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Abs t r ac t  - Syntheses of (fj-coniine via Tic14 induced iminium ion cyclizations a f a -  
cyanoamines are described. Moreover, (a-cyanoalky1)amine could lead to the  cyclic 

piperidine system in good yields. 

The nitrageneous six-membered ring containing compounds play an important role in the  naturally 

occurring alkaloids. Of them the  piperidine rings are the most commom basic skeletons in their 

structures.' According to the literatures, most of the  piperidine alknioids have substituents on carbon 2 

andlor 6 positions, i.e. coniine, pinidine, and solenopsin A ( Figure 1 During the  study of Tic14 

induced iminium ion eyelizations of a-cyanoamines, we found with appropriate madifieations of the a -  

cyanoarnines that  the reaction could lead to the piperidine alkaloids famil.v.3 Herein we report our initial 

results on the total syntheses of (i-1-coniine via two dilTerent routes. 

Cyanoamine 5, the  key intermediate far Tic14 induced cyclization, was prepared in three steps.  

Mesylation of Z-4-trimethylsilyl-3-buten-1-01 2 with mesyl chloride and  tr iethylamine in  

d ichlor~methane(~ie ld  98%), followed by condensation of mesylate 3 with benzylamine produced 55% of 

secondary amine 4. The preparation of cyanoamine 6 was carried out under the conditions analogous to 

Strecker 's  amino acid synthesis only without hydrolysis of the  nitr i le f ~ n c t i o n a l i t y . ~  The desired 

cyanoamine h was quickly submitted to the  Tic14 induced cyclization.6 Unfortunately, a complex 

mixture was obtained which consisted of hydrolyzed secondary amine 6,s desilylated amine 1, and  small 

amount of desired cylic amine 8. Lowering the  reaction temprature from ambient temperature to -20W 

and shortening the reaction t ime only resulted more start ing eyanoamine 5 recovery and produced 

another  hydrolyzed secondary amine  9.73 The yield of desired cyclization product 8 was  even 

diminished. ARer quite a bit experimentations, we found that  reversing the procedure of our traditional 

addition sequence improved the  results dramatically. Slow addition of eyanoamine 5 to a solution of 1.0 

M solution Tic14 in dichloramathane gave 73% of 8 with only trace amount of amine %( Scheme I and  



Table I 1.5 Having cyclic amine B in hand, the synthesis was accomplished by hydrogenolysis of the 

protected benzyl group to give (2)-coniine in 90% yield ( Scheme 11 1. 

Scheme I :  

Tab le  I: 

Reaction Conditions YleldE Products distributions(%) 
Entry 

Tempetalute Time Ti& Procedure' (%) 5 z 8 9 5 (Slsning Matsrial) 

1 Ambient 24 h 4 eq. A 76 5 0  32 18 0 0 

2 -20% 1 h 4 eq. A 89 0 22 0 34 34 

3 Ambient 1 h 4 eq. B 74 0 8 8 8 4 0  

4 Ambient 60 h 4 eq. 8 5 6  0 8 9 2  0 0  

5 Ambient 60 h 2 eq. B 74 0 0 9 9  1 0  

a. Pi0caduteA:To a raiulionol o~cyanoamlneinCH2C12 wasadded 1.0 M of TCI, in CH2CItover a perad 30 semndr 
Procedure 0: A roivfion of anjanoamins wan added to 1.0 M of T#CI, wrlution of CH2Cl.ovsr a period ol 15 mn. 

Scheme 11 : 

Is) MsCI. NEtl. CH2C12. 3 h. 98%; (b) PhCHrNHr NEl1. CHrCin. 2dayr. 55%: (c) Bufyraldehyde. KCN SN HCI. H20. 3days, 85%: 
(dl 1.0 MTIC4 in CH2Ci2, ambienttemperature . 73%; (e) HZ. MeOH. 5% P d C  arnbienttempsralvrs. 2 h. 90%; (1) PhCHzNH2. NEI,. CH2C12. 
rsfulx. 7 days. 77%; (g) Butyraldehyde. KCN. SN HCI. H20. ambient temperalure, 2.5 days. 75%: (h) 1.0 M TiClr in CHrClr. ambsnl 

temperature. 24%; ii) H2, MeOH, 54bPaC. 24 h. 97%: ( j ) n-Bu,SnH. AIBN. Tolusns. 80% 30 min. 51%. 

In the other approach, mesylate U of 3-buten-1-01 was treated with 2 eq. of benzylamine and triethylamine 

far 7 days in refluxing dichloromethane to produce 77% of secondary amine 6, which was then subjected to 

Strecker's conditions4 for the preparation of cyanoamine 1(75%j. The cyclization was carried out as 

mentioned above to give 24% of cyclic amine 118 which was then dehenzylated (50 psi Hz, 5% PdlC, MeOH: 

yield 97%) and reduced with ~ - n - b u t y l t i n  hydride to yield 51% (+)-caniine (Scheme 11). The final product, 

(+I-coniine, produced from two different pathways, has the same properties in  all aspects. 
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I n  brief, (a-cyanoalky1)arnines 5 and 1 have been xuccessfully cyelized, and the sequence of addition was 

found to be crucial for this tpye of reactions. Meanwhile, TiC14 induced iminium ion cyclizations could be 

used in the syntheses of piperidine alkaloids. 
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5. A typical eyclization procedure is described as follow : To 1.4 ml of 1.0 M dichloromethane solution of 

Tic14 (1.40 mmol) was added 220 mg(0.7 mmol) of a-cyanoamine 5 in 2.0 ml dichloromethane of a t  

ambient temperature. The reaction mixture was stirred for 60 h ,  then diluted with 5 ml of 

diehloromethane and 6 ml of5% aqueous N a ~ C 0 3 ,  The aqueous layer was seperated and extracted 

with with three 25 ml portions of dichloromethane. The combined organic layers were dried(Na2SOq). 

filtered, and concentrated in  vacuo to give 120 mg of yellowish oil, which was chromatographed over 

20 g of silica gel (eluted with ethyl acetate : hexam= 1 : 100) to give 110 mg (73%) of amine B as a 

colorless liquid and 2 mg(1.4%) of amine 9 as a pale yellow oil. 

6.  Both secondary amines 6 and 9 might resulted 

from the hydrolysis of uncyclized iminium ion Gj e+G 
during the aqueous workup. l3 

7. Compounds: 1H Nmd300 MHz, CDCl,) S O.ll(s, 9H, SiCHd, 0.87(t, J=7.5 Hz, 3H, CHQ), 1.34-152(m, 

2H, CHz), 1.68-1.78(m, 2H, CHz), 2.26-2.42(m, 2H, =CCHz), 2.48-2.57(m, lH,  NCHd, 2.67-2.76(m, lH,  

NCHz), 3.39(d, J=14 Hz, IH,  PhCHz), 3,55(t, J=7.5 Hz, IH,  NCH), 3.99(d, J=14 Hz, lH,  PhCHz), 5.59(dt, 



5=14, and 1.5 Hz, lH,  =CH), 6.28(dt, 5=14, and 7 Hz, IH, =CHI, 7.25-7.38(m, 5H, PhH). 

~3CNmri300MHz,CDC131S0.07, 13.26, 19.09,31.77,33.57, 50.86, 53.34, 56.04, 118.05, 127.51, 128.53, 

128.76, 131.06, 138.08, 145.41. Exact moss calcd far C I ~ H ~ ~ N ~ S ~ :  314.2178, found: 314.2192. 

Compound 6: 1H Nmr(300 MHz, CDC13) 6 1.58(br.s, IH,  NII), 3.80(s, 2H, PhCHzi, 5.02-5.13(m, 2H, 

=CH2), 5.79(tdd, J=17, 10, and 7 Hz, lH,=CH),7.22-7.36(m, 5H. Ph1 l i .W Nmr (300MHz, CDCI3) 6 34.21, 

48.23, 53.83, 116.38, 126.93, 128.15, 128.41, 136.47, 140.37. 

Compaundl:  1H Nmr(300 MHz, CDCI3) S 0.86(t, J=7.5 Hz, 3H, C1131, 1.32-1.55(m, 213, CH2),1.64-1,82(m. 

2H, CH,), 2.24-2.35(m, 2H, =CCH2), 2.54(ddd, J=13, 7.5, and 4.8 Hz. 111, NCH2), (td, J=13 and 8 Hz,lH, 

NCHZ), 3.39(d, 5.14 Hz, 111, PhCH2), 3.56(t, 5% Hz, IH, NCHCN), 3.99(d, J=14 Hz, 111, PhCHzi, 5.02- 

5.13(m, 2H, =CHz), 5.72-5.86(rn, l H ,  =CHI 7.22-736(m, 511, PhHI13C Nmr(300hIHz, CDCI3) 6 13.20, 

18.98,50.40,53.22,55.92, 116.10, 118.00, 127.41, 128.43, 128.68, 136.U3,138.11. 

Anal. Calcd for C16HzzNz: C, 79.28; H, 9.15; N, 11.57. Found: C, 79.18; H, 9.11; N, 11.51. 

Compound 8: 'H Nmr(300 MHz, CDCI3) 6 0.89(t, J=10.5 Ilz, 3H, CA31, 1.22-1.62(m, 4H, CH2), 1.96- 

2.07(m, 2H, =CCIIzi, 2.37(dt, J=18 and 9 Hz, l f I ,  NCHzi, 2.81-2.96(m, 2H, NCH2 and NCH), 3.38(d, J=20 

Hz, l H ,  PhCHd, 3.93(d, J=20 Hz, l H ,  PhCHz), 5.56~5.66(m, IH, =CII), 5.73-5.84(m, lH, =CH), 7.15- 

7 . 4 0 h  5H, PhH). I3C Nmr(300MHz, CDCI3) 814.35, 18.58, 23.91, 29.66, 35.63.46.12. 55.06, 58.81, 125.04, 

126.75, 128.15, 128.86, 130.21. Exact moss caled for C15H21N: 215.1674, found: 215.1665. 

Compound 9: 'H Nmri300MHz, CDCl3) 6 0.12(s, YH, CH3Si), 1.42(br.s, 1H. NH), 2.33(ddd, J=7.2, 6.9, 

and 1.5 Hz, 2H,CHd, 2.68(t, J=7.2 Hz, 2H, CH2), 3.78(s, 2H, PhCH2), 5.62(td,5=14 and 1.5 Hz, l H ,  

=CH),6.26(td, J=14 and 6.9 Hz, IH,  =CH), 7.18-7.32(m, 5H, PhH). '3C Nmr(300MHq CDC13) 6 0.14, 

33.94, 49.02, 53.91, 126.91, 128.06, 128.40, 131.20, 140.46, 146.16. Exact mass ealed for CI4Hz3NSi: 

233.1600, found: 233.1603. 

8 .  The yield was only 3% if the TiClq solution was added to Lhe solution of a-cyanoamine II a t  ambient 

temperature. We also found a-cyanaamines ki with methyl substitution a t  the a-cyano-a-amino 

carbon gave 4% of the cyelization product. 

However, up to 45% yield could be obtained if the carh N,,P~ 

a-cyanoarnines was added to the Tic14 solution. 14 
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