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Abstmcc Bensotriazolylnrcthylaminosilanrs. readily accessible porn the reaction of knwtriasole, an aldehyde 

and an (aminometbyl)silane in water at 20 oC, are awmerhine ylide equivalents which undergo stereospec$c 

cycloadditions with dipokarophiles to give substituted pyrrolidines or 2Sdihydropyvoles t! good yields. 

In the last decade, 1.3dipolar q&addition reactions of azomethine ylides, extremely useful for the 
preparation of various nitrogen-containing heterocyclic systems, t-2 have been intensively investigated. As 

pmviously pointed out.34 the ease of the cycloaddition, the rapid accumulation of polyfunctionality in a 
relatively shah molecular &amework, the high 8tere0chcmicd control of the cycloaddition, and the 

ptedictability of ngiochemistry have all contributed to the popularity of this reaction in organic synthesk. 

Consequently, the development of new and convenient methods to generate 1,3dipoles remains of considerable 

interest to synthetic organic chemists. 
Nonstabilized azomethine ylides can be generated from several precursors inchxiing: (i) N- 

(silylmethyl)imines (1)5-14, (ii) N-(silylmetbyl)amines with suitable leaving groups (2)15-21, (iii) other 
appmpriately substituted amines (3)=-24, (iv) analogous imines #s-31, and (v) irrri&t~~ or thioimidate~32 
The recently reported catalytically (CsF. AgF and F3CCO2H etc.) induced desilylations of N- 

(trimethylsilylmethyl)aminomethyl ethers (2, Y = OR) and N-(trimethylsilylmethyl)-N-(cyanomethyl)amines (2, 

Y = CN) show perhaps the most promise for future development in this geld due to their convenient 
accessibility. Although the thermal induced desilylation of compounds of type 1 was observed in some 

cases,11913-14-33 there arc no reports of the cycloaddition reaction of 2 solely under themully induced 

CXXlditiOllS. 
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The use of benxotriaxole as a synthetic auxiliary in the preparation of many classes of organic 
compounds, such as amines, amides, ethers, and substituted aromatic and heteroaromatic compounds, has been 
previously mported in our group.3 Generally, such methods have relied on fht dissociation of benxotriamle 
derivatives, Bt-C-X, where X is an electron-donor group or a conjugated moiety, to the benxouiaxolate anion 
and a cation containing a double bond. When X is a nitrogen-linked substimcnt, an iminium inmrmediate is 
formed (see Scheme 1). Subsequent reactions with other species have led to addition, displacement, and 
elimination products.3 In particular, ~sis(benzotriauol-1-ylmethyl)hy~xy~e (5, R = CH2Bt, R’ = OH)35 
has heen shown to be a synthetic equivalent for r&tone l,3-dipoks (6, R’ = O-). 

- 3;: + Bt = 
% 

/N 

Scheme 1 Dissociation of (a-Benzotriazolylalkyl)a~nee 

Stimulated by the convenient methods reports for 1,3-dipole generation from qanosilicon compounds, 
and as part of our ongoing interest in the synthetic application of tbe benxotriaxole auxihary method, we now 
report that the mermally induced desilylation of benxotrkolyhnethyhunin~ serves as a novel route to 
axomethine yhde equivalents. Be~Iyl~~yl~~~~ l&d are readily formed from the 
cafe of benxotriaxole, f~~dehyde and (~~~yl~y~~yl)~e 9*aft* in water at room 
temperature in exce&nt yields according to the general procedure for the preparation of 
aminoa@lbenmttiaxoks developed in this laboratory, 37 as shown in Scheme 2. An alternative method for the 

r- 1 

BtH + CH@ + Me$WH$WR~ Me&!Ii~NCH~Bt toluene 
C%\+p 
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9,10,11 a R = (CH&CH; b R = n-hexyl; c R = alIyl; d R = s-Bu. 

12 a Rt = C!@Et (2); b Rt = C@Et (E); c Rt = Ph (2). 
I 

RtCH=CHCO2Et 
12 

13 R R’ Yield React. time (Jt) 
a (CH2)&H CO@(Z) 84 20 
b (a&a Ph(Z) 71 24 
c n-hexyl CO,Et(E) 87 24 
d n-hexyl co,Bt(z) 89 24 
e ally1 Ph(Z) 90 72 
f s-Bu CO$t(Z) 88 30 

R CO@ 

t;, 

r 
R 
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Scheme 2 Benzotriazole Mediated Preparation of Pyrrolidii 
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ptepanttion of aqounds 10 involves mfIIxing a mixture of (nimethylsilybnethyl)amines 9 and l- 
hydroxymethylbuwonkole in benzne under Dean-Stark condition~.~~ 

Beaction of 108-d with ekctron&cicnt alkenes l&c in mfhuing toluene under nihogen a&&d the 
novel pywolidine detivatives l3a-f in good yields (Schem 2). The reactions were monitored by GC until 
consumption of the starting material was complete. Separation of the products was achieved via column 
chromatography on silica gel. ‘Ihe q&addition reactions pmceeded ==FcificallY alKl =mahY gave only 
one isonm~ with retention of the olefinic dipolamphile configuration. The structures of the pmducts and 
intermediateswereconfirmedbytHNMR,t3CNMRandHRMSspecaa 

Since a chiral center exists in the set-butyl group, two diastereomers (cu 1: 1) were observed in the NMB 
spectra of Wf. The t3C NMR spectrum shows two sets of peaks with very small chunkal shift ditTerences 

between all catbons except for those of the ester groups. Overlapped signals were observed for all protons in 

the lH NMB spectrum. 

When the acetylenic dipolarophile diethyl acetylenaiicarboxylate 14 was used, compound 15 was 

obtained as the major product (48%) in addition to a by-product. enamine 16 (25%). We believed that under 
the reaction conditions used the starting compound 1Oa partly decomposes to 9a. Subsequent addition of 9a to 
the strongly activated acetylene results in formation of the enamine. In the case of the less reactive alkenes 12 
discussed pmviously. the decomposed species could recombine to form 1Oa which undergoes subsequent 

co2Et 

m2cl=Fo2Er 
toluene 

loa + Et&c = co$t mfhtx 2h ti 6 + H’ &X-I#iMes 

14 15 16 

Scheme 3 Bettxotriaxole Mediated Preparation of Dihydropyrrole 

1,3dipolar cycloaddition reactions. The structure of compound 16 was determined by tH, and tv NMB 
in&ding APT (attached proton test) expetiments. The etbylenic proton appears at relatively high field (4.42 
ppm) in the ‘H spectrum. This is typical for a structure in which etboxycarbonyl is trunk to the ammo group, 
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and in a42cadmm with literam reports39-4’ inwhichasecondaryamineorlithi~amidereactedwithan 
activated acetylene compound to give compounds similar to 16. Further conformation of the structure was 
obtained by detmutstrating that direct reaction of 98 with diethyl acetylenedkarboxykte gave the sank 
compound. Attempts to incmase the ratio of 15:16 by performing the reaction in retWing THF faikd. 
Similarly, no improvement was achieved after increasing the reaction time to 10 h. 

Jn summary, this work demonstrates that benzouiazolyhnethylaminosiknes are novel and convenient 
precursors of azomethine ylides. The present methodology gives pyrrolidine or 25dihydtopyrmk derivatives 
under thermal equilibrium conditions without the use of catalysts (A%;, CsF etc.) required by other methods in 
good yklds which compare favorably with those previously obtained. This method, with readily accessible 
starting materials, represents a new approach to the 1,3dipolar q&addition reactions of organosihcon 
compounds and is an alternative to the existing procedures.t~-21 

EXPERIMENTAL 

1Hand13CNMRspectrawererecordedonaVarian300MHzspectrometerwithTMSasanintanal 
reference for 1H spectra and solvent CDC13 for 13C spectra. High resolution mass measurements were 
performed on an ARL MS-30 mass spectrometer. Column chromatography was carrkd out on MCR silica gel 
(230400 mesh). 

(Trimethylsilylmethylkmine 9a was prepared according to the literature n~thod.~*.~~s The novel 
compounds 9b-d were also prepared by an adaptation of a literature procedure.lg~t.~ The benzouiazole 
adducts lOa-d were prepared according to a previously described procedum.37 

N-(Trimethylsilylmethyl)cyclohexylomine (90): Obtained as an oil. Yield 90%. JH NMR 6 0.00 (s, 9 H), 0.92- 
1.30 (m, 5 H), 1.50-1.90 (m, 5 H), 2.02 (s, 2 H), 2.22-2.27 (m, 1 H). *SC NMR 6 -2.7, 25.0, 26.2, 33.0, 36.9, 

60.6. 

N-(Wmethylsilylmethyl)hexylamine (9b): Obtained as an oil. Yield: 95%. @JR MS found: M + 1 = 188.1816; 
C!u#JzNSi requires M + 1 = 188.1914). IH NMR 6 -0.02 (s, 9 H), 0.82 (t, 3 H, J = 7.1 J-k), 1.18-1.26 (m. 6 
H), 1.38-1.43 (m, 2 H), 2.00 (s, 2 H), 2.53 (t. 2 H, J = 7.1 Hz). t3C! NMR 6 -2.7, 13.8, 22.5,26.9,29.6,31.8, 

40.2,54.6. 

N-(Trbnethylsilylmethyl)allylamine (9~): Obtained as an oil. Yield: 91%. (Lit.4243) *H NMR 6 -0.22 (s, 9 H), 

0.72 (br S, 1 H), 1.79 (s, 2 H). 3.00 (dd, 2 H, J = 6.0, 1.4 Hz), 4.79-4.92 (m, 2 H), 5.60-5.68 (m, 1 H). 13C 
NMR 6 -2.75,39.6,56.7, 115.6, 137.0. 

N-(Trimethylsiiylmethyl)-set-burylamine (9d): Obtained as an oil. Yield: 86%. (HR MS found: M + 1 = 
160.1525; CgH21NSi requires M + 1 = 160.1601). 1H NMR 6 -0.04 (s, 9 H). 0.81 (t, 3 H, J = 7.4 Hz), 0.95 (d, 

3 H, J = 6.3 Hz), 1.19-1.28 (m, 1 H), 1.38-1.46 (m. 1 H), 1.93 (d, 1 H, J = 13.5 Hz), 2.00 (d, 1 H, J = 13.5). 
2.38 (sexet, 1 H, J = 6.3 Hz). l3C NMR 6 -2.6, 10.3, 19.3.28.8.36.9.58.3. 
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N-Benzowiazo~~t~l-N~~t~lsi~i~t~l)~c~~~~ (100): Obtained as a solid. Yield: 90%. 

Up.= 65 OC (HR MS found M - 1 = 315.1969; C17H2gN4Si requires N - 1 = 315.1925). 1H NMR 6 -0.06 

(s, 9 ff), 1.00-1.41 (m, 5 H), 1.50-1.90 (m, 5 H), 2.21 (s, 2 H), 2.50-2.70 (m, 1 H), 5.42 (s. 2 H), 7.30-7.50 

(m, 2 H). 7.72 (6 1 H, J = 7.1 Hz). 8.05 (d, 1 H, J = 7.1 Hz). 1x NMR S -1.8,2X8, 26.0, 29.7, 39.7,61.5, 

67.3,110.7,119.6, 123.6,126.8,133.1, 146.2). 

N-Benzo~~w~~t~l-N~~‘~t~~i~~t~l)~l~’~ (lob): A mixtute of two isonwm (I-henxnriazole 

and 2benzotriazole, ratio, ca. 51 from NMR) was obtained as an oil. Yield 94%. @JR MS found M - 1 = 

317.2128; C&H#$i requires M - 1 = 317.2081). tH NMR 6 -0.06 (s, 9 H), 0.77 (t, 3 H, J = 7.0 Hz), 1.17 

(br s, 6 H), 1.40-1.51 (m, 2 H), 2.00 and 2.09 (s, s, total 2 H), 2.37-2.42 (m. 2 H). 5.30 (l-isomer) and 5.44 (2- 

isomer) (s, s, totai 2 H), 7.20-7.28 (l-isomer and 2-isomer) (m, 5/4 H), 7.36 (l-isomer) (t, 3/4 H, J = 7.3 Hz), 

7.52 (l-isomer) (d, 3/4 H, J = 7.3 Hz), 7.80 (2-isomer) (dd, l/2 H, J = 7.3, 1.3 Hz), 7.95 (l-isomer) (d, 3/4 H, 

J = 7.3 Ha). t3C NMR 6 -1.5, 13.9, 22.6, 26.8, 27.3, 31.7, 43.8, 54.8, 69.1, 110.2. 118.3 (2-isomer), 119.3, 

123.6, 125.9 (2-isomer) 127.0,128.2 (2-isomer), 133.9,145.9. 

N-Benzotriazo~~t~l-~-~~i~t~lsi~l~thyl~l~l~i~ (ZOe): A mixtute of two isomers (1-benzottiazole 

and 2-benxnriazole, ratio, ca 51 from NMR) was obtained as an oil. Yield: 93%. (HR MS found: M = 

274.1549; C#22N4Si requires M = 274.1613). 1H NMR 6 -0.08 (s, 9 H), 2.04 (l-isomer) and 2.08 (2- 

isomer) (s, s, total 2 H), 3.06 (l-isomer) and 3.17 (2-isomer) (d, d, total 2 H J = 6.1,6.1 Hz), 5.05-5.18 (m, 2 

H), 5.30 (l-isomer) and 5.44 (2-isomer) (s, s, total 2 H), 5.70-5.82 (m, 1 H), 7.22-7.28 (l-isomer and 2- 

isomer) (m, 5/4 H), 7.37 (l-isomer) (t, 3/4 H, J = 7.1 Hz), 7.52 (l-isomer) (d, 3/4 H. J = 7.1 Hz), 7.78-7.82 (2- 

isomer) (m, l/2 H), 7.96 (l-isomer) (d, 3/4 H, J = 7.1 Hz). ‘SC NMR 6 -1.6.43.3, 57.3.68.3, 110.2, 118.4 (2- 

isomer), 118.5, 119.6, 123.6, 126.0 (Zisomer), 127.1, 133.8, 134.9, 135.1, 145.6. 

N-Be~o~~~thyl-N-(~~thy~i~l~t~l)-see-basin (1Od): A mixtm of two isomers (l- 

benzotriazole and 2benzotriazole, ratio, ca 5:l from NMR) was obtained as an oil, Yield 95%. (HR MS 

found M - 1 = 289.1845; Cl5H26N4Si requires M - 1 = 289.1780).1613 . 1I-I NMR 6 -0.89 (s, 9 H), 0.60- 

0.80 (m, 6 H), 1.10-1.18 (m, 1 H), 1.20-1.35 (m. 1 H), 2.18 (l-isomer) and 2.41 (2-isomer) (s, s, total 2 H), 

2.51-2.72 (m, 1 H), 5.25 (2-isomer) and 5.30 (l-isomer) (s, s, total 2 H), 7.16-7.28 (l-isomer and 2-isomer) 

(m, 714 H), 7.50 (I-isomer) (d, 314 H, J = 7.3 Hz), 7.74-7.82 (2-isomer) (m, l/2 H), 7.88 (l-isomer) (d, 314 H, 

J=7.3 Hz). 13CNMR 6-1.8, 10.9,14.8,26.6,33.9,58.0,68.5, 110.2, 119.4, 123.5.126.8, 132.9, 145.8. 

1 ,3-Dipolar Cycloaddition Reaction of Benzotriarolybnethylaminosilanes 10 with Dipolarophiles 12, General 
Procedure: Benz4kaz0 lyhnethylaminosilane 10 (5 mmol) and the dipolamphile 12 or 14 (6 mmol) were 

mfluxed in toluene (15 ml) under N2 for the appropriate time as shown in Scheme 2. ‘l’he solvent was then 

removed and the residue chromatographed on silica gel using hexane and ethyl acetate (3&l) as the eluent to 

furnish the substituted pyrrolidines 13 or substituted 2,5-dihydropyrrole 15. 

N-Cyclohegl-3,4-dietho~carbonylpyrrolidine (Z3a): Obtained tw tm oiL Yield: 84%. (Found: M + 1 = 

298.2060; C@27NO4 reqtlires M + 1 = 298.2098). 1H NMR 6 1.26 (t, 6 H, J = 7.1 HZ), 1.22-2.10 (m 11 H), 
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2.83 (t, 2 6 J = 6.4 Hz), 2.96 (t, 2 H, J m 6.4 Hz), 3.38 (t, 2 H, J = 5.3 Hz), 2.15 (q, 4 H, J = 7.1 Hz). tw 

NMR S 14.0,24.5,25.8* 31.3,44.9,54‘1,6Q.7,62.5,173.3. 

N_Cjc~~l=3=et~c~nyl~-~~~y~y~u~~ (13b): Ob&ned Bs Bn Oil. Yieldz 71%. (HR MS fouak M 

= 302.2023, C1gH27N02 requires M 5: 3~1.2~2). tH NMR S 1.19 (t. 3 H, J = 7.1 Hz), 1.13-1.34 (m, 4 H), 

1.58-2.00 (m, 6 H), 2.W2.22 (m, 1 H), 2.80 (t, 2 H, J m 7.1 Hz), 3.00-3.20 (m. 3 H), 3.62 (q, 2 H, J = 7.1 

Hz)+ 7.20-7.34 (m, 5 H). 1% NMR S 14.1,24.7,25.8, 31.2,46.7,50.9, 54.8, 59.1, 60.6, 63.1, 126.5, 127.4, 

128.4,143.1, 173.8. 

N=~~l=3,4=E_ ($3~): Ulx&ined BS BR &I. Yieldz 87%. @IR MS found: M + 1 = 
~.~l~C~~~O4~u~sM~ 1=300.2201). tH~RS~.88 (t, 3H,J=6.5Hz), 1.2&1.35(m, 12H), 

1.42-1.51 (XII, 2 H), 2.31-2.48 (m, 2 H), 2,70=2.80 (m, 2 H), 2.80-2.90 (m, 2 H), 3.41 (quintet 2 H, J = 5.8 

~),4.~6(q,4~ J =S.SHzj. t3CNMRS 13.7,13.8,22,3,26.8,28,3,31.4,45.0,55.3,56.6,~.6,173.1. 

N-~~~-~~4-Z~t~~~~~~y~~lid;ine (13tf]: Obtained as an oil. Yiekk 89%. @iR MS fouad: M + 1 = 

300.2169, C,&&gNO.j requires M + 1 e 300.2201). tH NMR S 0.88 (t, 3 H, J = 6.8 Hz), 1.22-1.42 (m, 12 H), 

1.42-1.51 (m, 2H), 2.30-2.45 (m, 2 H), 2.70-2.80 (m, 2 H), 2.80-2.90 (m, 2 H), 3.38-3.42 (tn. 2 H), 4.14 (q, 4 

H, J-6.8Hz). t3CNMRS 1?.5,13.6,22.1,26.6,28.0,31.2.44.8,55.t,56.4,60.3, 172.8. 

N=~~i-3,4-Z=~t~c~~ny~~~Q~~~~ @3e): aXained as an OiL Yiekk 90%. (FIR has found: M + 1 = 

26OXUB; Ct~2tN~ Ipxtuires M + 1 = 260.1305). tH NMR S 1.21 (t, 3 H, J = 7.1 Hz), 2.73(dd, 1 H, J = 

9.4,7.0 Hz), 2.90-3.22 (m, 6 H), 3.66 (q, 1 H, J = 7.1 Hz), 4.11 (q, 2 H, J = 7.1 Hz), 5.20 (dd, 2 H, J = 12.2, 

7.2 Hz), 5.82-6.00 (m, 1 H), 7.20-7.35 (m, 5 H). *3C NMR S 14.1,46.9,51,5, 57.3,58.7, 60.6,61.7, 116.9, 

126.4, 127.3, 128.4. 135.3, 143.7, 174.0. 

N-sec-Butyl-3iQ-Z-d~~yr~~l~i~ (13f): A mixtun? of two diastereamexs (ratio, ca 1:l) was 

obtained as an oil. Yiekk 88%. (HR MS found: M + 1 = 272.1868; Ct4HaN04 requires M + 1 = 272.1962). 

lH NMR S 0.87 (t, 3 H, J = 7.2 Hz), 0.99 (t, 3 I-I, J = 7.2 Hz), 1.20=1.40 (m, 7 H), 1.50-1.65 (m, 1 H), 2.20- 

2.30 (m. 1 Ii), 2.77-285 (m. 2 HI, 2.88-2.98 (m, 2 H), 3.32-3.42 (m, 2 H). 4.10-4.22 (q, q, total 4 H, J = 7.2 

Hz). 13C NMR S 9.6 and 10.1, 14.2, 16.3 and 16.9, 27.5 and 27.7, 45.19 and 45.22, 53.7 and 54.0, 59.2 and 

59.4,60.9,173.6. 

N=~c~~i-3,4~et~~c~~ny~-ZJ-d (‘15): Obtained as in oil. Yield: 48%. (HR MS fou& 

M + 1 = 296.1819; C&IaN04 requires M + l- - 296.1942). tH NMR S 1.2O=t.86 (m, 10 H), 130 (t, 6 H, J 

= 7.2 Hz), 2.28-2.36 (m, 1 H), 3.83 (s, 4 H), 4.25 (q, 4 H, J = 7.2 Hz). *SC NMR S 13.8, 24.2, 25.7, 31.3, 

58.1,60.9,61.5,136.6~ 163.4. 

Die&$ ftrinre~~~~~thyl~cr~~i~i~~e~te (‘I@: Obtained tw an oily by-product aring the 

preparation of Ncycloh~xy~-3,4diethoxycarbonyl=2~~~~~le (IS). Yield: 25%. (HR MS founds M + 

1 = 356.2244, C~8H33NO4Si xequims M + 1=356.2337 ). 1H NMR S 0.15 (s, 9 H), LOO-l.45 (m, 5 H), 1.22 
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
(q, 2 H, J = 7.1 Hz), 4.40 (q, 2 H, J = 7.1 Hz), 4.42 (s, 1 I-I). ‘SC NMR 6 13.9, 14.5, 25.0.25.5, 31.1, 35.6, 
58.8,61.4,61.6,84-O, 154.5, 165.8, 167.7. 

This work was supported by the German Academic Exchange Service (DAAD). 
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