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ABSTRACT

Relative positional reactivities
¢\ U\ /\ 7\ !\
t 0 t[;)\SnBu3 r[o—l\ BUSSn/rQ)\ Bu\.,Sn/t<;>\SnBu3
1.00 1.3x10° 1.5x 108 3.3x 104 1.6 x 10¢

Kinetic investigations of the reactions of benzhydryl cations with stannylated furans and thiophenes suggest that 2-(tributylstannyl)furan and
-thiophene are preferentially attacked at the 5-position (kre, FCPhCHT, 20 °C, CH,Cl,).

Trialkylarylstannanes have been reported to provide a simplesilyl group in the 2-position of furans or thiophenes activates
way to introduce electrophiles into an aromatic ring by the 5-position for electrophilic attack of benzhydryl cations
substitution of the trialkylstannyl group. FriedeCrafts by a factor of 4—55 whereas the nucleophilic reactivity of
acylations} formylations? aminocarbonylation$,and sul- the 2-position remains almost constant (factor of 68:858).
fonation reactiorfgproceed bypso-substitution of the stannyl As a consequence, electrophilic alkylations of 2-(trimeth-
groups and allow the introduction of groups into positions ylsilyl)furans and -thiophenes proceed with initial attack at
that are inaccessible by substitution of hydrogen. Further- the 5-position followed by protodesilylation of position 2.
more, arylstannanes have been reported to react with weakWe now report that electrophilic alkylations of 2-(tributyl-
electrophiles (e.g., diazonium ions) which may not be stannyl)furans and -thiophenes proceed analogously and
reactive enough to displace hydrogen (Scheme 1). rationalize this behavior by kinetic investigations.

In the preceding Lettémwe have shown that a trimethyl- Treatment of 2-(tributylstannyl)furan (1a) or -thiophene

(1b) with a mixture of dianisylmethyl chloride2é) or
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Table 1. Reactions of 2-(Tributylstannyl)furari@) and -thiophenelp) with Benzhydryl Cation® (CH,Cly)a ¢

4 3
s Nz ; DTBP / \ I\ / \
Q\Sn8u3 * ARCH OTf” ———— ArZCHD\SnBUS + Q\CHArz * ArZCH/Q\CHArZ

(1.5-2.0 equiv.) X

1 2 3 4 5
ratio’
X Ar,CH' 3 4 5 Yield, %°
la (6] FcPhCH®  (2b) -78 °C 35h 20 59 21 89
1b S FcPhCH®  (2b) .t 18h 30 61 9 45
1b S An,CH’ (2a) 0°C 35h 34 43 23 97

a An = p-CH;OCgH4-, Fc = ferrocenyl.” DTBP = 2,6-di-tert-butylpyridine ¢ The reactions were performed as described in ref 12, but the workup was
modified. It involved quenching with 15 mL of concentrated ammonia, separation of the two layers and extraction of the aqueous layes€itB £H
30 mL), washing of the combined organic layers with water, and, finally, drying over MgSIe ratios were determined from thid NMR spectra of
the crude products. The yields with respect t@ were determined from th#H NMR spectra of the crude products using mesitylene as an internal standard.
For calculation it was considered that 2 equiv2os needed for the formation d&.

flate in the presence of 2,6-di-tert-butylpyridine (DTBP) One may argue that we have been using a self-fulfilling
yields mixtures oB—5 as indicated in Table 1. Whil@must cycle of arguments to arrive at this statement, since the
be formed through electrophilic attack &fat C-5 of 1, interpretation of our kinetic data was based on the assumption
compoundd may either be produced via substitution of the that compound&aandlb react exclusively at C-5. However,
tributylstannyl group irlaandl1b or by protodestannylation  even in the worst case, i.e., when only the 20%3afand

of 3. Analogously5 may either be formed by electrophilic the 30% of3b described in Table 1 were produced via
substitution of3 or of 4. Though variable ratioS:4:5 electrophilic attack at C-5 of compounds and 1b, one
obtained under different conditions suggested the formationwould calculate partial rate constants of &212.2= 2.44

of 4 through protodestannylation 8f we have not (yet) been  and 0.3x 0.077= 0.023 for position 5 of these heteroarenes.
able to isolate3 as the main product. Despite that failure, From these numbers one can deripara’-effects of>270

let us first assume that the benzhydryl cations attack only in furan and>500 in thiophene, which is still considerably
the 5-position ofl. larger than thdpso-effect, which can unambiguously be

With this hypothesis, we can derive that a tributylstannyl _

group in the 2-position increases the reactivity of the Sch > Rate Constants for the Electrophilic Attack of h
it : " cheme 2. Rate Constants for the Electrophilic Attack of the
5-position of furan and thiophene by roughly 1504fa Ferrocenylphenylcarbenium Idb at the Heteroareneka and

effect), comparable to the effect of a methyl group (Scheme 1b (20 °C, CH,Cl,)a

2). The magnitude of this effect is quite remarkable since

Hammett parameters suggest £fd," = —0.31f to be a ﬂ U\SnBu ﬂ\
much stronger donor than SnB(w," = —0.12) It shall 1 0 ) © ta ’ ) °

be noted that the corresponding effect of SiMesembles
that of H more closely than that of GH

The relative reactivities shown in Scheme 3 indicate an 1.00 1333 1475
ipso-effect of 5—22 for a tributylstannyl group.

Even if theipso-effect may somewhat be attenuated in

k, /L mol' st 0.0092b¢ 12.2 13.5°

these compounds because of the presence of a second ﬂ @\ @\
electron-releasing group, it is evident from the comparison r S r S 1bsnBu3 r S

of Schemes 2 and 3 that the tributylstannyl group in

2-(tributylstannyl)furan and -thiophene activates the 5-posi- K /Lmol's™ 4.6 x 10-% 7.7x102 6.5x 1020

tion considerably more than the 2-position (Scheme 4) and

T ) K., 1.00 1670 1410
suggests the exclusive initial formation ®finstead of4. :

. aThe rate constants were determined photometrically as described
19é77) gth?ggigenl%ﬁlr\/layr,H-;Plesch, P.Ber. Bunsen-Ges. Phys. Chem.  in ref 11.°From ref 12.cPartial rate constant. The actually
1 1 - . - 1 d .
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Scheme 3. Rate Constants for the Electrophilic Attack of the Scheme 4. Relative Reactivities of C-2 and C-5 in
Ferrocenylphenylcarbenium Id2b at the Heteroareneka and 2-(Tributylstannyl)furan and -thiophene
1b (20 °C, CH,Cl)2
0y 0.
r o) BU3SI'I r fo) / / \
Keel 1 =103 =10’
k,/Lmolt st 13.50 298
k 1.00 22

rel

preference for electrophilic attack at C-5 over C-2 in
2-(tributylstannyl)furan (1a) and -thiophen#&h). Because
ﬂ\smau Bu Sn/U\SnBU of the good accessibility of compoundsand the utility of
© : ? © ? organotin compounds in organic synthedisfforts to find

b conditions under which the primary produ@&sre isolable
fo/Lmoltst 122 147 in higher yield should continue.
Ko 1.00 12
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rigorously be excluded, it is evident from these considerations a”?ﬁfggﬂ?ﬂe }L‘f"gﬁﬁtgﬁdpfE??;‘éﬂg'iﬁ’f&ﬁfgrtggfk Synthesis:
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