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Abstract: A hydroxymethylated polystyrene resin has been convened to its 
vinyisuifonylethyl ether (1) by DBU catalyzed addition of the hydmxy groups to divinyl 
sulfone. The support obtained was used to convert 5- and 6-(tetrahydropyran-2-yloxy)- 
1,2,3,4-tetrahydroisoquinolines to a set of N-alkylated tetrahydroisoquinolines bearing 
various 5- and 6-alkoxy substituents (Sa-m). The synthesis involved attachment of the 
slatting material to the support by Michael addition, acid-catalyzed removal of the 
~ 1  protection, Mitsunobu etherification, quaternarization with alkyl 
amines, and release in solution with diisopropylethylamine. © 1997 Elsevier Science Ltd. 

The solid phase synthesis of combinatorial libraries by computer controlled robots has become a 
routine techinque to obtain lead compounds for drug development.' The early emphasis has been on 
combinatorial assembly of large oligomeric compounds, such as peptides, peptoids and oligonucleotides, and 
their complex mixtures have been used in screening of the bioaffinity. More limited libraries of relatively 
small organic molecules that are prepared in a parallel mode have recently gained increasing popularity. Even 
the Intt~ syntheses are usually carried out by using solid supports and linkers adopted from peptide or 
oligonucleotide chemistry, 2 which inevitably restricts the choice of reactions applicable to the construction of 
the library. We now show that conversion of a hydroxymethylated polystyrene resin to its vinyisulfonylethyl 
ether (1) affords a rather versatile solid support for derivatization of secondary amines (Scheme 1). Michael 
additim of the amine to the vinyisulfonyl group yields a tertiary amine structure (3) that well stands acidic and 
basic conditions, and may also be expected to tolerate the conditions of numerous transformation reactions at 
the other functionalities of the attached amine. APter the desired derivatir-ation, the amine nitrogen may be 
qutemarized and the teaiary amine is released in solution by Hoffinan elimination. An analogous approach 
based en Michael addition to a resin-bound acrylate ester has recently been described) The earboxylic ester 
function, however, renders the linker rather susceptible to hydrolysis and other acyl substitutions, m striking 
contrast to the vinylsuifonyl linker. The applicability of support I was verified by preparing a set of N-alkyi-5- 
and -6-alkoxy-l,2,3,4-tetrahydroisoquinolines ($a-m), potential ligands of ct2-receptors, v/a addition of 5- or 
6-(tetrahydropyran-2-yioxy)-l,2,3,4-tetrahydroisoquinoline to the support, followed by deprotecticet, 
Mitsunobu displacement 4 , quternarization with various alkyl groups and release with diisopropylethylamine 
(Scheme 2). 

The solid support ! was obtained by treating the commercial hydroxymethylated polystyrene beads 
(Sigma; 0.2 g) in dry CH2CI2 (3.0 mL) with divinyl sulfone (2.0 nunol) and DBU (0.7 mmol) overnight at 
room temperature. The beads were washed with CH2CI2 (3×3 mL) and MeOH (3x3 mL), and dried under 
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reduced pressure prior to use. To detenninc the loading of vinyisulfonyi groups and to optimize the reaction 
conditions, 5-ethoxy-l,2,3,4-t~mhydroisoquinoline s (2: "R' = OEt, R 2 = H) was ~n=_ched to 1 to give 3, 
qutemized with Mel to 4, and released to solution as 5b with diisopropylcthylamine. The attachment of 2 (0.25 
mmol) to support 1 (50 rag) was carried out in DMF (4¢1 at room temperature), followed by washings with 
DMF, CH2Ch and MeOH (3x3mL each), and drying under reduced pressure. To convert 3 quantitatively to 4 
(R 3 = Me), 3 (15 nag) was tr~a_t~_ in DMF (1 mL) with Mel (1.6 mmol) from 0.5 to 18 h, and afLcr that again 
washed and dried as described above. 4 was finally suspended in CH2CI2 (1 mL) containing 
diisopropylethylaminc (0.3 retool). The amount of Sb released was ~ by RP HPLC (Purospher RP- 
1Be; 0.050 tool L 1 phosphate buffer, pH 2.0; flow rate 0.75 mL mina; ehitiou: 0-10 min buffer:McCN 9:1, 
10-30 min gradient to pure MeCN), using an authentic sample ~ of 5b as a standard. These analyses simwed 
that (i) the loading ranged from 200 to 270 pmol g-i, (ii) no UV-absorbing side products were formed, and 
(iii) rapid quatcrnarization (0.5 h) gave the highest yields (Table 1). 
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Scheme 1. PS = polystyrene, R I, R 2 = alkoxy or H, R ~ = alkyl, X = Br, I 

Table 1. Reaction times for quaternization of 5-ethoxy-l,2,3,4-tetrahydroisoqumolme on the vinyisulfonyl 
derivatized solid support 3 (R I = OEt, R 2 = ]-D and release of the tertiary amine (5; R l = OEt, R 2 = H ,  R 3 = 
Me) to solution. ° 

Entry Time of Time of release Yield of 5 
quatemisation (h) (ttmol g=) 

(h) 

1 18 18 210 
2 18 4 220 
3 18 1 240 
4 6 18 230 
5 1 18 270 
6 0.5 0.5 250 

"The quatemarization was camed out with MeI (1.6 mmol) in DMF (1 mL), and the release with 
diisopmpyleU~lamine (0.3 mmol) in CH2C12 (1 mL) at room temperature. 



8571 

The appScability of support 1 was demonstrated by preparing a small model library of substituted 
tetrabydrois(xluinolines bearin 8 various alkoxy substituents at C5 or C6 and alkyl groups at N2 (Ss-m). The 
procedure ~ is outlined in Scheme 2. 5- or 6-(tetrabydropyran-2-yloxy)-l,2,3,4-tetrabydroisoquinoline s 
was attached to solid support 1 to give 3a (50 m8), and the acetal protection was removed with TFA (2.6 
mmol) in a mixture of CH2C!2 and MeOH (1:1, v/v; 2 mL, overnisht at rt). The solid phase (31)) washed with 
CH2C12 and MeOH was then subjected to Mitsunobu reaction to introduce the desired alkoxy substituent. 
Convem~mml Mitsunobu reasents , triphenyl phusphine and DEAD, were found to give only a 10% yield, 
possibly due to liberation of heat upon addition of DEAD. By contrast tributyl phosphine - l , l ' -  
(azodicarbouyl)dipiperidine approach l° was successfully applied, u leading to 80-90% yields of Sa-m (Table 
2). The quatenmrizafiou was carried out with Eft, Pd and BnBr, in addition to Mel. Sam were identified by 
El-MS, and by RP I-IPLC spiking with au~nt ic  samplfs 12 prepared ill solutim. Thg yields determined by RP 
HPLC, using an anthe~c sample prepared in solution as a standard, ranged from 80 % to 100 % (with the 
exceptim of .f,¢ 40 % and .f,d 25 %). 

_ F'Bu~. ROH 
( ~  1 .l'-(~,~;,~t~nyt)-di~eeddim 

3 b  3c 

0 

Scheme 2. 

Table 2. The compounds synthesized by solid phase Mitsunobu reaction and subsequent N-alkylation on 
support 1. 

Entry R t R 2 R 3 R, ° El-MS 
(mm) (m/z) 

5a Me(3 H Me 3.2 177 
5b EtO H Me 8.1 191 
5¢ MeCHCHCH20 H Me I 7.3 217 
5d Me2CHCH20 H Me 18.0 219 
5e Ph(CH2)40 H Me 20.9 295 
5f H MeO Me 2.6 177 
5g H EtO Me 5.6 191 
5h H MeCHCHCH20 Me 16.6 217 
5i H Me2CHCH20 Me 17.8 219 
5j H Ph(CH2)40 Me 20.8 295 
5k F.tO H Et i 1.2 204 
51 EtO H Pr 16.0 218 
5m EtO H PhCHz 18.6 266 

~h~mspher RP-18e; 0.050 tool L" phosphate buffer, pH 2.0; flow rate 0.75 mL min~; elution: 0-10 rain buffer:MeCN 
9:1, 10-30 main gradient to pure MeCN. 
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