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The gas-phase reactivity, in terms of deuteration versus alkylation, of radiolytically formed ethyl cations
C,Ds" towardN-methylpyrrole and thiophene has been studied in-©EDs systems at 760 and 1520 Torr

and in the presence of variable concentrations of triethylamine (TEA) with the aim of obtaining quantitative
data on their competitive behavior. The substrate intramolecular selectivity has also been determined in both
reaction channels. The gas-phase behavior of ethyl cations under high-pressure conditions demonstrates their
predominant Bronsted versus Lewis acid reactivity toward the selected heteroaromatics, whose branching
ratios, at a total pressure of 760 Torr, are 2.34Nemethylpyrrole and 2.08 for thiophene. Intramolecular
selectivity results indicate a substrate alkylatjgrw = 58:42 for N-methylpyrrole angi:a = 46:54 for
thiophene. The substrate deuteration, determinetHi)MR, is 5:a. = 50:50 for N-methylpyrrole an@:o

= 36:64 for thiophene.

Introduction andi-CsD7" cations towardN-methylpyrrole have been inves-
h h ity of ionic el hil tigated, under kinetically controlled conditions and pressure
The gas-phase reactivity of ionic electrophiles toward aro- | ;| ,es ranging between 700 and 1520 Trr.

Qﬁgﬁe da%%tﬁiel?x_ﬂ;r:gﬁ rS]UertsrzltﬁZ cr(])brlwsditti)oer?sn ues)i(;en;';(;g Our present interest is to evaluate the Bronsted versus Lewis
’ gn-p ’ Y acid reactivity ofds-ethyl cations, @s*, towardN-methylpyr-

2?3;2:’2?22320' trﬁg'gllzt'lgtgﬁ(;hnrguj:ﬁrgg'ﬁ ;flfz:gﬁtbc;i}éous role and thiophenen order to relate the reactivity of different
9 ylating prop 9 gaseous cations toward heteroaromatic substrates. The simple

I?r?:iltoer:js r:]uar?\btgegf Osk:ttjaollir:eesd Agvgadégg:gcssggetﬂ?ecrg; (;?zivaefive-membered heteroaromatics were selected as substrates since
evaluation of the Bronsted versus Lewis acid reactivit cg‘these their reactions with radiolytically formed electrophilic cations
y had been extensively investigated in previous stuthiés,

%Egrgpgg;gssgggg?ﬁigetggt?:n;g:g:l ?]f tdﬁ?) deunasl gﬁga;'ggr%fon_focusing attention on the alkylation reaction channels rather than
P 9 yarog on competitive reaction pathways.

centered electrophilic site is fundamental to the understanding Thermic ethyl cations are obtained from the dissociation of

of the.|r overall glectrophll|c reactivity. . protonated ethonium ions,,B¢H*, which are formed by the
Ur_1I|ke the _typ|cal low-pressure COﬂdItIQI’IS of mass spectro- reaction of CH* and GDs. Methonium ions Clg* along with
metric experiments, where protonated ion products can be C,Hs" are in turn generated from theradiolysis of CH, used
fqrmed_ b.Oth from the attack_ of _alkyl cations anq from '_[he as a batch gas. Experiments have been carried out at high
dissociation of the condensation ions, the radiolytic technique pressure (7601520 Torr) and in the absence and presence of
a|d§ in the study of condensation qnd proton-transfer re.acupnsgaseous triethylamine (TEA). Owing to the collisional quench-
?t h'.gh pressure, where decomppgltlon of the cqndensatlon Ion%ng of the bath gas, the fragmentation of the reaction adducts is
is minimized because of the collisional quenching. Therefore, minimized, while the presence of a strong base EP232 kcal
the radiolytic resul_ts provide a direct measurement of the attack mol~Y) sho,uld ensure a fast neutralization of ionic intermediates.
of the reagent. canon; toward the selected subsrates. The selected experimental conditions therefore permit the
Deuterated ions with undeuterated substrates or, conversely getermination of the direct attack of ethyl cations on heteroaro-

undeuterated ionic reagents with deuterated substrates argnatic substrates, leading to D-incorporation andstethylated
normally used in the determination of the complete reaction products.

pathway. In fact, unless labeled reactants are used, the Bronsted
acid reactivity of electrophilic species cannot be detected.
Recently, the competitive condensation and the proton-transfer _ _ _ _ _
reaction of GHs" andi-CsH;" cations toward deuterated arenes ~ Materials. Ethaneeds, with a stated isotopic purity of 98%,
was purchased from Cambridge Isotopes Laboratories. Methane
* Corresponding author. Telefak39 6 90672519, E-mail laguzzi@ ~ and oxygen, research grade gases, were purchased from Mathe-
mlib.cnr.it. son Co., each with a stated purity of 99.99 mol %, and were
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used without further purificationN-Methylpyrrole, thiophene, +0.1°C was obtained. Stability and signal-to-noise ratio were
and triethylamine were research grade chemicals from Flukachecked as previousBf. The samples analyzed By NMR

AG. 2-Ethylthiophene, required as a GLC standard, was refer to radiolytic experiments carried out at a pressure of 760
purchased from Aldrich Co. Isomeric ethjkmethylpyrroles Torr of bath gas and 10 Torr of TEA. To obtain a sufficient
and ethylthiophenes, used as mass spectrometric and gasmount of product to match th#d NMR sensitivity, several
chromatographic standards, were prepared according to estabreaction flasks were washed with dioxane, and the extracts were
lished procedures and purified by GLC. Their purity was collected for the NMR analysis.

checked by GLC analysis on a Perkin-Elmer 8320 gas chro- ICR Experiments. The experiments were performed by an
matograph equipped with a flame ionization detection (FID) Extrel FTMS, Millipore Corp., mass spectrometer. Typical
unit, using the same column employed for the analysis of the experimental conditions were GI;Dgheteroaromatic sub-
irradiated mixture. Their identities were verified by conven- strate= 10:2:1 and total pressurex210 7 Torr. Once formed,
tional 'H NMR spectroscopy. the GD¢H™ cations were isolated and allowed to react, in two

Procedure. The general procedures for the preparation of Separated runs, withl-methylpyrrole and thiophene. Before
the gaseous mixtures and their irradiation have been describedheir dissociation to ¢€Ds", the ethonium ions showed a very
elsewheré. Typical experimental conditions were as follows: ~Poor capability to deuterate the heteroaromatic substrates. The
(a) methane, 730 Torr; ethane’_so Torr'N_methylpyrrole and Only Slgn|f|cant ions observed in the SpeCtI‘a waeve 82 and
thiophene, 3 Torr; @ 4 Torr; TEA, 2-13 Torr; (b) methane, ~ Mz 85, corresponding to protonate-methylpyrrole and

1490 Torr; ethanels, 30 Torr; N-methylpyrrole, 3 Torr; G, 4 thiophene. For a delay of up to 200 ms, the 83 andm/z 86
Torr: TEA, 2—10 Torr. ions, corresponding to the deuterated substrates, were observed.

Their formation strictly depended onp0s* cations, since the
sweeping out of the latter resulted in the disappearance of
deuterated products.

The radiation dose, measured with a neopentane dosifheter,
was 3x 10* Gy, delivered at the rate of 1.8 10* Gy h™%, for
all samples at 43C in a®%Co y-cell (Nordion Canada Ltd.).

Product Analysis. The analysis of the products was carried Regyits
out by injecting measured aliquots of the irradiated reaction ] ] ]
mixture into a Hewlett-Packard 5988 G@nass spectrometer, The gas-phase reaction of[0s" cations withN-methylpyr-
equipped with a flame ionization detection unit. The outlet of "ole and thiophene yields the corresponding deuterated and
the gas chromatographic column was connected to a two-way®@thylated products (egs 1 and 2).
splitter in order to simultaneously obtain a flame ionization and R
mass spectrometric detection of the injected samples. Theyield cp. + ¢ Y . cp. + [@D] _*TEA @D (1)
of the deuteratedi-methylpyrroles and deuterated thiophenes X X TEAR! X
was measured by mass spectrometric analysis. The measure-
ments were taken from the abundance of the-M peak (/z
82) of N-methylpyrrole and M+ 1 peak (Wz 85) of thiophene,
after subtracting the contribution 8%C measured in several cosr [N [@/0201 *TEA @/c’ns @
calibration experiments preceding and following the analysis x X “TEAH! X
of the irradiated sample. All of the mass spectrometric runs
were performed in SIM conditions, selecting th#z 81 and
m/z 82 ions forN-methylpyrrole and thevz 84 andnvz 85 for

thiophene. The yields of deuteratédtmethylpyrroles and Ethyl cations, GDs", are formed byy-irradiation of gaseous
deuterated thIOpheneS were then related to the yle|dS Of them|xtures Conta|n|ng CH C2D61 heteroaromaﬂc Substratesglo
alkylated derivatives calculated from the FID response in the and TEA. Oxygen (4 Torr), as radical scavenger, has been used
same GEMS analysis. The gas chromatographic separation tg jnhibit the formation of products from radical pathways, while
of the a and alkyl derivatives permits the determination of TEA has been added to obtain a fast deprotonation of the ionic
the substrate pOSitiOhaI SeleCtiVity toward the I’eagent Cations.intermediatesl The Composition of the irradiated systems and
The gas chromatographic column used in the products analysisthe absolute and relative yields of the reaction products are
was a 50 m. long CP-WAX 52, 0.32 mm i.d., with a (uéh indicated in Tables 1 and 2. The absolute yields of the products
film of stationary phase (Chrompack). Qualitative mass spec- gre expressed by the®values, defined as the number of
trometric analyses of the reaction products were carried out by molecules produced per 100 eV absorbed by the gaseous
comparing their mass fragmentation spectra with those arising mixture.
from the synthetic reference compounds. The following main features arise from the inspection of Table
To determine the substrate positional selectivity relevant to 1: (a) The reaction products are deuterdtedhethylpyrroles,
the Bronsted reactivity of the reagent cations, the position of CsHgDN, andds-ethyl-N-methylpyrroles, GHgDsN. (b) Their
deuteration in the heteroaromatic ring was detectetHdyMR. absolute yields decrease with the addition of TEA. (c) The
All NMR spectra were run on a Bruker AMX-600 operating at CsHgDN/C;HgDsN ratio indicates a prevalent formation of the
600.13 MHz for proton and at 92.12 MHz for deuterium. All  deuteratedN-methylpyrroles over thds-ethyl-N-methylpyrroles.
?H NMR spectra were run in 1,4 dioxane whild spectra were This ratio is not affected by the presence of TEA. (d) For all
run in 1,4-dioxaneds. The choice of the solvent was based on experimental conditions a prevalent formatiorpeéthyl deriva-
the fact that a large number of solvents were unsuitable eithertives is observed. At 760 Torr, the,ll 4 ratio increases along
due to secondary reactions, difficulty in drying, or the risk of with the increasing concentration of TEA. (e) At 1520 Torr,
water inducing'H—2H exchange.?H spectra were run without  the yields of the reaction products are lower than those observed
lock and to ensure the least amount of drift the NMR laboratory at 760 Torr.
temperature was kept constant withif@. The N flux was Data from Table 2 can be summarized as follows: (a) The
thermostated within 1C before the Bruker variable-temperature obtained reaction products are deuterated thiophenésDS,
unit (Eurotherm) was used. In this way, a regulation within and ds-ethyl-thiophenes, §3DsS. (b) Their absolute yields

+
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TABLE 1: Gas-Phase Reactions of Ethyl Cations withN-Methylpyrrole 2

system composition (Torr) product distribution
absolute yields®;n) relative yields
substrate bulk gas additives ! I e Ny W Il
CsH/N (3)  CH4:C;Dg (730:30) Q@) GCHDN 0.73 GHeDsN 035 0.12 0.23 2.08 0.52

CsHN(3)  CHuCoDg(730:30)  TEA(2) Q(4) GH{ON 061 GH{DsN 030 012 0.18 2.03 0.67
CsHN(3)  CHuCoDg(730:30)  TEA(5) Q(4) GH{DN 036 GHeDsN 018 0.07 011  2.00 0.64
CsHN(3)  CHuCoDg(730:30)  TEA(10) Q(4) GH N 021 GH{DsN 012 005 007 1.76 0.71
CsHN (3)  CHyCaDs (1490:30) Q(4) GH{DN 030 GHDsN 015 0.05 010 2.00 0.50
CsHN(3)  CHiCoDs (1490:30) TEA(5) Q(4) GHN 012 GHeDsN 006 002 004  2.00 0.50
CsH:N (3)  CHuCoDe (1490:30) TEA(10) @(4) GHN 006 GHeDsN 003 001 0.02 2.00 0.50

aTEA = triethylamine, 1}, = a-substituted ethyl derivatives sli= S-substituted ethyl derivatives.

TABLE 2: Gas-Phase Reactions of Ethyl Cations with Thiophen&

system composition (Torr) product distribution
absolute yields@u) relative yields
substrate bulk gas additives ! I P PRV TR T T
C4H4S (3) CH;:C;Dg (730:30) Q4 C4H3DS 0.57 GH3DsS 039 021 0.18 1.47 117

CHsS(3) CHiCDs(730:30) TEA(2)  Q(4) GCH:DS 045 GH:DsS 0.34 018 016 134 1.12
CHsS(3) CHiCDs(730:30) TEA(5)  Q(4) GCH:DS 034 GH:DsS 026 014 012  1.30 1.17
CHsS(3) CHiCDs(730:30) TEA(10) Q(4) GCH:DS 014 GH:DsS 0.3 0.07 006  1.07 1.17
CHsS(3) CHiCDs(730:30) TEA(13) Q(4) GCH:DS 011 GH:DsS 0.11 0.06 005 1.04 1.25

aTEA = triethylamine, 1}, = a-substituted ethyl derivatives sli= S-substituted ethyl derivatives.

decrease with increasing concentration of TEA. (c) Thd£ 0.9, respectively. Exothermic protonation of £Dg by CHs™
DS/CsH3DsS ratio tends toward the equivalence of the product (AH = —12 kcal mot™) allows for the formation of ethonium
yields at the highest concentration of TEA. (d) The isomeric ions, GD¢H™ (eq 3), whose decomposition, in turn, lead to ethyl
distribution of the ethyl derivatives, which is not affected by cations, GDs" (eq 4).

the different base concentrations, corresponds to a raffooof

= 46:54. CHy" + C,Dg— C,DgH" + CH, 3)
In addition to ds-ethyl derivatives, undeuterated ethylated
products have been obtained from the electrophilic attack of C,DH"—C,D." + HD 4)

the radiolytically formed @Hst cations on the selected sub-
strates. Under GEMS analytical conditions suitable for the
discrimination and detection of partially deuterated ethylated
products, onlyds-ethyl derivatives and undeuterated ethyl
derivatives have been observed. A limited amountdef
butylated heteroaromatics, less than 4% with respeds-&ihy!|
heteroaromatics, has been detected.

While the presence of Dexcludes the formation of the

Under the selected experimental conditions a limited production
of dg-butyl cations occurred. This can be inferred from the
relevant neutral products whose total yield is 4% with respect
to that of theds-ethyl derivatives. The formation afy-butyl
cations could be probably ascribed to coupling reactions of
reactive species arising from the direct radiolysis eDg In

X ; A .-~ fact, in preliminary experiments performed to select the proper
reaction products from radical pathways, their ionic origin IS ating in the gaseous reaction mixture, a direct dependence of

demonstrated by the depression of the reaction yields, causeqyg yie|q ofde-butyl heteroaromatics on the concentration of
by increasing concentrations of a base (TEA) which is capable C,Dg Was observed.

of interacting with charged reactants.
The?H NMR results, related to the experiments carried out Br

under kinetically controlled conditions, indicate a substrate

deuterium incorporation corresponding to a ratiggaf = 50:

50 for N-methylpyrrole and to a ratio of:o. = 36:64 for

thiophene.

Since the aim of our investigation was the study of the
onsted vs Lewis acid reactivity ofDs* cations toward the
selected substrates, a preliminary evaluation of the reactivity
of the other ionic species present in the reaction environment
is necessary to verify the possible formation of interfering
products. The ethyl cation 85" reacts withN-methylpyrrole
and thiophene to form the relevant ethylated products that can
be easily discriminated from thé-ethylated products, derived
Reagent lon. The reaction environment consisted of a from the reaction of the §Ds™ cations. All of the cationic
gaseous mixture of CHIC;Dg, a heteroaromatic substrate;, O  species as CH, CHs™ and GDegH* can exothermically
and TEA. The experiments witd-methylpyrrole were carried  protonate the heteroaromatic substrates providing neutral reac-
out at the total pressure of 760 and 1520 Torr and the tion products that are equivalent to the substrates. According
experiments with thiophene at the total pressure of 760 Torr. to experimental evidenéeand theoretical investigatiorigwo
CH4 was used as bath gas, i.e., present in a large excess oveisomeric structures of the ethonium ions are conceivable-@ C
deuterated ethane and heteroaromatic substrates, to minimizend a C-H protonated form. The H-bridged structure was

Discussion

their direct radiolysis. The molar ratios were £€&:De: indicated as the most stable, while the activation energy for its
substrate= 243:10:1 at 760 Torr and CHC,De:substrate= rearrangement into the-€H protonated form was calculatéd
486:20:1 at 1520 Torr. to be 7.2 kcal moll. Since the activation energy for the

The y-radiolysis of the bath gas leads to the formation of decomposition of ethonium ions intoldnd GHs* is estimated
CHs™ and GHs™ cations whosé5.y values were ca. 1.9 and  for the C-C and a G-H protonated form& to be 13.6 and 9.1



Gas-Phase Reactivity of Ethyl Cations J. Phys. Chem. A, Vol. 102, No. 32, 1993467

kcal moll, respectively, conversion should be favored over D
decomposition. After the rearrangement of the deuterated \,——f H
ethonium ion GDgH™ into the most stable form, H/D scrambling @< D G-/
might occur. As a consequence, deuterated products could be H X
formed in the reaction of the resulting ethonium ions with the

substrates, in addition to those that arise from the direct attack A B

of C,Ds™ cations. To clarify the role of §DgH™ cations as

possible deuterating species toward the heteroaromatic sub-

strates, preliminary ICR experiments have been performed. Once H D
formed, the GDgH™ cations were isolated and allowed to react j H

in two separate runs witiN-methylpyrrole and thiophene. G/ @H
Before their dissociation to Ds* (eq 4), the ethonium ions

showed a very poor capability to deuterate the heteroaromatic

substrates. In fact, the only significant ions observed in the

spectra were those corresponding to the proton&tedeth- A, B,

ylpyrrole and thiophene, while the formation of deuterated
products was found to depend onD* cations.

Reaction Pathway. The gas-phase attack 005" cations X= N-CH. S
on the selected substrates is consistent with egs 1 and 2 involving 3.
the formation of the relevant ionic intermediates which undergo Figyre 1.

collisional quenching with the bath GHmolecules, before

neutralization by proton transfer to the added base (TEA). The gglective deuteron vs proton abstraction by the added base can
ionic intermediates, in competition with collisional deactivation, pe excluded. Deprotonation of the A, Bg,Aand B adducts

may undergo isomerizations, by H, D, angDg" shifts, to more by TEA (Figure 1) provides the neutraki@sDN products, while

stable structures. However, these secondary processes argeyteron abstraction from A and B adducts results in detection
expected to be strongly reduced in gaseous systems at the highegft products without D incorporation.

total pressure and base concentration. Therefore, the observedsBsDN product yield (0.21) has to
Reaction of GDs" with N-Methylpyrrole. The GHeDN/ be corrected, taking into account the proton versus deuteron

C7HeD:N ratio (Table 1) indicates a prevalent Bronsted acid abstraction from the A and B adducts which is expected to occur

over Lewis acid reactivity of the fs" cations, in all in the ratio 1:1. In light of these considerations, the observed

experimental conditions. A comparative examination of the data ratio GH¢DN/C7He¢DsN (1.76) becomes 2.34. Inspection of
obtained at 760 and 1520 Torr shows that the absolute reactionTable 1 shows that-ethyl derivatives (I§) formed in reaction
yields of GHeDN and GHsDsN decrease as the pressure of 2 predominate under all conditions. Moreover, while thg Il
the gaseous mixture increases, while tEIl{DN/C7HeDsN ratio 14 ratio increases at 760 Torr along with increasing concentra-
is not affected by pressure variation. The reduction of the tions of the added base, it is constant at 1520 Torr, irrespective
reaction yields, observed at 1520 Torr, can be reasonablyof the different concentrations of TEA.
ascribed to the more effective collisional quenching that  probably due to its lower molar ratio in the gaseous mixtures
ethonium ions undergo at this pressure value. Under theseat 1520 Torr with respect to that at 760 Torr, TEA is less
conditions, in fact, the dissociation 0bsH™ ions which leads  effective in determining a fast deprotonation of the ionic adducts.
to G,Ds* cations should be reduced. On the other hand, a higher At 1520 Torr, in fact, a similar distribution of isomeric ethylated
stabilization of the ethonium ions should favor isomerization products is observed in both the presence and absence of TEA.
processes whose activation barrier is lower than that for  The jsomeric distribution of ethylated products at 760 Torr,
dissociations. Potential H/D scramblings occurring during which is affected by the base concentration, seems in particular
isomerizations should enable ethonium ions to act as deuteratingo reflect the contribution of the primary-ethylated adduct,
reagents towardN-methylpyrrole, increasing the yields of the  which is expected to be formed according to the negative charge
CsHeDN products at the highest pressure conditions. However, density of the ring positions of the substrabe ¥ g > o). In
since at 1520 Torr the 4EsDN/C7HgDsN ratio does not differ  fact, sinceN-ethylated products are not observed, the relevant
from that observed at 760 Torr, this hypothesis can be adducts can undergo a back-dissociation or alternatively isomer-
reasonably discarded. As further evidence for the absence ofize, forming a-ethylated intermediates whose deprotonation,
the H/D scrambling, onlyis-ethylated products were observed, when favored by TEA, results in the increased relative yield of
even at 1520 Torr. Il, products. The prevalent formation Bfethyl derivatives

For a correct determination of theslfsDN/C;HgDsN ratio, Il confirms data of a previous pap€rwhere the gas-phase
several features relevant to the calculation of the yields of the intramolecular selectivity oN-methylpyrrole was investigated
CsHeDN products have to be taken into accaufaf) The attack with C;Hs" cations directly generated byradiolysis of CH.
of C;Ds" cations on the substrate leads to theand § ring The observed difference of thedll 4 ratios’ can be ascribed to
deuterated adducts A and B which can either interconvert via the different energy content of,.8s* and GDs* cations. In
deuteron shift or form the Aand B adducts via proton shift  particular, since the higher energy content gHE" cations
(Figure 1). (b) Intramolecular selectivity data, obtained at 760 should reasonably favor the back-dissociation ofNkethylated
Torr and in the presence of 10 Torr of TEA, indicate a deuterium adducts, the resulting isomeric distribution of the ethylated
distribution 8:o. = 50:50 which supports the hypothesis of an products is expected to reflect the direct attackfoand a
indiscriminate deuteron vs proton shift, as expected on the carbons of the ring.
grounds of the estimated exothermicity of the attack (€52 Reaction of GDs* with Thiophene. The reaction of @Ds*
kcal mol1). (c) Owing to the large proton affinity difference  cations with thiophene has been investigated in gaseous systems
betweenN-methylpyrrole and TEA (ca. 17 kcal md), a at a total pressure of 760 Torr. The low reaction yields of
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deuterated products,83DS, obtained under these conditions, Possible contributions to the production of deuterated het-
exclude their determination at higher pressure (1520 Torr), eroaromatic derivatives by ethonium ionsDgH* can be
where they are expected to decrease with reduced formation ofreasonably excluded on the grounds of data obtained both in
C,Ds* cations. ICR and in radiolytic experiments at different pressure values.
The values of the §43DS/CGH3DsS ratio (Table 2) indicate In particular, the constant ratio of deuterated over alkylated
a slightly favored formation of £H3DS products, which  products obtained at both 760 and 1520 Torr indicates that
decreases with increasing concentrations of TEA. The influence C,DgH* cations do not act as deuterating species toward the
of TEA on the products ratio can be related to the difference selected substrates even at the highest pressure, where the
between the proton affinities of TEA (PA 232 kcal mot?) favored H/D scrambling could have resulted in an increased
and thiophene (PA= 196.6 kcal mofl) which allows a fast yield of deuterated products.
deprotonation of thels-ethylated adducts C precluding their Substrate intramolecular selectivity results, related to the
evolution to deuteronated adduct$’ eq 5). The highest | ewis acid reactivity of GDs* cations, show a prevalefitattack
efficiency of deprotonation is reached at highest TEA concen- for N-methylpyrrole and a prevalemt attack for thiophene,
tration. The product distribution obtained in this condition confirming data obtained in previous radiolytic experiments. The
reflects the attack of £Ds* cations. distribution of the ethylated products reflects the position of
the negative charge density of the heteroaromatic rings. In the
case ofN-methylpyrrole, wher® > 5 > q, the gas-phase attack
of C,Ds* cations on nitrogen does not result ifNaethylated
derivative. However, the attack on the heteroatom can be
inferred from experimental conditions where a proper TEA
concentration favors a fast deprotonation of thethylated

The same base effect was not observed in the experiments witHntermediate, the latter obtained by isomerization of the ethyl

N-methylpyrrole. Owing to the lower difference between the Cations, after its primary attack on the heteroatom.

proton affinities of TEA andN-methylpyrrole (ca. 17 kcal Concerning the Bronsted acid reactivity ofl* cations,

mol~1), the gaseous base could be less effective in precludingthezH NMR results indicate a prevalent deuterium incorporation

the formation of the relevant deuterated adducts. Consequently@n the 5 position of the thiophene ring. The statistical

any variation in the products ratio is observed in both the distribution of deuterium, obtained in the case\sfnethylpyr-

presence and absence of TEA. role, supports the hypothesis of an indiscriminate deuteron vs
The intramolecular selectivity of thiophene for deuterium Proton shift, as expected on the grounds of the estimated

incorporation that was investigated in the presence of 10 Torr €xothermicity of the relevant attack.

of TEA corresponds t@:a = 36:64. This deuterium distribu-

tion, differing from the statistical ratig3¢a. = 50:50), should Acknowledgmentis due to the ICR and NMR services of

reasonably exclude a complete H/D scrambling on the het- the Area della Ricerca di Roma, C.N.R., for running spectra.

eroaromatic ring, as in the case Nfmethylpyrrole. This is

probably attributable to the lower exothermicity of the relevant References and Notes
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