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SECTION I.

TRIFLUOROMETHANESULFONATE ESTERS FROM DIBROMOALKANE

METATHESES WITH SILVER TRIFLATE:

MECHANISTIC AND SYNTHETIC ASPECTS
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Trifluoromethanesulfonate Esters from Dibromoalkane Metatheses with
Silver Triflate: Mechanistic and Synthetic Aspects’

Robert D. Chapman,* John L. Andreshak, and Stephen P. Herrlinger

Basic Chemical Research Section (LKLR), Air Force Rocket Propulsion Laboratory (AFSC),
Edwards Air Force Base, California 93523

Scott A. Shackelford*?
European Office of Aerospace Research and Development, London NW1 5TH, England
Robert A. Hildreth and Jeffrey P. Smith
F. J. Seiler Research Laboratory (AFSC), USAF Academy, Colorado Springs, Colorado 80840
Received December 11, 1985

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 a,w-dibromoalkane homologous series display a unique reactivity
and product selectivity over higher homologues and corresponding primary monobromoalkanes. Triflate products
from monobromoalkanes and «,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 a,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
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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;*” however,
a few esters have been made by a complementary me-
tathesis reaction between an alkyi halide and a metallic
triflate salt.*58? One study has compared the metathesis
reaction of primary monoiodoalkanes with silver triflate
and silver perchlorate reagents;® but systematic investi-
gation of this potentially usefu! 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 a,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 CCl,; triflic acid was a catalytic

(1) Presented in part at the 139th National Meeting of the Amencan
Chemics! Sociely, Miami Beach, FI., April 1985 (ORGN 254), and the
11th International Symposium on Fluonne Chemistry. East Berlin,
Germany, Oct 1985 (C- 13}

(2) Research conducted at both FJSRL (1975-1877) and AFRPL
(1980~1984).

(3) Stang, P. J.. Hanack, M., Subramanian, L. R. Svathess 1982,
85-126

(4) Howells, R. D.; McCown,. J D Chem. Rev. 1977, 77, 69-92.

(5) Stang, P. J.; White, M. R. Aldrichum. Acta 1983, 16, 15-22

(6) Beard, C. D.; Baurn, K.. Grakauskas, V. J. Org. Chem. 1973, 35,
3673-3877. .

() Landner, E; von Au. G, Eberle. H .o, Chem Her 1981 114
810-812

«8) Beard, C D, Baum, K. J. Urg. Chem. 1974, 39, 3875 4877

(9) Shone, R. L. Tetrahedron Lett 1977, Y93 -996.

(10) Hildreth. R. A; Shackeiford, 8 A. J. Colo.-Wyo. Acad Sei 1977
9. 21

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
vields 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 der nstrate the po-
tential of the alkyl bromide/silver triflate reaction system
as a viable and flexible general syutheiic technique.

Results and Discussion

The metathesis reaction be*ween dibromoalkanes and
stlver ‘h{}d‘t& svlllp?é]ut als the etta kniewm alcoho! vorne
densation®’ in several ways. First, the bromoalkane pre-
cursor can be used when the reactant alcohol is not
bralldbld.  Neeond, H permis ove o Uhe storable solid

t11) Shackelford, 8. A, Chapinau, R D Her-linger. 8. P.; Andreshak,
J L, Hildreth. R. A 1983 Pacific Conference on Chemusiry and Spec:
troscopy, Pasadena, CA, Oct 1983, p 151
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Trifluoromethanesulfonate Esters from Dibromoalkanes

Table 1. Chain Length and Temperature Effects on
s-Dibromoalhaas=Hilwe Trillabe Rewtivn Conpoiilions
in Benzene Solvent?®

%
Br(CH,;),Br:Br(CH,;,0Tf:
TfO(CH,),0Tt®

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

2Conditions: 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.
4Qptimum 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-dibromcaikanes. 1 his could be useful for
iyniheses of asymmetric diethers or other difunctional
derivatives. This appears especially feasible with di-
bromoatkanes 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,o-Dibromoalkane Chain Length. Reactant chain
length and the resultant bromine atom separation in the
homologous «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
Jibromoalkane stoichiometry at reflux temperature. Table
| illustrates the extent of desired mono- or ditriflate
groduct formation after 20-h reaction time. The ditriflate
product formation increases from 1,2-dibromoethane to
1,4-dibromaobutane, a trend that apparently results from
tie llt‘ﬂL1;viﬂ;Tlg natute of te electn Ticgal e brormime
triflate substituents. Indeed, this effect is so strong in ths
homologous series that no triflate substitution oceurs in
the primary geminal dibromide, dibromomethane. With
1,2-dibromoethane, the first trifiate substituent permitted
ialy 129 of the hr.uh;u-lh_\'i triflate inisrmediate to form
ditriflae because of this deactivation etfect.’ The olefin
analogue, 1.2-dibromocthene, s Bikely enhanced further
by the stronger sp -l brdized vinylic € Br boad. I

U Fpoxide ning opening covars w thooy obenene cxpde and 1ol
anhvdrde. Shackeifor 7 5 VAV 0 W v Gapublished resuits

i TolokBer, M A B A L0 I LR O R S P
K. . Andreshak. 4 . ignd Pacos Coalerence on Uheimistoy anid

Spectroscupy, Nan Franciseo CAL O 135 p A0 Yields trom this
reacton have not been . pronared

Dok iy S S A CL TR TR (ERel
aernative can be effected 11 benizene r bromobenzene At <0l higher
temperatures in presaure vessels Hidreth, A Frvhing. J A unpun
hiahed results

dJ. Org. Chem., Vol. 51, No. 20, 1986 3793

bromoalkane homologues higher than 14-dibromobutane
e pemed i telTuing Dislibesse vis walie bl lholan i
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-jucketed 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-broinopropyl 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, monotrifiate and ditriflate
formation is neither stepwise nor resolvable by F NMR;
this precluded accurate composition deteriminations. 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 runctions 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 @ w-dibromaoslkave hemologous series
all poin: (o an intramolecular dependence expected from
anchimeric bridging mechanisms.

Carbon tetrachloride solvent provided a similar trend
in the two-carbon through tour-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 CCt,. but 76% in
ret'luxmg henzene. At 20 h, the products trom [ ,4-qi-
bromobutane underwent polymerization. While CCl, can
gt b pameit il b il S ob Taben belli (b
Ta 2C retlux, it has other disadvantages.

Solvent Effects. 3enzene provides a betier one-step
ditriflate svnthesis than CCl,, and except for the first three
ww-dibromoalkanes beginning with 1,2-dibromoethane.
CCL pernvts ppatact rearnangemsenl from gl heonio-
alkanes to secondary tritlate products  Product rear-
rangement from iosdopropane plus silver triflate at room
temperature produced oniv 349 of the primary 1-propy]
triflate and 66% of the rearranged secaondary 2-propyl
tritlate.” A sumlar rearrangement occurs with 1-bromo-
butane and I-bromopropane. The room-temperature re-
SEtion ob f-Dromoepropane aliords ) i ol rt-nrrzmgvu -
propyi triflate, whiie 1-bromobntane provides 60 £ 10%
2-butyi triflate plus the unrearranged 1-hatst triflate teq
G o saen pFedUOL reRfRnEe e coruss m benzene at
any temperatuse. Surpnisingly, the lower a,w-dibromo-
atkanes display an unexpected stability against product
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BrCH JCH,CH,CHoH
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BrCHoCHoCH,CHoBr —2— THO CHaCHCH,CH,Br (710 CHyCHCH ,CH,Br)
@
‘AgOT'

oTt

TOCH,CH,CHAH,OTH (no TEOCHCHCHCHg (3)

rearrangement. In CCl, at room temperature, 1,4-di-
bromobutare produced only the primary 4-bromobutyl
triflate (eq 2) followed stepwise by the formation of un-
rearranged 1,4-butanediyl ditriflate (eq 3). Unrearranged
moncbromobutyl 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

.//\,B,
\—C'Hza,‘
1

rates of 1,4-dibromobutane and 1,5-dibromopentane are
33:1 in room- bemperature CCl, solvent, while those of CCl,
reflux reactions of 1,2-dibromoethane, 1,3-dibromopropane,
and 1,4-dihromobutane 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 | 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 1I) show that o.u-di-
bromoalkanes react autocatalvtically in CCl, ¢- benzene,
following the rate expression -d[A}/dt = kJA}[B] for the
generalized reaction A > B.'® Their susceptibility to
heterogeneous autocatalvsis in silver lon assisted carbon-
halogz2n bond cleavage is a recognized mechanistic phe-
nomenovn.!  In conirast. monohromoalkanes follow
pseudo-first-order kinetics m CCl solvent, in which AgOTY
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 AgNO,.*®

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

115 l'elrmu\ PP E. Boron, W F J dm Chem Soc 1971, 94,
AUT6- 4077,

t16) Peterson, P FE.
H208 5213

(AT1 Carey, F A =G therg, R J Adianced Urganic Chemustsy Part
A: Plenum New York, 187~ 510

1R Moure, 8 W Pearson, R G Kinetoos and Mechanism, Sed wd
Wiley: New York, 1981, p 26

1191 Kewtll, D N In The Chemictoy of Fonutienal Growps, Supple
ment D), Patar. 5. Rappopart. 2 Fuds . Wiierv: New York, 1983 Chapter
X

200 Pocker. Y Revill, BN J 4= Chemt Soc 1965, 97, 4060 4770

Coffex. ] F o 4m Chem Soc 1971 4o,
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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-
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trated by Scheme 11 (top). Anchimerie assistance by the
tritlate group is reported in organosilicon triflate solvo-
lvses,”! and our results turther verify the triflate group’s
potential for intramolecular anchimerie bridging when
redction conditions pennit or require it. We propose the
more traditional acetoxonium'"# anatogue 3 for this likely
tniflate anchimeric stabilization, but possible contributions
from 2 cannot be ruled out.  introduction of the first
tritlate group deactivates the n-butvl skeleton; the 267-h
reaction half-time teq ) is 3.5 1imes longer than that of
eq 1. Triflate group anchimeric stabilization ends with
1.4-dibromobutane; the higher 1,5- and 1.6-dibromoalkane
homalogues produce rearrnged secondary triflate products

U~ 40% 1 0 CCL as monnored by "H NMR. Stitl, rear-
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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 100!
Br(CH,) Br autocatalytic 5.41 X 103 Mg
Br(CH,),0Tf pseudo first order 7.20 X 1077 g7
Br(CH,)sBr autocatalytic 1.61 X 10¢ Mgl
CCl, refiux Br(CH,),Br autocatalytic 1.81 x 103 M1 57!
Br(CH,);Br autocatalytic 2.48 x 1073 M1 g71b
CH4CH,CH,CH,Br pseudo first order 1.27 x 1073 g7
Br(CH,)Br autocatalytict >50 % 103 M1y!
Br(CH,),OTf pseudo first order 9.96 x 108 g
C¢H,4 54 CH,CH,CH,CH,Br 2.5 order 4.04 X 104 M 18471
Br(CH,)sBr autocatalytic 213 x 103 M1g!
Br(CH,)4Br autocatalytic 3.76 x 103 M1 ¢!
Br(CH,),(Br autocatalytic 3.96 X 10 M1 ¢!
CeHe reflux Br(CHy);Br autocatalytic 4.34 X 104 M1 g1t
Br(CH,),0Tf 2.5 order 7.95 X 10* M 1551
Br(CH,),0Tf 2.5 order 2.20 x 104 M 185!
CHaCHzCHﬂCHzBY 2.5 order 1.83 x 1073 M8 gt
Br(CH,) Br autocatalytic® >1 x 107 M1 ¢!
Br(CH,} OTf 2.5 order 9.14 X 10* M 167!

¢Reaction 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.

réngement 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 *C
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),
wlich 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 henzene
at comparable temperatures,® but it also reacts with the
silver trifiate reagent itself. This reaction and an analogous
metathesis of mercury(Il) triflate with CCl, form tri-
chloromethyl triflate (CCLLOTN.® We have ohserved this
solvent derivative in all dibromoalkane/silver triflate
product solutions in refluxed CCl, via GC reteniion times
and "*C NMR spectra by comparison to a product gener-
ated in a blank reaction of silver triflate in CCI,. 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
3C 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 BC NMR analvsis. Similar
dispropartionation in the solvolysis of 3-bromobuty! 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 acetimurile
sohvent, which has a reflux temperature nearly the same

23) Schmeser M Sarton P, Ligtmmerer B Chem Her 18 102
2150-2152.

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 he used to avoid
unacceptable product decomposition, and 1 65% 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 monobromohexyl triflate and hexanediyl
ditriflate products produced over five benzene alkylation
products, including 5-9, in the product ratios shown, plus
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electrephilic 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 a,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-
bromoalka.ies at each primary bromine site. For example,
reaction of l-bromobutane in benzene with silver triflate
at reflux temperature for 3 k produces the corrcsponding
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 (6 2.46), indicating subsequent
alkylation to produce rearranged sec-butylbenzene.

In contras: to benzene alkylation, the thermal instability
of the higher o,«-dibromoalkane hamologues 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 tnflic
geid vipom result. Menitoring U 'Y NME alaiswed the
disappearance of initially formed triflate product absorp-
tions with the simultaneous growth of high-field saturated
hvdro-arbon 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 hvgroscopic
and is best handled in a glovebag und . i drv N, atmo-
SpHIeTe 10 pres e it [-Hll (RIS T8I ol trace amounts U'l‘ \'!Eu;\
acul  We attempted to deal with this prablem in one
system hy using 2 mol% of sterically hindered Proton
Sponge, 1.a-histdimethyvlamino)naphthalene. Concurrent
room-temperature reactions of 14-dibromohutane with
silver triflate in CCl with and without the Proton Sponge
produced different rates ot 3-bromobutyl triflate forma-
tton  Atter 4.0 h, 41% formed in the Proton Sponge
treated reaction, whereas 84% formed in the reaction
blank. =till. keeping the silver triflate reagent and
glassware dry works best,

A suitable badance between reaction time and temper-
ature is necessary. A b4 °C reaction temperature provides
the triflate intermediates trom o-dibromopentane and
4 dibromobexane reactants, but the 20-h reaction time
even at o4 °C was too severe ter 1L 10-dibromodecane
Pable I A reaction time of 45 nun produces 10-bromo-
deevl triziate in an acceptable amount while the best di-
t7itlute vield required an 1i-h reaction. At reflux tem-
perature, a 20-h maximum reaction time in benzene 1~
~ustable for 1odibromobutaae, however. a 3 to 4-h
AU rea Lo time s fest tor the -hromabuatane
analogne. Table H oathines the opimum reaction pa
rameters that have proven best for obtaining 12 different
triflate products from their corresponding bromoalkanes.
Coupled with the kinetie data i Table L this information
should serve a~ a reasonable guide in planming the solvent
sere Tl Fedd®™n o i
other alkvi bromides
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Table 1II, Optimum Synthesis Conditions for Triflute
Esters via Siiver Triflate-(Di)Bromoaikane Methathesis

recommended expected approx

desired product conditions vyield, r.onisolated, %
n-BuOTf benzene/reflux/3.5 h 71
Br(CH,),0Tf benzene/reflux/7 h 92
TfO(CHy),OTf  ref 14
Br(CHpOTf benzene/reflux/2 h 66
TfO(CH,);0Tf  benzene/reflux/20 h 76
Br(CH,),0Tf CCl,/reflux/4 min 100
TfO(CH, OTf benzene/reflux/7.5 h 63

’ benzene/reflux/20 h 73
Br(CHy)sOTf benzene/54 °C/1 h 76
TfO(CH,);OTf  benzene/54 °C/20 h 65
Br(CH,)sOTf benzene/54 °C/1 h 80
Br(CH,),,OTf benzene/54 °C/45 min 70
TFO(CH,)6.,0OTf benzene/54 °C/11 h 57

¢ Although the reaction "vith pure reagents proved poorly repro-
ducible 1several reactions witw, different samples of reagents at re-
flux temperature showed extensive decomposition by 16-20 h),
three runs produced TfO(CH,),0Tf in isolable quantities with the
silver triflate-benzene adduct. One 20.5-h reaction using 1.76 mol
equiv {relative to dibromobutane) of AgOTf in this form produced
an tsolated mixture of Br(CH,),OTf and TfO(CH,),OTf (18:82),
the iatter yield corresponding to 73% based on silver triflate lim-
iting reagent.

Bromine Atom Position. Bramine atom position in
the alkane drastically influences the silver iriflate me-
tathesi> with both mono- and dibromoalkane reactants,
and this influence can potentialty promete 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 primarv 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,
- o ot 0 bt £ @t DI el W ca e
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 ohtain an asymmetrically disuhstituted
Jderivative,

With monebromoalkanes, the secondary bromine atoms
i 2-bromopropane and 2-bromobutane re readily dis-
placed ot room temperature 1n CCL, - uvent; hewever,
substitution of primary bromine atoms ia I-broinobutane
requires an elevated (emperawure in benzene.  This re-
activity difference between primary and secondary bro-
mine atoms and its potential tor selective asymmetric
substitution were demuonstrated with 1.2-dibromoepropane
and silver tntlate. The -brome-z-prooyl intlate ester
reacdiby formnad at room temperature in ( Cl and predom
mated sigmiticantly over the 2-bromo-. -propyi triflate.
Secondary ester formation represented 80% ot the two
isomers with pure silver triflate but increased to 95% with
a silver tritlate benzene (21 adduct previous)y Charae-
terzed and reported ' The nunor ssomer dkels come s
trom a bromude 1.2 sttt via a three-miembered evelie
bromomum on and provides direct evidence ot halogen
1,2 participation by a dibromoalkane in CCl. Displace-
ment ot the secondary tnflate group with 2-flaoro-2,2-
dimitroethanol” vielded  2-fluoro-2 2-dinitroethyl 1-
hromoe-2 propyvl ether in good vield  Because of the
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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
18 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 ag 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 vields by silver trifiate 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 tvpe. (3) solvent, (4) reaction
temperature, and (3) reaction time. How these reaction
parameters may determine the reaction mechanism fol-
lowed ;a a l\t) U Su\Lraniulu.v u:;ug he d;:v'tl (W4 ;l]atc ie-
tathesis approach. Mechanistic studies cor.firmed an ap-
parent rare example of anchimeric stabilization by a
bridging triflate group in the lower «,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
svstematic illustration of how reaction parameters must
be considered in planning reaction conditions with oiher
bromoalkanes. Further ‘I)\(‘\Ilgu'l\)lh dre 1N Progress to
celine the stope aid avibthietie atility thismet theis v
action offers.

Experimental Section

Instrumentation. **C’ and 40-MHz ‘H NMR spectra were
taken on a JEOL FX 00Q FT-NMR spectrometer at 25 °C, GLPC
analvses were performed on a Shimadzu GU-9APT with a 7 ft
X U stamlessesteel column 1109 OV 1as on either 1on
120-mesh Chromesorh W AW Gr CF romesorh 7500 ar a Varian
ASrograpn -0 CATOMALOETAPR WITR A 11 X (i COImn (4 o
OV-iul on 30 1anesh Chromesorb W,

NMR <pectra tor the studies of alkviation products fron
titlates dery -d from Brod H e ac o takenan a Varn I so
CWONMBR 0 MUz for “H Moas spectra were shlained on
Hewiett-Packard 5992 (1€ macs spectrometer, infrared spectra
vwere obtained on v Beckman 1200 spectropindometsr - Nal
plates).

Synthesis. Sibver teTunoromethanesulfonate was prirchased
commerciiiiy and recrvetailized from benzene  The heooe
adduct® wis desolvated by heatimg (8090 700 overnight oo
vacuum oven Bromorinaies and dibromoalkanes were distibled
before inttial use Sonents were AUS reaient stade Uridsswogre
for reaclmm was i »ru'x;..?n‘ woashed, .‘ur».lm‘d \-'ukr\i .
UEE R S SRR v s s By * ot 3
hvdroedveis o the aboer srtite, s e vacuum dried

ucaeral Procedure erotnaate T mmel tor hoones

atkanes or 3.00 nnuol for dibrossoaRaiies ) Was mixed with oow
ml. of benzene or CCl it reom fempernture ina 10- or Thonld,

round-bottom flask. Reactions were brought to the desired
temperature; silver triflate was dissolved in ber.zene 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-temnperature re-
actions. Reflux reactions were heated by oil baths set to 80-90
°C on calibrated hot plate-stirrers; for some room-temperature
reactions, ainbient-temperature oil haths were used. The reaction
vessel for 54 °C consisied 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 vuter
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 alkyl triflates are unstable
under GLPC analysis conditions and because of the incomplete
resolution of NMR signals from hroraoalkyl triflate and the
symmetrical dibromide ur ditriflate. Calibrations of the GC system
were made with known dibromoalkane concentrations. After
GLPC analysis, the sample was diluted with deuterated solvent
{CDCI; for CCl, or CgDg for benzene) for internal :NMR lock. The
monotriflate and ditriflate concentrations were then calculated
from relative 'H integrations of the triflate inethylene triplet and
the hromide 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-
alkenes to trifiate products was followed hy NME. The decreasing
bromoalkyl methylene triplets absorb in the 4 £.5-3.0 range; the
increasing triflate methylene signals come at 6 3.6-3.9. 1-Butyl
trifiate® and the «..-alkanedivi ditriflates’* have been described
previuusxy; our 'N'N“t Udwd are ConsimEiing Widl diteracure X'lt’bulbb.

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

—d[BrCH,),Br]/dt = k[BriCH,),Br][Br(CH,),0Tf] (4)
with an integrated rate expression'®

[Br(CH,),Brl, ! In ([BriCHy),0Tf /|Br(CH,),Br)) = kt + n

(D)

Monobronmoalkane silver trifiate reactions in benzene at ele-
vated temperalure follow the 2.5-order rate expression®

(RBrj, '* - [RBr],'® = L3kt (6)
if [RBr} = [AgOSO,CF,]|. In carbon tetrachloride, [Ag0S0,CF;)

remains canstant, so the rate behavior is psendo first veder in

{RBr}:
iniiRBri., (RBrl) = kgt (7)

At least thre ¢ data poilits were used to detectine reaction rate

i ° i g 1§ I| N i A L g
centrations of 1 7Hmmol & ml, of solvent corresponded to a range
of 0325 M tfor Livadibreaodecane) to 0338 M dor FL2-di-
bromoethane).

Trichloromethyvl Triflate. A mixiure of 2 m!, of CO] 121
mmob) and O 2 g ol AgOSOUF, w0n mmol) was reflused for 18
b g round bottam sk fitted with a conds aser and Dnenite
dryvire: tube The provduct CCLORO CF | wiopparent by NMD
A GU bet was nobisoeted 2 NMBUCDUL 21087 10, 1T X
[FTVIRY PR T B D KON O

1t Chlorebuty  Triflate. A miniure of 0 298 2 2 42 ol
COTCH R P ardetd enacat Cooand o e g vz oo mmed

ARUING O af CCL s refiuxed T 10 mmana
reath bottom Hash Ditted \u'h A cendenser and Drieite drving
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tube. The conversion to Cl{CH,),OTf was essentially quantitative
by NMR. "C NMR (CDCly): § 26.6 (s, CICH,CH,), 28.0 (s,
CH,CH,OTY), 43.3 (s, CICH,), 76.0 (s, CH,OTf), 1185 (q, Jof =
319.6 Hz, CF5).

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 *C NMR (CDCly), with compositions ap-
proximated by signal intensities: 1,4-dibromobutane (5%) {5 29.6
(BrCH,CH,), 31.5 (CH,Br)]; 4-bromobuty! triflate (9%) [ 27.8
(CH,CH,Br). 28.0 (CH,CH,0TH, 43.7 (CH,Br). 75.9 (CH,0TN};
4-chlorobutyl triflate (18%) [& 26.6 (CH,CH,Cl), 28.0
(CH,CH,0TT), 43.3 (CH,C1), 76.1 (CH,0Tf)]; 1,4-butanediyl
ditriflate (68%) [6 25.3 (CH,CH,0Tf), 75.3 (CH,OTf), 118.5 (q,
JCF = 319.2 HZ, CFg)]

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 nixture 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.** 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: 1.3% 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
tlash evapotaucn of CUT,, elduon of (he resuling dark brown oil
through 5.0 g of alumina with CCl,, followed again by flash

g Foelme n wind o | 59 g 059 wendle w000 ot pmlino
oil. Chromatography w1th silica gel/CCl, \1e1ded a fraction of
dark )ellow oil and three fractions of very pale yellow oil, which
o YO0 A emtiuun, -.‘: :uuuu\.[uvn S S i y'k Aict and
~5% 2-fluoro-2,2-dinitroethyl 2-bromo-1-propyl ether by 'H
NMR. The middle pale fraction was analyzed. IR (neat): 2980,
2300 \WLH), b, 1w em  (NU,). Anal. Caled Tor UCiHBIFIN,U;
C, 21.34;, H, 2.93; N, 10.19; F, 6.91; Br, 29.05. Found ((Galbraith
Laboratoriesi: 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 n.mol) were
stirred in 75 mL of CCl, at room temperature for 5 h, then 5.041
g ot CFENU)L, CHLUH (G277 mmol) and 2.261 g of RpuU3 1104

mmol) were uddpd and stirring was continued. After 1.1 h, the
v

o 1L THI T R e ] e e ~ 75 vieplits
2 h of stirriig at roomn temperature, the reaction solution was
filtered through an alumina pad and washed with 70 mL of CCly.
Rem.oval of solvent afforded 7.33 g (81% crude vield) of lighl
brown ol Chromatography on siica get with CClL yielded .50
¢ of pale yellow vil (h4 ), identified as a mixture of 80% tluo-
hululuxxcn_\lf fotich-2 propit Al wnd A 5 Tiaora(mn Atroet e
2.bromo-1-propyl ether. 2-Fluoro-2.2-dinitroethyl 1-bromo-2-
propvt ether: 'H NMR (CCI -CDCix) §1.31(3H. d.J =6.2 Hz,
CH,). 3.3 (2H,d.J =55 Hz, CH,Br), 385 (1 Hom, o = 5.9 hz,
CH), 465 [2 H. d Jr“:‘ = 17.3 Hz. C‘H(F(\IO)] ”(‘ NMR
TR l( LS. T ll - BEDR h]. on T Srotl s o
CHLCFINO )L 78630 H) 120.2{d 4h} J ¢ =299 H/ CFiNO .|
2 Fluoro-2,2-dinitroethyl '.Z-hmnm L-propv] ether: 'H NMR
UE DO L) 8 16D d, o = 6.2 Hz, Uy b tm, U H B, aase
id. JJ = 5.5 Hz, CH,), 4.65 [d. Jyp = 17.3 Hz, CHLCFINO ), ) V0
NMRCDCL S 21 90CH ) 44 9(«CHRBr 8R61d, gy = 19.0 Hz.
CH,CFINO ). 783 (CH,), 120 d (b, e = 299 Hz, CFINOLL].

Alkvlations by Triflate Products from 1,6- Dibrome
Hewmoe Sillier Trifwle | Blkbmeaeleviie o0 g L Ebmaa
and D401 g of silver triflate -benzene adduct®® (3.04 mmol of
AgOTH in 5 ml. of benzene were refluxed in a foil-wrapped 2h-ml.
round-bottom flask for 20 h. The crude mixture was filtered. und
benzene was removed. The residue was redissolved in CCl, and
run through a Pasteur pipet column of silica gel. Preparative gas
chromatography (7, = 135 °C for 9 min, ramp at 10 °C min to
300 °C maximum, He flow 46 ml. min) vielded several fractions.

1303 This reaction tine was nat opty mized, tater study dnwnd that u
reaction tme perhaps as short a + 3 h s best Shackellord, 8 AL un-
published resuits

~

Chapman et al.

Minor components comprising 20% of total products were not
identified; five components previousiy reported in the literature
by other routes were identified: 8 (24%), 6 (26%), 7 (21'%), 8
6%), 9 (4%).
1,2,3,4-Tetrahydro-1,4-dimethylnaphthalene® (5): GC, T,
{from air) 6.9 min; '"H NMR (CDCl,) 6 1.27 (6 H, d, J = 7 Hg,
CHy), 1.7 (4 H, m, CH,), 2.9 (2 H, m, CH), 7.16 14 H, 8, aromatic),
1R (CCL,) 3070 (m), 3020 (m), 2965 (s), 2935 (s}, 2870 (s), 1495
(s), 1470 (s), 1380 (m), 1330 (m), 1060 (m), 700 (r.) 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 (CDCly) 4 0.95 (3 H, t, J = 7 Hz, CHy), 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 (CCl,) 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 (13}, 116 (7), 128
(8), 129 {9), 131 (100), 132 (9), 160 (M, 20), 161 (1).
(5-Bromo-1-methylpentyl)benzene® (7): GC. 7, 14.2 min;
'H NMR {CDCl,) 6 1.31 (3H,d, J = 7.2 Hz, CHy), 1.5 (6 H, m,
CH,), 27 (1 H, m, CH), 335 (2 H, t, J = 6.6 Hz, CH;Br), 7.25
(5 H, s, aromatic); IR (CCly) 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)l’wuzene"M (8): GC, T, 15.5 min; '"H NMR
l\‘blll';l o1.1-1.9 \bH lii, (Hg[ 20112 H, m, 'l-'nLHz; R R VA
H, t, J =7 Hz, CH,Br), 6.90 (5 H, s, arumanc) IR (CCl,) 3100
Gy T . FOTR O el 2l o ) I--”u.
oh (m) 1460 {m). 1265 (), 1095 (m), 1020 (m), 700 (s) cm™};
MS, m/e (relative intensity) 65 (]1) 7T (4 , 91 (100), 92 (59), 105
24 o ("Qu S E B Ik 7 N R‘H.I. 14
1,3- Dlphenylhexane32 (9): GC, T, = 9.5 min; 'H NMR
1(‘1)(713) 4 0.8-1.9 (m, CH,), 1.22 (d., .J = 6.7 Hz, CH}), 2.58 (m,
U Hyp, (.49 (8, aromaic), MS. mye (relauive inwensivy) ITEVIUR
79 (10), 91 {35}, 105 (100), 106 (12), 133 (8), 115 (2), 238 (M™, 23),
239 (4).
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SECTION II.

SELECTIVE SYNTHESES OF MONO- AND BIS(2-FLUORO-2,2-DINITROETHOXY)ALKANES:

SCOPE OF THE UTILITY OF TRIFLATE INTERMEDIATES

1112
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Trif luoromethanesulfonate esters have come to be recognized as especially
useful intermediates for effecting functionalizations of certain organic sub-
strates,3 even for allowing classical nucleophilic substitutions by notoriously
non-nucleophilic specles such as polynitrcaliphatic alcohols.u In a previous
r-epor-t,5 we showed that a,w-dibromoalkanes can be readily converted to corre-
sponding w-bromoalkyl triflates or a,w-alkanediyl ditriflates with silver trif-
late salt under appropriate conditions; the metatheses were extensively charac-
terized with respect to reaction conditions and reaction kinetics. Although the
second metathesis step to the ditriflate could generally be effected under some
conditions for a,w-dibromoalkanes, stepwise metatheses attempted with 1,2-
dibromopropane (with an initial synthesis of 1-biromo-2-propyl triflate and
subsequent displacement by 2-fluoro-2,2-dinitroethanol to make 1-bromo-2-(2-
fluoro-2,2-dinitroethoxy)propane) proved ineffective because of the inertness
of the primary bromide vicinal to the very electrophilic fluorodinitroethoxy
substituent. In thls paper, we describe solutions to this potential problem of
lack of reactivity in routes to incorporation of vicinal electronegative groups
by comparing the reactivity of a reactant with two secondary bromines, 2,3-
dibromobutane, as well as different primary-secondary dibromoalkanes with
greater separations between the leaving groups. This class of primary-secondary
dibromides we are designating a,/-dibromoalka .es, equivalent to 1,(n-1)-dibro-
moalkanes.

Additionally, we further demonstrate tne utility of triflate esters as
intermediates with syntheses of a variety of new mcnoethers and dietners con-
taining the very electronegative, energetic 2-fluorc-2,2-dinitroethoxy substi-
tuent. Although the emphasis of this paper is toward the synthetic utility of
this transformation, mechanistic aspects of the reaction systems are described

as well.



Results and Discussion
Kinetics. The mechanisms of reacticns of a,¥-dibromoalkanes differ from

those reported previously for a,w-dibromoalkanes in showing a solvent depen-

dence, even for rate laws followed by the reactions. Thus, reactions were
autocatalytic in carbon tetrachloride as for a,w-dibromoalkanes; however, reac-
tions of a,y-dibromoalkanes were not autocatalytic in benzene, but rather were
pseudo-first-order at room temperature. Pseudo-first-order behavior results
from an actual order of 2.5, as previously observed for bromoalkane-silver
nitrate reactions,6 but with silver triflate saturated (therefore at constant
concentration) in benzene at room temperature. Kinetic results observed for
some of these reactions are summarized in Table I.

Reactions in benzene were initially pseudo-first-order as long as the
extent of reaction left silver triflate solid undissolved. Since silver trif-
late's solubility in benzene at room temperature was determined to be 0.114 M,
while bromoalkane reactants were typlcally 0.34 M initial concentration in the
kinetiecs runs, pseudo-first-order behavior obtained up to an extent of reaction
of 66%.

Autocatalysis (possibly by AgBr7) of the bromoalkane-silver triflate reac-
tions was previously r'eported5 to lead to data correlating with a dependence on
concentration of a soluble coproduct, the bromoalkyl triflate:

-d[Br(CH,),Brl/dt = k[Br(CH,),Brl{Br(CH,),0Tf] QD)
Although this expression was a valid first approximation, closer inspection of

the rate data of other reactions has shown that the integrated rate expression

arising from this assumption did not hold closely throughout the entire course
of the reaction. When the complex nature of these kinetics was realized, a test
using a four-fold excess of silver triflate solid in carbon tetrachloride

proved that the system in this solvent involved a genulinely heterogeneous

—
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reaction of bromoalkane solution and silver triflate solld when a first ap-
proximation of rate constant by the assumption of eq 1 ylelded a value 3.6 +
0.6 times that of the system utillzing one equivalent of silver triflate. The

8

complex nature of heterogeneous kinetics™ involves parameters including the
active surface area of solld reactant. The variable nature of this parameter
for solid reagents typlecally used only for synthetic work precludes a precise
quantitative analysis of the kinetics for practical purposes. However, for the
sake of comparison of the relative rates in different solvents as well as for
different reactants, rates which were autocatalytic (i.e., in carbon tetra-
e¢a1loride) are expressed in Table I in terms of the parameter t(50%), the time
at which the extent of reaction reached 50%. For comparison, the parameter t1/2
(truly applicable only for first-order reactions) is given for the pseudo-
first-order reactions in benzene.

We previously r'epor-ted5 that the sequent reaction steps for metatheses of
1,3-dlbromopropane with silver triflate overlapped significantly, thus allowing
formation of only 66% of 3-bromopropyl triflate before the second substitution

commenced. This characteristic of relatlve reaction rates of the two steps of

the general reaction

Br(CH,) CRHBr A80TE _ Br(c,) cruoTr AEOTE | 7ro(cH,) CRHOTE (2)
Ky ka
R = d, CHy

seems general for reactions of dibromoalkanes with a separation of two methyl-
ene groups between bromine leaving groups (e.g., 1,3-dibromopropane or 1,3-
dibromobutane). In the case of 1,3-dibromobutane, the effect is s¢ pronounced
in benzene (a solvent in which silver triflate is well solvated) that ko > ky
and only 1,3-butanediyl ditriflate is formed as a product in this system. In
contrast, the substitutions =till occur stepwise in the heterogeneous reaction
in carbon tetrachloride and in chloroform. (A brief study of other solvents

showed that nitromethane also produced 1,3-butanediyl ditriflate as a sole

15



product. Although the rate was not measured quantitatively, it was qualitative-
ly observed to be between that in benzene and in carbon tetrachloride.)

Mechanisms. The differences in observed rate laws are related to differ-
ences in mechanism followed by the dibromoalkane reactions. The differences are
also manifested as drastically different rates of reaction depending on sol-
vent. Thus, we propose that the autocatalytic SN1Ag+ reactions’! in CClu proceed
in the first step via anchimeric assistance by the bridging primary bromide of
displacement of the secondary bromide. These reactions proceed approximately 14
times faster in CCl, at O OC than in benzene at room temperature, with equiva-
lent dibromoalkane concentrations. (The room temperature reaction of 1,2
dibromopropane is 44 times faster in CCl, than in benzene.)

The occurrence of the phenomenon of anchimeric assistanceg'10 in the reac-
tions of a,f-dibromoalkanes is suggested by the absence of an observable hy-
dride shift (i.e., rearrangements to more stable secondary or tertiary isomers)
as well as by the significant rate enhancement in CCl, relative to benzene
solvent. By reasoning expounded previously for the w-bromo-a-alkyl triflate
system,5 it is also apparent that anchimeric stabilization by the triflate
substituent occurs in the second displacement step of these metathesis starting
with 1,3-dibromobutane when k2 > k4, as observed in benzene, S0 that the
triflate-assisted displacement of the remaining primary bromide is at least
slightly faster than the non-assisted initial displacement of secondary bro-
mide. In general, it seems that the behavior of 1,3-dibromoalkanes is charac-
teristic in showing nearly equal rates of the first and second substitutions by
gilver triflate; this has been true of 1,3-dibromopropane and 1,3-dibromo-
butane., The phenomena of anchimerlc assistance are depicted in the Scheme,

It is of interest that Peterson and coworkers did not observe 1,3-halogen

N

participation in solvolyses of 3-halo-1-butyl nitrobenzenesulfonates,’' ' whereas

e LML MV L B AL L S GLE LT VL LG AL LE ST S LGNS CE ST AT Ll Y RN A Ul G R Rl Tl Gk Gl el Vel . al. fa S L G L . Gl Y. LY 8




the analogous triflates did exhibit 1,3-halogen participation.12 With w-halo=-2-
alkyl esters, anchimeric assistance was postulated from rate data, but was not
observed via halogen-shifted productsﬁ1’13 In our systems, 1,2-halogen parti-
cipation was clearly demonstrated by the is._lation of halogen~shifted isomers
of 2-fluoro-2,2-dinitroethyl ethers formed via the triflates;5 and 1,3~halogen
participation is clearly evidenced by the rate enhancements shown in Table I,
though a halogen shift did not occur, similarly to the previous w-halo-2-alkyl
sulfonates. '3

In addition to the significantly lower reaction rates, the absence of
anchimeric assistance in benzene is suggested by the trend in rate data for the
homologous series of a,Y-dibromoalkanes. As expected, the electronegative in-
ductive effect of neighboring bromides i1s manifested as monotonically increas-
ing rates with increasing separation, approaching that of a reactant with no a-
bromo substituent, 2-bromobutane. The inductive effect is most dramatically
evidenced in the differences between 1,3~ and 1,4-dibromide separations, both
in carbon tetrachloride and benzene. In benzene, the ratio of reaction half-
times is 335 in CCl,, it is greater than 29, with accurate measurement pre-
cluded by the fast reaction of 1,4-dibromopentane.

Synthetic Utility (Ethers of 2-Fluoro-2,2-dinitroethanol). This model alco-
holu’1u is employed as an example of a very weak nucleophile to demonstrate the
useful (and potentially unique) approach offered by the route with triflate
esters as intermediates. The particular route demonstrated with bromoalkane and
silver triflate reactants is also unique in offering generally excellent selec-
tivity and mild reaction conditions. In particular, bromoalkane precursors can
he used when analogous alcchols are unavailable. Second, certain structural
moieties are susceptible to attack by triflic anhydride, which would be used in
the alternative alcohol-anhydride route. For example, oxacyclcalkane rings

(such as epoxides) are generally cleaved by triflic anhydride,15 whereas epi-
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bromohydrin reacts with silver triflate to produce the desired 2,3-epoxypropyl
triflate.16 Finally, the stepwise, selective formations of monobromoalkyl trif-
lates, monoethers derived from them, and ultimate diethers from subsequent
displacements are demonstrated here by the syntheses of new ethers of fluoro-
dinitroethanol as summarized in Table II,

Particularly noteworthy are the syntheses of the first diethers with viei-
nal fluorodinitroethoxy substituents; the vicinal incorporation of such elec-
tronegative alkoxy substituents 1s difficult or impossible by other conven-
tional methods. 1,2-Bis(2-fluoro-2,2-dinitroethoxy)propane was synthesized once
with an overall conversion of 10% based on 1,2-dibromopropane utilizing the
minor isomer of fluorodinitroethyl 2-bromo-l-propyl ether fortuitously formed
via a 1,2-halogen shift in 1-bromo-2-propyl triflate, as reported pr'eviously.5
An alternative route to viecinally substituted fiuorodinitroethyl alkyl ethers
was to modify the substrate so that both leaving groups would be secondary; as
an example, 2,3-dibromobutane was used as a model reactant. In this case, the
first metathesis and subsequent nucleophilic substitution occur faclilely at
room temperature. Subsequent reaction of 2-bromo-3-(2-fluoro-2,2-dinitro-
ethoxy)butane occurs with silver triflate, then fluorodinitroethanol, in CC1,,
at 50 °C, with a total conversion to 2,3-bis(2-fluoro-2,2-dinitroethoxy)butane
of 15% based on 2,3-dibromobutane. In most cases, reaction conditions were not
explored extensively to optimize y;ilelds.

As further extensions of the applicablility of this transformation to the
synthesis of electronegatively substituted ethers, preliminary attempts were
made to characterize the behavior of certain other structural types of react-
ants. The reactivity of tertiary bromides in pinacol dibromide (2,3-dibromo-
2,3-dimethylbutane) was suffieciently great that triflate intermediates sponta-

neously decomposed (presumably via triflic acid elimination) even at low tem-



peratures in inert solvents.
Conclusion

The selectivity of the substitution of readily available bromoalkane react-
ants by even very non-nucleophilic alcohols via triflate intermediates has been
proven by the stepwise syntheses of a variety of mono- and disubstituted alkyl
substrates with fluorodinitroethoxy substituents.

The reactivity of a,y-dibromoalkanes offers an advantage over that of o,w-
dibromoalkanes in that successive steps are generally more distinct, except
that 1,3-dibromoalkanes exhibit unusual behavior in showing nearly equal rates
of the successive displacement reactlons. 1,3-Dibromopropane could be converted
to 3-bromo-1-propyl triflate to the extent of only 66% before 1,3-propanediyl
ditriflate formed., Although the reaction of 1,3-dibromobutane could be conduct-
ed stepwise in carbon tetrachloride, the second step was faster in benzene or
in nitromethane, so that the sole product was 1,3-butanediyl ditriflate.

The generality of the transformation of bromoalkanes to alkyl triflates,
and subsequent conversion to alkyl ethers, 1s a natural conclusion since its
success using the very non-nucleophilic fluorodinitroethanol is now demon-
strated., More nucleophilic alcohols, especially those sufficiently economical
to use as solvents, would greatly facilitate the reactions involved in this
synthetic route,

Experimental Section
Materials. Silver trifluoromethanesulfonate was purchased from PCR/SCM
Specialty Chemicals and recrystallized from benzene. The silver triflate-
benzene adduct '’ was desolvated by heating (80-90 °C) overnight in a vacuum
oven. Bromoalkanes were purchased commercially and distilled before initial
use. Solvents were ACS reagent grade. 2—F1uor~o-2,2-d1nitr~oethanol1u is not a
commercial product, but samples were ohtained from the Rocketdyne Division of

Rockwell International (Canoga Park, CA) and Fluorochem, Inc. (Azusa, CA).



Reaction Kineties. Glassware for all reactions was thoroughly washed, air-
dried, soaked in 2-propylamine to alleviate potential problems of acidic resi-

due from hydrolysis of the silver triflate, and then vacuum-dried, For kinetic

analyses by NMR spectrometry, solvents used were carbon tetrachloride or ben-
zene-dg. In a typical reaction, 1.75 mmol silver triflate was mixed with 5.00
| ml solvent in a 10-mL round-bottom flask; the mixture was brought to the
desired reaction temperature; 1.75 mmol (di)bromoalkane was added; reaction
aliquots were withdrawn at desired times for analysis. CCly reactions were

diluted with CDCl3 for internal NMR lock. Conversion of bromoalkanes to trif-

late products was followed by 'H NMR (90 MHz) with a JEOL FX-90Q FT-NMR spec-

trometer. NMR analyses of reactions run at 0 °C were also carried out at 0 °C.

a,¥=Dibromoalkane-silver triflate reactions in benzene follow the 2.5-

order rate law6

E -d[RBrl/dt = kj o[RBr)(AgoTf]'* (3)

} At room temperature, silver triflate is saturated, so the rate behavior is
pseudo first order in {[RBr]:

IR P i,

Values of t(50%) for reactions in CCl,, as shown in Table I, were determined by

graphical interpolation to 50% completion.
1,2-Bis(2-fluoro-2,2-dinitroethoxy)propane (3). An 80:20 mixture of 1 and

. 2 was synthesized as reported pr-eviously,5 and the yield of purified monoethers

was improved to 78%. Unfortunately, most attempts to perform further substitu-

tion on this intermediate were unsuccessful., In one experiment which produced
3, 0.481 g (1.75 mmol) of the mixture of 1 and 2 in 2 mlL CCly, was added to a
slurry of 0.450 g AgOTf (1.75 mmol) in 3 mL CCly. The solution was relluxed for
f 2,25 h, then cooled to room temperature. Fluorodinitroethanol (0.270 g, 1.75

mmol) was added; after 3 h, 0.121 g K,C03 (0.875 mmol) was added. The solution




was left overnight then filtered through a pad of alumina. Concentration of
this solution ylelded a mixture containing 3 as a component, evidenced by 13C
NMR, to the extent of 13% in the presence of unreacted 1 and 2. 3: 'H NMR
(CDClB) 51.28 (d, CH3), 3.48 (d, CH,), 3.83 (m, CH), 4.68 (d, CH,CF); 3¢ NMR
(CDCl3) 617.8 (CHs, 47.1 (CH,), 67.4 (d, CH,CF), 79.1 (CH), 120.2 (d,
CF(NO5),).

1-Bromo-3-(2-fluoro-2,2-dinitroethoxy)butane (4). Silver triflate (1.285
g, 5.00 mmol) was stirred in 15 oL CCly in a stoppered 25-mL flask and cooled
to 0 °C. 1,3-Dibromobutane (1.080 g, 5.00 mmol) was added to this slurry,
stirring. After 80 min, 0.770 g fluorodinitroethanol (5.00 mmol) and 0.346 g
K2C03 (2.50 mmol) were added, and the stopper was replaced with a Drierite
drying tube. The ice bath was removed after 100 min more. The solution was
stirred overnight at amblent temperature, then was flltered through a pad of
alumina. Chromatography on silica gel-CCl, ylelded a golden-colored oil, 4
(0.960 g, 66%), which was distilled at 58-60 °C (50 gm). 4-Bromo-2-butyl trif-
late: 'H NMR (CDC13) 51.61 (d, CH3), 2.24 (m, CH,CH), 3.45 (m, CHpBr), 5.24
(m, CH); 3¢ NMR (CDC13) é21.0 (CH3), 26.8 (CH,CH), 38.9 (CH,Br), 86.2 (CH),
118.0 (q, CF3). #: 'H NMR (CDC1l3) 6 1.23 (d, CH3), 2.01 (m, CH,CH), 3.41 (m,
CH,Br), 3.91 (m, CH), 4.60 (dd, Jyg = 17.3 Hz, CH,CF); 13¢ NMR (CDC13) 618.4
(CH3), 28.9 (CH;CH), 39.1 (CHpBr), 66.2 (d, 2Jcp = 19 Hz, OCH,CF), 76.6 (CH),
120.5 (d, 'Jop = 294 Hz, CF(NO,),).

1,3-Bis(2-fluoro-2,2-dinitroethoxy)butane (5). Siiver triflate (0.514 g,
2.0 mmol) was dissolved in 5 mlL nitromethane in a 10-mL flask, and the solution
was cooled to 0 °C 1u an 1ce bath. To this was added 0.432 g 1,3-dibromobutane
(2,0 mmol) in 1 mL nitromethane, After 40 min, the ice bath was removed; after
1 h total, 0.308 g fluorodinitroethanol (2.0 mmol) was added, followed in 3 min
by 0.138 g K2C03 (1.0 mmol). Chromatography on alumina with CCl, followed by

CH,Cl, ylelded 0.344 g (U8%) of light yellow oil, 5. 1,3-Butanediyl ditriflate:
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4 NMR (CD3NO,) & 1.62 (d, CHg), 2.41 (m, CH,CH), 3.59 (CHROTE), 5.41 (CHOTE);
'3c NMR (CD3NO,) & 28.9 (CHg), 33.2 (CHpCH), 51.1 (CH,OT), 90.4 (CHOTE). 5: 'H
NMR (CDC13) 61.25 (d, CHj), 2.02 (m, CH,CH), 3.49 (CH,0Tf), 4.0 (CHOT); 3¢
NMR (CD3NO,) 6 22.4 (CHg3), 29.8 (CH,CH), 40.8 (CH,OTf), 67.3 (CHOTE).

2-Bromo-3-(2-f1luoro-2,2-dinitroethoxy)butane (6). 2,3-Dibromobutane was a
mixture of 20% d1 and 80% meso isomers manufactured by Tokyo Kasei, Silver
triflate (0.450 g, 1.75 mmol) with 3 mL CCly in a 10-mL flask was cooled in an
ice-water bath. 2,3-Pibromobutane (0,378 g, 1.75 mmol) in 2 mL CC1, was added.
After stirring at 0 °C for 17 min, 0.121 g K,C05 (0.875 mmol) and 0.270 g
fluorodinitroethanol (1.75 mmol) were added. The mixture warmed to ambient
temperature over the next 3,5 h, then it was filtered through pad of alumina,
Chromatography on silica gel-CCl, yielded 0.382 g (76%) of 1light yellow liquid,
which darkened on standing over a week. This was distilled at 54-58 °C (2-3
um), yielding a clear liquid. 3-Bromo-2-butyl triflate: 'H NMR (CDCl3) 51.64
"1, CH3CHOTE), 1,74 (d, CH3CHBr), 4.18 (m, CHBr), 4.98 (m, CHOTf). 6: 'H NMR
(CDCl3) 61.28 (d, CH3CH-0-), 1.62 (d, CH3CHBr), 3.73 (m, CH-0-), 3.99 (m,
CHBr), 4.67 (d, OCH,CF), The enantiomeric pairs formed from d1- and meso-2,3-
dibromobutane could be distinguished by 130 NMR and were formed in a ratio
essentially unchanged from the starting material. (2R,3R)- and (2S,35)-2-Bromo-
3-(2-fluoro-2,2-dinitroethoxy)dutane: '3C NMR (CDC13) 516.0 (CH3CHBr), 21.0
(QHBCH-O-), 50.3 (CHBr), 67.3 (d, OCHZ), 82.6 (CH-0-), 120.6 (d, CF(NOZ)Z).
(2R,38)- and (2S,3R)-2-Bromo-3-(2-fluoro-2,2-dinitroethoxy)butane: 13¢c NMR
(CDC13)6 17.0 (9H3CHBr'), 20.6 (_C_H3CH-O-), 51.0 (CHBr), 67.5 (d, OCHQ), 82.6
(CH-0-), 120.6 (d, CF(NOZ)Z).

2,3-Bis(2-fluoro-2,2-dinitroethoxy)butane (7). 6 (0.434 g, 1.5 mmol) in 4
mL CCl, was added to 0.385 g (1.5 mmol) AgOTf in a 10-mL flask. The mixture was

warmed to 57 °C in an oil bath. After 47 min, 0.234 g (1.5 mmol) fluorodinitro-



ethanol in 2 mL CCl, was added. After another 45 min, 0.138 g (1.0 mmol) K2CO3
was added; after another 45 min, the oil bath heat was turned off and the
solution stirred overnight at ambient temperature, The solution was then.fil-
tered through a pad of alumina. Chromatography on sillca gel-CCl, yielded 0.256
g of light yellow oil, which was a mixture of starting material and product.
Medium-pressure liquid chromatography (Ace Glaés Michel-Miller system) on sil-
ica gel-hexane/chloroform yielded 0.120 g (22%) of 7, which appeared to be
exclusively the meso enantiomeric pair, perhaps for reasons of steric hindrance
in nucleophilic substitution by fluorodinitroethanol. meso-2,3-Bis(2-fluoro-
2,2-dinitroethoxy)butane: 'H NMR (CDC13) 60.90 (d, CH3), 1.93 (m, CH), 4.58
(d, OCH,); '3C NMR (CDC1) 417.2 (CH3), 63.1 (0CHp), 109.2 (CH), 120.6
(CF(NO,) ) .

1-Bromo-4-(2-fluoro-2,2-dinitroethoxy)pentane (8). 1,4-Dibromopentane
(8.04 g, 35 mmol) was added to a slurry of 9.00 g AgOTf (35 mmol) in 50 mL
CHC13 at 0 °C 2n a 100-mL flask with stirring. After 1 min, 5.4C g fluoro-
dinitroethanol (35 mmol) was added. After 5 min more, 4.97 g Na,SO; (35 mmol)
was added. The mixture was left at 0 °C for 6.5 h, then wasllef‘t at ambient
temperature overnight. The solutlon was filtered through a pad of alumina along
with 100 mL CHC13. This solution was washed twice with 100-mL portions of
dilute aqueous sodium bisulfite, then twice with 100-mL portions of water; the
chloroform laver was dried over sodium sulfate. Chromatography on s3ilica gel-
CCly yielded 6.824 g (64%) of 1light yellow oil, which was distilled at 74-76 °C
(3-4 um). 5-Bromo-2-pentyl triflate: T4 NMR (CDC13) 1.58 (d, CH3), 1.96 (m,
CHp), 3.46 (t, CHnBr), 5.09 (m, CH). 8: 'H NMR (CDCl3) 6 1.20 (d, CHy), 1.73
(m, CHp), 3.41 (t, CH,Br), 3.69 (m, CH), L.56 (d, OCH,CF); '3C NMR (CDC13) 5
18.5 (CH3), 28.0 (CH,CH), 33.3 (CH,CH,Br), 34.3 (CHpBr), 65.8 (d, 0CH,), 78.1
(CH), 120.6 (d, ‘(NO,),).

1,4-Bis(2-fluoro-2,2-dinitroethoxy)pentane (9), 8 (0.758 g, 2.5 mmol) was




added to a slurry of 0.642 g AgOTf (2.5 mmol) in 5mL CCl, at room temperature
with stirring in a 10-mL flask. After 30 min, 0.385 g fluorodinitroethanol (2.5
mmol) and 0.173 g K2C03 (1.25 mmol) were added. The flask was fitted with a
Drierite drying tube and left overnight. The solution was then filtered through
a pad of alumina. Chromatography on silica gel-CCl, ylelded 0.434 g (46%) of a
yellow oil which was an 84:16 mixture of 9 with another isomer of bis(2-fluoro-
2,2-dinitroethoxy)pentane, according to the 13C NMR spectrum. Separation by
medlium-pressure liquid chromatography (Ace Glass Michel-Miller system) on
silica gel-hexane/chloroform yielded pure 9 in overall 39% yield from 8.

Reaction Attempts with Pinacol Dibromide. 2,3-Dibromo-2,3-dimethylbutane
(Tokyo Kasel) was recrystallized from ethanol to white needles. Reactions of
this material with one equivalent of silver triflate were attempted under a
variety of reaction conditions: benzene at room temperature, carbon tetra-
chloride at -20 °C, nitromethane at -20 °C; additionally, under conditions of
NMR analysis to obtain spectra immediately, in CD2C12 at -50 °C as well as in
CDC13 at =20 °C. In all cases, reaction appeered to occur by visual evidence
(e.g., formation of AgBr solid in initially homogeneous nitromethane solution),
but in all cases the only products apparent by NMR analysis of solution phases
were starting material and small amounts of presumed polyr :r(s) with NMR ab-
sorptions upfield of the npinacol dibromide methyl peaks.
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