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Contents tophenone remains intact in solution [4]. Their properties have
successfully been extendedite selective reduction of, 3-

1. Synthetic Applications of Polymer-supported Borohydrideunsaturated cyanoacetates [8] and nitroalkenes [9]. Some se-
2. Metal-modified Borohydride Exchange Resins lected examples are presented in Scheme 1, giving an indica-
3. Reductive Amination of Carbonyl Compounds tion of the reducing power and the chemoselectivity of rea-
4. Natural Product Synthesis gentl.

Polymer-supported reagents have seen a renewed interest late-

ly [1]. The dramatic developments in the need for compound “ o
library preparation in pharmaceutical and agrochemical in- @NCHO _ LMeOH.t @A)
dustries has moved functionalized polymers from an academic ref. [5]
curiosity into a widely recognized synthetic technique. The

intrinsic advantage of this hybrid solid/solution phase tech- ﬂ\/L
nique lies in the simple purification typically associated with g /N0,
solid-phase organic synthesis which is combined with the flex-
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ibility of solution-phase chemistry. These reagents are typi- Br ref. [9]
cally employed in excess in order to drive the reaction to com- m 1, MeOH, 15°C x
pletion. Furthermore, they may be adapted to continuous flow N7 o NT  ref. [10]

processes and hence used in automated synthesis.

In numerous examples it has been demonstrated that poly-
meric supports are ideally suited for anchoring reduc’[antséCheme 1
The chemical modification of quaternary ammonium type
resins with NaBH (1) [2] and NaCNBH (2) furnishes high-
ly efficient and chemoselective reducing agents [3]. These Furthermore, a special application of these functionalized
functionalized polymers are simply prepared by passing apolymers is the reduction of aryl azides and arylsulfonyl azides
aqueous solution of the corresponding sodium salts over ® the corresponding aromatic amines and aryl-sulfonamides,
column of macroporous amberlyst A26 or amberlyte IRA 900respectively, in up to 98% yield [11].
(Cls-form) followed by washing with distilled water, metha-

nol and dryingn vacuofor several hours. 2. Metal-modified Borohydride Exchange Resins

® o ® O A very important modification of the borohydride exchange
NMes BH, NMe; CNBH; O - polystyrene resins (BER) is their combination with transition metal salts.
OJ O—/ crosslinked with Cross-linked poly(4-vinylpyridine)-supported zinc borohy-
bvB dride was used to reduce aldehydes in the presence of ke-
1 2 tones in high yields [12]. Likewise, unstable Zr(BHcould

be stabilized on polyvinylpyridine and used as an efficient
and regenerable polymer-supported transition metal borohy-
1. Synthetic Applications of Polymer-supported Boro- dride reagent [13].

hydride

Borohydride containing resins have been utilized in many ® 0O ® o

organic transformations including the reduction of aldehydes NMe, BH, / Ni(QAc), (cat.) NMeg BH, / CuSO, (cat.)
and ketones [4]¢,B-unsaturated carbonyl-compounds [5], OJ O_/

benzyl- and primary alkyl halides [6] and aliphatic acid clo- 3 4

rides [7]. Resirl shows remarkable chemoselectivifyg. in
the presence of polymer-bound borohydride, benzaldehyde The addition of a catalytic amount of nickel(Il) acetate or
is exclusively reduced to benzyl alcohol in ethanol while acenickel(ll) chloride affords the powerful and highly chemose-
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lective functionalized polymed[14] which allows reduction The synthesis of thiols from alkyl halideis thioacetates

of nitro [15] and azido [16] groups as well as aryloximes [17]has been achieved with two functionalized polymers (Scheme

to the corresponding primary amines. Alkyl and aryl halides3). In the presence of reagdnipalladium-catalyzed metha-

[10, 18], tosylates [18] and remarkably also benzaldehydegolysis of thioacetates furnishes thiols [21]. Prior to this step,

[19] are converted into alkanes in moderate to excellent yieldsalkyl halides were converted into the thioacetates using the
appropriately loaded ion-exchange resin

R-N3 , R-NO, » R7NH cl
N
_//NOH —
R _O_\f\IBM @BH4 R=CH,NH,
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NMe; ¢
0 Q@ © SH
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X Pd(OAC), / MeOH, A
Scheme 2 98%

When borohydride is attached to Amberlite IRA 400 andgcpeme 3

treated with a catalytic amount of Cup@ functionalized

polymer4 with strong reducing properties towards different

functional groups is obtained. Some selected examples are

listed in table 1 [20]. Reagedtis particular useful for the 3. Reductive Amination of Carbonyl Compounds

reduction of alkyl halides including aryl iodides as well as ) . ] )

azides, aldehydes and ketones. Some functional groups likgorohydride-exchange-resihand2 are ideally suited for

nitriles and particularly esters as well as amides are poor subtse in the reductive amination of carbonyl compounds be-

strates. Alkenic double bonds when in conjugation with aryicause workup is highly simplified [22, 23]. The reaction can

or carbonyl groups are readily hydrogenated. be driven to completion if the amine is employed in excess
and finally removed by addition of polymer-supported carb-

Table 1 Reductive properties of BER treated with CySO oxaldehydes. By this sequence, a small group of secondary

(cat). amines was generated (Scheme 4) [24].

Starting Conditions Product Yield

material % ® o
NH, O/\NMe3 BH, , |
NH
CHO cHo 1 N
@ 4, MeOH 99 o/ H
— = >
YD
N
H

4, MeOH
0.5h, 1t

O
Me/\)]\OEt
OH
4, MeOH
—_— ©/\) >99
1h, rt
Br :
/©/NH2
Cl
©/NH2

87 - >99% yield, 81 - 97% LC purity
>99

Scheme 4

In analogy to these results, libraries of amines and sulfon-
amides were prepared in a three-step process fully controlled
by polymer-supported reagents (Scheme 5) [25]. A set of ben-
97 zyl alcohols was oxidized to the corresponding aldehydes fol-
lowed by reductive amination in the usual way using rea-
gents2 and?. Finally, the secondary amines were further func-
tionalized using sulfonated amino pyridine polyn&wehich
promote sulfonation to sulfonamides. By using this technique,
94 the preparation of a medium sized compound library was
achieved. It should be noted, that polymer-supported synthetic
sequences of this kind can be conducted with the same tech-
nical equipment for parallization that is used in combinatori-
al synthesis.

Ley and coworkers developed a route to piperidino-thio-
morpholines using a series of polymer-anchored reagents

4, MeOH
6h, rt

©/\VCHO
|
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® 0O ® o Ho
NMe; RuO, OJNM% BHa Oj
L o_/ MeO. CHO 1 HN MeO. N
o SR o g g
7 ® O MeO 98% MeO
NMez BHZCN o ® 5
2. H,NR?, O_/ Z NMe; BH, OH
2 MeO. O—/ 1 Z,
Me @ H —> Mo N
O DO 2
. 3 » MeO
Cl R? (+/-)-oxomaritine 11 (+/-)-epimaritine 12
1 SoH ® = RN
SO4R® Scheme 7

intermediate amines: 88 examples, 35 - 92% LC purity
sulfonamides: 7 examples, >82% yield, > 90% LC purity.

verted into the corresponding aldehyde by a reduction/oxida-
Scheme 5 tion protocol using polymer-supported reagehtand 14.
Polymer-promoted Henry reaction and elimination followed
by thermal Diels—Alder reaction in an undried, sealed vial
initially provided trans-configured cyclohexanon&b. The
C?ynthesis was continued by polymer-supported reduction of
the ketone and mesylation using functionalized polyriers
and16. The amino group was then elaborated by reduction of
the nitro group using the nickel-modified BER-readefithe
authors note that polymer-supported borohydride with NiCl
6H,0 is superior to NaBJ16H,0. Unlike other hydrogena-
Qsow tion methods (Hand Rh/ALO; Pd/C or PtQ) or transfer
o hydrogenation protocols (HG®8H,, Pd/C) the polymer-sup-

ion-exchange-mediated removal dfl@oc-protection using
acidic reagen® allowed for intramolecular imine formation
which was followed by polymer-supported reduction with cy-
anoborohydride3).

NHBoc

H o © (\NH ported reducing agef3tdoes not attack the labile chloro sub-
s QNMes BHZCN S stituent of the pyridyl ring. The synthesis of (+/-)-epibati-
® 2 dine was finally terminated by transannular cyclization and
N o N epimerization.
®/502 50,
\ S \ s @ €)
NMe; BH,
Qo o
@ o IS

Scheme 6 i NV, Ruo, |

Sl =iy o NG

c” N 90% N Hc/@ NG,
13 15
® ©
. NMe; BH,
4. Natural Product Synthesis 1 ) o NCL6HO (cat), owe
Me, z -

Reductive amination of aldehydes promoted by functional- 2 Mscl ‘N@N %Mes BH? \
ized polymers have proven to be important preparative steps LN Q7 s , @ I
in the synthesis of various alkaloids. Thus, a concise synthe- 81% a7 N 69%  CI7 N 2
sis of (+/-)-oxomaritidine1) and (+/-)-epimaritiding¢12) l
was achieved by a sequence of five- and six, respectively, l

consecutive polymer-supported steps (Scheme 7) [27]. The
synthesis is initiated by a reductive amination step leading to
secondary aming0. Further modification of the amino group

set the stage for an intramolecular phenolic oxidative cycli-

zation which after a spontaneous intramolecular 1,4-addition

of the intermediate amine afforded (+/-)-oxomaritiditie

The sequence was terminated by reduction of the keto groupcheme 8
to provide (+/-)-epimaritidinel@).

For the synthesis of the potent analgesic compound (+/-)- . . . .
epibatidine,y isolated from trﬁ)e Ecuadorigan poisoanEp'gpe-( " itis noteworthy that the synthesis was achieved without
dobates tricolorLey and coworkers designed an even longerchromatographic purification, with excellent yields for most
synthetic sequence [28] mainly based on polymer-supportegt€PS and importantly with minimum optimization, a clear
reagents (Scheme 8). Three of these steps involved the usedtvantage of functionalized polymers, including BER-rea-
borohydride exchange resins. Thus, acid chldi®lwas con- S-

rac-exo-epibatidine
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