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Generation and Study of the Reactivity of CHalp

N AgBF, .
o-Ammonium Distonic Radical Cations in Solution MeaN MeoN ?-Hg' CHyOH MeN %*,'3"
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formation of tetramethylammonium tetrafluoroborate. Addition
of 2-ato the above styrenes within the time frame of nanosecond
laser flash photolysis (LFP) experiments also could not be
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Distonic radical cations, species in which the radical and MegN"CH, 33°C CH NMe, BF.-
charged cationic sites are formally separated, continue to attract 2a n-BugSnH \CHQCHX 4
considerable interest, both experimentally and theoretiéally. (in 7:2MeOH/CeDg)  CHp=CHOE! Soet
Whereas such intermediates have long been accepted as stable [1-a) = 0.077M X =1(20%)
and common gas phase species, recentinalecule studies, [CH,=CHOEY] = 0.46M X=H (17%)
particularly by Kenttenaa, have now demonstrated toadis- [n-BuySnH] = 0.091M

tonic radical cations, such as (gpSTCH,* exhibit gas phase . . » .
reactivity, including hydrogen abstraction and alkene addition,  In view of the low bimolecularalkene addition reactivity
which is consistent with typical carbon-centered radical behav- €xhibited by2-a, our attention was shifted to ammonio radical
ior.45 This led to their characterization as “reactive radical(s) Systems which could underganimolecularcyclization pro-
with an inert charge site?. cesses. In contrast to the difficulties observed for bimolecular
Neverthelessy-distonic radical cations have not previously —alkene addition, preliminary examination of the unsubstituted
been generated for synthetic purpose nor have they been studie®@-hexenyl precursot-b indicated that cyclization o2-b was
kinetically in solution® Because of our ongoing interest in SO fast that no competitive reduction could be observed at the
radical reactivity and because of the potentially unique nature Maximum possible concentration rfBusSnH (0.18M) in 1:1
of such radicals, we have initiated a systematic, quantitative MEOH/GsDe. This result, coupled with the observation that the
examination of the reactivity ofi-distonic radical cations in

solution. Our initial studies have examined the prototypical, BF;4 . BF,
coordinatively saturatedx-ammoniomethyl radical system: >;’°”i X n~Buh:'S.nH \J
R(CHs),N*TCH,*. Such radicals were generated from their CHIONCeDy q}-cm3
readily synthesized iodomethyl precursors by means of irradia- 14, X=H
tive free radical initiatiod? In preliminary studies of the no non-cyelized product observed
(trimethylammonio)methyl radical, it was observed that iodo- 1¢,X=Ph
methyl precursof-ain the presence afi-BusSnH, underwent P
rapid light-induced conversion to tetramethylammonium tet- 266 nm | €H3OH
rafluoroborate, the reaction expected for a well-behaved free _ -
radical chain process involving-a. However, except for its . BF, N +BF4
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(6) Free radical chemistry of relatedsulfinyimethyl anda-sulfonyl- 6-exoversus Sexoradical cyclizations? the 7-heptenyl ana-

methyl radicals has been recently been repoffaahd since submission of ~ logues1-d—f were synthesized and studi&y.
this paper, a brief report regarding synthetic useaemmoniomethyl

radicals has appearéd. (13) The (CH)sN*CH;* radical should exhibit somewhat greater elec-
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respective tertiary amines with a 4-fold excess of methylene iodide in the solvent cage surrounding the ammonium substituent, or simply from

acetonitrile!*12 All ammonium tetrafluoroboratesl{a—f) were fully the neopentyl-like nature @a. Future studies should allow us to distinguish
characterized byH and 3C NMR, HRMS, and elemental analysis. All these possibilities, as well as to indicate why addition to ethyl vinyl ether
products formed in the competition experiments were isolated and fully (IP = 8.8 eV), but not to styrene (IP (ionization potentiat)8.43 eV),
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~.+-CHal 1-d, X =Y = Ph Scheme 1
- Z~Y  1e,X=H,Y=Ph 1-d
B, M. X=Y=H LFSQ*@OH

CPh,
The ensuing LFP study of the 7,7-diphenyl-substituted system

1-d produced excellent kinetic results for theegecyclization

of the instantaneously produced radi2adl over a temperature

range of—60 to +20 °C.Y” These kinetic data were used to

obtain the Arrhenius parameters given in Schemé@ The

cyclization of2-d is thus observed to be 60 times faster than

. Ph
266 nm \I‘T’CHZ <+
- Z Ph ke /U
—
BF, -60-+20°C
2

-d
Arnay ~ 335 nm
Log A = 10.5 (0.3), B = 4.1 (0.5) kcaVmol
K =3.0 (0.4) x 1078 at 25°C

BF,

that of the related 7,7-diphenyl-6-heptenyl radicak(3® s~1)20 Scheme 2

at 25°C. Limited LFP data for the cyclization of the mono- 1d

phenyl derivative2-e was also obtained: ca. 1.7 and 0.1 \/:Bu;,SnH

107 st at 25 and—61 °C, respectively. The rate constant for e W SN CHPRe

cyclization of the monophenyl system is thus approximately half d—" —~ -

that of the diphenyl system. . ove O
Using the2-d system as a radical clock, it was possible to Ph

obtain the rate constant for H-atom abstraction freBusSnH REDI i BuSnH) >,¢/°”3 P pn

via a series of competition experiments (Scheme 2). This {Equ':;c_a—“ _

observed rate constant (7:210° M~1 s at 33°C) is seen to ek = 0.20 (0.02) BFy RED

be somewhat enhanced in comparison with the analogous value
of 2.9 x 1® M~1 s 1for H-transfer froon-BuzSnH to a primary
alkyl radical?! on their rate constants of cyclization, due to gemdimethyl
With an H-transfer rate constant now available, the competi- effect. Beckwith has found thafemdimethyl substituents at
tive cyclization and reduction of thensubstitutecs-heptenyl ~ the 2-position lead to a16-fold rate enhancement foreso
system2-f was able to be studied. The observed rate constanthexenyl cyclizationd® Assuming that a similar enhancement
(1.5 x 10° s72) for 6-exocyclization of2-f at 33°C, if compared ~ can be expected for éxcheptenyl cyclizations, the net
with that for the analogous cyclization of the 6-heptenyl radical ©nhancements due to the ammonio substituent in the cyclizations
(7.6 x 103 s7%),%6indicates a significantly greater enhancement Of 2-d,f would be reduced to factors o4 and~12, respec-
(~200-fold) for 2-f than was observed for the 7,7-diphenyl tively.
/U
B

system2-d (60-fold). These small, but significant, net enhancements most likely
derive largely from the electrophilicity of the ammoniomethyl
\t CH
/U :
24 Fo BF,
kc=1.5(0.2) x 105%™

ky=7.2(1.5)x 1M s at 33°C

system, as discussed earlier, although enthalpic factors could
also be contributing since, according to Bordwell’s and Pasto’s
estimation of bond dissociation energies, the (trimethylammo-
nio)methyl radical, (CH)sNTCH,*, should be destabilized by
~4 kcal/mol?3-25

In conclusiona-ammonium distonic radical cations have for

One would expect that the kinetic impact of thiectrophi- the first time been purposefully generated and their reactivity
licity of such ammoniomethyl radicals should be greater in studied in solution. Such ylidions have been found to exhibit
addition situations which manifest a smaller enthalpic driving behavior which is typical for a carbon-bound radical. Moreover,
force. This certainly was what was observed in alkene additions they are electrophilic and somewhat more reactive in H-atom

~.4.CHy
kc
33°C

of the even more electrophilic perfluorealkyl radicals. In
our recent studies of the reactivity ofCsF*, we found that
addition to styrene was enhanced (relative to additiomalky!
radical) by a factor 0f~350, whereas addition to 1-hexene was
enhanced by a factor of 30 000%2

The enhanced reactivities which are observed for the cy-
clizations of2-d—f, and in the H-transfer reaction @fd, derive
from some combination of three factors: electrophilicity,
enthalpic effects, and thgemdimethyl effect. The two
nitrogen-bound methyl groups of the alkenyl ammoniomethyl
radical systemg-d—f will certainly have a significant impact
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ca.—60 to+20 °C.
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abstractions and cyclization reactions than analogous hydro-
carbon radicals, but are not nearly so reactive as their conven-
tional dialkylaminium cation radical counterparts (i.e., RN-
HCHjz"*).26

The ease with which the-halo ammonium precursors can
be made, combined with the observed high efficiency of the
5-exoand 6exocyclizations of the intermediate ammoniomethyl
radicals, should give the cyclization processes-@mmonium
distonic radical cations considerable synthetic potential.
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