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CHAPTERR 3 

DEVELOPMENTT AN D APPLICATIONS OF NOVEL LINKE R SYSTEMS FOR 

N-ACYLIMINIU MM ION REACTIONS ON SOLID SUPPORT1 

3.11 Introduction 

Inn the previous chapter, solid phase bound N-acyliminium ion intermediates were 

generatedd using the acid labile Wang linker. However, the linker appeared not fully stable 

underr the required Lewis acidic conditions and consequently, premature cleavage of the 

precursorr molecules and products was observed. Due to this incompatibility, moderate yields 

off  the desired homoallylic amines were obtained, which prompted the search for an 

alternativee linker system. A straightforward approach of combining N-acyliminium ions and 

solidd phase chemistry would involve the immobilization of the precursor amine as a 

carbamatee functionality, in such a way that the activating acyl group is part of the linker 

system.. In the design of a tailor-made polymer-supported linker system a few criteria should 

bee met: (1) The linker system should be easily synthesized in a few steps and in a high yield. 

(2)) The linker should be completely stable under the (Lewis) acidic reaction conditions that 

aree required for N-acyliminium ion chemistry (and preferably also under the conditions, 

neededd for further functional ization). (3) The linker system should not interfere with the 

intermediatee cationic species. (4) The linker system should be readily and quantitatively 

cleavedd under relatively mild conditions. Although nowadays the choice of linker systems is 

fairlyy extensive,2 those that completely match all of the desired criteria are still limited. 

Fromm the linker systems that were screened for the combination with N-acyliminium 

ionn chemistry, a few seem the most suitable for the application in our one-pot three 

componentt reaction. First of all, the Fmoc-based linker system 1, which was developed in the 

groupp of Albericio for the solid phase synthesis of peptides, was considered.3 Peptides were 

coupledd to the immobilized Fmoc functionality via an ester bond and were cleaved by a base-

mediatedd p-elimination step. However, the synthesis of the linker system was quite laborious 

andd required the use of expensive starting materials so that this option was abondoned. 

Additionally,, we evaluated linker system 2 that is based on the 2- and 4-

nitrobenzenesulfonamidee protective groups (Ns) that were developed by Fukuyama.4 This 

linker,, reported by Murray and coworkers,5 was used for the synthesis of several primary and 

secondaryy amines and seemed an efficient handle for performing N-sulfonyliminium ion 

rectionss on solid support. 
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Thee use of Pd in combination with an activated allylic system is a cleavage principle 

thatt also might be applied. Although several allyl ester linker systems have been reported,6 

theree is only one example of an allyl carbamate linker system.7 This linker system 3, used by 

Guibéé and Undén, consists of an allylic ether functionality attached to an amino acid spacer 

moiety.. Because the amino acid nitrogens might interfere with the desired reaction, a novel 

all-carbonn linker system 5 was designed. This novel linker system is also based on the Alloc 

protectivee group and consists of a two carbon spacer moiety between the allyl ether and the 

polymerr backbone. Finally, linker 4 that was designed in the 1970's by Tesser and coworkers 

forr the solid phase synthesis of peptides was considered.8 This linker is based on the 

methylsulfonylethoxycarbonyll  (Msc) protective group (also developed by Tesser)9 and was 

attachedd to the C-terminus of a peptide via an ester bond. The Msc group can be regarded as a 

versatile,, cheap and readily synthesized equivalent of the Fmoc protective group. Cleavage of 

thee Msc group occurs through a base-mediated p-elimination mechanism using a strong 

alkoxidee base. 

Inn this chapter, the application of a model system of linker 2 in N-sulfonyliminium ion 

chemistryy wil l be described. Furthermore, the development and application of the novel 
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carbamatee linkers 5, 6 and 7 for solid phase N-acyliminium ion reactions wil l be detailed. In 

addition,, the use of ester linker 4 wil l be investigated. 

3.22 2-Nitrobenzenesulfonamide linker 

Ass shown in the previous paragraph, the use of the sulfonamide linker 2 for the 

synthesiss of primary and secondary amides via a Mitsunobu type reaction has been reported.5 

Inn the solution phase one-pot three component reaction described by Veenstra,10 sulfonamides 

weree also used as one of the reaction components (see Chapter 2). Therefore, the use of 

sulfonamidee linker 2 in a three component N-sulfonyliminium ion reaction was investigated. 

Thee synthesis of the linker system commenced with sulfonyl chloride 10, prepared according 

too a procedure described by Murray,11 which was subsequently transformed into the 

correspondingg sulfonamide 11 (Scheme 3.1). 

Scheme3.1: : 

f VV a , [TV 2 

M e C ^ C r ^ ^ N C ^^ Me0 2 C x ^ s * *^N0 2 M e 0 2 C " ^ ^ N 0 2 

88 9 10R = C1 1 c 

11RR = NH2 -—' 

ReagentsReagents and conditions: (a) Na2S2, DMSO, EtOH, rt, 18 h, 79%; (b) Cb_, AcOH, H20, rt, 4 h, 89%; 

(c)) NH3, CH2C12, rt, 18 h, 76%. 

Next,, sulfonamide 11 and 4-nitro-benzenesulfonamide 12 were used in the solution 

phasee one-pot three component N-sulfonyliminium ion reaction. In both cases, 

allyltrimethylsilanee and benzaldehyde were used as the other two components (eq 3.1). 

S02NH2 2 

R' ' 

PhCHO,, allyltrimethylsilane 

BF3OEt2,, MeCN 
(3.1) ) 

111 R = C02Me, R' = N02 13 R = C02Me, R' = NO, 
12RR = N02, R' = H 14R=NO,, R' = H 

Althoughh Veenstra could succesfully use tosylamide in the three component N-

sulfonyliminiumm ion reaction, by using the electron deficient nosylamide 12, or the even more 

electronn deficient sulfonamide 11, no product could be obtained. This is probably due to the 
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loww nucleophilicity of these particular sulfonamides. Therefore, no further studies towards the 

synthesiss and use of the 2-nitrobenzenesulfonamide linker in combination with N-

sulfonyliminiumm ion reactions were carried out. 

3.33 Allyl carbamate linker 

Becausee the Alloc protective group is stable in both acidic and basic media, and can be 

deprotectedd using mild and selective conditions, the allyl carbamate linker 5 was designed 

andd synthesized starting from Merrifield resin. According to an existing procedure, the 

benzylicc side chain was elongated by a reaction with allylmagnesium chloride (Scheme 3.2).12 

Thee resulting olefin 15 was reacted with l,4-diacetoxybut-2-ene in a ruthenium-catalyzed 

cross-metathesiss reaction to afford olefin 16. 

Schemee 3.2: 

^ M g C II  A c O ^ / = V 0 A c „ ^ ^ ^ 

aa b 

Merrifieldd resin 15 16R = Ac I O KK = AC 1 
17RR = H .« I 

ReagentsReagents and conditions: (a) toluene, 60 °C, 18 h; (b) Cl2(PCy3)2Ru=CHPh (4 mol%), toluene, rt, 
488 h; (c) 3 M NaOMe in THF/MeOH (7:3), rt, 3 h. 

Thee cross-metathesis reaction of alkene 15 was performed with the use of Grubbs' 

metathesiss catalyst Cl2(PCy3)2Ru=CHPh in toluene at rt for 48 h. Under these conditions, 

completee conversion of olefin 15 was detected with IR spectroscopy by the disappearance of 

thee terminal olefin absorbance at 1639 cm1. In accordance with the findings of similar cross-

metathesiss reactions in solution phase,13 it may be assumed that the immobilized olefin 16 was 

obtainedd as a mixture of (E)/(Z) isomers. Removal of acetate 16 was accomplished with 

NaOMee to provide the immobilized allylic alcohol 17. Introduction of the carbamate 

functionalityy was effected by the method previously described in section 2.2 (eq 3.2). 

O r ^^  NH2 (3.2) ) 
iV-methylmorpholine, , 

177 CH2C12, 0^20 °C, 18 h 

2)) NH3, DMF/MeOH, rt, 18 h 
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Thee yield of the immobilized carbamate 5 was determined by elemental analysis of the 

nitrogenn content of the resin and proved to be 50% (over five steps, starting from Merrifield 

resin).144 The somewhat moderate yield of the linker system can be explained by homo-

couplingg as a side reaction in the cross-coupling metathesis reaction. Homo-coupling on the 

resinn leads to cross-linking of the polymer, which eventually causes a lower loading of the 

desiredd carbamate 5.15 

Schemee 3.3: 

55 18 19 

ReagentsReagents and conditions: (a) benzaldehyde (3 equiv), allyltrimethylsilane (3 equiv), BF3-OEt2 (1.5 

equiv),, CH2C12, rt, 3 h; (b) Pd(PPh?)4 (5 mol%), piperidine (7 equiv), CH2C12, rt, 2 h. 

Carbamatee 5 was used for the one-pot three component N-acyliminium ion reaction 

withh benzaldehyde and allyltrimethylsilane (Scheme 3.3). The allyl carbamate linker was 

indeedd stable under these Lewis acidic conditions. No premature cleavage of the linker was 

observed,, and the immobilized homoallylic carbamate 18 was obtained. Furthermore, when 

carbamatee 18 was stirred in the presence of an excess of (Lewis) acid (2 equiv of BF3-OEt2, 

SnCl44 or TFA), no cleavage of the resin occurred. 

Formationn of homoallylic alcohol 19 was accomplished by a palladium-catalyzed 

cleavagee step. To find the optimal conditions for the cleavage step, several nucleophiles were 

usedd to trap the immobilized n-allylpalladium species and regenerate the active palladium 

catalystt (Table 3.1). By using Et3SiH16 or HC02H17 (entries 4-5) no cleavage of the products 

wass observed. IR analysis of the resin after treatment with dimedone18 (entry 3) only 

demonstratedd partial cleavage of carbamate 18. IR analysis of the resins after cleavage with 

Bu3SnH/AcOH199 and piperidine20 (entries 1-2) showed that by using these nucleophiles the 

homoallylicc amine 19 was liberated quantitatively. However, in all cases purification of the 

productt by column chromatography or preparative HPLC was not reproducible due to 

tediouss removal of the remains of the cleavage cocktail (especially triphenylphosphine oxide). 

Thee best results were obtained with a large excess of piperidine (entry 3), which resulted in 

isolatedd yields of the pure product that typically ranged from 39 to 85%. 
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Tablee 3.1: 

Pd(PPh3)4 4 

nucleophilc c H,N N 

entry y nucleophile e solvent t isolatedd yield of 19 

Bu3SnHH (2 equiv)/AcOH (5 equiv) CH2C12 

piperidinee (7 equiv) CH2CI2 

dimedonee (3 equiv) THF 

Et3SiHH (3 equiv) CH2CI2 

HCO2HH (3 equiv) CH2CI2 

maxx 70% 

maxx 85% 

maxx 45% 

noo product 

noo product 

Althoughh the allyl carbamate linker was readily synthesized and stable under the 

desiredd reaction conditions, this linker system was not ideal for our applications because the 

purificationn procedure for the desired homoallylic amine 19 was not sufficiently reproducible. 

3.44 2-Sulfonylethyl carbamate (SEC) linker 

Thee sulfonylethyl linker described by Tesser8 was used for the automated solid phase 

synthesiss of peptides, in which the linker system was coupled to the C-terminus of the peptide 

byy an ester bond. For the application of this linker system in the three component N-

acyliminiumm ion reaction, a straightforward strategy would be to use the corresponding 

primaryy carbamate. Hydroxysulfonyl resin 22 was obtained after slight improvement of the 

originall  experimental procedure (eq 3.3). 

^^M ^^M CI I 

Merrifieldd resin 

H S — ° H H 

Cs2C03,, DMF, 
»--

60°C4h,, rt, 18 h 
21 1 

uCPBA A 

22 2 

(3.3) ) 

Merrifieldd resin was reacted with CS2CO3 (2 equiv) and a large excess of 

mercaptoethanoll  (8 equiv) to provide thioether 21. Subsequent oxidation of the thioether with 

mCPBAA (4 equiv) afforded sulfone 22. The corresponding carbamate 6 was obtained according 
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too the previously described method for the Wang and allyl carbamate linkers (eq 3.4). The 

yieldd of the SEC linker system 6 was determined by elemental analysis and proved to be 91% 

overr these four steps.14 

OH H 

i)) o i ^ V N 0 ; 

»> > 
A'-methylmorpholine, , 

CH2C12,0^20°C,, 18 h 

2)) NH3, DMF/MeOH, rt, 18 h 

(3.4) ) 

Carbamatee 6 was then used for the one-pot three component N-acyliminium ion 

reactionn with benzaldehyde and allyltrimethylsilane. Cleavage of the immobilized 

homoallylicc amine 23 was accomplished by a NaOMe-mediated (3-elimination of the 

sulfonylethyll  carbamate functionality, leading to the formation of the corresponding 

immobilizedd vinylsulfone and the desired primary amine 19. After cleavage, re-

immobilizationn of the amine by conjugate addition onto the vinylsulfone was not observed 

andd the amine was isolated and purified by an EtOAc/H20 extraction step followed by SPE 

chromatography.. The results of the optimization of the N-acyliminium ion reaction are shown 

inn Table 3.2. 

Tablee 3.2: 

PhCHO O 
allyltrimethylsilane e 

Lewiss acid 

NaOMe e 

entryy benzaldehyde allyltrimethylsilane 

HoN N 

19 9 

Lewiss acid yieldd of 19 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

1.55 equiv 

1.55 equiv 

33 equiv 

33 equiv 

100 equiv 

33 equiv 

33 equiv 

33 equiv 

1.55 equiv 

1.55 equiv 

33 equiv 

33 equiv 

100 equiv 

33 equiv 

33 equiv 

33 equiv 

BF3OEt22 (1.5 equiv) 

BF3OEt22 (3 equiv) 

BF3-OEt22 (3 equiv) 

BF3OEt22 (1.5 equiv) 

BF3OEt22 (5 equiv) 

Sc(OTf)33 (3 equiv) 

SnChh (3 equiv) 

SiMe3OTff  (3 equiv) 

50% % 

38% % 

57% % 

79% % 

83% % 

28% % 

--

21% % 
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Fromm the table it is clear that the best results were obtained by using an excess of the 

aldehydee and silane in combination with smaller amounts of the Lewis acid (entries 4-5). 

Whenn equimolar, or even larger amounts of the Lewis acid relative to the aldehyde and silane 

weree used (entries 1-3), the yields of amine 19 were lower. Moreover, SiMejOTf and Sc(OTf)3 

affordedd the desired amine 19 in somewhat lower yields than BF3-OEt2 (entries 6 and 8), while 

thee use of SnCh as a Lewis acid (entry 7) did not lead to any product formation at all. For 

convenience,, the conditions described in entry 4 wil l be henceforth used as standard 

conditionss for the one-pot three component N-acyliminium ion reaction on the SEC linker. 

Duringg the Lewis acid-mediated N-acyliminium ion reaction, no premature cleavage 

off  the product was observed, thus proving the stability of the SEC linker towards these Lewis 

acidicc conditions. Due to the stability of the SEC linker, the yield of the desired amine 19 was 

improvedd by approximately 20% compared to the yield obtained with the Wang linker system 

(83%% and 57%, respectively). To further investigate the stability of the linker system, 

immobilizedd carbamate 23 was treated with a number of different reagents (Table 3.3). After 

stirringg for 24 h at rt, the filtrates were analyzed for the presence of product 19 by using TLC. 

Iff  present, the product was isolated and purified to determine the amount that was cleaved 

fromm the resin. 

Tablee 3.3: 

reagent,, solvent, 

rt,, 24 h H,N N 

entry y solvent t reagent t equiv v yieldd of 19 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 0 

CH2CI2 2 

CH2CI2 2 

CH2CI2 2 

CH2CI2 2 

CH2CI2 2 

CH2CI2 2 

CH2CI2 2 

CH2CI2 2 

THF F 

THF F 

SnCU U 

TFA(50%,v/v) ) 

TfOH H 

pTsOH H 

DiPEA A 

DMA P P 

piperidinee (20%, v/v) 

DBU U 

NaOMee (0.1 M) 

NaOMee (1 M) 

5 5 

--

5 5 

5 5 

5 5 

5 5 

--

5 5 

--

--

<5% % 

57% % 

47% % 

78% % 
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Thesee results clearly show the versatility of the SEC linker system. The system is 

completelyy stable towards a moderately strong Lewis acid (SnCU, entry 1) and protic acids 

suchh as TFA, TfOH and pTsOH (entries 2-4). A weak organic base (DiPEA) and the acylating 

catalystt DMAP (entries 5-6) did not lead to any cleavage of the product from the resin either. 

Thee conditions that are used as standard conditions for the base-mediated p-elimination 

cleavagee of Fmoc groups (20% piperidine in CH2CI2, entry 7) only resulted in the formation of 

aa trace of amine 19. With a stronger organic base (DBU, entry 8), or a low concentration of 

NaOMee (entry 9) considerably more product was cleaved from the resin. The use of an excess 

off  NaOMe in THF effected quantitative cleavage of resin 23 (entry 10) and the pure amine 19 

wass isolated in 78% yield. These last conditions are comparable with the conditions that 

Tesserr used for the cleavage of the Msc-based ester linker system (a 30:9:1 solution of 

dioxane/MeOH/44 N NaOH in H2O)8 and wil l be henceforth used as standard conditions for 

thee cleavage of the SEC linker. 

3.55 2-Thioethyl carbamate (TEC) linker 

Inn addition to the SEC linker, a system with anticipated orthogonal stability - the 2-

thioethyll  carbamate 7 or TEC linker system - was designed.21 The thioethyl functionalized 

linkerr system was constructed by using the same technology that was developed for the SEC 

linkerr (eq 3.5). 

.)) o - N O ' 

21 1 

jV-methylmorpholine, , 
CH2C12,0^20°C,, 18 h 
2)) NH3, DMF/MeOH, rt, If 

Carbamatee 7 was obtained in a high yield (90-99%, determined by elemental analysis 

off  the nitrogen content of the resin)14 over two steps from hydroxyl resin 21. TEC resin 7 was 

alsoo used for the one-pot three component N-acyliminium ion reaction with benzaldehyde 

andd allyltrimethylsilane. For this reaction, the optimal reaction conditions that were identified 

inn the previous paragraph were used (eq 3.6). 

PhCHOO (3 equiv) 
allyltrimethylsilanee (3 equiv) 

BF3OEt22 (1.5 equiv) 
CH2C12,, rt, 4 h. 

(3.6) ) 
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TECC carbamate 24 proved to be sufficiently stable under the Lewis acidic conditions, 

thuss proving the compatibility of this linker with N-acyliminium ion chemistry. Cleavage of 

thee TEC linker system could be effected via two different approaches (Scheme 3.4). 

Schemee 3.4: 

mCPBA A 

CH2C12,, 0 °C, 2 h 

50%% TFA in CH2C12 

it,, 20 h 

57%% (2 steps from 7) H,N N 

lMNaOMe,, THF/MeOH 
(2:1),, it, 3 h 

69%% (3 steps from 7) 

First,, direct cleavage of the immobilized thioethyl carbamate 24 by treatment with a 

strongg protic acid resulted in the formation of the desired amine 19 in 57% yield (route A).22 

Second,, the TEC linker could also be cleaved via a safety-catch approach resulting in the 

formationn of the desired amine 19 in 69% yield (route B). In the safety-catch cleavage 

approach,, TEC resin 24 was selectively oxidized to the corresponding SEC resin 23 to enable 

facilee cleavage by treatment with NaOMe. Selective oxidation of the thioether functionality to 

thee corresponding sulfone in the presence of a homoallylic moiety could be effected by a 

reactionn with a small excess of mCPBA at low temperature during a short reaction time (2.5 

equiv,, 0 °C, 2 h). The yield of amine 19 via direct acidic cleavage (route A, 57%) was somewhat 

lowerr than the yield of the same amine when using the SEC linker system (80%, see Section 

3.4).. This lower yield is probably due to the more difficul t N-acyliminium ion reaction in the 

presencee of a nucleophilic thioether moiety in combination with a non-quantitative cleavage 

step.. Compared to route A and according to IR experiments, the cleavage via route B is 

quantitative.. However, the yield of amine 19 is still somewhat lower than in the case of the 

SECC linker. This indeed clearly proves that the N-acyliminium ion reaction in the presence of a 

thioetherr functionality is more difficul t to achieve. Cleavage of TEC resin 24 occurs via acid-

mediatedd carbonyl activation and subsequent thiiranium ion formation (route A, Scheme 

3.5),222 whereas cleavage of SEC resin 23 occurs via a base-mediated (3-elimination mechanism 

(routee B). In both cases amine 19 and CO2 are released from the resin. In route B, the resulting 

vinylsulff  one is trapped by methoxide to produce resin 25. 
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Schemee 3.5: 

\J \J 
oo - N r~\ H 

??? I K -
oo o 

routee B 

OMe e 

25 5 

Duringg the Lewis acid mediated N-acyliminium ion reaction, no premature cleavage of 

thee product was observed, thus demonstrating the stability of the TEC linker under these 

Lewiss acidic conditions. The stability of the linker system was further investigated by the 

treatmentt of immobilized carbamate 24 with a number of different reagents (Table 3.4). After 

stirringg for 24 h at rt, the filtrates were analyzed for the presence of product 19 by using TLC. 

Iff  present, the product was isolated and purified to determine the amount that was cleaved 

fromm the resin. 

Tablee 3.4: 

reagent,, solvent, 

rt,, 24 h HoN N 

entry y solvent t reagent t equiv v yieldd of 19 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 0 

CH2C12 2 

CH2CI2 2 

CH2CI2 2 

CH2CI2 2 

CH2CI2 2 

CH2CI2 2 

CH2CI2 2 

CH2CI2 2 

THF F 

THF F 

SnCLt t 

TFAA (50%, v/v) 

TfOH H 

pTsOH H 

DiPEA A 

DMA P P 

piperidinee (20%, v/v) 

DBU U 

NaOMee (0.1 M) 

NaOMee (1 M) 

5 5 

--

5 5 

5 5 

5 5 

5 5 

--

5 5 

--

--

57% % 

53% % 

Comparedd to the SEC linker (see Table 3.3), the TEC linker did indeed show 

orthogonall  stability. The system was completely stable towards basic conditions (entries 5-10). 

Forr example, conditions for cleavage of the SEC linker (entry 10) did not lead to any cleavage 
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off  the TEC system. Mil d protic acidic conditions (entry 4), or Lewis acidic conditions (entry 1) 

didd not lead to any cleavage of amine 19 either. The use of strong acidic conditions such as 

TFAA or TfOH (entries 2-3) did however result in cleavage of the SEC linker system. TFA gave 

aa somewhat higher yield of homoallylic amine 19 than TfOH (57 and 53%, respectively). 

Thee orthogonal stability of the TEC system, especially in combination with the safety-

catchh cleavage mechanism demonstrates the versatility of this linker system. For example, by 

usingg the TEC system both basic and moderately acidic reaction conditions could be used, 

whilee cleavage of the system could be readily effected by subsequent oxidation and base-

mediatedd p-elimination. 

3.66 2-Sulfonylethyl ester (SEE) linker 

Thee immobilized sulfonylethyl functionality was also used for the development of a 

sulfonylethyll  ester (SEE) linker system. The system described here, is slightly different from 

thee one Tesser used8 and was especially designed for the application of N-acyliminium ion 

chemistry.. For this application, the immobilized glyoxylate 27 was used, which after 

condensationn with benzyl carbamate and subsequent acylation was transformed into the N-

acyliminiumm ion precursor 29 (Scheme 3.6). 

Schemee 3.6: 

22 2 

O O 

o o 
,o ,o 

o o 
26 6 

OH H 

OMe e 

27 7 

OAc c 

Cbz z OO Cbz 

299 28 
ReagentsReagents and conditions: (a) (E)-crotonyl chloride (3 equiv), CH2CI2 0 °C—>rt, 2 d; (b) (1) O3, 
CH2Cl2/MeOH,, -78 °C, 30 min (2) DMS (15 equiv), -78 °C->rt, 18 h; (c) benzylcarbamate (2 
equiv),, TFA (2 equiv), 4 A MS, CH2CI2, reflux, 18 h; (d) acetic anhydride (5 equiv), pyridine (5 
equiv),, CH2C12, rt, 2 h. 

Somee examples of immobilized glyoxylates are known,23 and these systems were all 

eitherr synthesized via oxidative cleavage of a diol or addition of the sodium salt of the 

glyoxylate.. However, analogous to the synthesis of the glyoxylic acid derivative of Oppolzer's 
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chirall  auxiliary,24 it was decided to synthesize glyoxylate 27 via ozonolysis of the 

correspondingg crotonyl ester 26. Crotonyl ester 26 was obtained by the addition of (E)-

crotonyll  chloride to hydroxysulfonyl resin 22. Indeed, ozonolysis of the crotonyl ester and 

subsequentt reductive workup in CTfcCh/MeOH provided the desired methyl hemiacetal 

glyoxylatee 27. Condensation of glyoxylate 27 with benzyl carbamate resulted in the formation 

off  N,0-acetal 28. To obtain a more reactive N-acyliminium ion precursor, the hydroxy group 

off  28 was acetylated to give the corresponding acetate 29. To prevent transesterification, in 

thiss specific case, acetylation was preferred over acid-mediated methanolysis. Subsequently, 

N,0-acetall  29 was used for the N-acyliminium ion reaction with allyltrimethylsilane (Scheme 

3.7). . 

Schemee 3.7: 

299 30 31 

ReagentsReagents and conditions: (a) allyltrimethylsilane (3 equiv), BF3-OEt2 (2 equiv), CH2CI2, rt, 18 h; 
(b)) NaOMe (3 equiv), THF/MeOH (2:1), rt, 3 h, 44% over 8 steps. 

Thee N-acyliminium ion reaction was performed with an excess of allylsilane and 

BF3-OEt22 (3 and 2 equiv, respectively) and resulted in the formation of homoallylic ester 30.25 

Cleavagee of the resin was accomplished by treatment with NaOMe and afforded protected 

allylglycinee 31. The cleavage step only afforded carboxylic acid derivative 31, while formation 

off  the corresponding methyl ester was not observed. This observation clearly proves that the 

SEEE linker is cleaved by the fl-elimination mechanism, and NaOMe-mediated 

transesterificationn does not take place. Allylglycin e 31 was obtained in a yield of 44% over 8 

steps.. This yield includes the synthesis of the glyoxylate linker system, carbamate addition, N-

acyliminiumm ion reaction and cleavage of the desired amino acid. 

Withh the synthesis of the SEE linker, it has been shown that the sulfonylethyl 

functionalityy can also be used as an ester linker for solid phase N-acyliminium ion chemistry. 

AA useful application of N-acyliminium ion chemistry on the SEE linker was found in the 

synthesiss of an N-protected a-amino acid. 
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3.77 Conclusions 

Inn this chapter, the synthesis and application of several novel linker systems for solid 

phasee N-acyliminium ion chemistry have been demonstrated. Although a sulfonamide-based 

linkerr system could not be used for this application, the development of the allyl carbamate, 

SEC,, TEC and SEE linker systems were successful. Unfortunately, purification of the products 

afterr Pd-catalyzed cleavage of the allyl linker proved to be troublesome. The SEC linker -

especiallyy in combination with the TEC linker and a safety-catch cleavage approach - proved 

too be particularly effective for the application of N-acyliminium ion chemistry. The use of the 

SECC linker, as opposed to the Wang linker, has also led to an improvement in the yield of the 

desiredd homoallylic amine of around 20%. Furthermore, with the development of N-

acyliminiumm ion chemistry on the SEE linker, a facile entry into the solid phase synthesis of 

aminoo acids has been found. 
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3.99 Experimental section 

Forr experimental details, see: Section 2.7 

Disulfanyll di~4-mercapto-3-nitrobenzoic acid methyl ester (9) Sodium 

^ ^ / S ^ -- sulfide (455 mg, 3.48 mmol, 60%) was suspended in MeOH (5 mL) and 

^11 A  ̂ heated at reflux temperature for 20 min upon which a clear solution 
22 was formed. Sulfur (112 mg, 3.48 mmol) was added and the reaction 

mixturee was heated at reflux temperature until the suspension turned clear again (20 min). 

Thee resulting Na2S2 solution was slowly added to a solution of chloride 8 (1.00 g, 4.64 mmol) 

inn MeOH/DMSO (4 mL, 4:1) and stirred for another 18 h. Then, aqueous saturated NaCl (5 

mL)) and EtOAc (5 mL) were added, the layers were separated, the aqueous phase was 

extractedd with EtOAc ( 2 x 4 mL), the combined organic phases were dried (MgSC>4) and 

concentratedd in vacuo to afford 9 (780 mg, 1.84 mmol, 79%) as a pale yellow solid. Mp 207-209 

°CC (lit26 205-206 °C). iH NMR (400 MHz, CDCb) S 8.94 (s, 2H, Ar-H), 8.18 (d, ƒ = 14.4 Hz, 2H, 

Ar-H) ,, 7.88 (d, ƒ = 14.4 Hz, 2H, Ar-H), 3.96 (s, 6H, 2 x C02Me). IR v 3098, 2958, 1724, 1605, 

1523,1434,1337,1301,1238,1135,1041,, 980. 
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SOO CI 4-ChlorosulfonyI-3-nitrobenzoic acid methyl ester (10) Disulfide 9 

f|| j ' (500 mg, 1.18 mmol) was suspended in AcOH/H20 (15 mL, 4:1) and 

M e 02 C " ' ^ ^ ^ N 022 cooled to 0 °C. Cl2 was bubbled through the solution for 2 h, the 

reactionn mixture was warmed up to rt and stirred for 4 h at this 

temperature.. Then, the mixture was diluted with H2O (30 mL) and EtOAc (20 mL), the layers 

weree separated, the water phase was extracted with EtOAc (3 x 20 mL), the combined organic 

phasess were washed with aqueous saturated NaCl (30 mL), dried (MgSQi) and concentrated 

inin vacuo to afford sulfonyl chloride 10 (582 mg, 2.09 mmol, 89%) as a white solid. Mp 232-234 

°C.. iH NMR (400 MHz, CDCI3) 5 8.46 (d, ƒ = 1.5 Hz, 1H, Ar-H), 8.44 (dd, ƒ = 1.6, 8.3 Hz, 1H, 

Ar-H),, 8.33 (d, ƒ = 8.3 Hz, IH, Ar-H), 4.02 (s, 3H, C02Me). IR v 3082, 2964, 1723, 1551, 1444, 

1386,1293,1178,1132,, 975. 

SOO NH 3-Nirro-4-sulfamoylbenzoic acid methyl ester (11) Sulfonyl 

chloridee 10 (490 mg, 1.76 mmol) was dissolved in CH2C12 (20 mL) 

Me02CC y' "N02 and cooled to 0 °C. NH3 was bubbled through for 30 min and the 

resultingg suspension was warmed up to rt and stirred for 2 h at this 

temperature.. Then, aqueous saturated NaCl (10 mL) was added, the layers were separated, 

thee aqueous phase was extracted with EtOAc ( 2 x5 mL), the combined organic phases were 

driedd (MgSQt) and concentrated in vacuo. The crude product was purified using column 

chromatographyy (EtOAc/PE 1:1) to afford 11 (345 mg, 1.33 mmol, 76%) as a white solid. Mp 

153-1566 °C. Rf 0.18 (EtOAc/PE 1:1). iH NMR (400 MHz, CDCI3) 5 8.47 (d, J = 1.6 Hz, IH, Ar-

H),, 8.34 (dd, ƒ = 1.6, 8.2 Hz, IH, Ar-H), 8.24 (d, ƒ = 8.2 Hz, IH, Ar-H), 3.98 (2, 3H, C02Me). IR v 

3414,, 3299, 3135,1729,1538,1402,1281,1171. 

3-Butenyll resin (15) Merrifield resin (5.00 g, 8.50 mmol) was suspended in dry 

^ Jff  toluene (50 mL), allylmagnesium chloride (10.6 mL, 21.3 mmol of a 2M 

solutionn in THF) was slowly added to the suspension and the reaction mixture 

wass stirred for 18 h at 60 °C under an argon atmosphere. The resin was filtered off, suspended 

inn THF (50 mL) stirred for 30 minutes at rt and filtered off. The resin was stirred in THF/1 N 

HC11 (50 mL, 3:1 v/v) at 45 °C for 30 minutes, filtered off, washed with THF (50 mL), MeOH 

(500 mL, the last two steps were repeated four times) and Et20 (2 x 50 mL). After drying in 

vacuovacuo (50 °C) 4.12 g of resin 15 was obtained. IR v 1639. 

5-Hydroxy-3-pentenyll resin (17) Resin 15 (0.50 g, 0.84 mmol) was 

^ ^^ OH SUSpended in degassed toluene (5.0 mL), 2-butene-l,4-diacetate (578 

mg,, 3.36 mmol) and Cl2(PCy3)2Ru=CHPh (28 mg, 0.03 mmol) were 

addedd and the reaction mixture was stirred for 48 h under nitrogen atmosphere at rt. The 
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suspensionn was filtered and the resin was washed with toluene (10 mL), CH2CI2 (5 mL) and 

EtOHH (5 mL, the last two steps were repeated four times) and EtzO (2x5 mL). After drying in 

vacuovacuo (50 °C), the immobilized acetate 16 (0.53 g, 0.80 mmol, IR v 1738) was suspended in THF 

(55 mL) and NaOMe (0.05 mL, 0.16 mmol of a 3M solution in MeOH) was added. After stirring 

forr 2 h at rt, the reaction mixture was filtered off, washed with THF (5 mL), CH2CI2 (5 mL) and 

EtOHH (5 mL, the last two steps were repeated four times) and Et20 (2x5 mL). After drying in 

vacuovacuo (50 °C) 0.43 g of resin 17 was obtained. IR v 3573, 3432. 

Allyll carbamate resin (5) Immobilized alcohol 17 (1.50 g, 2.39 

mmol)) was suspended in 15 mL CH2CI2 and cooled to 0 °C, 4-
NH22 nitrophenyl chloroformate (1.45 g, 7.17 mmol) and N-

methylmorpholinee (791 uL, 7.17 mmol) were added, the reaction 

mixturee was allowed to warm up to rt and was stirred for 18 h. The suspension was filtered, 

thee resin was washed with CH2CI2 (15 mL), EtOH (15 mL, the last two steps were repeated 

fourr times) and Et2Ü (2 x 15 mL). After drying in vacuo (50 °C) 1.56 g of the activated carbonate 

resinn was obtained. IR v 1766, 1525, 1346. Elemental anal. Found: N 1.01% (0.72 mmol/g N, 

57%% from Merrifield resin). The resin (0.42 g, 0.30 mmol) was suspended in DMF (4 mL) and a 

saturatedd NH)/MeOH solution (1 mL) was added. After stirring for 18 h at rt, the resin was 

filteredd off, washed with DMF (5 mL), CH2CI2 (5 mL), EtOH (5 mL, the last two steps were 

repeatedd four times) and Et20 ( 2 x5 mL). After drying in vacuo (50 °C) 0.40 g of resin 5 was 

obtained.. IR v 3498, 3403, 1731. Elemental anal. Found: N 1.05% (0.75 mmol/g N, 50% from 

Merrifieldd resin). 

Allyll l-phenylbut-3-enylcarbamate resin (18) Carbamate 

resinn 5 (100 mg, 0.07 mmol) was suspended in CH2CI2 (1 

mL),, benzaldehyde (21 uL, 0.21 mmol), 

allyltrimethylsilanee (34 uL, 0.21 mmol) and BF3OEt2 (13 

(xL,, 0.11 mmol) were subsequently added and the reaction 

mixturee was stirred for 3 h at rt. The resin was filtered off, washed with CH2CI2 (1.5 mL), 

EtOHH (1.5 mL, the last two steps were repeated four times) and Et20 (2 x 1.5 mL). After drying 

inin vacuo (50 °C) resin 18 was obtained. IR v 3435,1716. 

l-Phenylbut-3-enylaminee (19) from resin 18 Resin 18 (0.07 mmol) was 

suspendedd in CH2CI2 (1 mL), piperidine (48 uL, 0.49 mmol) and Pd(PPh3)4 (4 

mg,, 0.04 mmol) were added and the suspension was stirred for 2 h at rt. The 

H2N^^ reaction mixture was filtered, the resin was washed with CH2CI2 ( 3 x2 mL) 

andd the collected filtrates were evaporated. The product was purified using 

flashh chromatography (silica 0—>10% MeOH in CH2CI2). Generally the product was still 
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contaminatedd with remains of the cleavage cocktail. Typical isolated yields of the pure 

productt ranged from 39-85% (from resin 5). For analytical data, see Chapter 2. 

2-Thioethyll hydroxyl resin (21) A mixture of Merrifield resin (25.0 g, 42.5 

O f ^ s ' ^ V " // mmol), mercaptoethanol (25 mL, 359 mmol) and Cs2C03 (27.7 g, 85 mmol) 

inn dry DMF (200 mL) was stirred for 4 h at 60 °C and then for 20 h at rt. 

Thee reaction mixture was filtered, washed with DMF (200 mL), CH2C12 (200 mL) and EtOH 

(2000 mL, the last two steps were repeated four times) and Et20 (2 x 200 mL). After drying in 

vacuovacuo (50 °C) 26.1 g of resin 21 was obtained. IR v 3397. 

00 2-Sulfonylethyl hydroxyl resin (22) To a suspension of resin 21 (10.1 g, 

CM^S'~^'CM^S'~^'0H0H 1 6 1 mmol) in CH2C12 (200 mL), mCPBA (85%, 20.3 g, 100 mmol) was 

OO added in portions at 0 °C. When addition was complete the mixture was 

stirredd for 20 h at rt. Then, the reaction mixture was filtered, washed with CH2C12 (10 mL), and 

EtOHH (10 mL, the last two steps were repeated four times) and Et20 (2 x 10 mL). After drying 

inin vacuo (50 °C) 10.8 g of resin 22 was obtained. IR v 3442,1280,1107. 

2-Sulfonylethyll carbamate resin (6) Resin 22 (10.6 g, 16 mmol) was 

/ " Y ^ s ' x \ / 0 > r N H 22 suspended in 100 mL CH2C12 and cooled to 0 °C, 4-nitrophenyl 

^ ^^ O O chloroformate (8.06 g, 40 mmol) and N-methylmorpholine (4.4 mL, 

400 mmol) were added, the reaction mixture was allowed to warm up to rt and was stirred for 

188 h. The suspension was filtered, the resin was washed with CH2C12 (100 mL), EtOH (100 

mL,, the last two steps were repeated four times) and Et20 (2 x 100 mL). After drying in vacuo 

(500 °C) 1.56 g of the activated carbonate was obtained. IR vl765, 1524, 1346, 1320, 1110. 

Elemental.. Anal, found: N 1.55% (1.11 mmol/g N, 91% from Merrifield resin). The resin (0.42 

g,, 0.30 mmol) was suspended in DMF (4 mL) and a saturated NHs/MeOH solution (1 mL) 

wass added. After stirring for 18 h at rt, the resin was filtered off, washed with DMF (5 mL), 

CH2C122 (5 mL), EtOH (5 mL, the last two steps were repeated four times) and Et20 (2x5 mL). 

Afterr drying in vacuo (50 °C) 0.40 g of resin 6 was obtained. IR v 3498, 3403, 1731; Elemental 

anal.. Found: N 1.37% (1.31 mmol/g N, 92% from Merrifield resin). 

2-Sulfonylethyll l-phenylbut-3-enylcarbamate resin (23) 

Carbamatee resin 6 (150 mg, 0.17 mmol) was suspended in 

CH2C122 (1.5 mL), benzaldehyde (52 uL, 0.51 mmol), 

allyltrimethylsilanee (62 uL, 0.51 mmol) and BF3OEt2 (32 uL, 

0.266 mmol) were subsequently added and the reaction 

mixturee was stirred for 3 h at rt. The resin was filtered off, washed with CH2C12 (1.5 mL), 
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EtOHH (1.5 mL, the last two steps were repeated four times) and Et20 (2 x 1.5 mL). After drying 

inin vacuo (50 °C) resin 23 was obtained. IR v 3655, 3360,1724. 

l-Phenylbut-3-enylaminee (19) from resin 23 Resin 23 (0.17 mmol) was suspended in 

THF/MeOHH (2.25 mL, 2:1), NaOMe (28 mg, 0.51 mmol) was added and the suspension was 

stirredd for 3 h at rt. The reaction mixture was filtered, the resin was washed with CH2C12 (3x2 

mL)) the collected filtrates were neutralized with cone. HC1, diluted with saturated aqueous 

NaCll  (2 mL) and extracted with EtOAc ( 5 x1 mL). The collected organic phases were dried 

(MgS04)) and concentrated in vacuo. The product was purified using SPE chromatography 

(Isolute,, silica, solvent system: 0->10% MeOH in CH2C12) to give compound 19 (20 mg, 0.14 

mmol,, 80%) as a colorless oil which was identical to the compound obtained from the allyl 

carbamatee resin 18. 

N HH 2-Thioethyl carbamate resin (7) Resin 21 (1.01 g, 1.61 mmol) was 

suspendedd in 10 mL CH2C12 and cooled to 0 °C, 4-nitrophenyl 

chloroformatee (649 mg, 3.32 mmol) and N-methylmorpholine (0.35 

mL,, 3.32 mmol) were added, the reaction mixture was allowed to warm up to rt and stirred 

forr 18 h. The suspension was filtered, the resin was washed with CH2C12 (10 mL), EtOH (10 

mL,, the last two steps were repeated four times) and Et20 (2 x 10 mL). After drying in vacuo 

(500 °C) 1.29 g of the activated carbonate was obtained. IR v 1767, 1526, 1347. Elemental. Anal. 

found:: N 1.75% (1.25 mmol /g N, 99% from Merrifield resin). The resin (11.3 g, 14.1 mmol) was 

suspendedd in DMF (80 mL) and a saturated NHt/MeOH solution (20 mL) was added. After 

stirringg for 18 h at rt, the resin was filtered off, washed with DMF (100 mL), CH2C12 (100 mL), 

EtOHH (100 mL, the last two steps were repeated four times) and Et20 (2 x 100 mL). After 

dryingg in vacuo (50 °C) 9.6 g of resin 7 was obtained. IR v 3490, 3390, 1732. Elemental anal. 

Found:: N 1.68% (1.20 mmol /g N, 81% from Merrifield resin). 

2-Thioethyll l-phenylbut-3-enylcarbamate resin (24) 

Carbamatee resin 7 (150 mg, 0.18 mmol) was suspended in 

\ ££ b CH2C12 (1.5 mL), benzaldehyde (55 uL, 0.54 mmol), 

allyltrimethylsilanee (86 uL, 0.54 mmol) and BF3OEt2 (33 uL, 

0.277 mmol) were subsequently added and the reaction 

mixturee was stirred for 3 h at rt. The resin was filtered off, washed with CH2C12 (1.5 mL), 

EtOHH (1.5 mL, the last two steps were repeated four times) and Et20 (2 x 1.5 mL). After drying 

inin vacuo (50 °C) resin 24 was obtained. IR v 3509, 3385,1728. 
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l-Phenylbut-3-enylaminee (19) acidic cleavage from resin 24 Resin 24 (0.18 mmol) was 

suspendedd in CH2C12 (1 mL), TFA (1 mL) was added and the suspension was stirred for 3 h at 

rt.. The reaction mixture was filtered, the resin was washed with CH2CI2 ( 3 x2 mL) and the 

collectedd filtrates concentrated in vacuo. The product was purified using SPE chromatography 

(Isolute,, silica, solvent system: 0->10% MeOH in CH2CI2) to give compound 19 (15 mg, 0.10 

mmol,, 57%) as a colorless oil which was identical to the compound obtained from the allyl 

carbamatee resin 18. 

l-Phenylbut-3-enylaminee (19) safety-catch cleavage from resin 24 Resin 24 (0.18 mmol) was 

suspendedd in CH2C12 (1.5 mL), mCPBA (77%, 101 mg, 0.45 mmol) was added at 0 °C and the 

mixturee was stirred for 2 h at this temperature. Then, the reaction mixture was filtered, 

washedd with CH2CI2 (1.5 mL), and EtOH (1.5 mL, the last two steps were repeated four times) 

andd Et20 (2 x 1.5 mL). After drying in vacuo (50 °C) resin 23 was obtained. Resin 23 was 

cleavedd in the same way as described above to give compound 19 (18 mg, 0.12 mmol, 69%) as 

aa colorless oil which was identical to the compound obtained from the allyl carbamate resin 

18. . 

OO 2-Sulfonylethyl crotonyl ester resin (26) Resin 22 (5.0 g, 7.5 

C%C% ^ S ^ ^ ^ " ï l ^ ^ ^ mmol) was suspended in CH2C12 (50 mL), (E)-crotonyl chloride 
00 ° (90%, 2.4 mL, 22.5 mmol) was added at 0 °C, the reaction mixture 

wass allowed to warm up to rt and stirred for 2 days at this temperature. The suspension was 

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

repeatedd four times) and Et20 (2 x 50 mL). After drying in vacuo (50 °C) 6.55 g of resin 26 was 

obtained.. IR v 1746,1657. 

_,.. 2-Sulfonylethyl glyoxylate methyl hemiacetal resin (27) Resin 
OH H 

266 (1.5 g, 2.04 mmol) was suspended in CH2Cl2/MeOH (20 mL, 
O M ee 1:1) and cooled to -78 °C. O3 was bubbled through the cold 

solutionn until the reaction mixture turned blue, then some O2 

wass bubbled through until the reaction mixture turned colorless again and a large excess of 

S(CH3)22 (2.5 mL, 35 mmol) was added. The solution was allowed to warm up to rt and stirred 

forr 18 h. The suspension was filtered, the resin was washed with CH2C12 (15 mL), EtOH (15 

mL,, the last two steps were repeated four times) and Et2Ü (2 x 15 mL). After drying in vacuo 

(500 °C) 1.45 g of resin 27 was obtained. IR v 3341,1785,1124. 

Ql_ii  Benzyloxycarbonylaminohydroxyacetic acid 2-sulfonylethyl 

( x J kk ester resin (28) Resin 27 (200 mg, 0.27 mmol) was suspended in 

j ff  1 CH2CI2 (10 mL), benzyl carbamate (81 mg, 0.54 mmol) and TFA 

or r 
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(411 uL, 0.54 mmol) were added and the mixture was heated to reflux temperature. A reflux 

condensorr was placed on top of a pressure-equalizing dropping funnel filled with 4A MS and 

thee mixture was refluxed for 18 h. The suspension was filtered, the resin was washed with 

CH2C122 (2 mL), EtOH (2 mL, the last two steps were repeated four times) and Et20 (2x2 mL). 

Afterr drying in vacuo (50 °C) resin 28 was obtained. IR v 3215,1714,1493,1123,1052. 

QA CC Acetoxybenzyloxycarbonylaminoacetic acid 2-sulfonylethyl 

^ - ^ ^ H / ^ ^ / O ^ J^^ ester resin (29) Resin 28 (250 mg, 0.29 mmol) was suspended in 

WW ^ O Cbz C H 2 C l2 (2-5 m L ) ' a c e t ic anhydride (147 uL, 1.44 mmol) and 

pyridinee (116 uL, 1.44 mmol) were added and the mixture was 

stirredd at rt for 2 h. The suspension was filtered, the resin was washed with CH2CI2 (2.5 mL), 

EtOHH (2.5 mL, the last two steps were repeated four times) and Et20 (2.5 x 2 mL). After drying 

inin vacuo (50 °C) resin 29 was obtained. IR v 3310,1734,1712,1122,1027. 

^ ^ .. 2-Benzyloxycarbonylaminopent-4-enoic acid 2-sulfonylethyl 

— ^ ^ i ? ^ ^^ O J-s. ester resin (30) Resin 29 (260 mg, 0.29 mmol) was suspended in 

\Jf\Jf u ïï ^H CH2CI2 (2.5 mL), allyltrimethylsilane (138 uL, 0.87 mmol) and 

BF3-OEt22 (71 (iL, 0.58 mmol) were added and the mixture was 

stirredd at rt for 18 h. The suspension was filtered, the resin was washed with CH2CI2 (2.5 mL), 

EtOHH (2.5 mL, the last two steps were repeated four times) and Et20 (2.5 x 2 mL). After drying 

inin vacuo (50 °C) resin 30 was obtained. IR v 3293,1752,1714,1452,1122. 

2-Benzyloxycarbonylaminopent-4-enoicc acid (31) Resin 30 (0.29 mmol) was 

suspendedd in THF/MeOH (3 mL, 2:1), NaOMe (47 mg, 0.87 mmol) was added 

andd the suspension was stirred for 3 h at rt. The reaction mixture was filtered, 

thee resin was washed with CH2CI2 ( 3 x 2 mL), the collected filtrates were 

neutralizedd with cone. HC1, diluted with saturated aqueous NaCl (2 mL) and extracted with 

EtOAcc ( 5 x 1 mL). The collected organic phases were dried (MgS04) and concentrated in 

vacuo.vacuo. The product was purified using SPE chromatography (Isolute, silica, solvent system: 

0->10%% MeOH in CH2C12) to give compound 31 (31 mg, 0.13 mmol, 44% from Merrifield 

resin).. Rf 0.37 (CH2Cl2/MeOH 90:10, 1% AcOH). 'H NMR (400 MHz, CDCh) 5 7.41-7.31 (m, 

5H,, Ar-H), 5.78-5.63 (m, 1H, CH=CH2), 5.25 (br d, / = 7.37 Hz, 1H, NH), 5.19-5.06 (m, 4H, 

ArCH22 and CH=CH2), 4.51-4.48 (m, 1H, NHCH), 2.68-2.48 (m, 2H, CH2CH=CH2). '3C NMR 

(1000 MHz, CDCb) 8 175.6 (CO2H), 155.8 (OCON), 135.9, 131.5, 128.4, 128.1, 128.0 (Ar-C and 

CH=CH2),, 119.7 (CH=CH2), 67.1 (OCH2), 52.9 (NHCH), 36.2 (CH2CH=CH2). HRMS (FAB+) 

calculatedd for Ci3Hi 6N04 (M++ H) 250.1079, found 250.1084. 

NH H 
Cbz z 
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