrogen fluoride has been reported.5
It is reasonable to suspect that boron trifluoride etherate catalyzes a similar Lewis Acid
isarerization during the reaction described. The mechanism of our boron trifluoride etherate
initiated reaction appears to proceed through a monoflucronorbornyl cation rearrangement and is
supported by our monodeuterovinyl norbornene fluorination results. Recent fluorination of
norbornene with xenon difluoride using hydrogen fluoride catalysis produced two difluoronorbornane
isamers proposed to result from a radical cation or pure radical pathway.5 The analogous boron
trifluoride etherate initiated reaction gave no products corresponding to those formed from the
proposed radical cation or pure radical mechanism.

The striking preference of boron trifluoride etherate initiated norbornene/xenon difluoride
fluorination to provide major isomeric difluorides not encountered in other fluorination,
halogenation, or interhalogenation addition reactions is quite unique. The substantially more
selective product formation compared to the analogous hydrogen fluoride initiated reaction defines
a direct fluorination procedure that provides a high yield synthesis of the exo-exo- and endo-
exo0-2,5~difluoronorbornane isamers. The unique selectivity demonstrated by the boron trifluoride
etherate catalyst with the conveniently handled xenon difluoride reagent is a significant contri-
bution to the direct synthesis of novel or important organic fluoride products.
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