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Mannich Reactions of Resin-Bound Substrates: 2.
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Abstract: Alkynes, secondary amines and aldehydes, in the presence of a copper (I) sait, undergo
Aannich reactions to afford the Luuespﬁudiﬁg aminometh }mkyﬂ_'y'A adducts on a solid support.
ny member of this three-component reaction system can be immobilized on a resin providing

ee distinct routes for the generation of structurally diverse compound libraries.
© 1998 Elsevier Science Ltd. All rights reserved.
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Multi-component reaction systems are highly valued in Solid Phase Organic Synthesis (SPOS) because
several elements of diversity can be introduced in a single transformation. The Passerini reaction, namely
treatment of a carboxylic acid with an isonitrile and aldehyde to afford amido-esters, is an example of a three
component system that has been successfully adapted for use in SPOS.! Similarly, the Ugi reaction (four
components) has been carried out on resin-bound substrates to afford diverse librz

The Mannich reaction is a classic three-component system in which “hydrogen-active” substrates react with
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technology. In their work, resin-bound silyl enol ethers reacted with imines that were preformed via the

reaction of amines with aldehydes in the presence of a Lewis acid catalyst and a dehydrating agent.

presence of a copper(I) salt.” We recently reported on Mannich reactions of a resin-bound alkyne without the
need to preform the imine separately.6 In this paper, we demonstrate that either of the remaining two

components, namely the amine or r aldehyde, when immobilized on

esin, similarly afford the desired
Mannich adducts. Furthermore, we report that a variety of aldehydes smoothly react with immobilized amin
thereby expanding the utility of this methodology.

We believe that this SPOS strategy is powerful for several reasons. Any single component can be
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immobilized on
perspective. Structurally diverse compound libraries can be readily prepared due to the numerous amines,
aldehydes and alkynes that are either commercially available or easily synthesized. The alkyne moiety itself

element of diversity; progress in this area will be the subject of future reports. In this regard, it shouid be
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noted that many functional groups are tolerant to the reaction conditions.™>® Lastly, reactions are typically very
efficient and isolated products are usually of high purity.

Commercially available 2-chlorotrityl chloride resin was treated with piperazine and washed.”® The resin-
bound amine was then subjected to Mannich reaction conditions. In general, the overall conversion to product
is efficient (often >80%) and in most cases, the final crude products are quite pure (>80%) (Table 1). For
example, a screw capped fritted glass reaction vessel was charged with the resin (0.30 g, 0.75 mmol/g, 0.225
mmol), Cu(D)Cl (45 mg, 0.45 mmol) and benzaldehyde (0.160 mL, 1.57 mmol). After shaking for 0.5 h,
phenylacetylene (0.173 mL, 1.57 mmol) was added to the mixture, and the reaction vessel was heated to 85°C
with shaking for 3 h. The resin was filtered hot and washed thoroughly.’ Cleavage of the desired product
from the solid support was accomplished by subsequent reaction with trifluoroacetic acid (TFA)-
dichloromethane (1/1; v/v) for 5 min.® Evaporation of the solvents under nitrogen gave the desired Mannich

adduct'® as a bis-TFA salt, 98 mg (86%) as an oil: "H NMR (DMSO-d) & 2.65-2.90 (m, 4H), 3.05-3.18 (m,

2H), 3.28-3.39 (m, 2H), 5.18 (s, 1H), 7.32-7.48 (m, 6H), 7.55-7.65 (m, 4H), 8.87 (br s, 2H) and 9.43 (br s,
IH). MS: m/z 277 (MH")
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Alternatively, the aldehyde component was immobilized via attachment to a resin; in this case, 3-
hydroxybenzaldehyde was coupled to the Wang resin via reaction with NNN’ N’-
tetramethylazodicarboxamide and tributylphosphine.'!' The resin-bound aldehyde was then subjected to
Mannich conditions and cleavage from the resin to afford the desired products (2) (Table 2). These
preliminary results indicate that the lower yield of the Mannich adducts from the resin-bound aldehyde may be

due to incomplete iminium formation.

Table 1: Mannich Adducts (1) From Resin-Bound Piperazine

Purity:
R' R’ HPLC M+H"
Ph Ph 89% 277
Ph 4-CI1-Ph 78% 311
Ph 4-pentyl-Ph 52% 347
Ph -CH,OCHj3; 90% 245
Ph butyl 91% 257
Ph -CH,Ph 95% 291
3-Cl-Ph Ph 91% 311
3-Cl-Ph 4-Cl-Ph 82% 346
3-Cl-Ph 4-pentyl-Ph 95% 382
3-Cl1-Ph -CH;OCHj; 949 279
3-Cl-Ph butyl 95% 291
4-Cl-Ph Ph 87% 311
4-Cl-Ph 4-Cl-Ph 92% 346
4-Cl-Ph 4-pentyl-Ph 89% 382
3,5-(CF3),-Ph Ph 7% 413
3,5-(CF3),-Ph 4-Cl-Ph 86% 447
3,5-(CF3),-Ph 4-pentyl-Ph 87% 483
2-naphthyl 4-Cl-Ph 75% 361
2-naphthyl CH,0CH; 93% 295
2-naphthyl butyl 94% 307
1-naphthyl 4-Cl-Ph 53% 361

Table 2: Mannich Adducts (2) From Resin-Bound Benzaldehyde

Purity*:
Amine (R/R) R’ HPLC M+H*
phenylpiperazine Ph 74% 369
phenylpiperazine butyl 34% 349
phenylpiperazine TMS- 27% 365

*_contains 10%-15% of N,N,N’N’-tetramethylhydrazodicarboxamide from coupling to resin.
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Summary. In general, the Mannich reactions of resin-bound amines proceeded smoothly (Table 1) while
m

dehyde was immobilized were somewhat problematic (Table 2). We ar

currently exploring ways to improve the efficiency of this transformation. In our earlier work,® we
demonstrated that the alkyne component can similarly be attached to a solid support and undergo Mannich
condensation with amines and (para)formaldehyde with high efficiency. Collectively, these studies
demonstrate a versatile three-component solid-phase methodology that is based upon the Mannich reactions of

amines, aldehydes and alkynes.
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