
Pergamon Tetrahedron Letters 39 (1998) 757-760 

TETRAHEDRON 
LETTERS 

Novel  Ser ine -Based  L inker  for the So l id-Phase  Synthes i s  o f  Organ ic  C o m p o u n d s  

Yuo-Ling Chou, Michael M. Morrissey and Raju Mohan* 

Pharmaceuticals Discovery, Berlex Biosciences 
15049 San Pablo Avenue, Richmond, CA 94804 

Received 27 October 1997; accepted 7 November 1997 

Abstract: A novel serine-derived linker has been developed that allows phenolic templates to be cleaved 
from the resin with fluoride ion. The linker is stable to acids such as TFA and bases such as pyrrolidine. 
The linker should provide utility in multi-step solid phase organic chemistry protocols where both acid 
and base chemistry is used. © 1998 Elsevier Science Ltd, All fights reserved. 

Combinatorial chemistry of small molecules has generated a great deal of interest due to its impact on 

lead structure identification and optimization. 1 Rapid integration of solid-phase organic chemistry methods into 

traditional medicinal chemistry has been facilitated by the vast repertoire of linker methodologies available from 

the peptide chemistry literature. 2 One area of linkers that has not had much exposure in peptide literature, 

however, is the area of orthogonal linkers; those that are stable to nucleophiles and bases as well as to acidic 

exposure. Organic chemistry of small molecules on solid support, unlike peptide chemistry, often requires the 

use of both acids, bases and nucleophiles in a multi-step synthetic sequence and daus the development of 

orthogonal linkers has been the focus of much attention in the recent years. 

In the course of our investigation into orthogonal linkers, we were intrigued by the prospect of utilizing 

a serine-based carbamate linker, wherein the intramolecular cyclization of protected serine hydroxyl group in 

polymer-linked template I with the carbamate carbonyl results in the formation of a polymer bound 

oxazolidinone II  and concomitant release of the template II1 from the solid support. Intramolecular cyclizations 

on a polymer to initiate product release have been previously reported in an example where an azido group on a 

linker is utilized as a latent amino group that is involved in an intramolecular cyclization. 3 Reduction of the 

azide, however, is not a facile or efficient process on solid support, and as such this methodology requires 

extensive purification of the final products. 

I F- II III 

Proof of concept of such a serine-based linker was initiated by constructing the appropriately protected 

carbamoyl derivative of serine as shown in Scheme 14. L-Serine benzyl ester was reacted with lxiisopropylsilyl 

chloride (TIPSiC1) 5 in presence of triethyl amine and pyridine to provide the ether 2. Reaction with phosgene 

in dichloromethane and triethylamine afforded the carbamoyl chloride 3. Two representative phenols 5- 

hydroxy-Boc-L-tryptophan methyl ester 4a and 5-hydroxyoxindole 4b were then reacted with the carbamoyl 

chloride 3, in presence of triethyl amine, to afford the serine-conpled tryptophan analog 5a and the serine- 

coupled oxindole analog 5h in quantitative yields. 

0040-4039/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved. 
PII: S0040-4039(97) 10618-9 



758 

HO" (71%) TI PSO" (97%) TI PSO ' ' j  O (>99%) 

1 2 3 5: R = Bn - - ' ]  d 
6 : R = H  

Scheme 1: (a) TIPSiCI, pyridine, Et3N, CH2CI2, reflux 24 h; (b) COCI 2, CH2CI 2, Et3N; 
(c) 5-hydroxy-Boc-L-Tryptophan methylester (4a) or 6-hydroxy-l-rnethyl-oxindole (4b), EtsN, 
CH2CI 2, 24 h; (d) 10% Pd/C, EtOH, 40 psi, 1.5 h. 

Subjecting compound 5a to tetrabutylammonium fluoride (TBAF) in THF resulted, as was predicted, in 

the quantitative release of the 5-hydroxy tryptophan analog 4a. Compound 5b similarly afforded 5-hydroxy 

oxindole 4b as the cleavage product of TBAF treatment. The serine component of the cleavage process is 

transformed to the oxazolidinone derivative 7. 6 

~ OMa 

BnO " 8nO 
pSO,,J O (> 95%) O + 

"11 

5a : Ar = Trp 7 4a 

Having demonstrated that the intramolecular cyclization indeed occurs quantitatively, the next step was 

to demonstrate the orthogonal stability and utility of this linker. We chose as our experiments, the acid catalyzed 

Pictet-Spengler reaction and the base facilitated Knoevenagel condensation reaction. We have previously 

reported that tryptophan analogs such as 4a undergo a Pictet-Spengler cyclization in presence of trifluoroacetic 

acid (TFA) to afford 13-carbolines. 7 It is also known that oxindole analogs such as 4b, in presence of 

pyrrolidine, undergo a facile Knoevenagel condensation with aldehydes. 8 Qualitative and quantitative analysis 

of the reaction products from the above sequences would validate our hypotheses. It is important to note that 

both sets of conditions would result in the cleavage of acid sensitive linkers (Shepherd, Wang, Rink) as well as 

base sensitive linkers (Fmoc, oxime). 

Hydrogenolysis of the benzyl group of 5 to the acid 6, followed by coupling with Tentagel-S-NH2 

resin (Rapp Polymere) provided the polymer bound precursors 8a and 8b (Scheme 1). The polymer bound 

tryptophan analog 8a was subjected to the acid catalyzed Pictet-Spengler cyclization and acylation conditions as 

reported previously (Scheme 2). 9 Treatment of the functionalized polymer-bound I~ rbo l ine  derivative with 

TBAF in THF afforded, after aqueous work-up, the 13-carboline derivative 9 in 95% yield and 83% purity by 

HPLC. 10 
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Scheme 2: (a) 25% TFA/CH2Cl2; (b) benzaldehyde; (c) Ac20, pyridine; (d) 1 M Bu4NF/THF 

In the second example, polymer bound oxindole analog 81) was reacted with 3,5-di-t-butyl-4- 

hydroxybenzaldehyde in presence of pyrrolidine as shown in Scheme 3.11 Treatment of the polymer bound 

oxindole derivative with TBAF in THF afforded the functionalized oxindole analog 10 in 78% isolated yield 

and 92% purity by HPLC. I0 

OH 

"11 P90 " /  " v ' ~ ' ~ ' N  (78%) 

8b ~ ~ 10 

Scheme 3: (a) 4-hydroxy-3,5-di-t-butylbenzaldehyde IpyrrolldinelCH2CI2-MeOH (b)l M Bu4NF/THF 

In preliminary work, we have also demonstrated that primary alcohols, attached via the carbamate to the 

serine linker, are also quantitatively released by fluoride treatment. As an example, 3-pyridyl methanol 11 was 

coupled to the carbamoyl chloride 3 to form the alkyl carbamate 12. Treatment of this carbamate with TBAF 

resulted in the formation of the parent alcohol in 95% yield and >90% purity by NMR. 

TBAF/THF //N 

TI PSO" H O J O  ~ (95%) 

3 11 12 11 

In summary, we have developed a novel linker mechanism that is compatible with both acid as well as 

base chemistry in a multi-step solid-phase synthetic sequence. Efforts to expand the scope of this cyclization to 

include other favorable cyclizations, such as lactone formation, are currently underway. 
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