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Abatraet In ths paper we report data on the reachvtty of I-phenyl-pyrfoltdmmm and -lxpexxlmtum iodides, and 
mdohmttm atul tetrahydroqmnohmtmt mdtdes, wttlt Me0 tn methanol and cornpam them wttb the cormspondmg 
l,ldtmethylazomacycloalltane todtdes 

Many sttxhesl have been pubhshed deahng Hnth the reactlvlty of a senes of l,l-dunethyl cychc 
ammomum tons The reaction of these compounds wth nucleophdes consists of three parallel transformations, 
two substltutlon reactions and one ehmmatlon reaction The second-order overall rate constant and the product 
dlstnbutlon depend on the nng s&am energy of the substrate and on the ab&y to attam the configuration 

requmxl m the transition state by the reactlon mechamsm 
We have studied the reactlvlty of 1-methyl-1-phenylpyrrohdmmm lo&de (1) and l-methyl-l- 

phenylpqxndtmum Iodide (2) wth xx-hum methoxlde m MeOH Whatever IS the r&on mvolved, the product 
IS an amhne denvatlve m which there IS a mesomenc effect between the mtrogen lone pau and the aromatic 
nng This conJugation should influence the reaction rate and the product dlstnbutlon 

We have also studied the r&mty of l,l-dimethyhndohmum iodide (3) and l,l-dunethyl-1,2,3,4 
tetrahydroqumohmum iodide (4) In these compounds the benzocondensatlon causes an addItional rmg stram 
and a different stenc hmdrance on the electroph& atom 

In order to evaluate the effect of a phenyl group in an sN2 reaction apart from nng stram and stenc 

effects, we have chosen N,N,N-tnmethylamhmum lodlde (5) as a model compound 

n 
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RESULTS AND DISCUSSION 

When the substrates under investigation react with MeO-, they follow a pathway that includes two 

substitution reactions (A, B) and one elimination reaction (C), according to the following Scheme. 

A r --R a 

R = CI&, CsRs 

n = 5.8 \ C 
H~C = CH - (cR~)~-~-R 

/C&a 

‘R 
c 

The prevalence of a reaction with respect to another depended on the steric and electronic properties of 
the substrate, because we did not vary either the nucleophile or the solvent. 

In Table 1 we report the product distribution for the reaction of 1 - 4 with MeO- in MeOH and compare 
these data with that of 1, I-dimethylpyrrolidinium iodide (6) and l,l-dimethylpiperidinium iodide (7), reported 

in literature.Ia The substrates were investigated at 90’ C; we also studied 1 and 2 at 130’ C, since the data 
available on 6 and 7 were at 130” C. In this way we made it possible to investigate the influence of a phenyl 
group on these reactions. 

TABLE 1. Product Analysis for the Reaction of Substrates 1 - 7 with Sodium Methoxide in 
Methanol at 900 and 130° C 

% reaction’ 

9ooc 1300 c 

Substrate A B C A B C 

1 
2 
3 
4 
6ii 

7ii 

15 85 * 

97 2 1 

44 56 * 

100 * * 

20 80 * 

93 4 3 

16 83 1 
86 4 10 

+ Product not detected by GC analysis. ‘A, demethylation; B, ringqening substitution; C, ring-opening elimination. iiData 
from Ref. la. 

The experiments showed that the temperature did not greatly afkt the product distribution. 1 undergoes 
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only substltutlon retions, vvlth the rmg opemng (B) predonmmt over demetWatm (A) 1 does not folh 

reactIon c probably because it cannot reach the conformatIon requued by an E2 mechamsm The presence of 
the phenyl group changes the product dlstnbution only shghtly relative to 6 for the complete dIsappeaWCe of 

retion C 
The mam product from 2 1s 1-phenylplpendme (2a) in which the azocycloalkane rmg 1s preserved A SK- 

membered nng IS stramless and 2 IS not lead toward a rmg-opemng reactlon In spite of that, a small percentage 

of N-S-methoxypentyl-N-methylamhne (2b) and N-methyl-N+pentenylamhne (2~) are present If we compare 

the product dlstnbutlon from 2 v,Ith that from 7, we note that the percentage of ehmmation decreases urlth a 
consequent reductton of demethylatlon A sn~lar effect was also observed m the Hotinann demon of 

ammomum hydroxide * It appears that the replacement of a N-methyl with a N-phenyl group causes an 
Inhlbltory effect on p-ehmmatlon relative to substltutlon The product dlstnbutlon from 1 and 2 IS quite 

different because the mam product from 1 IS N-4-methoxybutyl-N-methylamhne (lb), a ring-opemng product, 

and from 2 IS 21 Ths effect was already observed wth 6 and 7 1 The different stram energy between 1 and 2 

can be, at least partially, responsible for ths behavtour Unfortunately, data on stram energy of cychc 
ammomum ions are not avalable but they should not largely d&r from the correspondmg cycloalkane because 
both are entirely formed from tetrahedral atoms The stram energy of cyclopentane and cyclohexane are 7 3 

and 1 4 kcal mol-l, respectively 3 Another aspect to take mto account IS the stenc reqmrement of the 
approachmg nucleophle In reactlon B of five-membered rmgs, MeO- can follow a pathway that IS not 

hmdered while in sut-membered rings It IS partially hampered by the C-H equatonal bond of the carbon atom m 
posltlon 2 

TABLE 2. Second-Order Overall Rate Constant k (M-%1) for the Reaction of 1 - 7 with 
Sodium Methoxrde m Methanol at !W’ and 130° C 

Substrate 9wc 1300 c 
I I 

‘Dati from Ref I a 

1 21 0 4710 
2 2 56 740 
3 8 29 
4 5 06 
5 5 40 
6’ 3 80 
7’ 0 702 

3 gves two products, I-methyhndohne (3a) and N,N-dnnethyl-2-(2-methoxyethyl)amhne (3b) The 
absence of reaction C m spite of the fact that the product would be a conjugated alkene underhnes agam the 
Importance of conformatlonal requirements of an E2 4 produces only l-methyl-1,2,3,4-tetrahydroqumohne 
(4a) The complete disappearance of reaction C should not be ascribed to conformational ef&ct because 4 IS m 
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a half-&an confomon m whtch bhydrogen atoms are m a smtable poartlon z Evxie, the Wonal stram 

mduced by the benzocondensation IS not enough to carry toward an open cham product In fbct, even tf stram 
energy data of these compounds and of the correspondmg hydrocarbons are not avadable, we can compare 3 
and 4 ulllth cycloalkenes Stram energes of cycloalkenes relative to force-field calculation show that the energy 

of cyclopentene IS -0 60 kcal mol-1 v&b respect to cyclopentane and that of cyclohexene 0 86 kcd mol-1 v&h 
respect to cyclohexane 4 These ddI?erences are not large and the effect on the reacWty IS almost neghgble 

In Table 2 we report the second-order overall rate constants and m Table 3 the partmi rate coe&xnts 
for the reaction of substrates 1 - 7 v&h MeO- m MeOH Takmg mto co-d-on the parhal rate c&%x&s 
It IS possible to make a comparison that overcomes statistxal factors The partml rate c&Xuents of the 

demethylation reaction (kd at 90’ C are nearly mdependent of the substrate, the largest change m rate 
mvolvmg a Victor of 1 8 An analogous e&t was observed m the senes of cychc N,N-dunethylammomum ions 
m which the demethylation rate &d not depend on rmg sze These data are not surpnsmg because the factors 

that m&nce an SN2 reactIon are the stenc hmdrance on the site of substitution and on the leavmg group 
ab&y, under the same nucleophrle and solvent These effects are very snndar m the substrates under 
mvestigation and, consequently, kA does not greatly vary 

TABLE 3. Second-Order Rate Constanta for the Individual Reactions (Partial Rate Coefficients) 
k (M-W) of Substrates 1 - 7 with Sodium Methoxide in Methanol at 900 and 130” C 

WC 1300 c 

Sub&rate ‘A ‘B F iA *B ic 

1 32 89 940 1900 
2 25 0 03 001 690 15 
3 18 46 

4 25 
5 18 
6’i 03 16 
71’ 03 0 014 

‘A, demethylanon, iB, nng-opemg subst~tut~oa, iC, nng-opemg ehmmauon iiData from Ref la 

11 

0021 
0 030 

In spde of the tierent product &stnbutlon, 1 and 3 show a snmlar reactW.y, v&h a ratlo kB (1) / kA (1) = 
2 8 and kB (3) / kA (3) = 2 6, so the different product hstnbution only derives from a statWx.al effect because 1 
and 3 ddFer m equwalent reaction s&s, m tict m 1 there are one N-CH, and two N-CH, groups, whde m 3 
there are one N-CH2 and two N-CHs groups This effect can also ~ustfy the Qsappearance of reaction B and C 
m 4 

The effect of the phenyl group on the r&v@ of cychc ammomum ions can be exammed by comparing 
4, and kg, m 2 and 7 The acceleration for A IS huger than that for B, bemg k, (2j / kA CT) = 2 300 and 

ke (2) / kn (7) = 1 070 %s could not be ascribed to a transdlon state m wluch the C-N bond breakmg m A IS 
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more advanced than m B, m order to undergo a larger conJugation effect, because the degree of C-N bond 

breakmg should be more advanced m B than m A In fact, m the transItion state, the C-N bond breahng does 
not depend on the leavmg group abthty, but on the nucleophrle and on the substttuuon on the carbon atom 5 In 

the reactrons under mvestrgauon, bemg the nucleophde the same, the substrtutron on the carbon atom would 
favour the C-N bond breakmg m B relatrve to A, because the transmon state of B IS more crowded than A On 

the other hand, the delocahzatton 1s effectwe only rfthe angle between the mcrprent lone pan and the aromattc 
II orbnals 1s small The conformatron of 2 IS unknown but rt 1s reasonable to suppose that the 

azomacycloalkane and the aromatic system he on the same plane as much as posstble, m order to -se the 
stenc hmdrance between the aromatrc rmg and the axral hydrogen atoms of the azomacycloaIkamc rmg In thrs 
conformatron the mcrprent lone pan m reactron A wdl be m a more suitable posrtron for the conIugatron than m 
B and consequently the phenyl group wrll speed the demethylatron more than the rmg-opemng substrtutron 

EXPEBTMENTAL 

NM R spectra were recorded on a Brucker WP-80 spectrometer UV spectra were recorded on a 

Vanan 210 spectrophotometer GC! analyses were performed wrth a Carlo Erba HRGC 5300 Mega Senes 
Instrument, using a SPB-3530 m x 0 25 mm capillary glass column GUMS analyses were performed wrth a 

VG q mass spectrometer, using the same column 

Ammes 
1 -Phenylprperrdme (2a) was prepared as reported m hterature 6 1 -Phenylpyrrohdme (la) was prepared as 

described for 2a, and compared wrtb literature data 7 1,2,3,4-Tetrahydroqumohne and mdohne were 

commercral (Aldrich) 
Ammomum salts 

l-Methyl- 1 -phenylpyrrohdmmm lo&de (l), 1 -methyl- 1 -phenylptpendtmum rodrde (2), 1,l &methyl- 

mdohmum rodrde (3) and l,l-dnnethyl-1,2,3,4-tetrahydroqumohmum mdrde (4) were prepared by alkylatron 
of the correspondmg amme wrth methyl Iodide (Carlo Erba) 111 benzene Yields were up to 85% Structure 

assrgnments were made on the basrs of 1H NM R spectroscopy and, where avarlable, on comparmg wrth 
hterature data 1 6 (CDCl,) 7 82 - 7 57 (5H, m, C6Hs), 4 32 - 4 19 (2H, m, CH2), 4 12 - 3 96 (2I-I, m, CHz), 
3 45 (3H, s, CH,), 2 50 - 2 45 (4I-I, m, CH2) 2 6 6 (CDCI,) 7 83 - 7 62 (5H, m, C&Is), 4 40 (ZH, d, CH2), 
3 79 (2H, t, CH2), 3 43 (3H, s, CHs), 2 06 - 1 90 @I-I, m, CH2), 1 88 - 1 65 (4H, m, CH,) 3 8 6 (CDCIs) 7 95 

- 7 45 (4H, m, C&I.& 4 58 (2H, t, CH& 3 92 (6I-I, s, CHJ), 3 47 (2H, t, CH,) 4.9 6 (CDCIs) 7 89 - 7 52 (4H, 

m, C$I,+), 4 01 (2H, t, CH2), 3 70 (6I-L s, CH3), 3 15 (ZH, t, CH2), 2 42 (2I-L m, CH,) N,N,N-Tnmethyl- 
amhmum lo&de (5) was commercral (Aldrich) 
Product drstnbutron 

The reactrons were camed out wrth MeONa m MeGH m sealed vrals for 24 h at 90’ C and, for 1 and 2 

only, at 130’ C The product analysts was carned out by the GC method on the vral content The rdentrficauon 
of the compounds was carned out by comparison wrth authentrc samples, where avarlable, ather purchased 
@a, Aldrich) or synthesrsed (la, 1 b, 2a , Zb, 2c, 3a, lo 4a,,4, or by GUMS spectroscopy (3b) 

N-4-Methoxybutyl-N-methylatulme (lb) lb wag prepared by followmg a three-step procedure 
I-Bromo-4~chlorobutane (Aldrich) was converted to 4-chlorobutyl methyl ether by treatment wtth sodtum 
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methoxlde m MeOH and then to 4-lodobutyl methyl ether wth sodmm lo&de m acetone lb was obtamed by 
reactmg 4-lodobutyl methyl ether and N-methylamhne (Aldrich) m EtOH at refluxlng temperature for 48 h 1H 

N M R 6 (CDCl,) 7 78 - 6 60 (SH, m, C&Is), 3 35 (2H, t, OCH2), 3 28 (3H, s, OCHJ), 3 27 (2H, t, NCH,), 

2 91 (3H, s, NCH$, 2 10 - 1 14 (4H, m, CH,) N-5-Methoxypentyl-N-methylamhne (2b) 2b was prepared by 
as described for lb, using 1-bromo-5-chloropentane (Aldrich) 1H NM R 6 (CDCQ 7 25 - 6 40 (5H, m, 

C6Hs), 3 30 (2H, t, 0CH2), 3 23 (2H, t, NCH2), 2 83 (3H, s, NCH,), 155 - 1 10 (6H, m, CH2) N-Methyl-N- 
4-pentenylamlme (2~) 2c was obtamed by reactmg 5-bromo-1-pentene (Fhdca) m EtOH at refluxmg 
temperature for 48 h lH N M R 6 (CD(&) 7 40 - 6 44 (5H, m, C&Is), 6 15 - 5 51 (H-I, m, CH), 5 22 - 4 77 

(2Y m, CH2), 3 48 - 3 11 (2H, t, NCH2), 2 88 (3H, s, NCH,), 2 33 - 148 (4H, m, CH,) 3b M/z (%) 179 
(37), 164 (57), 148 (45), 134 (loo), 120 (14), 119 (16), 118 (54), 117 (40), 77 (25), 65 (27), 45 (95) 
Kmetic measurements 

The reactions were carned out m MeOH m Nz atmosphere at 90° C and, for 1 and 2 only, at 130° C For 

every reaction 10-l 5 sealed VI& were prepared 5 10-S M ammomum salt and 5 10-3 M MeONa m order to be 
m pseudo first order conddlons The vials were placed m a thermostat and taken per~o&cally A l_JV spectrum 
of the content of every vial was recorded Pseudo first-order constants (kl) were calculated by usmg the kmetx 
equation (1) 

In&L-&,)/CL-At)l=klt (1) 

where At was absorbance at h maxunum (255 nm) To calculate the overall second-order rate constant (kz), kl 

was Qvlded by [MeO-] Partial rate coefficients (k,, x = a, b, or c) were calculated by equation (2) 

k,,=k2X/(lOOn,) (2) 

where X was the percentage of product x and n, the statistical factor that depends on the eqmvalent r&on 
sites 

RJCFERENCES 

1 (a) Ilhnnmatl, G , Llllocc~, C J Org Chem , 1977, 42, 2201-3, (b) Cenchelh, G , Ilhnnmatl, G , Ldloccb 
C J Org Chem, 1980, 45, 3952-7, (c) Cosplto, G, Illummatl, G, Ldlocc~, C , Pettrde, H J Org 
Chem , 1981, 46, 2944-7, (d) Dl Vona, M L , Illummatl, G, Ldloca, C J Chem Sot, Chem 
Commun , 1985,3 80- 1 

2 Archer, D A, Booth, H J Chem Sot , 1963,322-30, and references cited therem 
3 Greenberg, A , Llebman, J F m Stranzed OrgamcMolecules, Acadermc Press, New York, 1978, p 66 
4 Mandohm, L m Advances m Physrcal Orgamc Chemrstry, Vol 22, Acadermc Press, London, 1986, 

p 18, and references ated therem 
5 Lowry, T H , Richardson, K S m Mechanic and Theory m Orgamc Chemrstry, 3rd Ed, Harper & 

Row, New York, 1987, pp 350-4 
6 Bunnet, J F , Brotherton, T K J Org Chem , 1957,22,832-4 
7 Shim S C , Huh, K T , Park, W H Tetrahedron, 1986,40, 1157-65 
8 Booth, H , Kmg, F E , Parrtck, J J Chem Sot, 1958,2302-11 
9 Partah, V , Johdon, S , Hansen, H J Hehr Chum Acta, 1985, 68, 1952-60 

10 Ahlbrecht, H , Duber, E 0 , EpsztaJn, J , Marc~nkowsh, R M K Tetrahedron, 1984,40, 1157-65 


