
Tetrahedron Letters, Vol. 38, No. 41, pp. 7151-7154, 1997 
Pergamon © 1997 Elsevier Science Ltd 

All rights reserved. Printed in Great Britain 
PII: S0040-4039(97)01771-1 0040-4039/97 $17.00 + 0.00 

AMEBA: An Acid Sensitive Aldehyde Resin for Solid Phase Synthesis 

Adam M. Fivush and Timothy M. Willson* 

Department of Medicinal Chemistry, Glaxo Wellcome Research and Development, 

Five Moore Drive, Research Triangle Park, NC 27709. 

Abstract: Oxidation of 4-(3-methoxy-4-hydroxymethylphenoxy)methyl polystyrene resin produced 
AMEBA resin I, a novel acid sensitive aldehyde resin. Reductive amination of AMEBA resin 
generated resin bound amines which were derivatized as sulfonamides, amides, ureas, and carbamates. 
Cleavage of the resin under mild acidic conditions generated the derivatized amines in high purity and 
moderate yield. © 1997 Elsevier Science Ltd. 

Sulfonamides, amides, ureas, and carbamates are important structural elements of  many drug molecules. 

The solution phase synthesis of  these functional groups commonly occurs by the combinat ion of  an amine 

with the requisite sulfonylating or acylating agent. By contrast, general methods for the solid phase synthesis 

(SPS) of  these groups are limited because of  the requirement for a point of  at tachment of  the reactant to the 

resin.l A practical solution would employ a method for generation of  an intermediate resin bound amine 

through a traceless linker that allowed cleavage of  the final product under mild conditions. 2-4 For this purpose, 

we have developed a novel Acid sensitive MEthoxy  BenzAldehyde (AMEBA) polystyrene resin I that is 

useful for the solid phase synthesis of  derivatized amines (Scheme 1). 
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Scheme 1. AMEBA resin for SPS. 
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We chose to base our aldehyde resin on a high loading polystyrene resin with an acid cleavable linker. 

Merrifield polystyrene resin derivatized with a 4-hydroxymethylphenol linker (2a) has been used extensively 

as a trifluoroacetic acid (TFA) cleavable resin for the synthesis of peptide acids (Scheme 2). 5 Addition of an 

o-methoxy substitutent (2b) generates a resin which is significantly more acid labile, and is commercially 

available with a loading of 0.89 mmol/g under the trade name SASRINTM. 6 
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Scheme 2. Synthesis of sulfonamides using AMEBA resin. 

AMEBA resin 1 was generated by oxidation of resin 2b with 5 equivalents of SO3°pyridine complex 

(Scheme 2). 7 It was found that pre-drying of resin 2b was required for efficient conversion to the aldehyde 

resin 1. AMEBA resin 1 gave a diagnostic aldehyde signal at 10.5 ppm by Nanoprobe IH NMR 8 and was 

stable to storage at room temperature for several months, unlike the corresponding bromomethyl resin. 4,9 

Reductive amination of resin 1 using a two equivalents of 4-methoxyphenethylamine and NaBH(OAc)3 gave 

the corresponding amine resin 3. Nanoprobe I H NMR of resin 3 showed no residual aldehyde signal and 

combustion analysis indicated 90-95% of the theoretical nitrogen content. Reaction of resin 3 with 

p-toluenesulfonyl chloride generated the sulfonamide resin 4. Cleavage of the resin 4 with 5% TFA/CH2C12 

produced the sulfonamide 5 in 66% isolated yield and 95% purity by HPLC and 1H NMR analysis. The high 

purity of the final product was an unanticipated result which prompted additional studies (Table 1). In control 

experiments, we found that treatment of amine resin 3 with up to 95% TFA/H20 did not result in any 

detectable cleavage of the resin. However, when the amine resin 3 was derivatized as a sulfonamide, amide, 

urea, or carbamate, cleavage of the linker occurred in 5% TFA/CH2C12 (Table 1; entries 1-4). Thus, 
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under the final mild acid cleavage conditions, any residual unreacted amine remained bound to the AMEBA 

resin and only the derivatized amine was released into solution. In practice, the final products were generated 

in high purity following a simple filtration and evaporation of the CH2C12 solution. 

A series of studies was initiated to optimize the sulfonamide synthesis and to explore the versatility of 

AMEBA resin 1 for the synthesis of derivatized amines (Table 1). A diverse set of primary amines were 

loaded onto the AMEBA resin by reductive amination using 2 equivalents of the amine and NaBH(OAc)3. In 

all cases loss of  the aldehyde signal was observed by Nanoprobe IH NMR, and the resulting amine resin gave 

the theoretical nitrogen content by combustion analysis. Highest yields of the sulfonamide 5 were produced 

when DIEA, pyridine, or NMM were used as a base (entries 1, 7-8). Derivatives of electron deficient capping 

groups were cleaved from the resin under the strandard conditions (entries 9-10). Anilines and hindered 

primary amines also reacted efficiently (entries 11-14).10 

Table 1. SPS of Derivatized Amines. 
Capping O O O 

~ I~N .R1  agent (5 eq. L 5%TFA O~ A or RI...NAN.R 2 or RI...NAo.R2 
Base (10 eq.) CH2CI2 - Rr'N" S~R2 or RI~ N R2 H H H H H Solvent 

Entry R I - N H 2  Capping agent Base Solvent  Yield (%)a Purity (%)b 

I Moo.~ ~'vNH2 . ~ % o  DIEA CH2C12 66 95 

2 . ~  NHa COCI 
/ O /  DIEA DMF 79 90 

MoO" 
3 . ~ / - ~  NH 2 ~ o c o c l  D1EA CH2CI2 48 90 

MeO" v 
4 MoO ~ N H '  /~NCO __ DMF 73 95 

5 u e o ~  u"2 . / ~ o 2 c l  DBU CH2CI 2 23 90 

6 MoO.~ ~NH2 ~ ISO2 GI TMG CH2C12 26 85 

7 M o o ~  ~'~N~ . ~ o 2 c l  Pyridine CH2C12 68 95 

8 Me° ~ N " 2  ~]~so2c, NMM CH2C12 66 95 

9 Mead ~ N H 2  O'zN'~ SO2cl NMM CH2C12 80 95 

10 MoO ~ N H 2 -  v O 2 N ~  "~OcI~_ NMM CH2C12 75 95 

11 M~O.~N,= . ~ S % C J  NMM CH2C12 71 95 
V 

12 {~NH2 .~]~SO2C, NMM CH2C12 63 90 

13 ~.J<NH2 /..O/s°~cl Pyridine CH2C12 20 85 

14 ~.J<.NH2 . ~ o  - -  DMF 67 95 

a Isolated yield of final product based on an initial loading of 0.89 mmol/g; b Purity determined by HPLC and IH NMR. 
Abbreviations: DIEA, N,N-diisopropylethylamine; DBU, 1,8-diazabicyclo[5.4.0]undec-7-ene; TMG, tetramethyl- 
guanadJne; NMM, N-methylmorpholine; DMF, N,N-dimethylformamide. 
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In summary, AMEBA resin 1 is a versatile acid sensitive solid support for the traceless synthesis of 

secondary sulfonamides, amides, ureas, and carbamates in high purity and moderate to high yield. 

Preparation of AMEBA resin I: SASRIN TM resin 2b (Bachem Bioscience, I0.0 g, 0.89 mmol/g) was 

washed with DMF, MeOH, and CH2C12, and dried in a vacuum oven at 70 °C overnight. To a suspension of 

the dried resin 2b in DMSO (100 ml) and CH2C12 (25 ml) was added Et3N (12.4 ml, 10 eq.) followed by 

SO3opyridine complex (7.1 g, 5 eq.). The suspension was stirred at room temperature overnight, filtered, 

washed with CH2C12, DMSO, CH2C12, and THF, and dried under vacuum to give 10.0 g of aldehyde resin 1. 

AMEBA resin 1 was stable to storage at room temperature for several months. 

SPS of sulfonamide 5: AMEBA resin 1 (75 mg) was suspended in dichloroethane (2 ml). 

4-Methoxyphenethylamine (20 mg, 2 eq.) and NaBH(OAc)3 (30 mg, 2 eq.) were added. The resin was shaken 

for lh, filtered and washed with CH2C12, DMF, MeOH, and CH2C12. The resulting resin was suspended in 

CH2C12 (1 ml). DIEA (0.12 ml, 10 eq.) and p-toluenesulfonyl chloride (60 mg, 5 eq.) were added. The resin 

was shaken for 2 h, filtered and washed with CH2C12, DMF, MeOH, and CH2C12. The resulting resin was 

suspended in 5% TFA/CH2CI2 (1 ml). After 10 min, the resin was filtered and the filtrate was concentrated to 

yield 13.5 mg (66%) of the sulfonamide 5. 
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