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CHAPTE RR 2 

ONE-POTT THREE COMPONENT N-ACYLIMINIU M ION REACTIONS ON THE 

WAN GG LINKE R SYSTENP 

Preliminaryy investigations towards N-acyl iminium ion chemistry on solid support 

2.11 Introductio n 

Inn the previous chapter, the versatile applicability of N-acyliminium ion chemistry in 

thee synthesis of a wide variety of structurally different compounds has been illustrated? 

Thesee examples, however, largely consisted of multistep sequences, where in the N-

acyliminiumm ion reaction a single bond was formed. As an alternative to multistep 

approaches,, research is going on to make organic reactions more efficient, economical and 

elegant.. In pursuing this goal, the use of multicomponent reactions has recently attracted 

moree and more attention.3 The principle of combining three or more reactive components in a 

one-pott process, leading to a single product via the formation of multiple bonds renders this 

typee of reaction particularly interesting for solid phase chemistry, where the reaction can be 

automatedd and readily applied in a combinatorial fashion. Considering the previously 

conductedd N-acyliminium ion chemistry in our group, our wish to translate this type of 

chemistryy to the solid phase and the efficiency of multicomponent reactions, we envisioned 

thatt by combining these three items a valuable combinatorial entry into a wide range of 

compoundss could be within reach. However, at the start of this research there were no 

exampless of multicomponent N-acyliminium ion reactions on solid support known in 

literature.. The few precedents on the combination of intermolecular iminium ion chemistry 

andd solid phase or on the combination of N-acyliminium ion chemistry and solid phase 

chemistryy wil l be described here. 

Wilsonn and coworkers reported the solid phase synthesis of 2,3-dihydro-4-pyridones 3 

viavia a Lewis acid-catalyzed tandem Mannich-Michael reaction of Danishefsky's diene (2) with 

immobilizedd iminel (eq 2.1).4 

Me3SiOO 2 

o^ ^ 
OMe e 

0 0 

11 (Wang 

Yb(OTf)3,, THF, 60 °C 
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Kobayashii  reported two examples of solid phase one-pot three component iminium 

ionn reactions.5-6 In the first example an aldehyde, an amine and a silyl enol ether were reacted 

underr the influence of the polymer-supported scandium catalyst 7 to afford amino ketones 8 

(eqq 2.2). The scope with respect to all three components was investigated, which also resufed 

inn the effective synthesis of amino esters and nitrile derivatives. 

O O 
FT-NH 22

 + 

Ph h 

OSiMe3 3 

.Me e 

— C H 2 C H --

CH2NTf f 

Sc(OTf)2 2 

CH,C1,, / MeCN, rt i 2 ^ i 2 2 

Me e 
Ph h 

H H 
88 (77-95%) 

(2.2) ) 

Inn the second example, Kobayashi described a similar reaction in which the 

nucleophilee 9 was immobilized on a polymer support to construct, after reductive cleavage, 

:aminoo alcohols 11 (eq 2.3). Using this method, five 'field syntheses' (small libraries in which 

,onee of the three components is fixed) were performed to afford a variety of in total 48 

differentt amino alcohols in yields ranging from 10 to 98%. 

OSiMe3 3 

OH H 

R 1 ^ N H R 2 2 

111 (10-98%) 

Finally,, the group of Patek reported the solid phase synthesis of l-acyl-3-

oxopiperaziness 15 via a tandem N-acyliminium ion cyclization-nucleophilic addition reaction 

(eqq 2.4)7 

EtCLL ^O 

133 HNu' 

R1 1 

T T rr V - R 2 

HNu u 

14 4 15(18-87%,, 3 steps) 

(2.4) ) 

22 2 
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Inn this approach, the immobilized acetal 12 was treated with formic acid to generate 

thee oxycarbenium intermediate 13, which cyclized to eventually produce N-acyliminium ion 

14,, after which a second intramolecular nucleophilic attack occurred to form the bicyclic 

compoundd 15. 

Althoughh all of the aforementioned examples combine iminium ions, and in the final 

examplee even an N-acyliminium ion with a solid phase, in none of these cases an N-

acyliminiumm ion is actually generated on the solid phase. In order to study the combination of 

solidd phase and multicomponent N-acyliminium chemistry, a protocol that was originally 

developedd by Panek8 and Veenstra9 for the solution phase synthesis of protected homoallylic 

aminess 17, seemed particularly interesting (eq 2.5). This protocol involved a onepot three 

componentt reaction of an aldehyde, a carbamate or a sulfonamide, and an allylsilane under 

thee influence of the Lewis acid BrVOEt2. In this reaction were not only different carbamates or 

sulfonamidess used, but also the scope with respect to the aldehyde was investigated and 

provedd to be reasonably wide (R1 = benzyl, aromatic, or aliphatic). Panek made use of di-

substitutedd allylsilanes (16 R3 = Me, R4 = CHRC02Me), while Veenstra performed the reaction 

inn combination with normal allyltrimethylsilane (16 R3, R4 = H). 

(2.5) ) 
0 0 

R 1 ^ H H 

4 4 

++ R2 -NH 2 + 

55 R2 = C02R, S02R 

R3v v 

R4 4 

16 6 

BF3OEt2 2 

MeCNN or CH2C12 

-200 °C or it H H 
177 (45-95%) 

Accordingg to this multicomponent methodology, by immobilizing the carbamate 

component,, it should be possible to construct a library of homoallylic aminesl8 in which the 

actuall  N-acyliminium ion 20 is formed as an intermediate on the solid support (eq 2.6) The 

homoallylicc amines can then be obtained after cleavage of the immobilized homoallylic 

carbamatee 19, which wil l be produced via nucleophilic attack of an allylsilane onto the 

intermediatee ionic species. The N-acyliminium intermediate itself should be accessible by the 

Lewiss acid-mediated reaction of an aldehyde with the immobilized carbamate 21. In this 

chapter,, preliminary results of the one-pot three component N-acyliminium ion reaction on 

solidd phase and the scope with respect to the linker system, the aldehyde and the nucleophile 

wil ll  be described. 

Afterr publication of this work, more research on the combination of N-acyliminium 

ionn and solid phase chemistry has been reported,10 some of which is also based on the three 

componentt N-acyliminium ion reaction.11 
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or or °^ic* °^ic* 
o o 

Q P C A N H 22 (2.6) 

20 0 21 1 

2.22 Preparation of the immobil ized carbamate 

Inn preparing the immobilized carbamate 21, a suitable linker system had to be chosen. 

Thee first choice was to attach the carbamate functionality to a hydroxymethylene resin, which 

leadss to a 'linkerless' immobilized carbamate. Because this 'linkerless' system should be stable 

towardss a wide range of reaction conditions, it was initially considered as an ideal system for 

reactionn optimization. However, because of the same stability, fadle cleavage of the desired 

compoundss from the hydroxymethylene resin might be troublesome. Although the Wang2 

linkerr is readily cleaved under moderately acidic conditions, it was anticipated that under the 

mildlyy acidic conditions of the N-acyliminium ion reaction (BF3OEt2, -20 °C or rt)8-9 hardly any 

cleavagee would be observed. Therefore, both the hydroxymethylene and the Wang linker 

systemm were used for the preparation of the N-acyliminium ion precursors. 

\^^JK \^^JK OH H 

hydroxymethylenee resin 

OH H 

Wangg resin 

®r r OH H 

Startingg from alcohol 22 that was immobilized on the hydroxymethylene or Wang 

resin,, the hydroxyl group was activated using p-nitrophenyl chloroformate to afford the 

correspondingg carbonate 23 (Scheme 2.1).13 

Schemee 2.1: 

OH H 

22aa Wang 
22bb hydroxymethylene 

00 O' 

NO, , 

23aa Wang 
23bb hydroxymethylene 

O O 
ANH2 2 

21aa Wang 
21bb hydroxymethylene 

ReagentsReagents and conditions: (a) p-nitrophenyl chloroformate (3 equiv), N-methylmorpholine (3 

equiv),, CH2CI2, 0->20 °C, 18 h; (b) NH3, MeOH/DMF, rt, 18 h. 
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Then,, carbonate 23 was reacted with ammonia to provide the immobilized primary carbamate 

21.. The yield of the carbamate was determined by elemental analysis of the nitrogen content 

onn the resin and proved to be virtually quantitative over these two steps.14 

2.33 Optimizatio n of the three component N-acyl iminiu m ion reaction 

Oncee the immobilized primary carbamate 21 had been prepared, the one-pot three 

componentt N-acyliminium ion reaction on solid support could be performed. For this 

purpose,, the condensation of carbamate 21a with benzaldehyde and allyltrimethylsilane was 

usedd as a model reaction (Scheme 2.2). 

Schemee 2.2: 

O O 
III  PhCHO, B F3O E t2 

OT"00 N H 2 
21a a 

MeCN,, 0->20 °C 

H2N'' Ph 

27 7 

OO OH 

O T o A N ^ P h h 

24 4 

50%% TFA/CH2C12 (v/v), 

rt,, 2h 

O O 

25 5 

,SiMeo o 

O O 

© T 0A N N 

26 6 

'Ph h 

Ph h 

Thee first reaction conditions which were tried (4 equiv of the aldehyde, silane and 

Lewiss acid, rt, 18 h) did not lead to any formation of amine27 after acidic cleavage of resin 26. 

Whenn a shorter reaction time (4 h) and equimolar amounts of the components (1 equiv) were 

used,, amine 27 could be isolated in a yield of 8%, after acidic cleavage of resin26. It was found 

thatt under influence of these Lewis acidic conditions, the Wang linker system was not 

sufficientlyy stable and most of the product was already cleaved from the resin during the 

formationn of the homoallylic carbamate 26. Therefore, studies with the aim to find the optimal 

conditionss for this reaction were performed with the acid stable hydroxymethylene resin21b 

(Tablee 2.1). 

25 5 
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Tablee 2.1: 

O O 

r v ^ - n ^ N N 

PhCHO,, allyltrimethylsilant 

BF3OEt2 2 

^^ O Nh2 

MeCN,, 0->2( 
21b b 

entry y 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

benza ldehyde e 

200 equiv 

100 equiv 

55 equiv 

55 equiv 

55 equiv 

55 equiv 

1.22 equiv 

1.22 equiv 

°C,, 2.5 h 
QT° QT° 

al lyl tr imethylsi lane e 

100 equiv 

100 equiv 

55 equiv 

55 equiv 

55 equiv 

1.22 equiv 

55 equiv 

1.22 equiv 

00 ^ 

H H 

26 6 

BF3OEt2 2 

11 equiv 

11 equiv 

55 equiv 

11 equiv 

0.66 equiv 

11 equiv 

11 equiv 

11 equiv 

r - " " " 5 ^ ^ 
SiMe3I I 

*""  H2N Ph 
MeCN,, rt, 2 h 

27 7 

format ionn of 26°/271" 

y e s / y es s 

yes / yes s 

y e s / y es s 

y e s / y es s 

n o / no o 

y e s / no o 

y e s / no o 

yes / yes s 

"Formationn of compound 26 was determined by MAS 13C NMR. ''Formation of 

compoundd 27 was determined by TLC and MS 

HMM  JOG 175 ISO 1?*  160 

Figuree 2.1: Solid state MAS 13C NMR of compound 26. The signals assigned as PS originate from the 

polymericc backbone. 
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Formationn of the homoallylic carbamate 26 was deduced from solid state MAS 13C 

NMRR experiments (Figure 2.1). Furthermore, addititional information about the N-

acyliminiumm ion reaction was obtained by TLC and MS analysis of the residue that was 

obtainedd upon SiMe3l-mediated cleavage of the immobilized carbamate. All reactions were 

performedd on a non-preparative scale and provided the desired amine 27 in a maximum yield 

off  28%. In the table is shown that in entries 1-4 and 8 both the carbamate 26 and the amine 27 

weree detected; except for entry 4 the analyses showed the formation of pure compounds. 

Therefore,, it was concluded that the best results were obtained with equimolar amounts of the 

aldehyde,, silane and Lewis acid (entries 3 and 8) or with a large excess of the aldehyde and 

silanee (entries 1-2). 

Inn order to study the rate of the one-pot three component N-acyliminium ion reaction, 

anotherr experiment was performed withp-cyanobenzaldehyde (eq 2.7). This specific aldehyde 

wass used because the cyano group can be easily detected by the absorbance of this group 

aroundd 2230 cm1 in IR spectroscopy experiments. The reaction with p-cyanobenzaldehyde 

wass analyzed every 30 min by IR spectroscopy. When the reaction was carried out with 

equimolarr amounts of reagents (cf. Table 2.1, entry 8) the formation of carbamate 28 was 

completee after 3.5 h. Addition of a large excess of the aldehyde and silane (cf. Table 2.1, entry 

1)) even shortened the reaction time to only 30 min. 

QO O 
OO p-cyanobenzaldehyde, 

J[^J[^ allyltrimethylsilane, BF3OEt2 
OO NH2 

21b b 
MeCN,, 0^20 °C 

Analogouss to the hydroxymethylene resin, the optimized reaction conditions were 

noww applied to the acid labile Wang resin. To prevent cleavage from the Wang linker system 

itt was anticipated that the best reaction conditions were those in which a large excess of the 

aldehydee and silane (20 and 10 equiv, respectively) were used in combination with a small 

amountt of the Lewis acid (1 equiv) and a short reaction time (2 h). Under these conditions 

prematuree cleavage was mostly prevented and the amine 27 could be obtained in a maximum 

yieldd of 57%. Higher reaction temperatures and stronger Lewis acids (SnCt or TiCL) only led 

too significantly more decomposition of the Wang linker system prior to the actual cleavage 

step.. In addition to BF3OEt2, the reaction was also carried out using Sc(OTf)& as the Lewis acid 

(1.11 equiv), but no significant difference in reactivity between the two Lewis acids was found 

(inn case of Sc(OTf)3 a 52% yield of amine 27 was obtained). Attempts to increase the yidds -

especiallyy by adding reagents that would turn the hydroxy group of the intermediate N,0-

acetall  24 into a good leaving group - were unsuccessful. For example, additives such as 

27 7 
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benzotriazole,, acetic anhydride, SiMejOTf and SiMesCl did not increase the yield of the 

reaction. . 

2.44 Librar y synthesis 

Despitee the acid lability of the linker system and the somewhat modest yield of the 

one-pott three component N-acyliminium ion reaction on the Wang resin, the scope of this 

reactionn with respect to the aldehyde and nucleophile was determined next. For this reason, a 

smalll  library of homoallylic amines was prepared on a synthesis robot (SYRO, Multisyntech). 

Logically,, the optimized reaction conditions that were reported in paragraph 2.3 were used 

forr the library synthesis. 

Schemee 2.3: 

OO 29a-c 

OO l equiv BF3OEt2 O Nu 50% TFA in Nu 

(^r^cr^NH22 + * ^ ^ c r ^ N ^ R 1 "" H,N^R1 

SS0SS0 2 MeCN, 0H>20°C W H CH2Cl, (v/v), rt 2 

21aa nucleophile 31 32 

30A-F F 

nucleophile: : 

2-naphthyll  (29a) OSiMe33 O O O O 

P h . ^ .. J^JK XO-V -^OY ^ X /7-ethylphenyll  (29b) ^ ' - ^ ' O M e 
/?-methoxyphenyll  (29c) 

30AA 30B 30CX, Y = Me 30EX = CN 
30DXX  = Ph,Y = Et 30FX = CO2Et 

Inn order to determine the scope with respect to the nucleophile a library was 

synthesizedd in which three aromatic aldehydes (29a-c) were used in combination with the six 

differentt nucleophiles 30A-F (Scheme 2.3). Thus, the reactivity of a silyl enol ether (30A), an a-

diketonee (30B), malonates (30C,D), and malonitriles (30E,F) in the one-pot three component 

N-acyliminiumm ion reaction was examined. Disappointingly, none of these nucleophiles led to 

anyy product formation at all. 

28 8 
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Withh the aim of determine the scope with respect to the aldehyde and allylsilane a 

secondd library was synthesized. Because in preliminary experiments with aliphatic aldehydes 

noo product formation was observed, the choice of the aldehyde was restricted to (hetero) 

aromaticc aldehydes (Scheme 2.4, Table 2.2). Hence, the aldehydes 29a-f were used in 

combinationn with allylsilanes 33A-C; furthermore, aldehydes 29g-u were used in combination 

withh 33A and 33C. The use of aldehydes 29v-gg did not lead to any product formation. The 

resultss of the reactions with aldehydes 29a-u are presented in Table 2.2 as the isolated yields 

off  the pure products 35. The yields of products 35 were determined over two steps starting 

fromm Wang resin 21a and include the purification of the primary amines over a Solid Phase 

Extractionn (SPE) column. The products were all analyzed by TLC and MS (ESI), while some 

representativee examples were also characterized by!H NMR. Clearly, electron rich aldehydes 

{e.g.{e.g. 29c) gave the best results, whereas electron poor aldehydes (e.g. 29z) did not react. This 

trendd can be explained by considering the formation of the cationic intermediate 20, which 

wil ll  be more difficul t in the presence of an electron withdrawing substituent. Suprisingly, the 

presencee of two electron donating substituents in the aldehyde part (particularly 291) did not 

leadd to an increase of the yield. Interestingly, in the case of aldehyde 29w, no product was 

formedd at all. This is probably due to the basic properties of the dimethylamino group, which 

mayy deactivate the Lewis acid, thus preventing the formation of the N-acyliminium ion. The 

samee reason might explain the lack of product formation when the pyridine-based aldehydes 

29eee and 29ff were used. With respect to the nucleophile, it was clear that allyltrimethylsilane 

gavee the highest yields, while acetate 33C and in particular vinyl bromide 33B gave 

significantlyy lower amounts of products. 

Schemee 2.4: 

99 29a-gg 

OO 1 equiv BF3OEt2 0 f R 50% TFA in 

,A A tfvl^Otfvl^O  NH2 + ~ ( V ^ ^ O N R1 ™, ^ , , , _ H2N R1 

V*## 2 MeCN, 0-20 °C W H CH2C12 (v/v), rt 
21aa ] 34 35 

,.SiMe3 3 

33AA R2 = H 

33BB R2 = Br 

33CC R2 = CH2OAc 
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Tablee 2.2: 

yieldd of 35 (%) 

500 -

40--

300 -

200 -

100 -

00 - 11 1 

-i i 

ll l 

_ _ 

jj . .  , JL L 111 1 

 33 A 

Q33B B 

D33C C 

11, , IL L 
a b c d e f g h i jj k l m n o p q r s t u 

aldehydee 29 

29a a 

OMe e 

29bb X = Et 
29cc X = OMe 
29dd X = OH 
29ee X = OBn 

OMee MeO 

29f f 

OMe e 

MeO O 

29gg X = m-OMe 
29hh X = o-OMe 

29k k 291 1 

-Cr1 1 

29mX29mX = p-Me 
29nn X = rn-Me 
29oo X = o-Me 

-a" " 
29pX=/;-Br r 
29qq X = m-Br 
29rr X = o-I 

29ii  OMe 

CI I 

CI I 

29s s 

OMe e 

OMee 29j 

R R 

MeO O 

29t t 

NO O 

29u u 

ij j 
29v v 

" ^ ^ 

Me2N N 

F,C C 

29w w 

-a" " 
29x x 29y y 

--a" " 
29z z 

Br r 

NC C 

29aaa X = H 
29bbb X = OMe 

29cc c 
Br r 

29dd d 29ee e 29ff f 

. ^ ^ 

29gg g 

B(OH)2 2 
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2.55 Conclusions 

Inn this chapter, the viablity of N-acyliminium ion reactions on solid support was 

demonstratedd for the first time. Initially , the reactions were performed on the stable 

hydroxymethylenee resin to optimize the reaction conditions. Later on, the acidlabile Wang 

resinn was used, initially for further optimization, but eventually also for library synthesis. 

Thus,, in an automated fashion, a library of around 40 homoallylic amines was synthesized via 

aa one-pot three component N-acyliminium ion reaction. The scope with respect to the 

aldehydee was mainly restricted to electron rich aromatic aldehydes, while the scope with 

respectt to the nucleophile was limited to the use of substituted allylsilanes. A clear limiting 

factorr for further improvement of the yields and for extension of the scope of the reaction was 

thee use of the Wang resin, which appeared only moderately compatible with the acidic 

reactionn conditions. 
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2.77 Experimental section 

Generall  informatio n Al l reactions with air or moisture sensitive reagents were carried 

outt under an inert atmosphere of dry nitrogen. Standard syringe techniques were applied for 

thee transfer of air or moisture sensitive reagents and dry solvents. The solid phase reactions 

weree gently stirred with a magnetic stirring bar. The resins were washed according to the 

indicatedd sequence and dried in vacuo (50 °C) prior to use. The resin was allowed to 

swell/shrinkk for at least 1 minute before each filtration. Infrared (IR) spectra were obtained 

fromm KBr pellets or neat, using a Bruker IFS 28FT-spectrometer with wavelengths (v) reported 

inn cm1. IR spectra of resins were measured in KBr using a DRIFT module. Proton nuclear 

magneticc resonance OH NMR) spectra were determined in the indicated solvent using a 

Brukerr AC 200 (200 MHz), Bruker ARX 400 (400 MHz), or a Varian Inova (500 MHz) 

spectrometer.. The machines were also used for carbon nuclear magnetic resonance PC NMR, 

AFT)) spectra (50 MHz, 100 MHz, and 125 MHz, respectively). Chemical shifts £) are given in 

ppmm downfield from tetramethylsilane. Mass spectra and accurate mass measurements were 

carriedd out using a JEOL JMS-SX/SX 102A Tandem Mass spectrometer. Elemental analysis 

weree performed by Dornis u. Kolbe Mikroanalytisches Laboratorium, Mülheim a. d. Ruhr, 

31 1 
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Germany.. R/ values were obtained by using thin layer chromatography (TLC) on silica gel-

coatedd plastic sheets (Merck silica gel 60 R54) with the indicated solvent (mixture). UV light or 

I22 were used as visualizing agents, while KMnQ solution and heat or anisaldehyde solution 

andd heat were used as developing agents. Chromatographic purification refers to flash 

columnn chromatography15 using the indicated solvent (mixture) and Acros Organics Silica gel 

(0.035-0.0700 nm). Melting points are uncorrected and were determined on a Büchi melting 

pointt B-545 apparatus. Dry THF and EtiO were freshly distilled from sodium benzophenone 

ketyl.. Dry DMF, CH2C12, EtOAc and MeCN were distilled from CaFi and stored over 4A MS 

underr a dry nitrogen atmosphere. PE (60-80) was distilled prior to use. Merrifield resin (200-

4000 mesh, 1% DVB, 1.7 mmol Cl/g) and Wang resin (200-400 mesh, 1% DVB, 0.71 mmol 

OH/g)) were obtained from Fluka. Al l commercially available reagents were used as received, 

unlesss indicated otherwise. 

N OO 4-Nitrophenyl carbonate resin (23a/23b) Wang resin 22a (5.00 g, 

111 3.55 mmol) was suspended in CH2CI2 (50 mL) and cooled to 0 °C, 

Q f ^ OO C T 5 ^ 4-nitophenyl chloroformate (2.15 g, 10.7 mmol) and N-

methylmorpholinee (1.17 mL, 10.7 mmol) were added, the 

reactionn mixture was allowed to warm up to rt and was stirred for 18 h. The suspensionwas 

filtered,, the resin was washed with CH2CI2 (50 mL), EtOH (50 mL, the last two steps were 

repeatedd four times) and Et2Ü (2 x 50 mL). After drying in vacuo (50 °C) 5.68 g of resin 23a was 

obtained.. IR v 1770,1526. The same procedure was applied to obtain hydroxymethylene resin 

23bb from resin 22a. IR v 1765. 

Carbamatee resin (21a/21b) Wang resin 23a (5.34 g, 3.41 mmol) was 

j ll  suspended in DMF (40 mL) and a saturated NfL/MeOH solution (10 mL) 

^Jl^^ O NH2 w a s added. After stirring for 18 h at rt, the resin was filtered off, washed 

withh DMF (50 mL), CH2CI2 (50 mL), EtOH (50 mL, the last two steps were 

repeatedd four times) and Et20 (2 50 mL). After drying in vacuo (50 °C) 4.88 g of resin 21a was 

obtained.. IR v 1733. Elemental anal. Found: N 0.92% (0.66 mmol /g N, 96% from Wang resin). 

Thee same procedure was applied to obtain hydroxymethylene resin21b from 23b. IR v 1728. 

Hydroxymethylenee l-phenylbut-3-enylcarbamate resin (26) 

Hydroxymethyelenee resin 21a (100 mg, 0.09 mmol) was suspended 

Q f ^ O ^ N ^ N r ^^ i n M e C N (L 5 m L ) ' benzaldehyde (189 uL, 1.84 mmol), 

allyltrimethylsilanee (146 uL, 0.92 mmol) and BF3OEt2 were 

subsequentlyy added at 0 °C. The reaction mixture was warmed up to rt and stirred for 2 h at 

thiss temperature. The resin was filtered off, washed with MeCN (1.5 mL), CH2CI2 (1.5 mL), 

32 2 
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EtOHH (1.5 mL, the last two steps were repeated four times) and EfcO (2 x 1.5 mL). After drying 

inin vacuo (50 °C) resin 26 was obtained. IR v 1733. «C MAS NMR (100 MHz, CDC13) 5 54.9 

(NHCH),, 67.2 (ArCH2), 118.9 (CH=CH2), 134.3 (CH=CH2). 

Hydroxymethylenee l-(4-cyanophenyl)but-3-enylcarbamate 

(28)) Hydroxymethylene resin 21a (150 mg, 0.17 mmol) was 

CjfCjf ° N II l suspended in CH2CI2 (1.5 mL), 4-cyanobenzaldehyde (67 mg, 
HH , I 

0.511 mmol), allyltrimethylsilane (62 uL, 0.51 mmol) and 

BF3-OEt22 (32 uL, 0.26 mmol) were subsequently added and the 

reactionn mixture was stirred for 3 h at rt. The resin was filtered off, washed with CH>C12 (1.5 

mL),, EtOH (1.5 mL, the last two steps were repeated four times) and EfcO (2 x 1.5 mL). After 

dryingg in vacuo (50 °C) resin 28 was obtained. IR v 3637, 3501, 2229,1723. 

Generall  procedure A for  the three component N-acyliminium ion reaction on the Wang 

resinn W a ng carbamate resin 21a was suspended in MeCN. The a ldehyde (20 equiv), 

nucleophi lee (10 equiv) and Lewis acid (1 equiv) were added. The react ion mixture w as st i r red 

att rt for 2 h, filtered off and washed wi th MeCN, CH2CI2, E tOH (the last two steps we re 

repeatedd four t imes) and Et2Ü (2 x) and dr ied in vacuo. Then, the resin was suspended in 50% 

TFAA in CH2CI2 ( v / v) and the suspens ion was stirred for 2 h at rt. The react ion mix ture w as 

filteredd off, the resin was washed w i t h CH2CI2 (2 x) and concentrated in vacuo. The p roduct 

wass puri f ied using SPE chromatography (Isolute, silica, solvent system: 0—>10% M e OH i n 

CH2CI2). . 

l -Phenylbut-3-enylaminee (27) Wang resin 21a (150 mg, 0.10 mmol ), 

benza ldehydee (195 uL, 1.92 mmol ), al ly l t r imethylsi lane (153 uL, 0.96 mmol) 

H2NN and BF3-OEt2 (13 uL, 0.11 mmol) were reacted for 2 h according to general 

p roceduree A to afford 27 (8.0 mg, 0.06 mmol, 57%) as a colorless oil . R/ 0.20 

(CH2Cl 2 /MeOHH 9:1). 'H NM R (400 MHz, CDCI3) S 7.34-7.22 (5H, m, Ar-H) , 5.81-5.70 (1H, m, 

CH=CH2) ,, 5.15-5.07 (2H, m, CH=CH2) , 3.99 (1H, dd, ƒ = 8.0, 5.4 Hz, NH2CH), 2.51-2.33 (2H, m, 

CH2CH=CH2) ,, 1.66 (2H, br s, NH2). 13C NM R (100 MHz, CDCh) 5 148.6 (Ar-H) , 133.6 

(CH=CH2) ,, 128.6,127.4,126.6 (Ar-C), 118.6 (CH=CH2) , 55.4 (NH2CH), 41.7 (CH2CH=CH2) . IR v 

3385,1642.. HRMS (EI) calculated for G0H13N (M+) 147.1048 found, 147.1037. Accord ing to the 

samee procedure, c o m p o u nd 27 was obtained in a yield of 52% when Sc(OTf)i was used as the 

Lewiss acid. To purify Sc(OTf)3 from possible traces of TfOH, the reagent was co-evaporated 

wi t hh H 2 0 (2 x) and subsequent ly dr ied (150 °C) for at least 1 d. 
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l-Thiophen-3-ylbut-3-enylaminee (35Aa) Wang resin 21a (100 mg, 0.06 mmol), 

3-thiophenecarboxaldehydee (109 uL, 1.24 mmol), allyltrimethylsilane (99 uL, 

0.622 mmol) and BF3OEt2 (8 uL, 0.06 mmol) were reacted for 2 h according to 

generall  procedure A to afford 35Aa (4.2 mg, 0.03 mmol, 43%) as a pale yellow 

oil.. R/ 0.34 (CH2Cl2/MeOH 5:1). 'H NMR (400 MHz, CDC13) 5 7.39-7.11 (m, 3H, Ar-H), 5.71-

5.588 (m, 1H, CH=CH2), 5.22-5.12 (m, 2H, CH=CH2), 4.33 (br s, 1H, NH2CH), 2.66-2.35 (m, 2H, 

CH2CH=CH2).. MS (ESI) calculated for QH,2NS (M+ + H) 154, found 154. 

H?N N 

3-Bromo-l-thiophen-3-ylbut-3-enylaminee (35Ba) Wang resin 21a (100 mg, 

0.066 mmol), 3-thiophenecarboxaldehyde (109 uL, 1.24 mmol), 2-

bromoallyltrimethylsilanee (133 uL, 0.62 mmol, 90%) and BF3OEt2 (8 uL, 0.06 

mmol)) were reacted for 2 h according to general procedure A to afford 35Ba 

(5.22 mg, 0.02 mmol, 35%) as a pale yellow oil. R/ 0.66 (CH2Cl2/MeOH 5:1). 'H 

NMRR (400 MHz, CDCI3) 8 7.66-7.26 (m, 3H, Ar-H), 5.83 (br s, 1H, CH=CH2), 5.61 (br s, 1H, 

CH=CH2),, 4.55 (br s, 1H, NH2CH), 3.17-2.81 (m, 2H, CH2CBr=CH2). MS (ESI) calculated for 

C8HnBrNSS (M+ + H) 232 and 234, found 232 and 234. 

OAc c 
Aceticc acid 2-(2-amino-2-thiophen-3-ylethyl)allyl ester  (35Ca) Wang resin 

21aa (100 mg, 0.06 mmol), 3-thiophenecarboxaldehyde (109 uL, 1.24 mmol), 

2-(methoxyacetate)allyltrimethylsilanee (132uL, 0.62 mmol) and BF3OEt2 (8 

uL,, 0.06 mmol) were reacted for 2 h according to general procedure A to 

affordd 35Ca (4.3 mg, 0.02 mmol, 33%) as a pale yellow oil. Rj 0.55 

(CH2Cl2/MeOHH 5:1). MS (ESI) calculated for GiHi 6N02S (M+ + H) 226, found 226. 

H,N N 

HPN N 

l-(4-EthyIphenyl)but-3-enylaminee (35Ab) Wang resin 21a (100 mg, 0.06 

mmol),, 4-ethylbenzaldehyde (170 uL, 1.24 mmol), allyltrimethylsilane (99 

uL,, 0.62 mmol) and BF3-OEt2 (8 uL, 0.06 mmol) were reacted for 2 h 

"Ett according to general procedure A to afford 35Ab (1.1 mg, 6.3 nmol, 10%) 

ass a pale yellow oil. R, 0.45 (CH2Cl2/MeOH 5:1). 1H NMR (400 MHz, CDCI3) 8 7.30-7.20 (m, 

4H,, Ar-H), 5.71-5.60 (m, 1H, CH=CH2), 5.20-5.11 (m, 2H, CH=CH2), 4.09 (t, ƒ = 3 Hz, 1H, 

NH2CH),, 2.65 (q, ƒ = 4 Hz, 2H, CH2-CH3) 2.66-2.58 (m, 2H, CH2CH=CH2) 1.23 (t, ƒ = 4 Hz, 3H, 

CH3). . 

H,N N 

3-Bromo-l-(4-ethylphenyl)but-3-enylaminee (35Bb) Wang resin 21a (100 

mg,, 0.06 mmol), 4-ethylbenzaldehyde (170 ^L, 1.24 mmol), 2-

bromoallyltrimethylsilanee (133 uL, 0.62 mmol, 90%) and BF3OEt2 (8 uL, 

gtt 0.06 mmol) were reacted for 2 h according to general procedure A to 
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affordd 35Bb (2.4 mg, 9.5 umol, 15%) as a pale yellow oil. R/0.69 (CH2Cl2/MeOH 5:1). m NMR 

(4000 MHz, CDCla) 6 7.28 (d, ƒ = 4 Hz, 2H, Ar-H), 7.17 (d, ƒ = 4 Hz, 2H, Ar-H) 5.62 (d, ƒ = 2 Hz, 

1H,, CBr=CH2), 5.46 (d, J = 2 Hz, 2H, CBr=CH2), 4.37 (t, ƒ = 3 Hz, 1H, NH2CH), 2.84-2.78 (m, 2H, 

CH2CBr=CH2)) 2.63 (q, ƒ = 4 Hz, CH2CH3) 1.22 (t, ƒ = 4 Hz, 3H, CH3). MS (ESI) calculated for 

Q2Hi 7NBrr (M+ + H) 254 and 256, found 254 and 256. 

III  Acetic acid 2-[2-amino-2-(4-ethylphenyl)ethyl]allyl ester  (35Cb) Wang 

J l ^ O A cc resin 21a (100 mg, 0.06 mmol), 4-ethylbenzaldehyde (170 uL, 1.24 mmol), 

JLL  ^^ 2-(methoxyacetate)allyltrimethylsilane (132 uL, 0.62 mmol) and BF3-OEt2 

22 (8 \ih, 0.06 mmol) were reacted for 2 h according to general procedure A to 

^ ^ ^ E tt afford 35Cb (2.5 mg, 0.01 mmol, 17%) as a pale yellow oil. Rf 0.53 

(CH2Cl2/MeOHH 5:1). >H NMR (400 MHz, CDCI3) 5 7.27 (d, ƒ = 5 Hz, 2H, Ar-H), 7.20 (d, ƒ = 5 

Hz,, 2H, Ar-H) 5.16 (d, ƒ = 2Hz, 1H, C=CH2), 5.05 (d, ƒ = 2 Hz, 1H, C=CH2), 4.47 (s, 2H, 

CH2OAc)) 4.21 (br s, 1H, NH2CH), 2.64 (br s, 2H, NH2) 2.62-2.54 (m, 2H, CHCH2) 2.09 (s, 3H, 

OO Ac) 1.22 (t, ƒ = 4 Hz, 3H, CH3). 

4-(l-Aminobut-3-enyl)phenoll  (35Ac) Wang resin 21a (100 mg, 0.06 

mmol),, 4-hydroxybenzaldehyde (151 mg, 1.24 mmol), allyltrimethylsilane 

(999 uL, 0.62 mmol) and BF3OEt2 (8 uL, 0.06 mmol) were reacted for 2 h 

accordingg to general procedure A to afford 35Ac (0.9 mg, 5.7 umol, 9%) as 

aa pale yellow oil. R/0.14 (CH2Cl2/MeOH 5:1). iH NMR (400 MHz, CDCI3) 

88 7.30-6.64 (m, 4H, Ar-H), 5.71-5.58 (m, IH, CH=CH2), 5.20-5.11 (m, 2H, CH=CH2), 4.06 (br s, 

IH ,, NH2CH), 3.75 (br s, IH , OH), 2.62-2.45 (m, 2H, CH2CH=CH2). 

4-(l-Amino-3-bromobut-3-enyl)phenoll  (35Bc) Wang resin 21a (100 mg, 

III  0.06 mmol), 4-hydroxybenzaldehyde (151 mg, 1.24 mmol), 2-
Brr bromoallyltrimethylsilane (133 uL, 0.62 mmol, 90%) and BF3OEt2 (8 M-L, 

H2N'̂ ^ ^Ti^ 5^ 0.06 mmol) were reacted for 2 h according to general procedure A to 

\ i ^ 0 HH afford 35Bc (0.8 mg, 3.3 umol, 5%) as a pale yellow oil. Rf 0.29 

(CH2Cl2/MeOHH 5:1). !H NMR (400 MHz, CDCh) 5 7.22 (d, ƒ = 5 Hz, 2H, 

Ar-H),, 6.82 (d, ƒ = 5 Hz, 2H, Ar-H), 5.66 (d, ƒ = 2 Hz, IH, CH=CH2), 5.49 (d, ƒ = 2 Hz, IH , 

CH=CH2),, 4.36 (br s, IH, NH2CH), 2.87 (br s, IH, OH), 2.98-2.70 (m, 2H, CH2CBr=CH2). MS 

(ESI)) calculated for GoHuBrNO (M+ + H) 242 and 244, found 242 and 244. 

H,N N 
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OAc c 

H,N N 

Aceticc acid 2-[2-amino-2-(4-hydroxyphenyl)ethyI]allyl ester  (35Cc) 

Wangg resin 21a (100 mg, 0.06 mmol), 4-hydroxybenzaldehyde (151 mg, 

1.244 mmol), 2-(methoxyacetate)allyltrimethylsilane (132 uL, 0.62 mmol) 

andd BF3-OEt2 (8 uL, 0.06 mmol) were reacted for 2 h according to general 

"OHH procedure A to afford 35Cc (2.1 mg, 0.01 mmol, 16%) as a pale yellow oil. 

RRff 0.19 (CH2Cl2/MeOH 5:1). 'H NMR (400 MHz, CDCfe) 6 7.21 (d, ƒ = 4 Hz, 2H, Ar-H), 6.81 (d, 

ƒƒ = 4 Hz, 2H, Ar-H), 5.18 (s, 1H, C=CH2), 5.04 (s, 1H, C=CH2), 4.43 (s, 2H, CH2OAc), 4.26 (br s, 

1H,, NH2CH), 3.49 (br s, 1H, OH), 2.84-2.64 (m, 2H, CHCH2), 2.09 (s, 3H, OAc). MS (ESI) 

calculatedd for QsHisNOs (M+ + H) 236, found 236. 

H,N N 

l-(4-Benzyloxyphenyl)but-3-enylaminee (35Ad) Wang resin 21a (100 

mg,, 0.06 mmol), 4-benzyloxybenzaldehyde (263 mg, 1.24 mmol), 

allyltrimethylsilanee (99 uL, 0.62 mmol) and BF3OEt2 (8 uL, 0.06 mmol) 

weree reacted for 2 h according to general procedure A to afford 35Ad 

(7.88 mg, 0.03 mmol, 49%) as a pale yellow oil. Rf 0.52 (CH2Cl2/MeOH 

5:1).. m NMR (400 MHz, CDCb) 8 7.42-6.59 (m, 9H, Ar-H), 5.60-5.46 (m, 1H, CH=CH2), 5.17-

5.011 (m, 2H, CH=CH2), 5.04 (s, 2H, OCH2), 3.94 (br s, 1H, NH2CH), 2.69-2.58 (m, 2H, 

CH2CH=CH2).. MS (ESI) calculated for Ci7H,60 (M+ - NH2) 237, found 237. 

OBn n 

H,N N 

l-(4-Benzyloxyphenyl)-3-bromobut-3-enylaminee (35Bd) Wang resin 

21aa (100 mg, 0.06 mmol), 4-benzyloxybenzaldehyde (263 mg, 1.24 

mmol),, 2-bromoallyltrimethylsilane (133 uL, 0.62 mmol, 90%) and 

BF3-OEt22 (8 uL, 0.06 mmol) were reacted for 2 h according to general 

"OBnn procedure A to afford 35Bd (7.2 mg, 0.02 mmol, 35%) as a pale yellow 

oil.. Rf 0.73 (CH2Cl2/MeOH 5:1). m NMR (400 MHz, CDCb) S 7.43-7.31 (m, 5H, Ar-H), 7.01-

6.966 (m, 4H, Ar-H) 5.64 (d, ƒ = 2 Hz, 1H, CBr=CH2), 5.47 (d, ƒ = 2 Hz, 1H, CBr=CH2), 5.05 (s, 

2H,, OCH2), 4.42 (br s, 1H, NH2CH), 3.06-2.83 (m, 2H, CH2CBr=CH2). MS (ESI) calculated for 

Ci7Hi9BrNOO (M+ + H) 332 and 334, found 332 and 334. 

H,N N 

OAc c 

Aceticc acid 2-[2-amino-2-(4-benzyloxyphenyl)ethyl]allyl ester  (35Cd) 

Wangg resin 21a (100 mg, 0.06 mmol), 4-benzyloxybenzaldehyde (263 

mg,, 1.24 mmol), 2-(methoxyacetate)allyltrimethylsilane (132 uL, 0.62 

mmol)) and BF3-OEt2 (8 uL, 0.06 mmol) were reacted for 2 h according to 

"OBnn general procedure A to afford 35Cd (7.2 mg, 0.01 mmol, 22%) as a pale 

yelloww oil. R/ 0.59 (CH2Cl2/MeOH 5:1). 'H NMR (400 MHz, CDCI3) 5 

7.42-7.299 (m, 5H, Ar-H), 7.27 (d, ƒ = 5 Hz, 2H, Ar-H), 6.93 (d, ƒ = 5 Hz, 2H, Ar-H) 5.22 (s, 1H, 

C=CH2),, 5.01 (s, 2H, OCH2), 4.99 (s, 1H, C=CH2), 4.44 (s, 2H, CH2OAc), 4.21 (br s, 1H, NH2CH), 
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2.76-2.488 (m, 2H, CHCH2), 2.05 (s, 3H, OAc). MS (ESI) calculated for G0H-4NO3 (M+ + H) 326, 

foundd 326. 

HoN N 

l-Naphthalen-2-ylbut-3-enylaminee (35Ae) Wang resin 21a (100 mg, 

0.066 mmol), 2-naphtaldehyde (194 mg, 1.24 mmol), allyltrimethylsilane 

(999 uL, 0.62 mmol) and BF3OEt2 (8 uL, 0.06 mmol) were reacted for 2 h 

accordingg to general procedure A to afford 35Ae (3.3 mg, 0.02 mmol, 

27%)) as a pale yellow oil. R/ 0.54 (CH2Cl2/MeOH 5:1). iH NMR (400 

MHz,, CDCb) 5 7.91-7.77 (m, 4H, Ar-H), 7.55-7.44 (m, 3H, Ar-H), 5.62-5.59 (m, IH, CH=CH2), 

5.21-5.077 (m, 2H, CH=CH2), 4.37 (br s, IH, NH2CH), 2.80-2.62 (m, 2H, CH2CH=CH2). MS (ESI) 

calculatedd for C14Hi6N (M+ + H) 198, found 198. 

H,N N 

3-Bromo-l-naphthalen-2-ylbut-3-enylaminee (35Be) Wang resin 21a (100 

mg,, 0.06 mmol), 2-naphtaldehyde (194 mg, 1.24 mmol), 2-

bromoallyltrimethylsilanee (133 uL, 0.62 mmol, 90%) and BF3OEt2 (8 uL, 

0.066 mmol) were reacted for 2 h according to general procedure A to 

affordd 35Be (3.1 mg, 0.01 mmol, 17%) as a pale yellow oil. Rj 0.73 

(CH2Cl2/MeOHH 5:1). 'H NMR (400 MHz, CDCI3) 5 7.92-7.79 (m, 4H, Ar-H), 7.55-7.48 (m, 3H, 

Ar-H),, 5.62 (br s, IH , CH=CH2), 5.43 (br s, IH, CH=CH2), 4.64 (br s, IH, NH2CH), 3.38-2.94 (m, 

2H,, CH2CBr=CH2). MS (ESI) calculated for Q4H15BrN (M+ + H) 276 and 278, found 276 and 

278. . 

H?N N 

Aceticc acid 2-(2-amino-2-naphthalen-2-ylethyl)allyl ester (35Ce) Wang 

resinn 21a (100 mg, 0.06 mmol), 2-naphtaldehyde (194 mg, 1.24 mmol), 2-

(methoxyacetate)allyltrimethylsilanee (132 uL, 0.62 mmol) and BF3-OEt2 (8 

uL,, 0.06 mmol) were reacted for 2 h according to general procedure A to 

affordd 35Ce (1.6 mg, 6.6 umol, 10%) as a pale yellow oil. R, 0.61 

(CH2Cl2/MeOHH 5:1). 'H NMR (400 MHz, CDCb) 6 7.88-7.79 (m, 4H, Ar-H), 7.51-7.47 (m, 3H, 

Ar-H),, 5.16 (s, IH, C=CH2), 5.07 (s, IH, C=CH2), 4.53 (s, 2H, CH2OAc), 4.39 (br s, IH, NH2CH), 

2.69-2.633 (m, 2H, CHCH2), 2.10 (s, 3H, OAc). MS (ESI) calculated for Ci7H20NO2 (M
+ + H) 270, 

foundd 270. 

l-(4-Methoxyphenyl)but-3-enylaminee (35Af) Wang resin 21a (100 mg, 

0.066 mmol), p-anisaldehyde (151 uL, 1.24 mmol), allyltrimethylsilane (99 

uL,, 0.62 mmol) and BF3-OEt2 (8 uL, 0.06 mmol) were reacted for 2 h 

*"OMee according to general procedure A to afford 35Af (5.7 mg, 0.03 mmol, 

51%)) as a colorless oil. Rf 0.13 (CH2Cl2/MeOH 9:1). ^H NMR (400 MHz, CDCI3) 5 7.27 (2H, d, ƒ 

H,N N 
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== 8.7 Hz, Ar-H), 6.85 (2H, d, ƒ = 8.5 Hz, Ar-H), 5.71-5.60 (1H, m, CH=CH2), 5.11-5.03 (2H, m, 

CH=CH2),, 4.61 (2H, br s, NH2), 3.99 (1H, dd, ƒ = 14.2, 6.8 Hz, NH2CH), 3.78 (3H, s, OCH3), 2.51 

(2H,, t, ƒ = 7.0 Hz, CH2CH=CH2). MS (ESI) calculated for CnH,6NO (M+ + H) 178, found 178. 

H,N N 

3-Bromo-l-(4-methoxyphenyl)but-3-enylaminee (35Bf) Wang resin 21a 

(1000 mg, 0.06 mmol), p-anisaldehyde (151 uL, 1.24 mmol), 2-

bromoallyltrimethylsilanee (133 uL, 0.62 mmol, 90%) and BF3-OEt2 (8 uL, 

0.066 mmol) were reacted for 2 h according to general procedure A to 

OMee afford 35Bf (12.3 mg, 0.05 mmol, 53%) as a pale yellow oil. Rj 0.65 

(CH2Cl2/MeOHH 5:1). m NMR (400 MHz, CDCb) 5 7.18 (br s, 2H, Ar-H), 6.84 (br s, 2H, Ar-H), 

5.555 (br s, 1H, CH=CH2), 5.42 (br s, 1H, CH=CH2), 4.31 (br s, 1H, NH2CH), 3.78 (s, 3H, OMe), 

2.95-2.799 (m, 2H, CH2CBr=CH2). MS (ESI) calculated for CnHisBrNO (M+ + H) 256 and 258, 

foundd 256 and 258. 

OAc c 

H,N N 

Aceticc acid 2-[2-amino-2-(4-methoxyphenyl)ethyl]allyl ester (35Cf) 

Wangg resin 21a (100 mg, 0.06 mmol), p-anisaldehyde (109 uE, 1.24 

mmol),, 2-(methoxyacetate)allyltrimethylsilane (132 |jL, 0.62 mmol) and 

BF3OEt22 (8 uL, 0.06 mmol) were reacted for 2 h according to general 

proceduree A to afford 35Cf (7.1 mg, 0.03 mmol, 43%) as a pale yellow 

oil.. Rf 0.48 (CH2Cl2/MeOH 5:1). 'H NMR (400 MHz, CDCI3) 6 7.28 (d, ƒ = 4 Hz, 2H, Ar-H), 7.89 

(d,, ƒ = 4 Hz, 2H, Ar-H), 5.17 (s, 1H, C=CH2), 5.06 (s, 1H, C=CH2), 4.42 (s, 2H, CH2OAc), 4.29 (br 

s,s, 1H, NH2CH), 3.79 (s, 3H, OMe), 2.49-2.42 (m, 2H, CHCH2), 2.05 (s, 3H, OAc). MS (ESI) 

calculatedd for Ci4H,703 (M
+ - NH2) 233, found 233. 

OMe e 

H,N N 

l-(3-Methoxyphenyl)but-3-enylaminee (35Ag) Wang resin 21a (100 mg, 

0.099 mmol), m-anisaldehyde (226 uL, 1.86 mmol), allyltrimethylsilane 

(1488 uL, 0.93 mmol) and BF3OEt2 (12 uL, 0.09 mmol) were reacted for 2 

hh according to general procedure A to afford 35Ag (4.5 mg, 0.03 mmol, 

26%)) as a pale yellow oil. R/0.71 (CH2Cl2/MeOH 9:1). MS (ESI) calculated for C„Hi 6NO (M+ + 

H)) 178, found 178. 

Aceticc acid 2-[2-amino-2-(3-methoxyphenyl)ethyl]allyl ester  (35Cg) 

Wangg resin 21a (100 mg, 0.09 mmol), m-anisaldehyde (226 uL, 1.86 

mmol),, 2-(methoxyacetate)allyltrimethylsiIane (198 uL, 0.93 mmol) and 

BF3OEt22 (12 uL, 0.09 mmol) were reacted for 2 h according to general 

proceduree A to afford 35Cg (4.4 mg, 0.02 mmol, 28%) as a pale yellow 

oil.. R/0.67 (CH2Cl2/MeOH 9:1). MS (ESI) calculated for Ci4H20NO3 (M
+ + H) 250, found 250. 

H7N N 
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H,N N 

l-(2-Methoxyphenyl)but-3-enylaminee (35Ah) Wang resin 21a (100 mg, 0.09 

mmol),, o-anisaldehyde (225 uL, 1.86 mmol), allyltrimethylsilane (148 uL, 0.93 

mmol)) and BF3-OEt2 (12 uL, 0.09 mmol) were reacted for 2 h according to 
M e °° general procedure A to afford 35Ah (5.0 mg, 0.03 mmol, 44%) as a pale yellow 

oil.. R/0.55 (CH2Cl2/MeOH 9:1). MS (ESI) calculated for Q,Hi6NO (M+ + H) 178, found 178. 

Aceticc acid 2-[2-amino-2-(2-methoxyphenyl)ethyl]allyl ester  (35Ch) Wang 

^OAcc resin 21a (100 mg, 0.09 mmol), o-anisaldehyde (225 uL, 1.86 mmol), 2-

(methoxyacetate)allyltrimethylsilanee (198 uL, 0.93 mmol) and BF3OEt2 (12 

uL,, 0.09 mmol) were reacted for 2 h according to general procedure A to 

MeCTT afford 35Ch (4.8 mg, 0.02 mmol, 20%) as a pale yellow oil. R/ 0.73 

(CH2Cl2/MeOHH 9:1). MS (ESI) calculated for G4H20NO3 (M+ + H) 250, found 250. 

H,N N 

HoN N 
OMe e 

OMe e 

l-(3,5-Dimethoxyphenyl)but-3-enylaminee (35Ai) Wang resin 21a (100 

mg,, 0.09 mmol), 3,5-dimethoxybenzaldehyde (309 mg, 1.86 mmol), 

allyltrimethylsilanee (148 uL, 0.93 mmol) and BF3OEt2 (12 uL, 0.09 mmol) 

weree reacted for 2 h according to general procedure A to afford 35Ai 

(4.55 mg, 6.3 umol, 6%) as a pale yellow oil. Rf 0.32 (CH2Cl2/MeOH 9:1). 

MSS (ESI) calculated for C,2Hi502 (M+ - NH2) 191, found 191. 

H,N N 

OMe e 

Aceticc acid 2-[2-amino-2-(3,5-dimethoxyphenyl)ethyl]allyl ester (35Ci) 

Wangg resin 21a (100 mg, 0.09 mmol), 3,5-dimethoxybenzaldehyde (309 

mg,, 1.86 mmol), 2-(methoxyacetate)allyltrimethylsilane (198 uL, 0.93 

mmol)) and BF3-OEt2 (12 uL, 0.09 mmol) were reacted for 2 h according 

too general procedure A to afford 35Ci (1.0 mg, 3.8 umol, 1%) as a pale 

yelloww oil. R/0.21 (CH2Cl2/MeOH 9:1). MS (ESI) calculated for Q5H19O4 

(M++ - NH2) 263, found 263. 

l-(2,3-Dimethoxyphenyl)but-3-enylaminee (35Aj) Wang resin 21a (100 

mg,, 0.09 mmol), 2,3-dimethoxybenzaldehyde (309 mg, 1.86 mmol), 

0 M ee allyltrimethylsilane (148 uL, 0.93 mmol) and BF3OEt2 (12 uL, 0.09 mmol) 

weree reacted for 2 h according to general procedure A to afford 35Aj 

(4.44 mg, 0.03 mmol, 22%) as a pale yellow oil. Rf 0.80 (CH2Cl2/MeOH 

9:1).. MS (ESI) calculated for Ci2Hi 8N02 (M
+ + H) 208, found 208. 

HoN N 
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OMe e 

Aceticc acid 2-[2-amino-2-(2,3-dimethoxyphenyl)ethyl]allyl ester 

(35Cj)) Wang resin 21a (100 mg, 0.09 mmol), 2,3-

dimethoxybenzaldehydee (309 mg, 1.86 mmol), 2-

(methoxyacetate)allyltrimethylsilanee (198 uL, 0.93 mmol) and 

BF3-OEt22 (12 \iL, 0.09 mmol) were reacted for 2 h according to 

generall  procedure A to afford 35Cj  (2.9 mg, 0.01 mmol, 11%) as a pale yellow oil. Rj 0.53 

(CH2Cl2/MeOHH 9:1). MS (ESI) calculated for Ci5H,904 (M
+ - NH2) 263, found 263. 

OMe e 

hUN N 

MeO O 

l-(2,6-Dimethoxyphenyl)but-3-enylaminee (35Ak) Wang resin 21a (100 mg, 

0.099 mmol), 2,6-dimethoxybenzaldehyde (309 mg, 1.86 mmol), 

allyltrimethylsilanee (148 |iL, 0.93 mmol) and BF3OEt2 (12 uL, 0.09 mmol) 

weree reacted for 2 h according to general procedure A to afford 35Ak (7.5 

mg,, 0.04 mmol, 37%) as a pale yellow oil. Rf 0.64 (CH2Cl2/MeOH 9:1). MS 

(ESI)) calculated for G2H1 502 (M+ - NH2) 191, found 191. 

OMe e 

Aceticc acid 2-[2-amino-2-(2,6-dimethoxyphenyl)ethyl]allyl ester 

(35Ck)) Wang resin 21a (100 mg, 0.09 mmol), 2,6-

dimethoxybenzaldehydee (309 mg, 1.86 mmol), 2-

(methoxyacetate)allyltrimethylsilanee (198 uE, 0.93 mmol) and BF3-OEt2 

(122 uE, 0.09 mmol) were reacted for 2 h according to general procedure 

AA to afford 35Ck (3.8 mg, 0.01 mmol, 14%) as a pale yellow oil. R, 0.34 (CH2Cl2/MeOH 9:1). 

MSS (ESI) calculated for G5H19O4 (M+ - NH2) 263, found 263. 

MeO O 

H9N N 

MeO O OMe e 

l-(2,4-Dimethoxyphenyl)but-3-enylaminee (35A1) Wang resin 21a (100 

mg,, 0.09 mmol), 2,4-dimethoxybenzaIdehyde (309 mg, 1.86 mmol), 

allyltrimethylsilanee (148 uL, 0.93 mmol) and BF3OEt2 (12 uL, 0.09 

mmol)) were reacted for 2 h according to general procedure A to afford 

35A11 (1.1 mg, 5.3 umol, 5%) as a pale yellow oil. R/0.35 (CH2Cl2/MeOH 

9:1).. MS (ESI) calculated for d2Hi 502 (M+ - NH2) 191, found 191. 

H,N N 

l-/?-Tolylbut-3-enylaminee (35Am) Wang resin 21a (100 mg, 0.09 mmol), 

p-tolualdehydee (219 ^L, 1.86 mmol), allyltrimethylsilane (148 uE, 0.93 

mmol)) and BF3OEt2 (12 uL, 0.09 mmol) were reacted for 2 h according to 

~Mee general procedure A to afford 35Am (0.8 mg, 5.5 umol, 5%) as a pale 

yelloww oil. R/0.21 (CH2Cl2/MeOH 9:1). MS (ESI) calculated for G1H13 (M+ - NH2) 145, found 

145. . 
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l-m-Tolylbut-3-enylamin ee (35An) Wang resin 21a (100 mg, 0.09 mmol), 

M ee m-to lualdehyde (203 uL, 1.86 mmol), al ly l t r imethylsi lane (148 pi, 0.93 

mmol)) and BF3-OEt2 (12 uL, 0.09 mmol) were reacted for 2 h according to 

generall  p rocedure A to afford 35An (6.9 mg, 0.04 mmol, 44%) as a pale 

yel loww oil. R, 0.58 (CH2Cl 2 /MeOH 9:1). MS (ESI) calculated for CnH i 6N (M+ + H) 162, found 

162. . 

Aceticc acid 2-(2-amino-2-w-tolylethyI)allyl ester  (35Cn) Wang resin 21a 

(1000 mg, 0.09 mmol), m- to lua ldehyde (203 uL, 1.86 mmol), 2-

(methoxyacetate)al ly l t r imethylsi lanee (198 uL, 0.93 mmol) and BF3-OEt2 

H2NN (12 uL, 0.09 mmol) were reacted for 2 h accord ing to general p rocedure A 

too afford 35Cn (1.9 mg, 8.1 umol, 8%) as a pale yel low oil. R/ 0.56 

(CH2Cl 2 /MeOHH 9:1). M S (ESI) calculated for C14H20NO2 (M+ + H) 234, found 234. 

l -o-Tolylbut-3-enylamin ee (35Ao) W a ng resin 21a (100 mg, 0.09 mmol), o-

to lua ldehydee (215 uL, 1.86 mmol), al ly l t r imethylsi lane (148 uL, 0.93 mmol) 
22 l i ^ ^ 

andd BF3-OEt2 (12 uL, 0.09 mmol) were reacted for 2 h according to general 
M ee procedure A to afford 35Ao (5.4 mg, 0.03 mmol, 34%) as a pale yellow oil. R/ 

0.599 (CH2Cl2/MeOH 9:1). MS (ESI) calculated for G,Hi6N (M+ + H) 162, found 162. 

Aceticc acid 2-(2-amino-2-o-tolylethyl)allyl ester  (35Co) Wang resin 21a 

,OAcc (100 mg, 0.09 mmol), m-tolualdehyde (203 uL, 1.86 mmol), 2-

(methoxyacetate)allyltrimethylsilanee (198 uL, 0.93 mmol) and BF3OEt2 (12 

uL,, 0.09 mmol) were reacted for 2 h according to general procedure A to 

affordd 35Co (5.4 mg, 0.02 mmol, 19%) as a pale yellow oil. Rf 0.60 

(CH2CI2/MeOHH 9:1). MS (ESI) calculated for G4H2oN02 (M
+ + H) 234, found 234. 

l-(3-Bromophenyl)but-3-enylaminee (35Ap) Wang resin 21a (100 mg, 0.06 

mmol),, 3-bromobenzaldehyde (145 uL, 1.24 mmol), allyltrimethylsilane 

(999 uL, 0.62 mmol) and BF3OEt2 (8 LIL, 0.06 mmol) were reacted for 2 h 

accordingg to general procedure A to afford 35Ap (3.4 mg, 0.01 mmol, 15%) 

ass a pale yellow oil. R/0.70 (CH2Cl2/MeOH 9:1). MS (ESI) calculated for GoHisBrN (M+ + H) 

2266 and 228, found 226 and 228. 
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l-(2-Bromophenyl)but-3-enylaminee (35Aq) Wang resin 21a (100 mg, 0.06 

mmol),, 2-bromobenzaldehyde (145 uL, 1.24 mmol), allyltrimethylsilane (99 

uL,, 0.62 mmol) and BF3-OEt2 (8 ^L, 0.06 mmol) were reacted for 2 h according 

too general procedure A to afford 35Aq (3.6 mg, 0.02 mmol, 16%) as a pale 

yelloww oil. R/0.69 (CH2Cl2/MeOH 9:1). MS (ESI) calculated for C,0Hi3BrN (M+ 

++ H) 226 and 228, found 226 and 228. 

HPN N 

l-(4-Iodophenyl)but-3-enylaminee (35Ar) Wang resin 21a (100 mg, 0.09 

mmol),, 4-iodobenzaldehyde (432 mg, 1.86 mmol), allyltrimethylsilane (148 

uL,, 0.93 mmol) and BF3-OEt2 (12 uL, 0.09 mmol) were reacted for 2 h 

accordingg to general procedure A to afford 35Ar (11.0 mg, 0.04 mmol, 41%) 

ass a pale yellow oil. R, 0.76 (CH2Cl2/MeOH 9:1). MS (ESI) calculated for 

CioH13INN (M+ + H) 274, found 274. 

H,N N 

OAc c 

Aceticc acid 2-[2-amino-2-(4-iodophenyl)ethyl]allyl ester  (35Cr) Wang 

resinn 21a (100 mg, 0.09 mmol), 4-iodobenzaldehyde (432 mg, 1.86 mmol), 2-

(methoxyacetate)allyltrimethylsilanee (198 uL, 0.93 mmol) and BF3-OEt2 (12 

uL,, 0.09 mmol) were reacted for 2 h according to general procedure A to 

affordd 35Cr (6.0 mg, 0.02 mmol, 18%) as a pale yellow oil. R/ 0.86 

(CH2Cl2/MeOHH 9:1). MS (ESI) calculated for G3H17IN02 (M+ + H) 346, found 346. 

H,N N 

l-(3,4-Dichlorophenyl)but-3-enylaminee (35As) Wang resin 21a (100 mg, 

p.. 0.09 mmol), 3,4-dichlorobenzaldehyde (326 mg, 1.86 mmol), 

allyltrimethylsilanee (148 uL, 0.93 mmol) and BFvOEt2 (12 uL, 0.09 mmol) 

""CII  were reacted for 2 h according to general procedure A to afford 35As (4.0 

mg,, 0.02 mmol, 19%) as a pale yellow oil. R,0.87 (CH2Cl2/MeOH 9:1). MS (ESI) calculated for 

CioH,2Cl2NN (M+ + H) 216, 218 and 220, found 216, 218 and 220. 

Aceticc acid 2-[2-amino-2-(3,4-dichlorophenyl)ethyl]allyl ester  (35Cs) 

,OAcc Wang resin 21a (100 mg, 0.09 mmol), 3,4-dichlorobenzaldehyde (326 mg, 

p.. 1.86 mmol), 2-(methoxyacetate)allyltrimethylsilane (198 uL, 0.93 mmol) 

andd BF3-OEt2 (12 uL, 0.09 mmol) were reacted for 2 h according to general 

^Cll  procedure A to afford 35Cs (1.3 mg, 4.5 umol, 5%) as a pale yellow oil. R/ 

0.888 (CH2Cl2/MeOH 9:1). MS (ESI) calculated for Ci3Hi6Cl2N02 (M+ + H) 288, 290 and 292, 

foundd 288, 290 and 292. 

H7N N 
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H,N N 

l-(3-Fluoro-4-methoxyphenyl)but-3-enylaminee (35At) Wang resin 21a 

(1000 mg, 0.09 mmol), 3-fluoro-p-anisaldehyde (287 mg, 1.86 mmol), 

allyltrimethylsilanee (148 uL, 0.93 mmol) and BF3OEt2 (12 uL, 0.09 mmol) 

^OMee were reacted for 2 h according to general procedure A to afford 35At 

(4.66 mg, 0.02 mmol, 24%) as a pale yellow oil. Rf 0.63 (CH2Cl2/MeOH 9:1). MS (ESI) calculated 

forr CnH,2FO (M+ - NH2) 179, found 179. 

Aceticc acid 2-[2-amino-2-(3-fluoro-4-methoxyphenyl)ethyl]allyl ester 

(35Ct)) Wang resin 21a (100 mg, 0.09 mmol), 3-fluoro-p-anisaldehyde 

(2877 mg, 1.86 mmol), 2-(methoxyacetate)allyltrimethylsilane (198 \xh, 

0.933 mmol) and BF3OEt2 (12 uL, 0.09 mmol) were reacted for 2 h 

^OMee according to general procedure A to afford 35Ct (2.1 mg, 7.8 umol, 24%) 

ass a pale yellow oil. R, 0.64 (CH2Cl2/MeOH 9:1). MS (ESI) calculated for 

C14H19FNO33 (M+ + H) 268, found 268. 

H7N N 

H7N N 

l-(4-Cyanophenyl)but-3-enylaminee (35Au) Wang resin 21a (100 mg, 0.09 

mmol),, 4-cyanobenzaldehyde (244 mg, 0.51 mmol), allyltrimethylsilane 

(1488 uL, 0.93 mmol) and BF3OEt2 (12 uL, 0.09 mmol) were reacted for 2 h 
VCNN according to general procedure A to afford 35Au (3 mg, 0.02 mmol, 22%) 

ass a colorless oil. R/0.24 (CH2Cl2/MeOH 9:1). MS (ESI) calculated for CnHioN (M +- NH2) 156 

found,, 156. 

HoN N 

Aceticc acid 2-[2-amino-2-(4-cyanophenyl)ethyl]allyl ester  (35Cu) Wang 

resinn 21a (100 mg, 0.09 mmol), 4-cyanobenzaldehyde (244 mg, 0.51 

mmol),, 2-(methoxyacetate)allyltrimethylsilane (198 uL, 0.93 mmol) and 

BF3OEt22 (12 uL, 0.09 mmol) were reacted for 2 h according to general 

proceduree A to afford 35Cu (2 mg, 4.5 umol, 5%) as a colorless oil. R/0.24 

(CH2Cl2/MeOHH 9:1). MS (ESI) calculated for Ci4H,7N202 (M
+ + H) 245 found, 245. 
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