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CHAPTE RR 3 

SOLIDD PHASE SYNTHESIS OF PIPERIDINES 

3.11 Introductio n 

Functionalisedd piperidines are frequently encountered structural motifs in bioactive 

compoundss and in natural products.1 The piperidine ring is often present as a substructure 

inn druglike molecules.2 A well-known example is ritalin (1, a-phenyl-2-piperidineacetic acid 

methyll  ester), that is used for the treatment of Attention Deficit Hyperactivity Disorder 

(ADHD)) in children (Chart l).3 Some other piperidine-containing natural products that show 

interestingg biological activity are febrifugine (2)4 and (-)-lobeline (3).5 
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Consequently,, a plethora of synthetic routes that lead to functionalised piperidines 

havee been developed.6 An example on solid phase is the synthesis of 3-alkoxy-4-

arylpiperidines,, potential aspartic peptidase inhibitors, as developed by Rich and coworkers 

(eq3.1).' ' 

a. . 
"OH H 

^S ^S 

CF3C02 2 

'OR22 (3.1) 

OHH OH OR' 

44 5 7 8 

key:key: a) AD-mix-a, CH3SO2NH2, 'BuOH/H20; b) Ra-Ni, EtOH; c) HC1, dioxane; d) NEt3, CH2CI2, e) CS2CO3, R'Br, 

CHCb/MeOH;; f) KO'Bu, R2Br, "ButNI, THF; g) 10% TFA/CH2CI2 

Stereoselectivee dihydroxylation of tetrahydropyridine 4 to the corresponding diol, 

followedd by a stereoselective reduction of the benzylic alcohol using Raney-nickel and 

subsequentt removal of the Boc protecting group afforded 3-hydroxy-4-(4-

hydroxyphenyl)piperidinee 5, that was linked to a resin via the nitrogen atom using the 

immobilisedd diazonium salt 6 as developed by Brase,8 to provide the triazene tethered 
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ChapterChapter 3 

scaffoldd 7. Selective alkylation of the phenol part, subsequent further diversification via 

alkylationn of the secondary alcohol with a variety of benzyl bromides, and finally, TFA 

mediatedd cleavage provided the products 8 in high purity. 

Inn a number of groups, including ours, N-acyliminium ion pathways towards 2-

substitutedd piperidine scaffolds have been developed over the years.9 In conjunction with 

thiss work, a solid phase approach which would give facile access to libraries of piperidines 

usingg similar types of methods would be highly desirable.1011 In the previous chapter, the 

solidd phase synthesis of several 2-substituted pyrrolidines is described, starting from 

immobilisedd y-aminoacetals.10' These acetals were cyclised under Lewis acidic conditions and 

coupledd with a suitable C-nucleophile in a one-pot reaction via N-acyliminium ion 

intermediates.. To our surprise, however, this one-pot protocol did not work satisfactorily for 

thee homologous piperidine analogues. In this chapter, we describe a modification of the 

initiall  procedure which resulted in the successful synthesis of a number of 2,4-disubstituted 

piperidiness 9. The general strategy is outlined in Scheme 3.1. 

< < 
O O 

K K 
NN X 

Q Q 
o=< < 

CH(OEt)2 2 

I II  *S40 

10 0 11 1 12 2 

Ratherr than using the one-pot cyclisation/coupling sequence, we anticipated that it 

wouldd be more favourable to generate a stable intermediate N,X-acetal (viz. 11), which upon 

suitablee activation would provide the targeted N-acylimium ion intermediate 10.12 In order 

too do so, we decided to apply the benzotriazole (Bt) group (i.e. 11, X = Bt), which has been 

developedd by Katritzky,13 as a potentially useful leaving group. 

3.22 Acetal Synthesis 

Thee starting materials, the arninoacetals 16a-e were, unfortunately, not readily 

available.. Whereas the acetal precursors for the pyrrolidine series were commercially 

availablee or easily synthesised in two steps, the precursors for the desired piperidine 

derivativess were prepared via a five-step sequence (Scheme 3.2). Thus, arninoacetals 16a-e 
weree obtained via decarbalkoxylation of the ester and subsequent reduction of the nitrile 

moietyy of 15a-e.14 Products 15a-e were obtained by acid catalysed ring opening of 

heterocycless 14a-e, which were formed by a high pressure hetero Diels-Alder cycloaddition 
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betweenn ethyl vinyl ether and the unsaturated esters 13a-e, which were obtained through a 

Knoevenagell  condensation of the appropriate aldehyde and ethyl cyanoacetate.15 

Schemee 3.2 
R R 

J^OB B 
13a-e e 

155 kbar 
CH2C12,, rt, 20 h 

1)) NaOMe, MeOH, rt, 2 h 
2)) NaCl, DMSO/H20,150 °C, 2 h 

». . 
3)) LiAlH 4/ EtzO, 0 °C -H> rt, 4 h 

E t O ^ O ^ O E t t 

H,N' ' 

14a-e e 

16a:: 86% 
16b:: 34% 
16c::  71% 
16d:: 99% 
16e:: 46% 

pTSA A 

EtOH,, reflux 
NCk k 

a:: R = Ph 
b:: R = 4-pyridyl 
c:: R = 4-BrC6H4 

d:: R = 2-furanyl 
e:: R = 2-Pr 

R R 
1 1 

15a: : 
15b b 
15c: : 
15d d 
15e: : 

OEt t 

^ ^ O E t t 

:t t 

90% % 
39% % 
88% % 
70% % 
86% % 

Thesee inverse electron demand hetero Diels-Alder cycloaddition reactions usually 

requiree harsh reaction conditions to obtain satisfactory results.16 Because of the relatively 

largee decrease in the volume in forming the transition state, Diels-Alder17 reactions are often 

acceleratedd by subjecting them to high pressure conditions.18. Thus, reaction of the 

unsaturatedd esters 13a-e under a pressure of 15 kbar in the presence of a slight excess of ethyl 

vinyll  ether (1.5 equiv) afforded the heterocycles 14a-e.19 The crude products were then 

treatedd with a catalytic amount of pTSA in refluxing ethanol to furnish the a-ester 

substitutedd nitriles 15a-e. The yields of this two-step sequence were high, except for the 

productt with the 4-pyridyl side chain (15b). Polymerisation during the cycloaddition 

reactionn decreased the yield considerably in this case. To remove the undesired ester 

functionality,, decarbalkoxylation at high temperature was attempted. This, however, 

resultedd in extensive decomposition of the starting material and consequently very low 

yieldss (<10%). Therefore, the esters were transesterified to the somewhat less hindered 

methyll  esters using catalytic NaOMe in MeOH. At this point, the NaCl mediated 

decarbalkoxylationn proceeded smoothly and subsequent reduction of the resulting nitriles 

usingg LiAlH i in dry ether provided the desired aminoacetals 16a-e in excellent yields over 

threee steps. The unsubstituted aminoacetal 16f was readily obtained in reasonable yield via 

reactionn of commercially available 4-chloro-l,l-diethoxybutane (17a) with sodium cyanide 

andd subsequent nitrile reduction using L1AIH4 (eq 3.2). 

CI I 

OEt t 

OEt t 

17a,, n = 1 
17b,nn = 2 

1)) NaCN, KI, DMSO, 100 °C, 20 h 

2)) L1AIH4, Et20, 0 °C -> rt, 4 h H-,N N (3.2) ) 

16f,, n = 1 (32%) 
18,, n = 2(52%) 
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Additionally,, a precursor for a seven-membered ring (18) was prepared via the same 

protocol,, starting from commercially available 5-chloro-l,l-diethoxypentane (17b). 

3.33 The One-Pot Procedure 

Thee piperidine synthesis commenced with the coupling of the aminoacetals 16a-f to 

thee sulfonylethoxycarbonyl (SEC) modified polystyrene resin 19 (Scheme 3.3).10c-f 

Schemee 3.3 
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H 2N'^~V ^ / ^ ^ 
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THF,, rt, 20 h 

OEt t 

^ O E t t 

NH H 
CH(OEt)2 2 

20a-f f 

R R 
1)) allyltrimethylsilane, BF3OEt2, 

CH2C12,, 0 °C ->rt, 20 h 
CH(OEt)22 2) 1M NaOMe, THF/MeOH (2:1), rt, 1 h 

3)) Ac20, DMAP, pyridine, rt, 20 h 

20a,, f 

N N 
i i 

Ac c 

21a,, f 

a:: R = Ph 
b:: R = 4-pyridyl 
c:: R = 4-BrC6H4 

d:: R = 2-furanyl 
e:: R = 2-Pr 
f:: R = H 

22a,, f 

Attemptss to follow a one-pot procedure for the N-acyliminium ion mediated 

functionalisation,, i.e. direct sequential addition of the Lewis acid and allyltrimethylsilane , 

ledd to a mixture of cyclic and linear products. This became apparent after sodium methoxide 

mediatedd cleavage and acetylation of the nitrogen atom to afford piperidines 21a (57%) and 

21ff  (47%) and the linear side products 22a (4%) and 22f (6%). The linear products resulted 

fromm competitive intermolecular attack of allylsilane onto the in situ generated oxycarbenium 

ion,, instead of intramolecular attack by the carbamate nitrogen. Interestingly, this side 

reactionn was not observed in the pyrrolidine series, which is probably due to a faster rate of 

cyclisation.. As expected, the ratio of cyclic to linear product was better for the 4-substituted 

piperidinee 21a than for the unsubstituted analogue 21f. Sequential addition of the Lewis acid 

andd the nucleophile did not improve the situation, resulting in low yields of the desired 

product.. To suppress the side reaction, the concentration of allylsilane was lowered fourfold, 

whichh should favour intramolecular attack of the carbamate moiety. Although this indeed 

ledd to the exclusive formation of the cyclised product in both cases, the yields were 

significantlyy lower. More importantly, the high dilution factors render this approach 

unsuitablee for possible application in automated procedures. 
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3.44 The Benzotriazole Route 

Too optimise the N-acyliminium ion mediated functionalisation of piperidines at the 2-

positionn from linear precursors, further studies in solution were conducted first. 

Consequently,, aminoacetal 16f was protected with a benzyloxycarbonyl group (Cbz) to 

affordd the solution phase model system 23 (Scheme 3.4). 

Schemee 3.4 
„SiMe? ? 

k N H CH(OEt ) 22 BF3.oEt2 

Cbz z 

23 3 

aa orb 

CH,C12,, 0 °C, 1 h -» rt, 3 h 

pTSAA (cat.), CH2C12, rt, 15 min; 

thenn BtH, rt, 5 h 

N N 
Cbz z 

24 4 

OEt t 

NH H 
Cbz z 

25 5 

,SiMe3 3 

NN OEt 
Cbz z 

26 6 

N N 
Cbz z 

27 7 

CH2C12,, 0 °C, 1 h -> rt, 3 h 

N N 
N' ' 

NN Bt 

Cbz z 

28 8 lH-benzotriazole e 

key:key: a) pTSA (cat.), CH2CI2, rt, 15 min; b) pTSA (cat.), CH2Cl2/EtOH (2:1, v/v), rt, 15 min 

One-pott coupling of allyltrimethylsilane under identical conditions as for resin 20f 
indeedd afforded a 83:17 mixture of cyclic to linear products 24 and 25 in 95% yield. 

Alternatively,, 23 was cyclised to the corresponding N,0-acetal 26 using catalytic pTSA in 

CH2CI22 (conditions a), but partial formation of the undesired enamide 27 (33:67 ratio) could 

nott be prevented.4 Use of slightly different conditions (CH^Cb/EtOH (2:1, v/v) mixture 

(conditionss b)) drastically improved this ratio to 86:14. However, compound 26 was found to 

bee rather unstable, since subjection to purification by column chromatography resulted 

largelyy in elimination to enamide 27. To provide a more stable precursor, the acetal 23 was 

treatedd with catalytic pTSA, followed by addition of an excess of lH-benzotriazole resulting 

inn the 2-Bt substituted piperidine 28 in 88% isolated yield as the sole product.20 Subsequent 

reactionn of this intermediate with allyltrimethylsilane using BF3OEt2 as the Lewis acid 

exclusivelyy afforded the cyclic product 24 in an excellent yield of 93%.21 In contrast, 

sequentiall  addition of pTSA and allyltrimethylsilane to compound 23 (not shown in Scheme 

3.4)) resulted in a low yield of product 24, due to the facile formation of the enamide 27 under 

thesee conditions.22'23 
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3.55 Piperidin e Synthesis 

Too determine the synthetic scope of the procedure, the resin bound acetals 20a-f were 

cyclisedd to give the 2-Bt precursors 29a-f (Scheme 3.5); in all cases complete ring closure was 

observedd as indicated by the disappearance of the NH signal in the IR spectra. 

Schemee 3.5 
R R 

pTSAA (cat), CH2C12, / \ 1) nucleophile, BF3OEt2, 
CH(OEt)) rt, 30min; CH2C12, 0 °C -> rt, 19 h 

NHH . n r t J ~77 " N Bt thenn BtH, rt, 5 h ? D ' 2) 1M NaOMe inTHF/MeOH ft 
(2:1),, rt, 1 h è tnenn Dtn, rt, 3 n r 

(s) ) 
20a-ff  29a-f 9 

Subsequently,, a number of nucleophiles were coupled using the aforementioned 

conditionss and the products were cleaved from the resin (Table 3.1). 

Tablee 3.1 Synthesis of 2-substituted piperidines from 29a-f. 

entryy substrate nucleophile product yield(%)" 

29aa ^ \ . S i M e 3 ^ ^ T T 30a 80 
H N ^ ^ 

,.>,.> ,SJMc3 f ' ' Y * P h 31a 76 

29a a 

HN. . 

O.. 2-furanyl > ^ / - \ ,~Ph 

iff iff HN N 

... ,«Ph 
29aa Et2Zn ^T ^ 3 3a 14 

HNN ^ 

„4-pyndyll ^ ^ 

HN. . 

29cc ^ ^ S i M e 3
5 ^ Y \ ^ 4 - B r C 6 H 4 ^ ffi 

H N ^ ^ 

.. v> 2-furanyl 
29dd ^ - \ .SiMe3 "Y > 30d 0 

HN. . 

2 9 ee ^ v ^ S i M e 3 ^ ^ ^ \ ^ 2 " P r
 3 0 e 86c 

HN. . 

29ff ^ > . / S i M e 3 ^ 
HN. . 

key:key: a) Isolated yield over four steps from resin 19; b) CSA (1 equiv) was used; c) Isolated as the HCl-salt. 
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Ass expected, both allyltrimethylsilane and methallyltrimethylsilane could be coupled 

inn good yield (entries 1 and 2). The exclusive trans stereochemistry of product 30a was 

establishedd via TH NMR NOE measurements after tosylation of the amine.24 This 

stereochemistryy is in good agreement with the results of Woerpel and coworkers, who 

investigatedd the addition of allyltrimethylsilane onto the analogous 4-alkyl substituted 

oxycarbeniumm ions.25 By using a stoichiometric amount of camphorsulfonic acid,26 a 2-

furanyll  substituent was coupled in reasonable yield (entry 3). Finally, an ethyl chain was 

introduced,, albeit in a low yield, using diethylzinc as the nucleophile (not optimised, entry 

4).10bb Attempts to introduce a propargyl or a 2-oxopropyl moiety, using allenyltributyltin and 

isopropenyll  acetate, respectively, failed.27 

Next,, the influence of the R-substituent at the 4-position in the piperidine ring was 

evaluated,, using allyltrimethylsilane as the nucleophile. In all cases, the product was 

obtainedd in excellent yield and diastereoselectivity (entries 5-9), except in the case of a 4-

furanyll  substituent (entry 7), where an unidentifiable mixture of products was obtained. 

3.66 Azepine Synthesis 

Finally,, the versatility of this method was further substantiated by the synthesis of a 

2-allyll  substituted azepine (eq 3.3). 

O l )) allyltrimethylsilane, BF3OEt2, 
CH2C12,, 0 °C -»rt, 20 h 

N HH JH(OEt)2 2) 1M NaOMe, THF/MeOH (2:1), rt, 1 h V N ' / ^ / \ + ^ N H 
*~~ i i Oc t (3.3) 

3)) AczO, DMAP, pyridine, rt, 20 h Ac Ac 

344 35,31% 36,24% 

Treatmentt of immobilised 6,6-diethoxyhexylamine (34) with allyltrimethylsilane and 

BF3-OEt22 under standard conditions, followed by cleavage and subsequent acetylation 

furnishedd the desired azepine 35 and the linear side product 36 in a 57:43 ratio in a combined 

yieldd of 55%. As expected, five-fold dilution of the reaction mixture indeed improved the 

ratioo to 86:14 (40%), but still formation of the linear side product could not be completely 

suppressed.. Therefore, precursor 34 was first treated with lH-benzotriazole (eq 3.4). 

1)) pTSA (cat), CH2C12, rt, 30 min; 
thenn BtH, rt, 5 h 

KILJJ CH(OEt), 2) allyltrimethylsilane, BF3OEt2, V 
CH2Cl2,0°C->rt,20h h 

Ac c 
(S%(S% 3) 1M NaOMe, THF/MeOH (2:1), rt, 1 h 

4)) Ac20, DMAP, pyridine, rt, 20 h 
344 35,44% 37,7% 

IRR analysis of the resin after this reaction indicated that ring closure was not 

complete,, as a small residual NH absorption could still be detected in the IR spectrum. 
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Nevertheless,, this resin was subjected to the standard N-acyliminium ion reaction 

conditions.. JH NMR analysis directly after NaOMe mediated cleavage and neutralisation 

withh HC1, showed that the product was formed, together with a small amount of a linear 

sidee product containing a benzotriazole moiety. Acetylation of the crude cleavage mixture, 

followedd by chromatographic separation again afforded azepine 35, together with the linear 

sidee product 37 in a 86:14 ratio (51%). Apparently, under these reaction conditions, the 

benzotriazolee moiety was also acetylated and then replaced by an acetate group. 

3.77 Conclusions 

Inn conclusion, a good method for the synthesis of 2-substituted and 2,4-disubstituted 

piperidiness has been developed. Formation of linear side products was eliminated by using 

stablee ring closed 2-Bt substituted piperidines 29a-f derived from immobilised linear acetals 

20a-f,, which were used as precursors for N-acyliminium ion chemistry. A small library of 

piperidiness was synthesised using this methodology, demonstrating the potential for 

automatedd library synthesis. Additionally, a 2-allyl substituted azepine (35) could be 

synthesisedd in reasonable yield using this method, although formation of linear side 

productss could not be completely prevented in this case. 
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3.99 Experimental Section 

Generall  Information . For general experimental details, see section 2.7. 

Generall  procedure A for  the high-pressure Diels-Alders reactions. A 10 mL high 

pressure-prooff  Teflon tube was charged with 2.00 g of Knoevenagel product and ethyl vinyl 

etherr (1.5 equiv). The tube was filled with CH2CI2 and 5-'butyl-4-hydroxy-2-methyl phenyl 

sulfidee was added as a radical scavenger. The tube was sealed off with a screw cap and 

placedd in the high-pressure apparatus. After reaction at 15 kbar for 20 h, the solvent was 

evaporatedd and the crude product was used immediately in the next reaction without further 

purification. . 

PhPh 2,6-Diethoxy-4-phenyl-5,6-dihydro-4H-pyran-3-carbonitrile (14a). According 

[ YY to general procedure A, ring closure of 13a (6.0 g, 29.9 mmol) afforded 14a as a 
Eto-^o-^OEtt pale yellow oil. 
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4-pyridyii  2,6-Diethoxy-4-(4-pyridmyl)-5,6-dihydro-4H-pyran-3-carbonitril e (14b). 
\Y~\Y~ According to general procedure A, ring closure of 13b (4.0 g, 19.7 mmol) 

Etoo o OEt afforded 14b as a pale yellow oil. Because polymerisation had occurred, the 

productt was polluted with a dark tar-like substance. 

4-BrC6H44 4-(4-Bromophenyl)-2,6-diethoxy-5,6-dihydro-4H-pyran-3-carbonitrile (14c). 
yy According to general procedure A, ring closure of 13c (2.0 g, 7.2 mmol) 

tt afforded 14c as a yellow oil 

2-furanyii  2,6-Diethoxy^(2-furanyl)-5,6-dihydro-4H-pyran-3-carbonitril e (14d). 
[ V '' According to general procedure A, ring closure of 13d (2.0 g, 10.5 mmol) 

Etoo o OEt afforded 14d as a pale yellow oil. 

22-P'-P' 2,6-Diethoxy-4-'propyl-5,6-dihydro-4H-pyran-3-carbonitril e (14e). According 

f\ff\f to general procedure A, ring closure of 13e (4.1 g, 24.6 mmol) afforded 14e as a 
Etoo o"N)Et pale yellow oil. 

Generall  procedure B for  the rin g opening of the Diels-Alders products. To a 0.7M 

solutionn of the crude Diels-Alder products in EtOH a catalytic amount of pTSA was added 

andd the reaction mixture was refluxed until conversion was complete (GC). Then Na2CÜ3 

wass added, the solvent was evaporated and the products were dissolved in CH2CI2, washed 

withh water, brine, dried with MgSO.}, concentrated and further purified using bulb to bulb 

distillation. . 

Phh OEt 2-Cyano-5,5-diethoxy-3-phenylpentanoic acid ethyl ester  (15a). According 

^ f ^ ' ^ O Ett to general procedure B, ring opening of 14a afforded 15a (8.5 g, 90% over 2 
C°2Ett steps) as a pale yellow oil after distillation (120 °C, 1.3 mbar). lH NMR (400 

MHz,, CDCh, 3:2 mixture of diastereoisomers): 8 = 7.36-7.24 (m, 5H), 4.32-4.30 (m, 0.6H), 

4.23-4.199 (m, 0.4H), 4.17-3.99 (m, 2.6H), 3.72-3.28 (m, 5.4H), 2.31-2.14 (m, 2H), 1.21-1.05 (m, 

9H). . 

4-pyndyii  OEt 2-Cyano-5,5-diethoxy-3-(4-pyridinyl)pentanoic acid ethyl ester  (15b). 
NC~Y'-\^'-^0Ett According to general procedure B, ring opening of 14b afforded 15b (2.5 g, 

co2Ett 39o/o o v er 2 s t epS) as a yei i o w 0JI after distillation (170 °C, 1.0 mbar). ^H NMR 

(1000 MHz, CDC13,1:1 mixture of diastereoisomers): 5 = 8.63-8.53 (m, 2H), 7.32-7.24 (m, 2H), 

4.42-4.000 (m, 3.5H), 3.79-3.25 (m, 5.5H), 2.42-2.05 (m, 2H), 1.29-1.06 (m, 9H). 

4-Brcc H OEt 3-(4-Bromophenyl)-2-cyano-5,5-diethoxypentanoic acid ethyl ester  (15c). 
NCx r^--^-v )Ett According to general procedure B, ring opening of 14c afforded 15c (2.5 g, 

co2Ett 88% over 2 steps) as a pale yellow oil after distillation (170 °C, 2.6 mbar). !H 
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NMRR (400 MHz, CDC13/ 2:1 mixture of diastereoisomers): S = 7.51-7.43 (m, 2H), 7.22-7.15 (m, 

2H),, 4.32-4.29 (m, 0.67H), 4.22-4.06 (m, 2.33H), 4.00 (d, ƒ = 8.0 Hz, 0.67H), 3.70-3.30 (m, 

5.33H),, 2.28-2.07 (m, 2H), 1.22-1.07 (m, 9H). 

2-furanyii  OEt 2-Cyano-5,5-diethoxy-3-(2-furanyl)pentanoic acid ethyl ester  (15d). 
N CN^\ -^0Ett According to general procedure B, ring opening of 14d afforded 15b (2.3 g, 

CO2BB 70% over 2 steps) as a pale yellow oil after distillation (160 °C, 1.0 mbar). *H 

NMRR (400 MHz, CDC13, 3:2 mixture of diastereoisomers): 8 = 7.40-7.34 (m, 1H), 6.35-6.30 (m, 

1H),, 6.28-6.23 (m, 1H), 4.48-4.41 (m, 0.6H), 4.39-4.34 (m, 0.4H), 4.28-4.17 (m, 2H), 4.02 (d, ƒ = 

7.00 Hz, 0.6H), 3.83 (d, ƒ = 7.0 Hz, 0.4H), 3.79-3.37 (m, 5H), 2.27-2.08 (m, 2H), 1.32-1.15 (m, 

9H). . 

2-Prr OEt 2-Cyano-5,5-diethoxy-3-isopropylpentanoic acid ethyl ester  (15e). 
N C - y ^ \ ^ ^ 0 Ett According to general procedure B, ring opening of 14e afforded 15e (6.0 g, 

c°2Ett 86% over 2 steps) as a pale yellow oil after distillation (130 °C, 1.3 mbar). VH 

NMRR (400 MHz, CDCI3,1:1 mixture of diastereoisomers): 8 = 4.59-4.50 (m, 1H), 4.31-4.18 (m, 

2H),, 4.12 (d, ƒ = 5.0 Hz, 0.5H), 3.84-3.58 (m, 2.5H), 3.57-3.37 (m, 2H), 2.26-2.21 (m, 1H), 1.94-

1.788 (m, 3H), 1.37-1.26 (m, 3H), 1.23-1.09 (m, 6H), 1.02-0.84 (m, 6H). 

Generall  procedure C for  the consecutive transesterification, decarbalkoxylation 
andd reduction of the cyanoesters 15a-e. A catalytic amount of NaOMe was added to a 0.25M 

solutionn of ethyl ester in methanol. The reaction mixture was stirred for 20 h, poured into a 

saturatedd solution of NaCl and extracted with Et20 (2 x 25 mL). The combined organic layers 

weree dried with MgSÜ4 and the solvent was evaporated. The crude methyl ester was 

dissolvedd in DMSO/H2O (10 mL/g, 8:1, v/v) and an excess (8 equiv) of NaCl was added. 

Thee flask was placed in an oil bath at 150 °C and stirred vigorously for 2 h. Then, the mixture 

wass allowed to cool to room temperature, poured into H2O and extracted twice with CH2CI2. 

Thee combined organic layers were extracted twice with water to remove traces of DMSO, 

brine,, dried with MgSCU and concentrated. To a solution of the crude cyanoacetal in dry Et20 

(100 mL/g) at 0 °C, was added portion wise LiAlH i (4 equiv) and the ice bath was removed. 

Afterr 4 h the reaction was quenched by adding 2M NaOH at 0 °C until all LiAlH 4 had 

precipitatedd as a pale yellow salt. Then, the reaction mixture was filtrated through Celite® 

andd the solvent was evaporated to give virtually pure product after prolonged drying using 

ann oil pump. 

OEtt 5,5-Diethoxy-3-phenylpentylamine (16a). Subjection of 15a (4.29 g, 13.4 

ÔEtt mmol) to general procedure C, yielded aminoacetal 16a (2.90 g, 86%) as a 

palee yellow oil. iH NMR (400 MHz, CDCb): 8 = 7.30-7.20 (m, 2H), 7.18-

7.122 (m, 3H), 4.16 (dd, ƒ = 3.9, 8.0 Hz, IH), 3.64-3.56 (m, IH), 3.52-3.40 (m, IH) , 3.40-3.31 (m, 

2H),, 2.82-2.74 (m,lH), 2.58-2.46 (m, 2H), 2.00-1.93 (m, IH), 1.89-1.67 (m, 3H), 1.30 (br s, 2H), 

1.199 (t, ƒ = 7.0 Hz, 3H), 1.11 (t, ƒ = 7.0 Hz, 3H). "C NMR (100 MHz, CDCI3): 8 = 144.5,128.5, 
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127.6,, 126.2, 101.2, 61.4, 60.7, 40.7, 40.2, 39.5, 15.3. IR (film): 3310, 1128, 1058. HRMS (FAB) 

calculatedd for G5H26NO2 (MH+) 252.1964, found 252.1965. 

OEII  5,5-Diethoxy-3-(4-pyridinyl)pentylamine (16b). Subjection of 15b (2.72 g, 

ÔEtt 5-79 mmol) to general procedure C, yielded aminoacetal 16b (0.73 g, 34%) 

ass a bright yellow oil. iH NMR (400 MHz, CDCI3): 5 = 8.51 (d, ƒ = 6.1 Hz, 

2H),, 7.11 (d, ƒ = 6.0 Hz, 2H), 4.17 (dd, J = 4.1, 8.0 Hz, IH), 3.65-3.56 (m, IH), 3.54-3.47 (m, 

IH) ,, 3.40-3.32 (m, 2H), 2.87-2.80 (m, IH), 2.57-2.30 (m, 2H), 2.03-1.97 (m, IH) , 1.89-1.68 (m, 

3H),, 1.25-0.85 (br s, 2H), 1.19 (t, ƒ = 7.0 Hz, 3H), 1.11 (t, ƒ = 7.0 Hz, 3H). " C NMR (100 MHz, 

CDCI3):: 8 = 153.9,149.9,123.1,100.8, 61.4, 61.1,40.0, 39.8,39.0,15.2. IR (film): 3340,1599,1486, 

1127,1058.. HRMS (FAB) calculated for G4H25N2O2 (MH+) 253.1916, found 253.1912. 

4-BrC6H44 OEt 3-(4-Bromophenyl)-5,5-diethoxypentylamine (16c). Subjection of 15c (2.30 

H2N^V -^VV OEt g, 8.50 mmol) to general procedure C, yielded aminoacetal 16c (1.36 g, 

71%)) as a yellow oil. iH NMR (400 MHz, CDCI3): 8 = 7.41 (d, ƒ = 8.4 Hz, 2H), 7.05 (d, ƒ = 8.4 

Hz,, 2H), 4.15 (dd, J = 3.9, 8.0 Hz, IH), 3.64-3.56 (m, IH), 3.53-3.48 (m, IH), 3.38-3.31 (m, 2H), 

2.81-2.744 (m, IH), 2.55-2.48 (m, IH), 1.99-1.93 (m, IH), 1.83-1.63 (m, 3H), 1.30 (br s, 2H), 1.18 

(t,, ƒ = 7.0 Hz, 3H), 1.11 (t, ƒ = 7.0 Hz, 3H). «C NMR (100 MHz, CDCI3): 8 = 143.5,131.3,129.1, 

119.7,, 100.8, 61.1, 60.7, 39.7, 39.3, 38.8, 15.1. IR (film): 3370, 1589, 1128, 1058. HRMS (FAB) 

calculatedd for Ci5H2579BrN02 (MH+) 330.1069, found 330.1066. 

2-furanyii  OEt 5,5-Diethoxy-3-(2-furanyl)pentylamine (16d). Subjection of 15d (2.26 g, 

H2N^~^-XVV ^OEt 7.31 mmol) to general procedure C, yielded aminoacetal 16d (1.75 g, 99%) 

ass a pale yellow oil. iH NMR (400 MHz, CDCI3): 8 = 7.29 (s, IH), 6.25 (s, IH), 6.01 (s, IH) , 4.28 

(dd,, J = 5.0, 9.0 Hz, IH), 3.67-3.58 (m, IH), 3.57-3.50 (m, IH), 3.45-3.38 (m, 2H), 2.98-2.90 (m, 

IH) ,, 2.61-2.56 (m, 2H), 1.97-1.82 (m, 2H), 1.79-1.70 (m, 2H), 1.35-1.05 (m, 8H). »C NMR (100 

MHz,, CDCI3): 8 = 157.6, 109.9, 105.3, 101.3, 61.7, 60.9, 40.0, 38.5, 38.3, 32.9, 15.3. IR (film): 

3351,, 1576, 1127, 1059. HRMS (FAB) calculated for G3H24NO3 (MH+) 242.1756, found 

242.1748. . 

2-Prr OEt 5,5-Diethoxy-3-isopropylpentylamine (16e). A catalytic amount of 

H2N"\-- k^',v0Ett NaOMe was added to a solution of ethyl ester 15e (5.99 g, 20.7 mmol) in 

MeOHH (50 mL). The reaction mixture was stirred for 20 h at 50 °C, poured into a saturated 

solutionn of NaCl and extracted with Et20 (2 x 25 mL). The combined organic layers were 

driedd with MgSÜ4 and the solvent was evaporated. The crude methyl ester was dissolved in 

DMSO/H2OO (60 mL, 8:1, v/v) and an excess (8 equiv) of NaCl was added. The flask was 

placedd in an oil bath at 150 °C and stirred vigorously for 2 h. Then, the mixture was allowed 

too cool to room temperature, poured into H2O and extracted twice with CH2G2. The 

combinedd organic layers were extracted twice with water to remove traces of DMSO, brine, 

driedd with MgSQ» and concentrated to obtain the decarbalkoxylated product as the 

deprotectedd aldehyde (2.21 g, 76% over 2 steps). To a solution of this aldehyde (2.21 g, 15.9 

mmol)) in dry EtOH (25 mL), were added catalytic pTSA (5 mol%) and TEOF (13.2 mL) and 
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thee mixture was stirred at roomm temperature for 20 h. Then, the reaction mixture was poured 

intoo a saturated aqueous solution of NaHC03 (20 mL) and the layers were separated. The 

aqueouss layer was extracted with CH2CI2 (2 x 20 mL), the combined organic layers were 

driedd with MgSÜ4 and the solvent was evaporated to give the corresponding cyanoacetal 

(2.544 g, 75%) as a pale yellow oil. To a solution of this crude cyanoacetal in in dry Et20 (25 

mL)) at 0 °C, was added portion wise LiAffl U (4 equiv) and the icebath was removed. After 4 

hh the reaction was quenched by adding 2M NaOH at 0 °C until all LiAlH 4 had precipitated 

ass a pale yellow salt. Then the reaction mixture was filtrated through Celite® and the solvent 

wass evaporated to give virtually pure product 16e (2.07 g, 80%) as a yellow oil after 

prolongedd drying using an oil pump. W NMR (400 MHz, CDCI3): 6 = 4.52 (t, ƒ = 6.0 Hz, 1H), 

3.70-3.577 (m, 2H), 3.51-3.44 (m, 2H), 2.72-2.63 (m, 2H), 1.73-1.68 (m, 1H), 1.63-1.59 (m, 1H), 

1.49-1.377 (m, 2H), 1.36-1.30 (m, 1H), 1.18 (t, ƒ = 9.0 Hz, 6H), 0.87 (t, ƒ = 11.0 Hz, 6H). «C NMR 

(1000 MHz, CDCb): 8 = 101.9, 61.2, 60.2, 40.2, 36.8, 34.8, 34.4, 29.5, 18.7, 18.5, 15.1. IR (film): 

3296,, 1582, 1124, 1061. HRMS (FAB) calculated for C12H28NO2 (MH+) 218.2120, found 

218.2117. . 

?Ett 5,5-Diethoxypentylamine (16f). To a solution of 4-chloro-l,l-
H*NN 0Et diethoxybutane (17a, 10 g, 55 mmol) in dry DMSO (50 mL), were added 

NaCNN (2.7 g) and KI (1 mol%) and the mixture was stirred at 100 °C for 20 h. Then the 

reactionn mixture was poured out in water (500 mL) and extracted with Et2Ü (2 x 150 mL). 

Thee combined ether layers were washed with brine, dried with MgS04, concentrated and 

furtherr purified using bulb to bulb distillation (100 °C, 1.5 mbar) to afford 6.68 g (39 mmol, 

71%)) of the corresponding cyanide as a clear oil. This oil (2.00 g, 11.7 mmol) was then 

dissolvedd in dry Et20 (30 mL), cooled to 0 °C and LiAlH 4 (1.33 g, 35.1 mmol) was added 

portionwise.. After 15 minutes the ice bath was removed and the mixture was stirred for 3 h. 

Thenn 2M NaOH was added slowly at 0 °C until a white precipitate was formed. The reaction 

mixturee was filtrated over Celite, concentrated and further purified using bulb to bulb 

distillationn (80 °C, 1.5 mbar) to afford 16f (1.1 g, 55%) as a colourless oil. W NMR (400 MHz, 

CDCb):: 8 = 4.47 (t, ƒ = 5.7 Hz, 1H), 3.67-3.59 (dq, J = 9.4, 7.0 Hz, 2H), 3.51-3.44 (dq, ƒ = 9.4, 7.0 

Hz,, 2H), 2.68 (t, ƒ = 6.7 Hz, 2H), 1.64-1.59 (m, 2H), 1.47-1.35 (m, 4H), 1.21 (br, 2H), 1.19 (t, ƒ = 

7.00 Hz, 6H). «C NMR (100 MHz, CDCb): S = 102.7, 60.8, 41.7, 33.2, 33.0, 21.8,15.1. IR (film): 

3325,, 1573, 1127, 1062. HRMS (FAB) calculated for C9H22NO2 (MH+) 176.1651, found 

176.1636. . 

?Ett 6,6-Diethoxyhexylamine (18). To a solution of 5-chloro-l,l-
0Ett diethoxypentane (17b) (3.63 g, 18.6 mmol) in dry DMSO (40 mL), were 

addedd NaCN (0.91 g) and KI (1 mol%) and the mixture was stirred at 100 °C for 20 h. Then 

thee reaction mixture was poured out in water (150 mL) and extracted with Et2Ü (2 x 50 mL). 

Thee combined ether layers were washed with brine, dried with MgS04, concentrated and 

furtherr purified using bulb to bulb distillation (115 °C, 1.5 mbar) to afford 3.12 g (16.8 mmol, 

90%)) of cyanide as a clear oil. This oil was then dissolved in dry ET2O (40 mL), cooled to 0 °C 

andd LiAlH 4 (1.92 g, 3 equiv) was added portion wise. After 15 minutes the ice bath was 
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removedd and the mixture was stirred for 3 h. Then 2M NaOH was added slowly at 0 °C until 

aa white precipitate was formed. The reaction mixture was filtered over Celite, concentrated 

andd further purified using bulb to bulb distillation (70 °C, 0.3 mbar) to afford 18 (1.85 g, 58%) 

ass a colourless oil. W NMR (400 MHz, CDCh): 8 = 4.47 (t, J = 5.7 Hz, 1H), 3.62 (dq, ƒ = 9.4, 7.1 

Hz,, 2H), 3.48 (dq, ƒ = 9.4, 7.1 Hz, 2H), 2.67 (t, ƒ = 6.9 Hz, 2H), 1.63-1.58 (m, 2H), 1.47-1.31 (m, 

6H),, 1.19 (t, ƒ = 7.1 Hz, 6H), 1.12 (br, 2H). «C NMR (100 MHz, CDC13): 5 = 102.9, 60.9, 42.2, 

33.8,, 33.6,26.7,24.6,15.3. IR (film): 3317,1574,1127,1484,1470,1016. HRMS (FAB) calculated 

forr C10H24NO2 (MH+) 190.1807, found 190.1807. 

Generall  procedure D for  coupling the aminoacetals to the resin. To a 0.05 g/mL 

suspensionn of resin in dry THF (10 mL/g), DIPEA (2 equiv) and aminoacetal (2 equiv) were 

addedd and the suspension was swirled for 20 h at room temperature. Then, the resin was 

filtrated,, washed and dried. 

NH H 
CH(OEt)2 2 

4-pyridyl l 

Resinn 20a. According to general procedure D, coupling between resin 19 (1.5 g, 

1.88 mmol) and acetal 16a (0.9 g, 3.6 mmol) afforded resin 20a as a pale brown 

solid.. IR: 3356,1726,1512,1120. 

NH H 

( S ) ) 

Resinn 20b. According to general procedure D, coupling between resin 19 (1.0 g, 
r|(OEt)22 1.2 mmol) and acetal 16b (0.6 g, 2.4 mmol) afforded resin 20b as a pale brown 

solid.. IR: 3342,3203,1729,1519,1124. 

4-BrC6H4 4 

CH(OEt)2 2 

2-furanyl l 

NH H 

( S ) ) 

2-Pr r 

NH H 

(s) ) 

CH(0Et)2 2 

CH(OEt)2 2 

NH H 

9 9 
Ph h 

CH(OEt)2 2 

Resinn 20c. According to general procedure D, coupling between resin 19 (1.5 g, 

1.88 mmol) and acetal 16c (1.2 g, 3.6 mmol) afforded resin 20c as a pale brown 

solid.. IR: 3340,1732,1513,1124. 

Resinn 20d. According to general procedure D, coupling between resin 19 (1.5 g, 

1.88 mmol) and acetal 16d (0.87 g, 3.6 mmol) afforded resin 20d as a pale brown 

solid.. IR: 3346,1730,1493,1125. 

Resinn 20e. According to general procedure D, coupling between resin 19 (1.5 g, 

1.88 mmol) and acetal 16e (0.78 g, 3.6 mmol) afforded resin 20e as a pale brown 

solid.. IR: 3344,1731,1511,1121. 

Resinn 20f. According to general procedure D, coupling between resin 19 (1.0 g, 

1.22 mmol) and acetal 16f (0.42 g, 2.4 mmol) afforded resin 20f as a pale pink 

solid.. IR: 3360,1728,1518,1126. 

l-(2-Allyl-4-phenylpiperidin-l-yl)ethanon ee (21a) and JV-(5-ethoxy-3-phenyloct-
7-enyl)acetamidee (22a). To a suspension of resin 20a (1.00 g, 1.03 mmol) in dry 

CH2CI22 (15 mL) at 0 °C, were added allyltrimethylsilane (1.64 mL, 10.3 mmol) 

andd BF3OEt2 (0.39 mL, 3.08 mmol) and the reaction mixture was swirled for 20 
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hours,, thereby allowing it to warm to room temperature, after which the resin was filtrated, 

washedd and dried. This resin (893 mg, 0.96 mmol) was suspended in 1M NaOMe in 

THF/MeOHH (9 mL, 2:1, v/v) and stirred gently for 1 h. Then, the resin was filtrated and 

washedd with CH2C12, MeOH, CH2CI2, and MeOH, followed by the addition of 1M HC1 in 

MeOHH (20 mL) to the filtrate and evaporation of the solvent. The residu was taken up in 

pyridinee (5 mL) and AC2O (0.18 mL, 1.9 mmol) and DMAP (cat.) were added. After stirring at 

roomm temperature for 20 h, the reaction mixture was concentrated to afford 21a (134 mg, 

57%)) and 22a (12 mg, 4%) as oils after purification by chromatography (EtOAc). 21a: Rf = 

0.63.. m NMR (400 MHz, CDCI3,1:1 mixture of rotamers): 5 = 7.33-7.29 (m, 2H), 7.23-7.17 (m, 

3H),, 5.83-5.70 (m, 1H), 5.18-4.99 (m, 2.5H), 4.74-4.70 (m, 0.5H), 4.10-4.05 (m, 0.5H), 3.77-3.72 

(m,, 0.5H), 3.38-3.28 (m, 0.5H), 2.99-2.91 (m, 1H), 2.82-2.75 (m, 0.5H), 2.64-2.57 (m, 0.5H), 

2.53-2.355 (m, 1.5H), 2.13 (s, 1.5H), 2.12 (s, 1.5H), 1.94-1.86 (m, 2H), 1.82-1.54 (m, 2H). »C NMR 

(1000 MHz, CDCI3,1:1 mixture of rotamers): 8 = 169.1,169.0,145.1,145.0,135.1, 134.0,128.5, 

126.6,126.4,118.1,, 116.7, 53.8, 47.3, 41.8, 36.6, 36.5, 36.4, 36.3, 35.0, 34.8, 34.5, 33.4, 32.6, 21.8, 

21.7.. IR (film): 1635. HRMS (FAB) calculated for C^H^NO (MH+) 244.1701, found 244.1684. 

Phh 22a: Rf = 0.45. JH NM R (400 MHz, CDCI3, 2:1 mixture, data of the major): 5 = 

r \\ / = 7.31-7.13 (m, 5H), 5.83-5.72 (m, 1H), 5.28 (br. s, 1H), 5.06-5.01 (m, 2H), 3.47-3.39 

YIH^Ö BB (m, 1H), 3.34-3.26 (m, 1H), 3.22-3.11 (m, 1H), 3.06-2.96 (m, 1H), 2.75-2.68 (m, 

Acc 1H), 2.29-2.14 (m, 2H), 1.99-1.69 (m, 4H), 1.83 (s, 3H), 1.09 (t, ƒ = 7Hz, 3H). »C 

NM RR (100 MHz, CDCb, 2:1 mixture, data of the major): 5 = 169.8, 144.7,134.7, 128.6, 127.5, 

126.4,117.0,, 75.9, 63.9, 41.0, 40.5, 38.3,38.0,36.0,23.2,15.5. IR (film) : 3275,1648. HRMS (FAB) 

calculatedd for CwHzsNCh (MH+) 290.2120, found 290.2134. 

|-^NN l - (2-Al ly lp iper id in- l -y l )ethanon e (21f) and N-(5-ethoxyoct-7-enyl)acetamide 

^ N ^ / ^^ (22f). To a suspension of resin 20f (0.98 g, 1.1 mmol) in dry CH2CI2 (15 mL) at 0 
Acc °C, were added allyltrimethylsilane (1.75 mL, 11.0 mmol) and BF3OEt2 (0.42 mL, 

3.33 mmol) and the reaction mixture was swirled for 20 hours, thereby allowing it to warm to 

roomm temperature, after which the resin was filtrated, washed and dried. This resin (894 mg, 

1.099 mmol) was suspended in 1M NaOMe in THF/MeOH (10 mL, 2:1, v/v) and stirred 

gentlyy for 1 h. Then, the resin was filtrated and washed with CH2CI2, MeOH, CH2CI2, and 

MeOH,, followed by the addition of 1M HC1 in MeOH (20 mL) to the filtrate and evaporation 

off  the solvent. The residu was taken up in pyridine (5 mL) and AC2O (0.21 mL, 2.2 mmol) and 

DMA PP (cat.) were added. After stirring at room temp, for 20 h, the reaction mixture was 

concentratedd to afford 21f (85 mg, 47%) and 22f (14 mg, 6%) as oils after purification by 

chromatographyy (EtOAc). 21f: Rf = 0.52. W NMR (400 MHz, CDCI3,1:1 mixture of rotamers): 

55 = 5.74-5.64 (m, 1H), 5.10-4.96 (m, 2H), 4.86-4.81 (m, 0.5H), 4.54-4.50 (0.5H), 3.89 (br. m, 

0.5H),, 3.57-3.54 (m, 0.5H), 3.11-3.04 (m, 0.5H), 2.6-2.54 (m, 0.5H), 2.50-2.43 (m, 0.5H), 2.39-

2.200 (m, 1.5H), 2.05 (s, 1.5H), 2.03 (s, 1.5H), 1.66-1.54 (m, 5H), 1.43-1.32 (m, 1H). «C NMR 

(1000 MHz, CDCI3, 1:1 mixture of rotamers): 5 = 169.2, 169.1, 135.3, 134.3, 117.8, 116.5, 53.7, 

47.1,, 41.8, 36.3, 34.6, 34.1, 28.5, 27.1, 26.0, 25.2, 21.8, 21.6, 18.8, 18.7. IR (film): 1641, 1424. 

HRMSS using either FAB or EI failed. 
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22f::  Rf = 0.33. *H NMR (400 MHz, CDC13): 5 = 5.83-5.75 (m, 1H), 5.55 (br. s, 1H), 

5.09-5.022 (m, 2H), 3.59-3.52 (m, 1H), 3.47-3.41 (m, 1H), 3.29-3.21 (m, 3H), 2.29-

Acc 2.19 (m, 2H), 1.97 (S/ 3H), 1.55-1.44 (m, 5H), 1.37-1.32 (m, 1H), 1.18 (t, ƒ = 7 Hz, 

3H).. «e NMR (100 MHz, CDCI3): 5 = 170.1,134.9,116.8, 78.6, 64.3, 39.6, 38.4, 33.5, 29.5, 23.3, 

22.8,15.5.. IR (film): 3294,1638. HRMS (FAB) calculated for Q2H24NO2 (MH+) 214.1807, found 

214.1816. . 

p ^^ (5,5-Diethoxypentyl)carbamic acid benzyl ester  (23). To a solution of 5,5-

NHCH(OEt)22 diethoxypentylamine (16f, 286 mg, 1.63 mmol) in dry CH2CI2 (5 mL), were 

addedd DIPEA (0.31 mL) and benzyl cyanoformate (0.23 mL) and the mixture 

wass stirred at room temperature for 5 h. Then, the reaction mixture was poured out in 

aqueouss saturated NaHC03 (10 mL) and extracted with CH2C12 (2 x 10 mL). The combined 

CH2CI22 layers were washed with brine, dried with MgS04 and concentrated to afford 23 (440 

mg,, 87%) as a clear oil after purification by chromatography (pentane/Et20, 2:3). Rf = 0.46. 

iHH NMR (400 MHz, C6D6): 8 = 7.28-7.04 (m, 5H), 5.10 (s, 2H), 4.36 (t, ƒ = 5.6 Hz, 1H), 4.10 (br. 

s,s, IH), 3.55-3.48 (dq, ƒ = 9.3, 7.1 Hz, 2H), 3.38-3.30 (dq, ƒ = 9.3, 7.1 Hz, 2H), 2.96-2.93 (m, 2H), 

1.57-1.522 (m, 2H), 1.21-1.15 (m, 4H), 1.12 (t, ƒ = 7.1 Hz, 6H). «C NMR (100 MHz, C6D6): 8 = 

156.9,138.4,129.3,129.1,127.6,103.6,, 67.2, 61.5,41.8, 34.2,30.7, 22.8,16.3. IR (film): 3341,1726, 

1704. . 

r ^ ^^ 2-Allylpiperidine-l-carboxyli c acid benzyl ester  (24) and (5-ethoxyoct-7-
N ' ^ ^ ^^  enyl)carbamic acid benzyl ester  (25). To a solution of 23 (77 mg, 0.25 mmol) in 
CBzz dry CH2CI2 (4 mL) at 0 °C, were added allyltrimethylsilane (0.4 mL) and 

BF3OEt22 (0.1 mL). After stirring at 0 °C for 1 h the mixture was allowed to warm to room 

temperaturee and stirred for another 3 h. Then, the reaction mixture was poured out in 

aqueouss saturated NaHCCb (10 mL), the layers were separated and the water layer was 

extractedd with CH2CI2 (5 mL). The combined CH2CI2 layers were washed with brine, dried 

withh MgS04 and concentrated to afford 24 (51 mg, 79%) and 25 (12 mg, 16%) as oils after 

purificationn by chromatography (pentane/Et20, 2:1 -» 1:1). 24: Rf = 0.4. JH NMR (400 MHz, 

CDCI3):: Ö = 7.38-7.29 (m, 5H), 5.73-5.65 (m, IH) , 5.14 (d, ƒ = 12.5 Hz, IH), 5.11 (d, ƒ = 12.5 Hz, 

IH) ,, 5.07-4.98 (m, 2H), 4.38 (br. m, IH), 4.07-4.04 (m, IH), 2.89-2.81 (m, IH), 2.46-2.39 (m, 

IH) ,, 2.29-2.22 (m, IH), 1.60-1.47 (m, 5H), 1.45-1.35 (m, IH). "C NMR (100 MHz, CDCI3): 5 = 

155.5,137,135.2,128.4,127.8,127.7,116.8,, 66.8, 50.4, 39.2, 27.6, 25.4,18.7. IR (film): 2932,1691, 

1641,1422,1259.. HRMS (FAB) calculated for CieHaNCh (MH+) 260.1651, found 260.1660. 

j ^ SS 25: Rf = 0.2. ^H NMR (400 MHz, CDCI3): 5 = 7.37-7.26 (m, 5H), 5.85-5.77 (m, IH), 

^ N H ^ WW 5.09-5.02 (m, 4H), 4.75 (br. s, IH), 3.58-3.43 (m, IH), 3.41-3.35, (m, IH), 3.28-3.17 
i e zz (m, 3H), 2.29-2.19 (m, 2H), 1.52-1.41 (m, 5H), 1.35-1.25 (m, IH), 1.17 (t, J = 7.0 

Hz,, 3H). " c NMR (100 MHz, CDCI3): 8 = 156.4, 136.7,135.0,128.5, 128.1, 127.0, 116.8, 78.6, 

66.6,, 64.3, 41.0, 38.4, 33.6, 30.0, 22.6,15.6. IR (film): 3417, 3332,1701,1640,1250. HRMS (FAB) 

calculatedd for C18H28NO3 (MH+) 306.2069, found 306.2057. 
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a 2-Benzotriazolylpiperidine-l-carboxylicc acid benzyl ester  (28). To a solution of 

Btt acetal 23 (93 mg, 0.3 mmol) in dry CH2C12 (6 mL) was added a catalytic amount of 

CBZZ pTSA (0.1 equiv). After 15 minutes was added lH-benzotriazole (357 mg, 3 mmol) 

andd the reaction mixture was stirred at room temperature for 5 h. Then the reaction mixture 

wass poured out on aqueous saturated K2CO3 (10 mL), the layers were separated and the 

organicc layer was washed with aqueous saturated K2CO3 (10 mL), brine (10 mL), dried with 

MgS044 and concentrated to afford 28 (89 mg, 88%) as an oil after purification by 

chromatographyy (pentane/Et20, 5:6). R{ = 0.5. *H NMR (400 MHz, CDCI3, 3:1 mixture, data 

off  the major): 5 = 8.04 (d, ƒ = 8.7 Hz, 1H), 7.43-7.12, (m, 7H), 6.98-6.85 (m, 1H), 5.19 (d, ƒ = 

12.22 Hz, 1H), 5.14 (d, ƒ = 12.2 Hz, 1H), 4.15-4.00 (m, 1H), 3.11-3.01 (m, 1H), 2.59-2.38 (m, 2H), 

2.27-2.044 (m, 1H), 1.86-1.75 (m, 2H), 1.72-1.49 (m, 2H). IR (film): 1701. HRMS (FAB) 

calculatedd for Q9H21N4O2 (MH+) 337.1665, found 337.1643. 

!^v .. 2-Allylpiperidine-l-carboxyli c acid benzyl ester  (24) from 28. To a solution of 

^ N X ^ ^^ 28 (71 mg, 0.21 mmol) in dry CH2CI2 (5 mL) at 0 °C, were added 

CBZZ allyltrimethylsilane (0.34 mL) and BF3OEt2 (0.08 mL). After stirring at 0 °C for 1 

hh the mixture was allowed to warm to room temperature and stirred for another 3 h. Then, 

thee reaction mixture was poured out in aqueous saturated K2CO3 (10 mL), the layers were 

separatedd and the water layer was extracted with CH2CI2 (5 mL). The combined CH2CI2 

layerss were washed with brine, dried with MgS04 and concentrated to afford 24 (51 mg, 

93%)) as a clear oil after purification by chromatography. 

Generall  procedure E for  the formation of the 2-Bt-intermediates. To a suspension of 

resinn in dry CH2CI2 (20 mL/g), was added a catalytic amount of pTSA (0.1 equiv) and the 

suspensionn was swirled for 30 min. Then was added lH-benzotriazole (10 equiv) and the 

mixturee was swirled for another 5 h. Subsequently, the resin was filtrated, washed and dried. 

Resinn 29a. According to general procedure E, treatment of resin 20a (1.53 g, 1.62 

mmol)) with lH-benzotriazole afforded resin 29a as a pale brown solid. IR: 1713, 

1494,1122. . 

Resinn 29b. According to general procedure E, treatment of resin 20b (1.02 g, 1.08 

mmol)) with lH-benzotriazole afforded resin 29b as a pale brown solid. IR: 1722, 

1494,1121. . 

Resinn 29c. According to general procedure E, treatment of resin 20c (1.63 g, 1.6 

mmol)) with lH-benzotriazole afforded resin 29c as a pale brown solid. IR: 1713, 

1492,1125. . 

Resinn 29d. According to general procedure E, treatment of resin 20d (1.48 g, 1.58 

mmol)) with lH-benzotriazole afforded resin 29d as a pale brown solid. IR: 1701, 

1492,1117. . 

Ph h 

NN Bt 

4-pyridyl l 

NN Bt 

4-BrC6H4 4 

NN Bt 

(É) ) 
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NN Bt 

5$ $ 5 ^ ^ 
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Resinn 29e. According to general procedure E, treatment of resin 20e (1.60 g, 1.76 

mmol)) with lH-benzotriazole afforded resin 29e as a pale brown solid. IR: 1722, 

1493.1125. . 

Resinn 29f. According to general procedure E, treatment of resin 20f (1.02 g, 1.17 

mmol)) with lH-benzotriazole afforded resin 29f as a pale brown solid. IR: 1714, 

1493.1126. . 
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Generall  procedure F for  the N-acyliminium ion reactions and cleavage. To a 

suspensionn of resin (200 mg) in dry CH2CI2 (5 mL) at 0 °C, were added the nucleophile (5 

equiv)) and BF3-OEt2 (3 equiv) and the reaction mixture was swirled for 20 h, thereby 

allowingg it to warm to room temperature, after which the resin was filtrated, washed and 

dried.. The resin was suspended in 1M NaOMe in THF/MeOH (2 mL, 2:1, v/v) and gently 

stirredd for 1 h. Then, the resin was filtrated and washed with CH2CI2, MeOH, CH2CI2 and 

MeOH.. The filtrate was concentrated, and the residue was diluted with 2M aqueous NaOH 

(55 mL) and brine (5 mL). The aqueous layer was extracted with EtOAc ( 2 x5 mL) and the 

combinedd organic layers were dried with MgS04, filtrated and the solvent was evaporated. 

Generall  procedure G for  the N-acyliminium ion reactions and cleavage. Identical to 

generall  procedure F, only after cleavage 1M HC1 in MeOH (4 mL) was added to the filtrate 

andd the solvents were evaporated. The residue was extracted with 'PrOH (2 mL), filtrated 

andd concentrated to afford the product as the HCl-salt. 

^ ^ - ^^ \,,-Ph fr««s-2-AUyl-4-phenylpiperidine (30a). According to general procedure F, 

H N ^ JJ reaction between resin 29a and allyltrimethylsilane afforded 30a (32 mg, 80%) 

ass a yellow oil after purification by chromatography (CH2CI2/3.5M NH3 in 

MeOH,, 9:1). Rf = 0.3. « NMR (400 MHz, CDCI3): 8 = 7.33-7.21 (m, 3H), 7.21-7.18 (m, 2H), 

5.83-5.744 (m, 1H), 5.15-5.09 (m, 2H), 3.12-3.07 (m, 1H), 3.00-2.87 (m, 3H), 2.50-2.44 (m, 1H), 

2.30-2.244 (m, 1H), 2.01-1.96 (m, 1H), 1.91-1.74 (m, 4H). «C NMR (100 MHz, CDCI3): S = 

146.0,, 136.0, 128.4, 127.1, 125.9, 117.1, 51.5, 40.6, 37.0, 36.9, 36.7, 33.0. IR (film): 3280, 3030, 

1440.. HRMS (FAB) calculated for G4H20N (MH+) 202.1596, found 202.1602. 

\ ^ .. \,.-Ph rr««s-2-AUyl-4-phenyl-l-(toluene-4-sulfonyl)-piperidine. iH NMR (400 

T X JJ MHz, CDCI3): 8 = 7.36 (d, J = 8.4 Hz, 2H), 7.32-7.16 (m, 5H), 7.02 (d, ƒ = 8.4 

Hz,, 2H), 5.77-5.66 (m, IH), 5.11-5.03 (m, 2H), 4.29-4.24 (m, IH) , 3.95-3.91 (m, 

IH) ,, 3.14 (dt, ƒ = 2.7,13.5 Hz, IH), 2.85-2.77 (m, IH), 2.44 (s, 3H), 2.42-2.38 (m, 2H), 1.80-1.76 

(m,, IH), 1.72-1.69 (m, IH), 1.63-1.43 (m, 2H). 13C NMR (100 MHz, CDCI3) 8 = 145.1,143.1, 

138.6,, 134.7, 129.7, 128.5, 127.1, 126.6, 126.5, 117.4, 52.8, 40.9, 36.0, 34.4, 34.3, 31.9, 21.5. IR 

(film) :: 1638, 1307, 1155. HRMS (FAB) calculated for C21H26NO2S (MH* ) 356.1684, found 

356.1687. . 

51 1 



ChapterChapter 3 

,,Phh frans-2-Methallyl-4-phenylpiperidin e (31a). According to general procedure 

F,, reaction between resin 29a and 2-methallyltrimethylsilane afforded 31a (33 

mg,, 76%) as a yellow oil after purification by chromatography (CH2CI2/3.5M 

NH33 in MeOH, 9:1). Rf = 0.46. iH NMR (400 MHz, CDCI3): 5 = 7.33-7.25 (m, 3H), 7.22-7.18 

(m,, 2H), 4.86 (t, ƒ = 1.7 Hz, 1H), 4.79 (d, ƒ = 0.9 Hz, IH), 3.26-3.20 (m, IH), 3.03-2.86 (m, 3H), 

2.522 (dd, ƒ = 16.2, 9.2 Hz, IH), 2.16 (dd, ƒ = 14.0, 5.5 Hz, IH), 2.04-1.97 (m, IH), 1.91-1.71 (m, 

3H),, 1.74 (s, 3H). J3C NMR (100 MHz, CDCb): 6 = 145.0,142.0,128.5,127.0,126.8,126.3,113.6, 

49.6,, 40.1, 35.9, 35.4, 31.5, 29.7, 22.1. IR(film): 3330, 2850, 1450. HRMS (FAB) calculated for 

(C15H22NN (MH+) 216.1752, found 216.1759. 

2-furanyî ^ \ ,,Ph rrans-2-(2-Furanyl)-4-phenylpiperidine (32a). To a suspension of 200 mg of 

H N ^^ resin 29a in 5 mL of furan was added CSA (1 equiv). The reaction mixture 

wass swirled for 20 h, filtrated and washed with CH2CI2, MeOH, CH2CI2, 

MeOH,, CH2CI2, EtzO, CH2CI2, EfaO, CH2CI2 and dried. Next, the product was cleaved off the 

resinn applying the procedure described in general procedure F to afford 32a (25 mg, 54%) as 

aa yellow oil after purification by chromatography (CH2CI2/3.5M NH3 in MeOH, 9:1). Rf = 

0.38.. iH NMR (400 MHz, CDCI3): 8 = 7.41 (d, ƒ = 0.9 Hz, IH) , 7.34-7.19 (m, 5H), 6.38 (dd, ƒ = 

3.1,1.88 Hz, IH), 6.27 (dd, ƒ = 2.0, 0.9 Hz, IH), 4.37 (d, ƒ = 3.4 Hz, IH) , 3.01-2.86 (m, 3H), 2.33-

2.288 (m, IH), 2.17-2.09 (m, IH), 2.05 (br. s, IH), 1.86-1.75 (m, 2H). " C NMR (125 MHz, 

CDCI3):: 8 = 155.7,145.8,141.5,128.1,126.9,110.2, 106.8, 50.5, 41.5, 37.6, 34.2, 33.0. IR (film): 

3296,, 2925, 1666, 1452. HRMS (FAB) calculated for Ci5Hi8NO (MH+) 228.1388, found 

228.1400. . 

s^sys^sy \iV.Ph frans-2-Ethyl-4-phenylpiperidine (33a). According to general procedure F, 

H N ^ JJ reaction between resin 29a and diethylzinc afforded 33a (5 mg, 14%) as a 

yelloww oil after purification by chromatography (CH2C12/3.5M NH3 in MeOH, 9:1). Rf = 0.21. 

iHH NMR (400 MHz, CDCI3): 8 = 7.33-7.21 (m, 4H), 7.19-7.18 (m, IH), 3.00-2.87 (m, 4H), 2.00-

1.933 (m, 2H), 1.90-1.83 (m, IH), 1.81-1.65 (m, 3H), 1.63-1.54 (m, IH), 0.94 (t, ƒ = 7.5 Hz, 3H). 

" CC NMR (CDCI3,100 MHz): 8 = 145.3,128.5,127.0,126.2, 53.9,40.3, 36.0, 35.4, 32.2, 24.3,10.9. 

IRR (film): 3304, 2927, 1452. HRMS (FAB) calculated for C13H20N (MH+) 190.1596, found 

190.1594. . 

,.4-pyndyii  fniMS-2-Allyl-4-(4-pyridinyl)piperidin e (30b). According to general 

proceduree F, reaction between resin 29b and allyltrimethylsilane afforded 

30bb (29 mg, 71%) as a yellow oil after purification by chromatography (CH2CI2/3.5M NH3 in 

MeOH,, 9:1). Rf = 0.58. ^H NMR (400 MHz, CDCI3): 8 = 8.51 (d, ƒ = 5.9 Hz, 2H), 7.17 (d, ƒ = 5.6 

Hz,, 2H), 5.82-5.71 (m, IH), 5.15-5.10 (m, 2H), 3.08-3.02 (m, IH) , 3.00-2.92 (m, 2H), 2.90-2.84 

(m,, IH), 2.46-2.39 (m, IH), 2.29-2.23 (m, 2H), 2.20 (br, IH), 2.02-1.93 (m, IH), 1.92-1.80 (m, 

2H),, 1.78-1.72 (m, IH) . «C NMR (100 MHz, CDCI3): 8 = 154.4,149.8,135.5,122.6,117.7, 51.3, 

40.4,, 37.1, 35.9, 35.6, 31.5. IR (film): 3281, 1598, 1413. HRMS (FAB) calculated for G3H19N2 

(MH+)) 203.1548, found 203.1549. 
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,-4-BrC6H44 fr«ws-2-AUyl-4-(4-bromophenyl)piperidine (30c). According to general 

proceduree F, reaction between resin 29c and allyltrimethylsilane 

affordedd 30c (39 mg, 85%) as a yellow oil after purification by 

chromatographyy (CH2C12/3.5M NH3 in MeOH, 9:1). Rf = 0.36. « NMR (400 MHz, CDCI3): 8 

== 7.39 (d, ƒ = 10 Hz, 2H), 7.12 (d, ƒ = 10 Hz, 2H), 5.79-5.70 (m, 1H), 5.13-5.07 (m, 2H), 3.13-

3.088 (m, 1H), 3.00-2.84 (m, 3H), 2.50-2.41 (m, 1H), 2.32-2.22 (m, 1H), 2.15 (br, 1H), 1.99-1.91 

(m,, 1H), 1.90-1.84 (m, 1H), 1.82-1.71 (m, 2H). ™C NMR (100 MHz, CDCb): 8 = 144.3, 135.0, 

131.5,, 128.8, 119.8, 117.8, 51.4, 40.1, 36.2, 35.8, 31.9, 29.7. IR (film): 3356, 2849, 1489. HRMS 

(FAB)) calculated for Ci3Hi9
79BrN (MH+) 280.0701, found 280.0698. 

,2-Prr fra«s-2-Allyl-4-(2-propyl)piperidin e HCl-salt (30e). According to general 

proceduree G, reaction between resin 29f and allyltrimethylsilane afforded 

30ee (37 mg, 86%) as the HCl-salt. W NMR (400 MHz, D20): 8 = 5.84-5.78 (m, 

1H),, 5.30-5.25 (m, 2H), 3.56-3.53 (m, 1H), 3.20-3.17 (m, 2H), 2.51-2.47 (m, 2H), 1.89-1.83 (m, 

1H),, 1.79-1.72 (m, 2H), 1.69-1.53 (m, 3H), 0.90 (d, ƒ = 6.2 Hz, 6H). «C NMR (125 MHz, D2O): 8 

== 132.5,120.1, 51.9, 39.7, 35.2, 34.9, 29.7, 25.1, 19.6, 19.5. HRMS (EI) calculated for Q1H21N 

(M+)) 167.1674, found 167.1640. 

2-Allylpiperidin ee HCl-salt (30f). According to general procedure G, reaction 

betweenn resin 29f and allyltrimethylsilane afforded 30f (29 mg, 78%) as the HCl-

salt.. iH NMR (400 MHz, D20): 8 = 5.90-5.80 (m, 1H), 5.30-5.25 (m, 2H), 3.44-3.39 (m, 1H), 

3.23-3.200 (m, IH), 3.02-2.96 (m, IH), 2.52-2.36 (m, 2H), 2.04-2.01 (m, IH), 1.93-1.89 (m, 2H), 

1.71-1.455 (m, 3H). " C NMR (100 MHz, D20): 8 = 123.9,122.1, 58.1, 46.8, 39.7, 30.2, 23.8, 23.6. 

HRMSS (FAB) calculated for C8Hi6N (MH+) 126.1283, found 126.1245. 

Q Resinn 34. According to general procedure D, coupling between resin 19 (2.5 g, 

IMM JH(OEt)2 3.0 mmol) and acetal 18 (1.13 g, 5.98 mmol) afforded resin 34 as a pale pink 

XX solid. IR: 3347,1721. 

//—\—\ l-(2-Allylazepan-l-yl)ethanone (35) and N-(6-ethoxynon-8-enyl)acetamide 
V N A ^ ^^ (36). To a suspension of resin 34 (175 mg, 198 umol) in dry CH2C12 (4 mL) at 0 

Acc °C, were added allyltrimethylsilane (0.13 mL, 0.82 mmol) and BF3OEt2 (0.08 mL, 

0.633 mmol) and the reaction mixture was swirled for 20 hours, thereby allowing it to warm to 

roomm temperature, after which the resin was filtrated, washed and dried. This resin (155 mg, 

1833 umol) was suspended in IM NaOMe in THF/MeOH (1 mL, 2:1, v/v) and stirred gently 

forr 1 h. Then, the resin was filtrated and washed with CH2C12, MeOH, CH2C12, and MeOH, 

followedd by the addition of IM HC1 in MeOH (3 mL) to the filtrate and evaporation of the 

solvent.. The residu was taken up in pyridine (2 mL) and Ac20 (0.05 mL, 0.53 mmol) and 

DMA PP (cat.) were added. After stirring at room temperature for 20 h, the reaction mixture 

wass concentrated to afford 35 (11 mg, 31%) and 36 (10 mg, 24%) as oils after purification by 

chromatographyy (EtOAc). 35: Rf = 0.50. *H NMR (500 MHz, CDCI3,1:1 mixture of rotamers): 

88 = 5.84-5.74 (m, IH), 5.12-4.99 (m, 2H) 4.59-4.52 (m, 0.5H), 4.15-4.10 (m, 0.5H), 3.75-3.69 (m, 
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0.5H),, 3.54-3.50 (m, 0.5H), 3.06-3.01 (m, 0.5H), 2.65-2.59 (m, 0.5H) 2.29-2.05 (m, 5H), 1.85-

1.588 (m, 4H), 1.55-1.19 (m, 4H). " C NMR (125 MHz, DMSO-D6): 8 = 169.4,169.0,135.5,135.0, 

117.4,, 116.5, 56.3, 52.2, 42.57, 38.5, 33.8, 32.3, 29.6, 29.3, 28.8, 27.5, 24.6, 24.3, 21.9, 21.6. IR 

(film) :: 2978,1636,1420. HRMS using either FAB or EI failed. 

36:: Rf = 0.37. iH NMR (500 MHz, CDCla, 4:1 mixture of rotamers, data of the 

major):: 5 = 5.87-5.80 (m, IH), 5.53 (br. s, IH), 5.10-5.04 (m, 2H), 3.60-3.54 (m, 

Acc u " IH), 3.48-3.42 (m, IH), 3.31-3.21 (m, 3H), 2.33-2.21 (m, 2H), 1.99 (s, 3H), 1.56-

1.444 (m, 5H), 1.37-1.32 (m, 3H), 1.20 (t, ƒ = 7.0 Hz, 3H). «C NMR (125 MHz, CDCI3): 5 = 170.8, 

169.9,135.1,133.6,117.6,116.7,, 78.7, 73.0, 64.2, 39.6, 39.4, 38.6, 38.5, 33.9, 33.4, 29.6, 29.4, 27.0, 

26.5,, 25.1, 24.8, 23.3, 21.2, 15.5. IR (film): 3290, 1653. HRMS (FAB) calculated for C13H26NO2 

(MH+)) 228.1964; found 228.1969. 

l-(2-Allylazepan-l-yl)ethanonee (35) and Acetic acid l-(5-
acetylaminopentyl)but-3-enyll  ester  (37). Resin 34 (1.99 g, 2.35 mmol) was 

Acc treated according to general procedure E, to provide the 2-Bt substituted 

precursorr as a pale brown solid. IR: 1714. To a suspension of this resin (241 mg, 275 umol) in 

dryy CH2CI2 (5 mL) at 0 °C, were added allyltrimethylsilane (0.17 mL, 1.07 mmol) and 

BF3-OEt22 (0.11 mL, 0.87 mmol) and the reaction mixture was swirled for 20 hours, thereby 

allowingg it to warm to room temperature, after which the resin was filtrated, washed and 

dried.. This resin (190 mg, 225 umol) was suspended in 1M NaOMe in THF/MeOH (2 mL, 

2:1,, v /v) and stirred gently for 1 h. Then, the resin was filtrated and washed with CH2CI2, 

MeOH,, CH2CI2, and MeOH, followed by the addition of 1M HC1 in MeOH (5 mL) to the 

filtratee and evaporation of the solvent. The residu was taken up in pyridine (4 mL) and AC2O 

(0.211 mL, 2.2 mmol) and DMAP (cat.) were added. After stirring at room temperature for 20 

h,, the reaction mixture was concentrated to afford 35 (18 mg, 44%) and 37 (3.5 mg, 7%) as oils 

afterr purification by chromatography 

37::  Rf = 0.30. ^H NMR (400 MHz, CDCI3): 5 = 5.80-5.68 (m, IH), 5.48 (br. s, IH), 

5.10-5.022 (m, 2H), 4.95-4.87 (m, IH), 3.30-3.17 (m, 3H), 2.37-2.23 (m, 2H), 2.05 
11 OAc 

ACC (s, 3H), 1.98 (s, 3H), 1.55-1.46 (m, 4H), 1.40-1.22 (m, 4H). «C NMR (100 MHz, 

CDCb):: S = 170.9,169.5,133.7,117.7, 73.0, 39.5, 38.7, 33.5, 29.4, 26.5, 24.9,23.3, 21.2. IR (film): 

3314,1737,1655.. HRMS (FAB) calculated for C13H24NO3 (MH+) 242.1756; found 242.1752. 
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