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Abstract: A new type of polymer-supnorted amine, p-benzyloxybenzylamine (ROBRA)

resin, has been developed BOBA resin is readil 'y prepared from Memf eld’s resin in
two steps. Polymer—supported imines prepared from aldehydes and BOBA reszn
reacted with silyl enolates in the presence of a catalytic amount of Yb(OTf)3 to aj_}ara
the corresponding adducts. Cleavage from the polymer support was carried out using

TMSOTf or DDQ to give different lypes of products in good yzelds © 1998 Elsevier Science
Ltd. All rights reserved.

Polymer-supported amines are useful not only in solid-phase peptide synthesis but also in the preparation

of many biologically important nitrogen-containing compounds. Although several polymer-supported amines
hava alrandy haan rannrtad "tranac" Af tha nalumer ciinnarte ramainad an the nitraosn atnme aftar nlaavaas
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from the supports in most cases.! "Traceless” linker resins such as Rink and Seiber amide resins have been
developed,Z however, rather iong transformations are needed for their preparation. Moreover, strong acidic
conditions are often required for cleavage from these resins. To solve these problems, we designed p-
benzyloxybenzylamine (BOBA) resin (1). Resin 1 could be readily prepared, and cleavage at two possible
positions under different conditions was expected. Namely, while cleavage at position A could occur under
weak acidic conditions, cleavage at position B could take place under oxidative conditions. In this paper, we

report the preparation and use of 1 in solid-phase organic synthesis.
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BOBA resin (1) was prepared according to Scheme 1. Chloromethylated polystyrene resin 2
(Merrifield's resin, 1% cross-linked) was treated with p-hydroxybenzamide in the presence of sodium
hydroxide in dimethylsulfoxide (DMSO). Formation of amide resin 3 was monitored using Swollen-Resin
Magic Angle Spinning (SR-MAS) NMR3 and IR spectra. Amide resin 3 was treated with
boranesdimethysulfide in DME under reflux conditions to afford 1 in a high yield. The loading of 1 was
m the loading of FMOC derivative 4, determined by the FMOC release UV assay.4
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Scheme 1. Preparation of BOBA Resin (1)

BOBA resin (1) thus prepared was evaluated in imine formation> and successive Mannich-type (imino
aldol) reactions (Scheme 2).6 Benzaldehyde was treated with 1 in the presence of acetic acid in
dimethylformamide (DMF). Imine formation was confirmed by IR spectra. Polymer-supported imine 5a was
then treated with silyl enolate 6a in the presence of 20 mol% of Yb(OTf)3 in dichloromethane at room
temperature (rt) for 20 h. After the reaction, some cleavage methods were tested. When trifluoroacetic acid
(TFA) was used, cleavage occured at 60 °C for 3 h to afford amino ester 8a in a 73% yield. In the case using

1Ly

more acidic trifluoromethanesulfonic acid (TfOH), the cleavage took place at rt. It is noted that amino ester 8a
i 1
On the other hand, while no product was obtained by using TFA or Tfi
the reaction of 5a with silyi enolate 6b, the desired adduct 8b was produced in a 78% yield by using’
Decomposition of the adduct was observed under strong acidic conditions using TFA or TfOH. We next tried
to cleave free amino esters directly from the polymer support under oxidative conditions. After several trials,
2,3-dichlor-5,6-dicyano-1,4-benzoquinone (DDQ) was found to be quite effective for the cleavage.8 Although
the desired adduct (9a) was obtained in an 18% yield in dichloromethane, it was found that choice of solvents

was essential in this cleavage, and that the yield was improved to 63% when benzene was used as a solvent.
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Scheme 2. Imine Formation and Mannich-type Reactions Using BOBA Resin

We then examined the preparation of polymer-supported imine 5b (a representative aliphatic imine) and
its reactions with a silyl enolate. It is known that imines derived from aliphatic aldehydes are unstable and are
difficult to isolate. On the other hand, polymer-supported imine Sb was identified by IR spectra after a usual
work up. 5b was treated with 6a in the presence of 30 mol% Yb(OTf)3 in dichloromethane at rt to afford the

red amino ester (8c) in a 45% yield after cleavage from the support using TMSOTY. Although the yield



was moderate, interesting solvent effects in the Mannich-type reaction were found at this stage. The yield was
improved to 73% when an acetonitrile-dicloromethane (1:1) solvent was used, while only a 36% yield of 8¢
was obtained using acetonitrile as a solvent.

Several examples of the Mannich-type reactions of polymer-supported imines based on BOBA resin with
silyl enolate 6a are summarized in Table 1. In all cases using imines derived from aromatic, aliphatic, and
heterocyclic aldehydes, the reactions proceeded smoothly in the presence of 30 mol% Yb(OTf)3 in acetonitrile-
dichloromethane (1:1) at rt. While (N-4-hydroxy benzyl)amino esters (8) were obtained by using TMSOTT as

5 (3 were nroduced when DDQ was emnp
(?) were procduced when DDQ was employ 1 L
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Ph 98 84
p-CIPh 60 50
p-MePh 82 73
2-pyridyl 59 64
c-CeH14 77 81

In summary, a new type of polymer-supported amine, BOBA resin (1), has been developed. BOBA
resin is readily prepared and cleaved at two positions under different conditions (L.ewis acidic conditions and

oxidative conditions). Further progress using BOBA resin in other solid-phase organic syntheses is now in

progress.

Preparation of BOBA Resin (1): To 4-hydroxybenzamide (5.60 g, 40.8 mmol) in DMSO (65 ml)
was added NaOH (1.80 g, 45 mmol) at rt. The mixture was stirred for 1 h at 90 °C, and chloromethylated
polystyrene resin 2 (1%-cross linked, 15 g, 1.0 mmol/g) was added to the mixture at rt. The mixture was

stirred for an additional 3 h at 90 °C. The resin was washed with water, THF, and ether and dried under
reduced pressure to afford the amide resin (3). The amide resin thus prepared was treated with BH3*SMe; (7.5
ml) in DME (300 ml). The mixture was stirred under reflux conditions for 20 h and then quenched by adding
water. The resin was treated with 10% NaOH aq. (50 ml) in THF (200 ml) for 10 h at rt and washed with
water, THF, and ether. The resin was dried under reduced pressure to afford BOBA resin (1, 0.87 mmol/g,
94%).

washed with DMF. This treatment was repeated for complete formation of the imine. The resin was washed
with CH,Cl; and dried under reduced pressure to give the imine resin (5). To this imine resin thus obtained
and Yb(OTf)3 (0.11 mmol) in CH2Clp/CH3CN = 1/1 (12 ml) was added a silyl enolate (1.15 mmol) at rt. The
mixture was stirred for 20 h at this temperature and saturated NaHCO3 aq. was then added. The resin (7) was
washed with water, THF, and ether and dried under reduced pressure.

Cleavage from the Polymer Support Using TMSOTf: The resin (7) was treated with TMSOTf
3.5 mmol) in CH>Cl5 (12 ml) at rt for 3 h and saturated NaHCO3 aq. was then added. The aqueous layer was
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NapSO4. After removal of the solvents, the crude product was purified by preparative TLC to afford the amino

ester (8).

Cleavage from the Polymer Support Using DDQ: The resin (7) was treated with DDQ (1.15
mmol) in benzene (12 ml) at rt for 3 h and 5% aqueous ascorbic acid and saturated NaHCO3 aq. were then
added. The aqueous layer was extracted with ethyl acetate. The combined organic layer was washed with
saturated NaCl aq. and dried over NapSOy4. After removal of the solvents, the crude product was purified by
preparative TLC to afford the traceless amino ester (9).
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