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Traceless Solid-Phase Synthesis of Scheme 1
Carbolinones Q
R 1. Rz);\H, MgS04, MeOH .
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Department of Chemistry, National Central Waisity, 2

Chung-Li, Taiwan 32054 7 was difficult to alkylate selectively in the presence of

. unsubstituted carbamate nitrogen. The use of NaH either in
Receied July 25, 2004 dimethyl formamide (DMF¥ or in dimethyl sulfoxide
(DMSO)*° gave adequate selectivity in solution. However,

Introduction. The search for organic lead compoundsas ' . ~. ) . -
: . . in liquid- and solid-phase synthesis, the selectivity was poor
a part of drug discovery necessitates screening a large number

of compoundé:? Solid-phase synthesis is an effective tool S el when the solvent was changed to tetrahydrofuran
pounds:= P ynt : , (THF). Other reagents, such as,C8&s;, CsOH, 4-{,N-
to prepare libraries of drug candidates in a time- and cost- . ) - . .

. L . ., dimethylamino)pyridine (DMAP), and 1,8-diazabicyclo-
effective manner. Liquid-phase synthesis is also rapidly [5.4.0]undec-7-ene (DBU), did not yield the desired product
developing as a useful adjunct to the solid-phase techrfique. in. <')0d ields. After extens:ive trialsyselective alk IatiF())n was
We have developed a new methodology to synthesize 9 y ’ ’ Y

carbolinones using soluble and insoluble polymer supports. a‘;f,"e"eo! using potgssMart—butomde n DMF.tO give resin
Tetrahydrop-carbolines are found abundantly in the plant 8- 1n th'.s conver3|o.n, not only the propo_rtlon_ of reagents
kingdom, and many of them exhibit bioactivitig-Car- (alkyl halide/base, 1:2) but also the reaction time (15 min)
bolinone,s that is, 1-0xo derivatives @farboline, occurring was critical for the desired selectivity. After obtaining resin
in many natural products also possess significant bioactivities, 8, wo routes_ (routg s A and B) were followed. Route A was

- . : . ~’for the case in which Rwas a hydrogen atom, and route B
such as affinity for the benzodiazepine receptor, antileukemic . . .
properties, and central nervous system depregsginych- was for the case in which®Rwas an alkyl substituent. In
nocarpine’ found irStrychnos elaeocarpand Strychnos route A, the carbamate nitrogen was substituted with an alkyl
floribunda, contains the carbolinone moiety and is reported E{:ﬁF?n(g\/ll;s,'tgga;zfLrjessﬁ:;ylshsle'giissérzr(t)r:ﬁep;gi:nnd%e of
as a weak muscle relaxant and 5-hydroxytryptamine receptor(route B) were further c clized by the BischieNapieralski
stimulant® Due to such a broad range of interesting activities, Y y P

) . . : reaction?! There are several reports of the use of Bischler
researchers are interested in the chemistryg-gfrboline . . o S . . 29
L . ! ; Napieralski cyclization reaction in solution chemisti#;
related derivatives in solutidn® as well as on solid

supportg15 Most of the reported solid-phase syntheses of however, the_ app[|cat|0n of this reacl:tlon n I|qU|d-_and solid-
. . . phase chemistry is reported rarél! After a considerable
carbolines leave residues on the final products. Moreover,

syntheses of-carbolinones on solid supports or in liquid- number of expgriments, phosphorus pentoxide in d_istilled
phase are not reported. We present here the first traceles OCk was applied successfully to cleave produc(sntries

- . . —6) from the solid support®.

solid- and liquid-phase methodology to prepasearbolinone : . .

derivativesqi) pcr:)ssessing four pc%ts gf d?\?ersity. Sphdehase Synthesis (Entrles%’12): Alter SU.CC?SSfUI
Results and Discussion. Liquid-Phase Synthesis (En- application of the above approach in the liquid-phase

tries 1—6). The secondary amines used in liquid-phase zﬁnthoeris,toco:gsgutrllqdes\%rlsz;/vﬂﬁtre Osfyﬂfgeiﬁgoﬂoso"for
synthesis were obtained by a traditional solution reaction bp P Y 9y

(Scheme 1) using reductive amination of compouads solid—phasg synthesis. In the solid.—phase route, hydroxy-
which were treated with aldehydesin methanol in the methyl resin !‘O) was used as a solid quport (Scheme 3)
presence of MgS§ and the resulting imine adducts were that was activated as described previotfsly and was

reduced with NaBl This was to enhance the applicability icz)uPrlﬁs \rlwmgrgzggl)gn:jczl(i(zllf:it?/vzfr:mIr??%ﬁﬁi?@oﬁi?n
of the present methodology by avoiding the potentially frdm the c{)rres onding amino acidsgné)thion | chloride in
difficult alkylation of carbamates in liquid- or solid-phase ) ponding y
. . methanoF? The resin-bound methyl ester Ir2 was reduced

synthetic sequence. However, some of primary antnesre . . ; .

- : ) . with LiBH, to the corresponding alcohol. Mitsunobu
alkylated by liquid- and solid-phase reactions, also (entries coupling®3 with thiophenol was attempted to transform
1-4,7-9 and 1112 in Table 1). In liquid-phase synthesis P P P

. ) . the resulting alcohol into thioether under traditional solution
(Scheme 2), a primary amirgor a secondary amingéwas ; . : .
. . . reaction conditions, which gave a chromatographically
coupled to obtain carbamatewith a soluble resifpoly-

(ethylene glycol)monomethyl etheof MW 5000 (MeO- inseparable mixture in 80% yield. However, in solid-phase

; . X . 0
PEG-OH) 6) which was activated by reacting with 4-nitro- synthesis, Mitsunobu coupling gave very low yiefd1(0%).

) ) . Alternatively, the hydroxyl group was converted to a good
16,17
phenyl chloroformateg).**’ The indole nitrogen in carbamate leaving group (OMs, compound3) by reacting with

*To whom correspondence should be addressed. Fe8g6-3-427- methanesulfonyl chloride (MsCI) in the presence of diiso-
7972. E-mail: chOl@ncu.edu.tw. propylethylamine (DIPEA) in methylene chlorid&3 Me-
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Table 1. Carbolinones Generated on Solid Support

Entries 1 R! R* R® R’ Overall Yields

1 la H Hch CH;

61%
2 1b H CH3 CH3 62%

3 lc OMe CH;3 CH;3 55%

4 1d H /\@ CH;
HoC

H,C
5 le H CH; Q
6 f H CH,CH; H20—©

58%

72%

65%

57%

9 li H H,C CH,CH; H,CS 54%

10 1j H 50%

11 1k H CH; H 65%

H
H
H
H
H
H
8 1h H HZC—Q CH; HZCSO 56%
H H
H
H

63%

12 I H H2c© H

aReported yields are isolated yields after flash chromatography on silica gel. The overall yields are based on the initial loading of the
soluble resin, Me®PEG-OH, or the hydroxymethyl resin.

1. 4-nitrophenyl chloroformate 6, R?
DIPEA, CH.ClI, a !INI
OH
Qo = T
MeO-PEG-OH o] N
5 2 { 3 NHR®, DIPEA, DMF 7 i

Scheme 2

N
H
3 _ 2
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1 1
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R1
N
kO
RO =R%orR®
1

sylate13 was further treated with thiophend# using NaH reaction was used as described above to cyclize and cleave
in DMF to obtain the desired thioeth&b.3°4°The selective ~ productsl (entries 79) from solid supports, with overall
alkylation of the indol nitrogen in thioethet5 and the yields ranging from 54 to 57%, as shown in Table 1.
subsequent alkylation of the carbamate nitrogen as described Considering the presence of this kind of template in many
in Scheme 2 furnished resié. The Bischlera-Napieralski natural products, the present methodology was extended to
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Scheme 3
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1. 4-nitrophenyl chloroformate,
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R3
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synthesize compountj (entry 10) having a proton on the  gcheme 5

indol nitrogen (Scheme 4). It was not possible to synthesize H
this type of compound using the sequence of reactions shown\/O\n/N\/\E@ Hexamethyldisiloxane Q—QNH
o N N
\ I ©

in Scheme 2 because temporagyt-butoxycarbonyl (Boc) POCI3 P20s
protection of the indol nitrogen was cleaved in the next step
of alkylation of the carbamate nitrogen. Hence, a prealkylated
amine4 was coupled with the activated solid support, as

described in Scheme 3, to yield redify which was subjected  I"d t0 reported methods using oxalyl chloride/Fe€land
to the BischlerNapieralski cyclization to afford compound  tfifluoromethanesulfonic anhydride/DMA®Pbut both meth-

1j in 50% overall yield. This conversion is unique because ©ds gave low yields{30%). When the Boc group was used
none of reported methodologies is able to synthesize thisFO protect carbamate nltrogen, it was observed that NaH used
kind of template on solid supports. in the next step for alkylation caused deprotection. Further,
To further demonstrate the synthetic utility of this & differentapproach of temporarily protecting the carbamate
methodology, we became interested in optimizing the presenthitrogen in situ was adopted. Initially, various reaction
methodology to produce compountlk and 1! (entries 11 conditions usingtert-butyldimethylsilyl trifluoromethane-
and 12), in which a hydrogen atom is present on the nitrogen sulfonate (TBDMSOTf) with EOs in POCE were studied,
N-2 in carbolinones. The presence of a hydrogen atom onbut <20% yields were obtained. Finally, hexamethyldisi-
the nitrogen N-2 may enhance interactions with receptors loxane was used instead (Scheme 5), giving the desired
through hydrogen bonding. All reported methodologies fail product in good yield (80%). This new reaction was
to produce such carbolinone analogues in good yield. To optimized for solid-phase synthesis using various proportions
obtain such compounds, the resin having a hydrogen atomof reagents to obtain maximum yield. After a considerable
on the carbamate nitrogen was used for cyclization, but the number of experiments, hexamethyldisiloxane ap@sRn
above BischlerNapieralski conditions provided the desired distilled POC} afforded compoundk in 65% overall yield
product in very low yield. Hence, model studies were from hydroxymethyl resinX0) (Scheme 6).

performed in traditional solution reaction conditions accord-
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Hexamethyldisiloxane
POCI; P,0s

In conclusion, we have successfully developed a combi-

natorial methodology for the synthesis gfcarbolinones

having four points of diversity and possessing a proton on

the indol nitrogen. This new methodology is able to produce

carbolinones possessing a proton on nitrogen N-2 for solid-

phase synthesis. The four points of diversity in these
derivatives provide enough freedom for the incorporation of
various hydrophobic and hydrophilic groups that may be

useful to enhance interactions with receptors. Moreover, this
methodology is traceless because the resulted derivatives do

not carry any fragment of linker moieties and is versatile to
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