3792

J. Org. Chem. 1986, 51, 3792-3798

Trifluoromethanesulfonate Esters from Dibromoalkane Metatheses with
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The metathesis reaction between silver triflate and bromoalkanes potentially offers an attractive synthetic
complement to the well-known alcohol condensation with triflic anhydride for organic triflate esters. Dibromoalkanes
can further give difunctional triflate intermediates and could provide convenient routes to asymmetrically substituted
derivatives. Certain shorter members of the «,w-dibromoalkane homologous series display a unique reactivity
and product selectivity over higher homologues and corresponding primary monobromoalkanes. Triflate products
from monobromoalkanes and a,w-dibromoalkanes greater than 1,4-dibromobutane can lead to benzene solvent
alkylation or polymerization in CCl,, but the lower 1,2- through 1,4-dibromoalkanes produce desired monobromoalkyl
triflate and alkanediyl ditriflate products under the same reaction conditions, These same lower «,w-dibromoalkanes
also resist product rearrangement to secondary triflate products while the higher homologous a,w-dibromoalkanes
and primary monobromoalkanes do not. The 1,2- through 1,4-dibromoalkanes further offer selective synthesis
routes to difunctional derivatives via sequential metathesis. The unique stability and selectivity of the lower
a,w-dibromoalkane homologues are apparently best explained with anchimeric assistance by a cyclic bromonium
ion in the first metathesis step followed by a rare example of cyclic anchimeric stabilization by the triflate group
in the second bromine displacement. Kinetic results further support this mechanism. This metathesis reaction
is, however, very dependent upon the control of several reaction conditions: dibromoalkane chain length, solvent,
temperature, reaction time, and type of bromine leaving group. The optimum conditions for obtaining certain

a,w-alkanediyl ditriflates, w-bromoalkyl triflates, and 1-butyl triflate are presented.

High-yield organic trifluoromethanesulfonate (triflate)
ester syntheses are normally accomplished by reacting the
corresponding alcohol with triflic anhydride;*7 however,
a few esters have been made by a complementary me-
tathesis reaction between an alkyl halide and a metallic
triflate salt.*>8® One study has compared the metathesis
reaction of primary monoiodoalkanes with silver triflate
and silver perchlorate reagents;® but systematic investi-
gation of this potentially useful methathesis approach as
a synthetic alternative has not been reported. A prelim-
inary report!® of the metathesis reactions between di-
bromoalkanes and silver triflate reagent first hinted at such
a potential synthetic selectivity by revealing a unique re-
activity of certain o,w-dibromoalkanes compared to higher
dibromoalkane homologues and monobromoalkanes.
Lower homologous «,w-dibromoalkanes through 1,4-di-
bromobutane were stable with respect to subsequent al-
kylation of benzene solvent by their triflate intermediates
or to polymerization in CCly; triflic acid was a catalytic
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byproduct in each case. These same dibromoalkanes did
not rearrange to secondary triflate ester intermediates in
CCl,. A cyclic, albeit unconfirmed, anchimeric stabilization
by the triflate group was proposed as being the most logical
explanation.’® The reaction parameters of temperature,
time, solvent, and position and type of bromine atom were
identified as parameters requiring further study in order
to use this metathesis as an effective synthetic reaction.
This research additionally identifies silver triflate purity
and solvent stability as key parameters and quantifies the
influence of each reaction parameter upon the desired
monobromoalkyl triflate or alkanediyl ditriflate product
yields noted in earlier reports.®!! The metathesis reaction
of dibromoalkanes with silver triflate is strongly dependent
upon controlling the interacting reaction parameters noted
above and understanding the reaction mechanism’s de-
pendence upon the reactant’s chemical structure. This
study quantifies the influence of these reaction parameters
and can serve as the first step for identifying and con-
trolling necessary reactions with bromoalkanes not spe-
cifically addressed. In doing so, we demonstrate the po-
tential of the alkyl bromide/silver triflate reaction system
as a viable and flexible general synthetic technique.

Results and Discussion

The metathesis reaction between dibromoalkanes and
silver triflate complements the better known alcohol ¢on-
densation®’ in several ways. First, the bromoalkane pre-
cursor can be used when the reactant alcohol is not
available. Second, it permits use of the storable solid

(11) Shackelford, S. A.; Chapman, R. D.; Herrlinger, S. P.; Andreshak,
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troscopy, Pasadena, CA, Oct 1983; p 151.
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Table I. Chain Length and Temperature Effects on
a,w-Dibromoalkane-Silver Triflate Reaction Compositions
in Benzene Solvent®

%
Br(CH,),Br:Br(CH,),,0Tf:
TfO(CH,),0Tf®
n 54 °C 80 °C
2 46:54:0 0:88:12
3 14:67:19 0:24:76
4 0:42:58 0:0:100¢
5 0:35:65° dec
6 0:46:54° dec
10 0:43:57¢ dec

3Conditions: 1.75 mmol of dibromoalkane + 3.50 mmol of silver
triflate in 5.00 mL of benzene, reaction time 20 h. ?Percentages
listed are mean values of several runs. Standard deviations of the
mean estimates are 1-3 absolute %. °Partial decomposition.
¢Optimum composition after 11 h; extensive decomposition occur-
red by 20 h.

reagent, silver triflate, whereas triflic anhydride’s hydro-
lytic instability and reactivity require greater experimental
precautions. Third, the condensation approach sometimes
cannot be used when a structural moiety is susceptible to
triflic anhydride attack; in such cases, the silver triflate
reagent can be used. One example recently encountered
is epibromohydrin. Use of epibromohydrin’s alcohol
analogue, glycidol, is precluded by triflic anhydride attack
on the oxirane ring,'? but epibromohydrin reacts with silver
triflate to produce the desired 2,3-epoxypropyl triflate.?
Finally, this metathesis permits selective, stepwise for-
mation of monobromoalkyl triflates from the lower ho-
mologous a,w-dibromoalkanes. This could be useful for
syntheses of asymmetric diethers or other difunctional
derivatives. This appears especially feasible with di-
bromoalkanes containing different types of bromine sites.*®

The highly labile nature of the triflate group makes it
useful as a synthetic intermediate but also makes it very
sensitive to reactant chemical structure, solvent charac-
teristics, and extrinsic reaction conditions. These reaction
parameters were investigated and quantified to assure this
metathesis approach’s validity as a general synthetic tool.

a,0-Dibromoalkane Chain Length. Reactant chain
length and the resultant bromine atom separation in the
homologous a,w-dibromoalkane series greatly affect the
extent of triflate substitution. Reactions were initially
carried out in benzene solvent with a 2:1 silver triflate to
dibromoalkane stoichiometry at reflux temperature. Table
I illustrates the extent of desired mono- or ditriflate
product formation after 20-h reaction time. The ditriflate
product formation increases from 1,2-dibromoethane to
1,4-dibromobutane, a trend that apparently results from
the deactivating nature of the electronegative bromine and
triflate substituents. Indeed, this effect is so strong in this
homologous series that no triflate substitution occurs in
the primary geminal dibromide, dibromomethane. With
1,2-dibromoethane, the first triflate substituent permitted
only 12% of the bromoethyl triflate intermediate to form
ditriflate because of this deactivation effect.’* The olefin
analogue, 1,2-dibromoethene, is likely enhanced further
by the stronger sp>-hybridized vinylic C-Br bond. Di-

(12) Epoxide ring opening occurs with cyclohexene oxide and triflic
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lished results.
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bromoalkane homologues higher than 1,4-dibromobutane
decomposed in refluxing benzene via solvent alkylation,
and optimum ditriflate conversion as a function of alkyl
chain length and bromine atom separation could not be
determined. However, at 54 °C, the alkylation problem
is alleviated, so 1,5-dibromopentane, 1,6-dibromohexane,
and 1,10-dibromodecane were investigated. Refluxing
acetone in an outer-jacketed flask assured a constant re-
action temperature and revealed that the trend toward
greater ditriflate product yield essentially levels out at
1,4-dibromobutane, with a slight peaking at 1,5-dibromo-
pentane.

Proton and °F NMR analyses of reaction aliquots re-
vealed another feature dependent upon bromine separa-
tion. Metathesis steps with 1,4-dibromobutane occur via
a stepwise sequence in benzene or CCl, solvent; 1,2-di-
bromoethane is stepwise up to 92% conversion to 2-
bromoethyl triflate in the first step. The reaction steps
of 1,3-dibromopropane overlap significantly more; a
maximum of 66% of 3-bromopropyl triflate forms before
the second step begins. Kinetic data in Table II provide
useful information for monobromoalkyl triflate synthesis
when asymmetric difunctional products are desired. With
1,6-dibromohexane, however, monotriflate and ditriflate
formation is neither stepwise nor resolvable by °F NMR;
this precluded accurate composition determinations. This
same behavior continues with the 1,10-dibromodecane,
although the relative concentration of total alkyl triflate
products and total bromoalkanes can be determined by
'H NMR from the corresponding methylene triplets.
Optimum triflate formation at 54 °C in benzene occurs at
ca. 11 h for the higher 1,6- and 1,10-dibromoalkane ho-
mologues when the [RCH,0Tf]/[RCH,Br] ratio equals 3.6
and a negligible amount of dibromoalkane reactant re-
mains. Beyond the 1,4- or 1,5-dibromoalkane homologue,
each end of the molecule functions as if it were a separate
monobromoalkane. The higher stability of triflate prod-
ucts from 1,4-dibromobutane in refluxing benzene, the
sharp leveling off of increasing ditriflate formation, and
the disappearance of stepwise metathesis after 1,4-di-
bromobutane in the a,w-dibromoalkane homologous series
all point to an intramolecular dependence expected from
anchimeric bridging mechanisms.

Carbon tetrachloride solvent provided a similar trend
in the two-carbon through four-carbon homologues; how-
ever, the conversion to ditriflate product was much lower
than with benzene. Conversion of Br(CH,);Br to ditriflate
after 20 h was only 34% in refluxing CCl,, but 76% in
refluxing benzene. At 20 h, the products from 1,4-di-
bromobutane underwent polymerization. While CCl, can
conveniently provide monobromoalkyl triflates below the
78 °C reflux, it has other disadvantages.

Solvent Effects. Benzene provides a better one-step
ditriflate synthesis than CCl,, and except for the first three
a,w-dibromoalkanes beginning with 1,2-dibromoethane,
CCl, permits product rearrangement from all bromo-
alkanes to secondary triflate products. Product rear-
rangement from 1l-iodopropane plus silver triflate at room
temperature produced only 34% of the primary 1-propyl
triflate and 66% of the rearranged secondary 2-propyl
triflate.® A similar rearrangement occurs with 1-bromo-
butane and 1-bromopropane. The room-temperature re-
action of 1-bromopropane affords 71% of rearranged 2-
propyl triflate, while 1-bromobutane provides 60 £ 10%
2-butyl triflate plus the unrearranged 1-butyl triflate (eq
1). No such product rearrangement occurs in benzene at
any temperature. Surprisingly, the lower «,w-dibromo-
alkanes display an unexpected stability against product
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rearrangement. In CCl; at room temperature, 1,4-di-
bromobutane produced only the primary 4-bromobutyl
triflate (eq 2) followed stepwise by the formation of un-
rearranged 1,4-butanediyl ditriflate (eq 3). Unrearranged
monocbromobutyl triflate (eq 2) is readily explained by
intramolecular bromonium ion bridging and a resulting
anchimeric assistance in displacing the first bromine
substituent. The reaction rate shows a significant accel-
eration with 1,4-dibromobutane; ¢, = 0.95 h in this first
metathesis step (eq 2), compared to 76.5 h for 1-bromo-
butane (eq 1); this strongly suggests neighboring group
participation as shown in species 1. The relative reaction

AN
e #Sr
\-—CHgBr'
1

rates of 1,4-dibromobutane and 1,5-dibromopentane are
33:1 in room-temperature CCl, solvent, while those of CCl,
reflux reactions of 1,2-dibromoethane, 1,3-dibromopropane,
and 1,4-dibromobutane are 1:1.4:>28. Clearly, the 1,4-
dibromoalkane homologue’s significant rate enhancement
further supports formation of the highly favored 5-mem-
bered cyclic bromonium ion. As shown in Scheme I,
species 1 obviates the need for rearrangement to a more
stable secondary ionic species via a 1,2-hydride shift.
Anchimeric assistance by bridged alkylhalonium ions of
this type is well documented.!>'” Kinetic studies of this
first displacement step (Table II) show that «,w-di-
bromoalkanes react autocatalytically in CCl, or benzene,
following the rate expression —d[A]/dt = k{A][B] for the
generalized reaction A — B.1®2 Their susceptibility to
heterogeneous autocatalysis in silver ion assisted carbon-
halogen bond cleavage is a recognized mechanistic phe-
nomenon.'®  In contrast, monobromoalkanes foliow
pseudo-first-order kinetics in CCl, solvent, in which AgOTf
has a low solubility; in benzene, in which it is soluble, a
2.5-order rate law is followed such as that reported for 1-
and 2-bromooctane reactions with AgNQ,.%

The lack of product rearrangement in the second dis-
placement by triflate (eq 3) is especially noteworthy. Like
the 1-bromobutane (eq 1), the 4-bromo-1-butyl triflate (eq
2) has no bromine to provide the cyclic bromonium ion
stabilization at the primary attack site, which would
eliminate the need for rearrangement to the more stable
secondary carbonium ion species. Substantial rearrange-

(15) Peterson, P. E.; Boron, W. F. J. Am. Chem. Soc. 1971, 93,
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ment via a 1,2-hydride shift would be expected. This lack
of rearrangement is best explained by the rare formation
of a bridging triflate group (2 or 3) in the reaction illus-

0

0
CF3
\\s/ io\s//—CFs
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CHa---Br Cip---8r
2 3

trated by Scheme II (top). Anchimeric assistance by the
triflate group is reported in organosilicon triflate solvo-
lyses,?! and our results further verify the triflate group’s
potential for intramolecular anchimeric bridging when
reaction conditions permit or require it. We propose the
more traditional acetoxonium!”?2 analogue 3 for this likely
triflate anchimeric stabilization, but possible contributions
from 2 cannot be ruled out. Introduction of the first
triflate group deactivates the n-butyl skeleton; the 267-h
reaction half-time (eq 3) is 3.5 times longer than that of
eq 1. Triflate group anchimeric stabilization ends with
1,4-dibromobutane; the higher 1,5- and 1,6-dibromoalkane
homologues produce rearranged secondary triflate products
(~40%) in CCl, as monitored by 'H NMR, Still, rear-

(21) Eaborn, C.; Reed, D. E. J. Chem. Soc., Chem. Commun. 1983,
495-496.

(22) (a) Winstein, S.; Buckles, R. E. J. Am. Chem. Soc. 1942, 64,
2780--2786; Ibid. 1943, 65, 613-618. (b) Gash, K. B.; Yuen, G. U. J. Org.
Chem. 1966, 31, 4234-4235.
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Table II. Kinetic Parameters of Silver Triflate-(Di)Bromoalkane Reactions®

solvent temp, °C bromoalkane reactant behavior (rate law) rate const, k&
CCl, room temp CH,CH,CH,CH,Br pseudo first order 2.52 X 10871
Br(CH,),Br autocatalytic 541 x 10° M1t
Br(CH,),OTf pseudo first order 7.20 X 107 57!
Br(CH,)sBr autocatalytic 1.61 X 104 M st
CCl, reflux Br(CH,),Br autocatalytic 1.81 X 103 M1
Br(CH,);Br autocatalytic 2.48 X 103 M1 glt
CH,CH,CH,CH,Br pseudo first order 1.27 X 103 71
Br(CH,),Br autocatalytic® >50 X 10 Mgt
Br(CH,),0OTf pseudo first order 9.96 x 1078 ¢!
C¢H, 54 CH,;CH,CH,CH,Br 2.5 order 4.04 X 107* M5 g1
Br(CH,);Br autocatalytic 2.18 X 102 M1s!
Br(CH,)¢Br autocatalytic 3.76 x 10° M1t
Br(CH,),,Br autocatalytic 3.96 X 10 M1s!
CeHg reflux Br(CH,).Br autocatalytic 434 X 107 M1 gl
Br(CH,),0Tf 2.5 order 7.95 X 107 M6 g1
Br(CH,);0Tf 2.5 order 2.20 X 107 M15 g1
CH,CH,CH,CH,Br 2.5 order 1.83 X 103 M 1541
Br(CH,),Br autocatalytic® >1 X 107 Mgt
Br(CH,),0Tf 2.5 order 9.14 X 107 M5 g71

4Reaction scale: 1.75 mmol of (di)bromoalkane + 1.75 mmol of AgOTf (for monobromoalkane) or 3.50 mmol of AgOTf (for dibromo-
alkane) in 5 mL of solvent. ®Concurrent steps during part of reaction course. °Presumed, not measured.

rangement is less than in monobromoalkanes (~70%).

This apparent anchimeric assistance is permitted by
silver ion complexation in the second metathesis step
(Scheme II, top). If displacement of the second bromine
leaving group were not assisted by silver complexation, an
alternative reaction could occur wherein the labile triflate
group would be attacked via a cyclic halonium ion
(Schemes II and III, top), for which there is literature
precedence (Scheme III, bottom).!> This competing
mechanism apparently occurs to some extent. By 13C
NMR, we identified a minor reaction product, 4-chloro-
butyl triflate (confirmed by an independent synthesis), in
one reaction system. The uncomplexed bromine must
generate a bromonium anchimer, 4 (Schemes II and III),
which assists in displacing the nonbridging triflate group
with a chlorine species provided by the CCl, solvent to
form a 1-bromo-4-chlorobutane intermediate. Displace-
ment of the more labile bromine by silver triflate in a
subsequent reaction would produce 4-chlorobutyl triflate.
Although CCl, solvent can provide a high-yield, one-step
metathesis when conducted under mild reaction condi-
tions, it is not stable to high-temperature reaction con-
ditions. CCl, solvent allows faster reactions than benzene
at comparable temperatures,? but it also reacts with the
gilver triflate reagent itself. This reaction and an analogous
metathesis of mercury(II) triflate with CCl, form tri-
chloromethy] triflate (CCL;0Tf).2 We have observed this
solvent derivative in all dibromoalkane/silver triflate
product solutions in refluxed CCl, via GC retention times
and *C NMR spectra by comparison to a product gener-
ated in a blank reaction of silver triflate in CCl,. Finally,
there is apparently a slight dismutation reaction that in-
creases the concentration of dibromoalkane after its initial
consumption by silver triflate. This was verified by 'H and
13C NMR in the reactions of 1,3-dibromopropane and
1,4-dibromobutane and by GC analyses of 1,2-dibromo-
ethane product solutions; however, it was not seen in the
latter case by either H or *C NMR analysis. Similar
disproportionation in the solvolysis of 3-bromobutyl trif-
late'® was postulated to arise from this triflate ester re-
acting with “free” bromide ions generated by its own de-
composition. .

Several attempts were made to employ acetonitrile
solvent, which has a reflux temperature nearly the same

as benzene and CCl,. This proved totally unsatisfactory
when the silver triflate attacked the acetonitrile itself in
a reaction highly competitive with that of the bromo-
alkanes.

Reaction Temperature/Time. Reaction temperature
and time significantly influence triflate product yields and
stability. Either parameter, if too severe, promotes triflate
products’ thermal degradation and results in a subsequent
alkylation reaction in benzene solvent or a cationically
initiated alkene polymerization in CCl,. Reaction of 1,5-
dibromopentane with silver triflate in benzene produces
a dark solution with white triflic acid fumes after 20 h of
reflux. This problem is circumvented by reducing the
reaction temperature, but only with a sacrifice in the
amount of ditriflate product (Table I). While a 100%
ditriflate conversion would be expected from a 20-h reflux
with 1,5-dibromopentane, based upon the 1,4-dibromo-
butane result, the lower temperature must be used to avoid
unacceptable product decomposition, and a 5% conver-
sion to ditriflate results. 1,6-Dibromohexane behaved
similarly to 1,5-dibromopentane at the 80 and 54 °C re-
action temperatures over 20 h, and subsequent investiga-
tion revealed that the initial triflate products were al-
kylating the benzene solvent. A mechanistic study of alkyl
monotriflate alkylations of benzene derivatives has been
reported,? wherein triflic acid acted as a catalyst. In our
reactions, the monobromohexy! triflate and hexanediyl
ditriflate products produced over five benzene alkylation
products, including 5-9, in the product ratios shown, plus

o e o

8(25%) 7(21%)
§(24%)
@/\/\/\/Br
8(6%) 9(4%)

20% unidentified products. In all but one case, rear-
rangement of the alkyl chain resulted prior to aromatic

(23) Schmeisser, M.; Sartori, P.; Lippsmeier, B. Chem. Ber. 1969, 102,
21502152,

(24) Booth, B. L.; Haszeldine, R. N.; Laali, K. J. Chem. Soc., Perkin
Trans. 1 1980, 2887-2893.
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electrophilic attack where the triflate group was originally
situated. The tetralin derivatives result from intramo-
lecular alkylation of the same benzene molecule at two sites
ortho to one another; similar cyclizations of ditriflate
products generated in situ in reactions of o,w-bis(Grignard
reagents) with silver triflate have been reported.?®

We verified the catalytic effect of triflic acid in these
solvent alkylations by adding one drop of triflic acid to the
triflate products generated from the 1,6-dibromohexane
reaction with silver triflate at 55 °C for 20 h. Complete
alkylation occurred within <5.5 h at reflux. By a different
approach, the initial addition of 14 mol % of triflic acid
to the 1,6-dibromohexane and silver triflate reactants in
benzene at 55 °C provided complete alkylation within
=<30.5 h. The higher «,w-dibromoalkane alkylation dem-
onstrates the tendency to react as independent mono-
bromoalkanes at each primary bromine site. For example,
reaction of 1-bromobutane in benzene with silver triflate
at reflux temperature for 3 h produces the corresponding
monotriflate in a 77% product conversion. Beyond this
time, the methylene triplet of the n-butyl triflate’s NMR
decreases significantly and concurrently produces a new
downfield-shifted sextet (8 2.46), indicating subsequent
alkylation to produce rearranged sec-butylbenzene.

In contrast to benzene alkylation, the thermal instability
of the higher «,w-dibromoalkane homologues in CCI,
solvent produces an apparent triflic acid catalyzed cationic
polymerization. Intractable tars with concomitant dark-
ening of the reaction solution and emanation of white triflic
acid vapors result. Monitoring by 'H NMR showed the
disappearance of initially formed triflate product absorp-
tions with the simultaneous growth of high-field saturated
hydrocarbon absorptions. This catalysis of thermal de-
composition of triflate products effected by trace amounts
of triflic acid must be addressed in handling of the silver
triflate reagent. Silver triflate is moderately hygroscopic
and is best handled in a glovebag under a dry N, atmo-
sphere to prevent the formation of trace amounts of triflic
acid. We attempted to deal with this problem in one
system by using 2 mol% of sterically hindered Proton
Sponge, 1,8-bis(dimethylamino)naphthalene. Concurrent
room-temperature reactions of 1,4-dibromobutane with
silver triflate in CCl, with and without the Proton Sponge
produced different rates of 4-bromobutyl triflate forma-
tion. After 4.0 h, 41% formed in the Proton Sponge
treated reaction, whereas 84% formed in the reaction
blank. Still, keeping the silver triflate reagent and
glassware dry works best.

A suitable balance between reaction time and temper-
ature is necessary. A 54 °C reaction temperature provides
the triflate intermediates from 1,5-dibromopentane and
1,6-dibromohexane reactants; but the 20-h reaction time
even at 54 °C was too severe for 1,10-dibromodecane
{Table I). A reaction time of 45 min produces 10-bromo-
decyl triflate in an acceptable amount while the best di-
triflate yield required an 11-h reaction. At reflux tem-
perature, a 20-h maximum reaction time in benzene is
suitable for 1,4-dibromobutane; however, a 3- to 4-h
maximum reaction time is best for the 1-bromobutane
analogue. Table III outlines the optimum reaction pa-
rameters that have proven best for obtaining 12 different
triflate products from their corresponding bromoalkanes.
Coupled with the kinetic data in Table II, this information
should serve as a reasonable guide in planning the solvent
selection, reaction time, and temperature parameters for
other alkyl bromides.

(25) Whitesides, G. M.; Gutowski, F. D. J. Org. Chem. 1976, 41,
2882--2885.
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Table III. Optimum Synthesis Conditions for Triflate
Esters via Silver Triflate-(Di)Bromoalkane Methathesis

recommended expected approx
desired product conditions yield, nonisolated, %
n-BuOTf benzene/reflux/3.5 h 7
Br(CH,),0Tf benzene/reflux/7 h 92

TfO(CH,),0Tf ref 14

Br(CH,),0Tf benzene/reflux/2 h 66
TfO(CH,),0Tf benzene/reflux/20 h 76
Br(CH,),0Tf CCly/reflux/4 min 100
TfO(CH,),0Tf benzene/reflux/7.5 h 63

benzene/reflux/20 h 73°
Br(CHy);0Tf benzene/54 °C/1 h 76
TfO(CH,);0Tf  benzene/54 °C/20 h 65
Br(CH,);OTf benzene/54 °C/1 h 80
Br(CH,),,OTf benzene/54 °C/45 min 70
TfO(CHy)g-100Tf benzene/54 °C/11 h 57

¢ Although the reaction with pure reagents proved poorly repro-
ducible (several reactions with different samples of reagents at re-
flux temperature showed extensive decomposition by 16-20 h),
three runs produced TfO(CH,),OTf in isolable quantities with the
silver triflate~benzene adduct. One 20.5-h reaction using 1.75 mol
equiv (relative to dibromobutane) of AgOTf in this form produced
an isolated mixture of Br(CH,),0Tf and TfO(CH,),OTf (18:82),
the latter yield corresponding to 73% based on silver triflate lim-
iting reagent.

Bromine Atom Position. Bromine atom position in
the alkane drastically influences the silver triflate me-
tathesis with both mono- and dibromoalkane reactants,
and this influence can potentially promote an asymmetric
substitution selectivity not available in the condensation
of alcohols with triflic anhydride. The degree of separation
between bromine atom terminal substituents greatly af-
fects the degree of mono- and ditriflate substitution as well
as product stability. In primary dibromoalkanes, a sepa-
ration of five carbons or more enables the two terminal
bromine substituents to behave independently as if they
were separate monobromoalkane reactants. Therefore,
concurrent substitution at each primary site can occur.
With 1,4-dibromobutane, 'H and °F NMR spectra of re-
action aliquots revealed an orderly, stepwise metathesis
that would permit selective bromine displacement at each
bromine site to obtain an asymmetrically disubstituted
derivative.

With monobromoalkanes, the secondary bromine atoms
in 2-bromopropane and 2-bromobutane are readily dis-
placed at room temperature in CCl, solvent; however,
substitution of primary bromine atoms in 1-bromobutane
requires an elevated temperature in benzene. This re-
activity difference between primary and secondary bro-
mine atoms and its potential for selective asymmetric
substitution were demonstrated with 1,2-dibromopropane
and silver triflate. The 1-bromo-2-propyl triflate ester
readily formed at room temperature in CCl, and predom-
inated significantly over the 2-bromo-1-propyl triflate.
Secondary ester formation represented 80% of the two
isomers with pure silver triflate but increased to 95% with
a silver triflate~benzene (2:1) adduct previously charac-
terized and reported.?® The minor isomer likely comes
from a bromide 1,2 shift via a three-membered cyclic
bromonium ion and provides direct evidence of halogen
1,2 participation by a dibromoalkane in CCl,. Displace-
ment of the secondary triflate group with 2-fluoro-2,2-
dinitroethanol?” yielded 2-fluoro-2,2-dinitroethyl 1-
bromo-2-propyl ether in good yield. Because of the
deactivating nature of the highly electronegative fluoro-

(26) Dines, M. B. J. Organomet. Chem. 1974, 67, C55-C58.
(27) The synthesis and properties of fluorodinitroethanol are described
by: Kamlet, M. J.; Adolph, H. G. J. Org. Chem. 1968, 33, 3073-3080.
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dinitroethoxy group, the second metathesis step at the
primary bromine did not occur, and even refluxing toluene
failed to effect displacement. Alternatively, less electro-
negative secondary substituents in this primary-secondary
vicinal structure, as well as 1,3-, 1,4- and higher homologous
dibromoalkanes, or vicinal dibromoalkanes with two sec-
ondary bromine leaving groups each offer possible stepwise
or sequential asymmetric substitution. Further studies are
in progress to address this point.

Conclusion

The silver triflate metathesis reaction with bromoalkane
compounds for obtaining reactive triflate intermediates
is an attractive synthetic complement to the triflic anhy-
dride condensation with alcohols. It offers the possibility
of selective, stepwise bromine atom displacement for
synthesizing asymmetric, disubstituted derivatives and
permits the formation of triflate products with structural
moieties such as the oxirane ring system, which are inert
toward silver triflate but highly reactive with triflic an-
hydride.

Isolable primary triflate ester intermediates can be made
in excellent yields by silver triflate metatheses with bro-
moalkane substrates, and highly reactive secondary triflate
ester derivatives can be prepared in situ for subsequent
one-pot conversion to final products. Because of the very
labile nature of the triflate group, which makes it an at-
tractive synthetic intermediate, this metathesis reaction
is quite susceptible to at least five reaction parameters with
mono- or dibromoalkane reactants: (1) bromine atom
separation, (2) bromine atom type, (3) solvent, (4) reaction
temperature, and (5) reaction time. How these reaction
parameters may determine the reaction mechanism fol-
lowed is a key to successfully using the silver triflate me-
tathesis approach. Mechanistic studies confirmed an ap-
parent rare example of anchimeric stabilization by a
bridging triflate group in the lower a,w-dibromoalkane
homologues. This investigation defines the optimum re-
action conditions for a number of mono- and dibromo-
alkane reactants; but more importantly, it provides a
systematic illustration of how reaction parameters must
be considered in planning reaction conditions with other
bromoalkanes. Further investigations are in progress to
define the scope and synthetic utility this metathesis re-
action offers.

Experimental Section

Instrumentation. 3C and 90-MHz 'H NMR spectra were
taken on a JEOL FX-90Q FT-NMR spectrometer at 25 °C. GLPC
analyses were performed on a Shimadzu GC-9APT with a 7 ft
X 1/, in. stainless-steel column (10% OV-101 on either 100/
120-mesh Chromosorb W-AW or Chromosorb 750) or a Varian
Aerograph 2700 chromatograph with a 5 ft X 1/, in. column (1.5%
OV-101 on 80/100-mesh Chromosorb W).

NMR spectra for the studies of alkylation products from
triflates derived from Br(CH,)sBr were taken on a Varian T-60
CW NMR (60 MHz for 'H). Mass spectra were obtained on a
Hewlett-Packard 5992 GC/mass spectrometer; infrared spectra
were obtained on a Beckman IR-20 spectrophotometer (NaCl
plates).

Synthesis. Silver trifluoromethanesulfonate was purchased
commercially and recrystallized from benzene, The benzene
adduct® was desolvated by heating (80-90 °C) overnight in a
vacuum oven. Bromoalkanes and dibromoalkanes were distilled
before initial use. Solvents were ACS reagent grade. Glassware
for reactions was thoroughly washed, air-dried, soaked in 2-
propylamine to alleviate potential problems of acidic residue from
hydrolysis of the silver triflate, and then vacuum-dried.

General Procedure. Silver triflate (1.75 mmol for bromo-
alkanes or 3.50 mmol for dibromoalkanes) was mixed with 5.00
mL of benzene or CCl, at room temperature in a 10- or 15-mL
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round-bottom flask. Reactions were brought to the desired
temperature; silver triflate was dissolved in benzene during the
elevated temperature reactions (54 °C or reflux). A Liebig con-
denser with a Drierite-containing drying tube was used in all
elevated temperature reactions and some room-temperature re-
actions. Reflux reactions were heated by oil baths set to 80-90
°C on calibrated hot plate—stirrers; for some room-temperature
reactions, ambient-temperature oil baths were used. The reaction
vessel for 54 °C consisted of a custom-blown, jacketed round-
bottom flask (~25 mL) with an outer 14/20 joint on both the
inner flask and outer (jacket) flask. Refluxing acetone in the outer
jacket enveloping the inner reaction flask maintained a constant
54 °C temperature.

Analysis. Reaction aliquots were withdrawn at desired times.
Correlations of GLPC and NMR analyses were required to de-
termine compositions of the three possible components: di-
bromoalkane, bromoalkyl triflate, alkanediyl ditriflate. This
correlation was necessary because some alky! triflates are unstable
under GLPC analysis conditions and because of the incomplete
resolution of NMR signals from bromoalkyl triflate and the
symmetrical dibromide or ditriflate. Calibrations of the GC system
were made with known dibromoalkane concentrations. After
GLPC analysis, the sample was diluted with deuterated solvent
(CDCI; for CCly or CgDg for benzene) for internal NMR lock. The
monotriflate and ditriflate concentrations were then calculated
from relative 'H integrations of the triflate methylene triplet and
the bromide methylene triplet. 'H NMR spectra of solutions in
benzene were run with simple homogated decoupling for sup-
pression of the benzene absorption; 'H NMR data are summarized
in Table SI (supplementary material). Conversion of bromo-
alkanes to triflate products was followed by NMR. The decreasing
bromoalkyl methylene triplets absorb in the 6 2.5-3.0 range; the
increasing triflate methylene signals come at é 3.6-3.9. 1-Butyl
triflate®® and the o,w-alkanediyl ditriflates’? have been described
previously; our NMR data are consistent with literature results.

Kinetic Studies. Rate data from reactions of «,w-dibromo-
alkanes autocatalyzed by a product (possibly AgBr!'®) correlated
well in terms of one of the equimolar coproducts, bromoalky!
triflate:

-d[Br(CH,),Br] /d¢t = k[Br(CH,),Br][Br(CH,),0Tf] (4)
with an integrated rate expression?®

[Br(CH,),Brjy ! In ([Br(CH,),0Tf] /[Br(CH,),Br]) = kt + a
(5)

Monobromoalkane-silver triflate reactions in benzene at ele-
vated temperature follow the 2.5-order rate expression?®

[R,B!‘],_l'5 - [RBT]0_1'5 = 15k25t (6)

if [RBr] = [AgOSO,CF;]. In carbon tetrachloride, [AgOSO,CF;]
remains constant, so the rate behavior is pseudo first order in
[RBrl:

In ([RBry/[RBr],) = kyt (M

At least three data points were used to determine reaction rate
constants, with the correlation coefficients r = 0.98. Our con-
centrations of 1.75 mmol/5 mL of solvent corresponded to a range
of 0.325 M (for 1,10-dibromodecane) to 0.339 M (for 1,2-di-
bromoethane).

Trichloromethyl Triflate. A mixture of 2 mL of CCl, (21
mmol) and 0.2 g of AgOSO,CF; (0.8 mmol) was refluxed for 18
h in a round-bottom flask fitted with a condenser and Drierite
drying tube. The product CCl;0S0,CF; was apparent by NMR
and GC but was not isolated. *C NMR (CDCl,): 51087 (s), 117.8
(q, JCF = 3214 HZ, CF3)

4-Chlorobutyl Triflate. A mixture of 0.398 g (2.32 mmol)
of CI(CH,),Br (Fairfield Chemical Co.) and 0.606 g (2.36 mmol)
of AgOSO,CF; in 5.00 mL of CCl, was refluxed for 10 min in a
round-bottom flask fitted with a condenser and Drierite drying

(28) Ranganathan, N.; Storey, B. T. J. Heterocycl. Chem. 1980, 17,
1069-1072,

(29) Salomon, M. F.; Salomon, R. G. J. Am. Chem. Soc. 1979, 101,
4290-4299,
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tube. The conversion to CI(CH,),OTf was essentially quantitative
by NMR. !3C NMR (CDCly): & 26.6 (s, CICH,CH,), 28.0 (s,
CH,CH,0T), 43.3 (s, CICH,), 76.0 (s, CH,OTY), 118.5 (q, Jor =
319.6 Hz, CFy).

Metathesis of 1,4-Dibromobutane and Silver Triflate in
Refluxing CCl,. Analysis of the products from 1,4-dibromo-
butane plus silver triflate in refluxing CCl, after 7h showed the
following products by 3C NMR (CDCl;), with compositions ap-
proximated by signal intensities; 1,4-dibromobutane (5%) (6 29.6
(BrCH,CH,), 31.5 (CH,Br)}; 4-bromobutyl triflate (3%) [ 27.8
(CH,CH,Br), 28.0 (CH,CH,0TY), 43.7 (CH,Br), 75.9 (CH,0Tf)};
4-chlorobutyl triflate (18%) [ 26.6 (CH,CH,Cl), 28.0
(CH,CH,0TY), 43.3 (CH,Cl), 76.1 (CH,0TY)}; 1,4-butanediy!
ditriflate (68%) [5 25.3 (CH,CH,0T¥), 75.3 (CH,OTY), 118.5 (q,
JCF = 319.2 HZ, CF3)]

2-Fluoro-2,2-dinitroethyl 1-Bromo-2-propyl Ether. In a
50-mL round-bottom flask fitted with a condenser and Drierite
drying tube, a mixture of 2.60 g of silver triflate-benzene adduct®
(8.8 mmol of AgOTY) and 2.02 g of 1,2-dibromopropane (10 mmol)
was stirred at room temperature for 18 h.3® Addition of another
0.8 g of silver triflate-benzene adduct (2.7 mmol of AgOTf) and
stirring for another 6.1 h resulted in 83% conversion to 1-
bromo-2-propyl triflate by 'H NMR. After filtration into another
50-mL round-bottom flask, reagents for the displacement of the
triflate were added: 1.35 g (8.8 mmol) of 2-fluoro-2,2-dinitro-
ethanol? in 10 mL of CCl, and 2.0 g {14 mmol) of anhydrous
sodium sulfate. After stirring at room temperature for 23 h and
flash evaporation of CCl, elution of the resulting dark brown oil
through 5.0 g of alumina with CCl,, followed again by flash
evaporation of solvent, yielded 1.84 g (67% crude yield) of yellow
oil. Chromatography with silica gel/CCl, yielded a fraction of
dark yellow oil and three fractions of very pale yellow oil, which
was ~95% 2-fluoro-2,2-dinitroethyl 1-bromo-2-propyl ether and
~5% 2-fluoro-2,2-dinitroethyl 2-bromo-1-propyl ether by 'H
NMR. The middle pale fraction was analyzed. IR (neat): 2980,
2930 (CH), 1600, 1310 cm™ (NQ,). Anal. Caled for CsHgBrFN,Oy:
C, 21.84; H, 2.93; N, 10.19; F, 6.91; Br, 29.05. Found (Galbraith
Laboratories): C, 21.71; H, 3.05; N, 10.29; F, 6.97; Br, 28.98.
Modified Procedure: 8.407 g of pure (unsolvated) silver triflate
(32.7 mmol) and 6.606 g of 1,2-dibromopropane (32.7 mmol) were
stirred in 75 mL of CCl, at room temperature for 5 h, then 5.041
g of CF(NO,),CH,0H (32.7 mmol) and 2.261 g of K,CO; (16.4
mmol) were added, and stirring was continued. After 1.1 h, the
substitution of triflate appeared to be ~75% complete. After
24 h of stirring at room temperature, the reaction solution was
filtered through an alumina pad and washed with 70 mL of CCl,.
Removal of solvent afforded 7.33 g (81% crude yield) of light
brown oil. Chromatography on silica gel with CCl, yielded 5.75
g of pale yellow oil (64%), identified as a mixture of 80% fluo-
rodinitroethyl 1-bromo-2-propyl ether and 20% fluorodinitroethyl
2-bromo-1-propyl ether. 2-Fluoro-2,2-dinitroethyl 1-bromo-2-
propyl ether: *H NMR (CCl,-CDCl;) 6 1.31 (3H, d,J = 6.2 Hz,
CHy), 3.34 (2H, d, J = 5.5 Hz, CH,Br), 3.85 (1 H, m, J = 5.9 Hz,
CH), 4.65 [2 H, d, Jyr = 17.3 Hz, CH,CF(NO,),]; *C NMR
(CDCl,) 6 18.5 (CH,), 34.9 (CH,Br), 67.1 [d, Jor = 19.0 Hz,
CH,CF(NO,),], 78.6 (CH), 120.2 [d (b}, Jor = 299 Hz, CF(NOy),].
2-Fluoro-2,2-dinitroethyl 2-bromo-1-propyl ether: 'H NMR
{CC1,-CDCly) 6 1.65 (d, J = 6.2 Hz, CHy), 3.64 (m, CH,Br), 3.82
(d, J = 5.5 Hz, CH,), 4.65 [d, Jur = 17.3 Hz, CH,CF(NO,),]; 1*C
NMR (CDCl,) 6 21.9 (CHj), 44.9 (CHBr), 68.6 [d, Jor = 19.0 Hz,
CH,CF(NO,),], 78.3 (CH,), 120.2 [d (b), Jor = 299 Hz, CF(NOy),].

Alkylations by Triflate Products from 1,6-Dibromo-
hexane-Silver Triflate. 1,6-Dibromohexane (0.40 g, 1.64 mmol)
and 0.901 g of silver triflate-benzene adduct® (3.04 mmol of
AgOT9f) in 5 mL of benzene were refluxed in a foil-wrapped 25-mL
round-bottom flask for 20 h. The crude mixture was filtered, and
benzene was removed. The residue was redissolved in CCl, and
run through a Pasteur pipet column of silica gel. Preparative gas
chromatography (T, = 135 °C for 9 min, ramp at 10 °C/min to
300 °C maximum, He flow 46 mL/min) yielded several fractions.

(30) This reaction time was not optimized; later study showed that a
reaction time perhaps as short as 3.5 h is best: Shackelford, S. A., un-
published results.
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Minor components comprising 20% of total products were not
identified; five components previously reported in the literature
by other routes were identified: 5 (24%), 6 (25%), 7 (21%), 8
6%),9 (4%).
1,2,3,4-Tetrahydro-1,4-dimethylnaphthalene® (5): GC, T,
{from air) 6.9 min; 'TH NMR (CDCl;) 6 1.27 6 H, d, J = 7 Hz,
CH,), 1.7 (4 H, m, CH,), 2.9 (2 H, m, CH), 7.16 (4 H, s, aromatic);
IR (CCl,) 3070 {m), 3020 (m), 2965 (s), 2935 (s), 2870 (s), 1495
(s), 1470 (s), 1380 (m), 1330 (m), 1060 (m), 700 (m) cm™; MS, m/e
(relative intensity) 77 (9), 91 (17), 105 (8), 115 (29), 117 (47), 118
(100), 128 (22), 129 (14), 130 (8), 145 (89), 160 (M™, 44), 161 (5).
1-Ethyl-1,2,3 4-tetrahydronaphthalene® (6): GC, T, 8.1 min;
'H NMR (CDCl;) 6 0.95 (3 H, t, J = 7 Hz, CHj), 1.3-2.0 (6 H,
m, CH,CH,, 2,3-CH,), 2.73 (3 H, m, CH and 4-CH,), 7.04 (4 H,
s, aromatic); IR (CCly) 3080 (m), 3030 (m), 2980 (s), 2940 (s), 2880
(s), 1500 (s), 1460 (s), 1390 (m), 1360 (w), 1045 (w), 700 (m) cm™;
MS, m/e (relative intensity) 77 (2), 91 (17), 115 (18), 116 (7), 128
(8), 129 (9), 131 (100), 132 (9), 160 (M™, 20), 161 (1).
(5-Bromo-1-methylpentyl)benzene® (7): GC, T, 14.2 min;
'H NMR (CDCly) 6 1.31 (3H, d, J = 7.2 Hz, CHy), 1.5 (6 H, m,
CH,), 2.7 (1 H, m, CH), 3.35 (2 H, t, J = 6.6 Hz, CH,Br), 7.25
(5 H, s, aromatic); IR (CCl,) 3085 (m), 3060 (m), 3015 (s), 2960
(s), 2930 (s), 2860 (s), 1605 (m), 1495 (s), 1455 (s), 1380 (m), 1255
(m), 1235 (m), 1080 (w), 1025 (m), 905 (w), 695 (s), 640 (m) cm™;
MS, m/e (relative intensity) 77 (8), 79 (8), 91 (11), 105 (100), 106
(10), 135 (4), 137 (4), 240 (M* [™®Br], 6), 242 (M* [®'Br], 7).
(6-Bromohexyl)benzene® (8): GC, T, 15.5 min; 'H NMR
(CDCly) 6 1.1-1.9 (8 H, m, CH,), 2.51 (2 H, m, PhCH,), 3.24 (2
H, t, J = 7 Hz, CH,Br), 6.90 (5 H, s, aromatic); IR (CCly) 3100
(m), 3080 (m), 3040 (m), 2970 (m), 2940 (s), 2855 (m), 1615 (m),
1505 (m), 1460 (m), 1265 (s), 1095 (m), 1020 (m), 700 (s) cm™;
MS, m/e (relative intensity) 65 (11), 77 (7), 91 (100), 92 (59), 105
(21), 240 (M* [®Br], 13), 242 (M* [®'Br], 14).
1,5-Diphenylhexane® (9): GC, T, = 19.5 min; ‘H NMR
(CDCly) 6 0.8-1.9 (m, CHy), 1.22 (d, J = 6.7 Hz, CH3), 2.58 (m,
PhCHjy), 7.19 (s, aromatic); MS, m/e (relative intensity) 77 (10),
79 (10), 91 (35), 105 (100), 106 (12), 133 (8), 145 (2), 238 (M™, 28),
239 (4).

Acknowledgment. Financial support of the Air Force
Office of Scientific Research/Directorate of Chemical and
Atmospheric Sciences is gratefully acknowledged. We also
thank W. L. Robbs (AFRPL) for GC and NMR technical
assistance, J. L. Pflug (FJSRL) for mass spectral analyses,

and B. A. Loving (FJSRL and AFRPL) for managerial
assistance.

Registry No. 5, 4175-54-6; 6, 13556-58-6; 7, 28591-23-3; 8,
27976-27-8; 9, 13556-60-0; Br(CH,),Br, 106-93-4; Br(CH,);Br,
109-64-8; Br(CHy),Br, 110-52-1; Br(CH,);Br, 111-24-0; Br(CH,)¢Br,
629-03-8; Br(CHy),oBr, 4101-68-2; Br{CH,),0S0,CF}3, 103935-47-3;
Br(CH,);080,CF3, 103935-48-4; Br(CH,),0S0,CF3, 103935-49-5;
Br(CH,);080,CF3, 103935-50-8; Br(CH,)¢OSO,CF3, 103935-51-9;
BT(CH2)100802CF3, 103935'52'0; FgSO(CH2)20802CF3, 18928-
34-2; FaSOgO(CHz)gOSOgCFa, 63256-90-6; FaSOzO(CH2)4OSOZCF3,
18934-34-4; F;CS0,0(CH,);0S0,CF3, 63256-91-7; F3CSO,0(C-
Hg)sosOQCFa, 63256'92-8; FaCSO20(CH2)mOSOzCF3, 77312'84'6,
CH;3(CHy)4Br, 109-65-9; CgHg, 71-43-2; CCly, 56-23-5; C1,COS-
0,CF;, 24401-22-7; CI(CH,),Br, 6940-78-9; silver triflate, 2923-28-6;
sec-butyl triflate, 60306-26-5; 2-fluoro-2,2-dinitroethanol,
17003-75-7; 2-fluoro-2,2-dinitroethyl 1-bromo-2-propyl ether,
103935-53-1; 2-fluoro-2,2-dinitroethyl 2-bromo-1-propyl ether,
103935-54-2; 4-chlorobutyl triflate, 103935-55-3.

Supplementary Material Available: Table SI, 'H NMR data
on reaction product constituents (2 pages). Ordering information
is given on any current masthead page.

(31) Ansell, M. F.; Mahmud, S. A. J. Chem. Soc., Perkin Trans. 1 1973,
2789-2795.

(32) Ransley, D. L. J. Org. Chem. 1966, 31, 3595-3599.

(33) Lagidze, D. R.; Sanikidze, N. S.; Malatsidze, Y. L. Soobshch.
Akad. Nauk Gruz. SSR 1970, 57, 333-336; Chem. Abstr. 1970, 73, 25022.

(34) Schwarz, H.; Bohlmann, F.; Hillenbrand, G.; Altnau, G. Org. Mass
Spectrom. 1974, 9, 707-709.



