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Abstract: Six novel, asymmetric, 19- to 26-membered polyazadipyridinocyclophane scaffolds 1-6 have
been synthesized in high yields by an efficient cyclization of ditosylate 39 with the appropriate six fully

protected triamines 40-45, followed hv remmnqc the 2-nitrobenzenesulfonvl nrotectine  orpuns
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Intermediate 39 was synthesized by the Mitsunobu reaction of 2-nitrobenzenesulfonamide (37) with 2,6-
pyridinedimethanol (36), and a subsequent tosylation of the resulted diol 38. The fully protected
asymmetn'c triamines 41 and 43 were prepared from the corresponding commercially available triamines
53 A new synihetic rouie was deveioped for the synthesis of the protecied asymmeiric triamines

45. All reactions were carried out at room temperature in high yields. The reaction of r-Boc-
protected scaffold 1, having three reactive sites, with nine benzylic bromides and bromoacetonitrile, using a
solution phase simultaneous addition of functionalities combinatorial strategy, gave t-Boc-protected library
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reactions at th¢ unsubsiituied position of 8 with various fu
tvnes of reactions oave sixteen final libraries 9-24. Libraries 7-24 have different functionalities al

position, and each of them contains 1000 compounds. The reaction of scaffold 2, having four reactive sites
without protecting groups, with six sets of polar functionalities afforded eleven diverse libraries 25-35
containing 625 compounds in each library. Totally, twenty-ninc libran'cx‘ containing 24875 compounds
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were obiained. Eight librarics exhibiicd antibacierial activity against Lscrerichia coli imp~ ad
‘.'trpnt{){‘r)rru_g pyongenes with the MIC'S of 2 to 10-50 ;LM. Seven l_b‘n____x dismipted HIV-1 tat/TAR

protein-RNA interactions with ICs5g’s as low as 0.08 pM. © 1998 Elsevier Science Litd. All rights reserved.
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optimization.] The vast majority of oligomeric? and small molecule3 libraries have been generated by solid
phase or liquid phase approaches.# Solution phase combinatorial approach has recently begun to attract
attention as an alternative for the generation of parallel single compound libraries,S indexed libraries,® and
complex libraries.” Solid supports have been successfully used for the purification of single compounds and
complex libraries generated by solution phase approaches.® As a complementary approach to solid phase
chemistry, a simultancous addition of functionalities in solution approach has been developed using chemically

modifying pre-formed asymmetric scaffolds.9-11 Series of polyazacyclophane®10 and linear!! libraries have

been generated, and some unique antibacterial compounds were identified. This solution phase combinatorial
annraach allowe far a ranid and continnal chanee in the ccaffolds and functionalities hv traditional oreanic
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ecause a wide ra 18€ ¢ of ¢ ng,‘uub reactions can be
used by this convenient method, one can easily introduce some desired information into scaffolds and libraries,
and subsequently, one can rapidly modify libraries according to biological results.

0040-4020/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved.
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the molecules in the library.
Examples include linear peptides or oligonucleotides, 1,4-benzodiazepines, purines, polyazacyclophanes, and
others. In the solution phase simultaneous addition of functionalities approach, compounds with more than one
reactive position can be used as scaffolds. For example, Rebek and co-workers7b-€ used tetra-carboxylic acid
chloride substituted xanthene and cubane as scaffolds to prepare amide libraries by simultaneously adding a
mixture of amino acids, and then employed a reverse iterative deconvolution procedure to find active
compounds. One obvious disadvantage is that these scaffolds are symmetric which reduces the complexity of

the libraries. We choose asymmetric polyazacyclophanes, which are conformationally constrained, as scaffolds

Fy.
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Figure 1. Structures of New Scaffolds 1-6 and libraries 7-24 with different functionalities

A ooy inatarializatinn TTtilizatinn of flavihle malacrinlae ench ac linear nalvaminac in a lihrarv will cearch a
LUL VULLIULILIAWR LARLLQUIUIEL SNMMAMZAUINEL ULl 1AV ALURwW 11MVIIVW ULRWYD OUWEL A0 Bisivias y\}l] CALARRRAN/D ALK A 11U lul] YV IiA OViALWIL W@
ceantae afeintiien amarms ] e sl Lis desnien BELoales b sniemari A ne dimitinl aatioitsr bt wxrith loasss A8 M lte; £ tha
Ereaier Surucurc Spdcc did, Uius, will D NOIT HKE1Y W0 Proviac dil iintdl aCuvily out wWildl 1I0W dllifity 101 uic

target molecules. More conformationally constrained molecule libraries may not as often exhibit activity as
flexible molecule libraries but, when they do, there is a potential for the final compounds to exhibit significantly
greater activity.12 Polyazacyclophane scaffolds can be synthesized conveniently. Libraries based on these
scaffolds can be made with conformational constraints in different levels and with different molecular weights
by changing the ring size and shape of the scaffolds. Also, the number of compounds in a library can be easily
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positions or functionalities. Utili lizing the fix last approach,
one position is protecied in the combinatorialization process. Deprotection and further reaction on the unreacied
position convert the library to different libraries and increase the diversity.10 In our efforts, we have
synthesized libraries based on polyazapyridinocyclophanes.? 10,13 Some of these libraries demonstrated potent
antimicrobial activities and provided useful information to guide our future studies. For example, the libraries
generated from the more rigid scaffold triazapyridino-13-crown-4 exhibited more potent activities than those

based on the more flexible scaffold triazapyridino-15-crown-4.13
Fis
C(\ /\NQ

F1-5 \,NJ\‘ F1-5

30, Fq.5 = Rg/R4o/R1o/R2a/Rao
31, Fy.5 = RygRas/Ra7/Ra9/Rao
32, Fy.5 = Ryd/R19/R20/Ra5/Rao
33, F1.5 = Rg/Ras/Ra/Ra4/Rag
34, Fy.5 = Rg/Ra1/Ro7/R37/Rag

35, F1.5 = RagR40/R4vRao/Raa
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28, F1.5 = Ry/Roa4/R3y/R39/Ras
29, F1.5 = R¥/R24/R2¢/R37/Rag
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Figure 2. Polar Libraries 25-35 and Functionalities

In our continuing effort to design and synthesize new scaffolds and libraries with desired information,
we have synthesized six new polyazadipyridinocyclophane scaftolds 1-6 (Figure 1) with two pyridine moieties

in the 19- to 26-membered polyazacyclophane rings. Herein, we wish to report the synthesis of these new

scaffolds and twenty nine libraries 7-35 with several different types of functionalities based on the 19-
membered macrocyclic scaffolds 1 and 2 (Figures 1 and 2), as well as the preliminary biological results in
antibacterial and disruption of protein-RNA (HIV-1 tatTAR) interaction assays. The syntheses of further
nd the

libraries based on these new scaffolds and deconvolution of current activ ractionation

will be reported in due course.
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Syntheses of New Scafioids.

New asymmetric scaffolds 1-6 (Figure 1) were synthesized as shown in Scheme 1. Three equiv of 2,6-
pyridinedimethanol (36) was reacted with 2-nitrobenzenesulfonamide (37) under the Mitsunobu reaction
conditions affording dipyridine compound 38, which was further reacted with tosyl chloride to generate the
corresponding ditosylate 39 in 89% yield. In this procedure, an excess amount of 36 was used to increase the
possibility for the formation of the expected product 38 and to decrease the formation of by-products. 2-
Nitrobenzenesulfonamide (37) was used for the first time in the Mitsunobu reaction to make disubstituted

compounds. This procedure has signif

(3 a
the similar compounds. Cyclization of ditosylate 39 with triprotected asymmetric triamines 40 and 41 was
accomplished in the presence of anhydrous CspCOj3 as the weak base with the Cs* cation serving as a
cyclization template. The corresponding fully protected 19-membered macrocycles 46 and 47 were obtained in
71% and 95% yields, respectively. In order to study the ring size effects on the biological activity of
polyazacyclophane scaffolds, the 21-membered macrocyclic compounds 48 and 49, as well as the 23- and 26-

membered macrocyclic compounds 50 and 51 were also synthesized under the similar conditions by the

Scheme 1.
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cyclization of ditosylate 39 with the comresponding triprotected asymmetric triamines 42-45. The yields for the

cyclization step generally decreased with an increase of the nng size. Compounds 47, 49, 50, and 51, having

in 95%, 74%, 54%, and 40% yields,

w

with thiophenol in the presence of Ky

=

(@)

3
embered ring systems were obtained in high yields. Three nitrogenous reactive sites of the

ey
é\
5'2'
° d
5)
N
=N
g5 &



T. Wang et al. / Tetrahedron 54 (1998) 7955-7976 7959

________ P | £€.-.1.1
unprmt:u.x:u SCaii

The orthogonally protec&,d asymmetric triamines 40 and 42 were prepared according to our reported
procedure.9:10 The tris(2-nitrobenzenesulfonyl)-protected compounds 41 and 43 were prepared by the reaction
of 2-nitrobenzenesulfonyl chloride with commercially available N-(2-aminoethyl)-1,3-propanediamine (52) and
spermidine (53), respectively, in the yields of 87% and 75% (Scheme 2). The corresponding asymmetric

Scheme 2.
PG
H _/\l,-NOZ CHCL PG w&rlvwn
A~NON NHy 4 U\ EE—— n~"""PG
H2N I~ x SO,CI EtsN H
52,n=1 (PG-Ci) 41, n=t1
53,n=2 43,n=2
Scheme 3.
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triamines for the 23- and 26-membered macrocyclic scaffolds § and 6 are not commercially available.
Therefore, a new synthetic route, as shown in Scheme 3, was explored for the synthesis of the corresponding
triprotected triamines 44 and 45. The reaction of 2-nitrobenzenesulfony1 chloride with excess amounts of

diamines 56 and 57 ecave the corresponding monon ted diamines 88 and 589 in 73% and 68% vields
(] 1 / gave the correspondin £ monoprotected di 1€S 3O and J7 70 yiclds.
Chmimaninde 88 and &80 wora thon trantad with disfort hintul Airarhanata ta aivs the Aarthnannally nrentantad
\/Ulllpuullub JO Aliu J7 wWulu Uluvdl uuvdivu wWidl UITicr iTuudLyr vivarvviiaw  w blVU [ 991w UlLllUbUlla.ll] PIUMI-W
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corresponding amino pentanol (54), was selectively reacted with the sulfonamide group
61 under the Mitsunobu reaction conditions affording triprotected triamines 62 and 63 in 93% and 70% yields,
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nitrobenzenesulfonyl chloride giving the desired triprotected asymmetric triamines 44 and 45 in 71% and 77%

L
3
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yields. This procedure affords a very convenient and efficient approach for the synthesis of various linear
polyamines. A reported procedure for the synthesis of linear polyamines, starting from benzyl amine, required
high temperatures and long reaction times in some steps.16,17 All reactions in the procedure described above
were completed within several hours at room temperature. This procedure is also useful for the preparation of
general linear symmetric and asymmetric polyamines with more than two nitrogen atoms in the chain. For
example, compounds 44 and 45 can be further reacted with §5 or other similar compounds under the
Mitsunobu reaction conditions to form new polyammes with more nitrogen atoms in the molecules. For the

make macrocyclic compounds as reporied by Krakowiak and Bradshaw.18 We did not thoroughly explore the
cyclization of compounds 62 and 63 with ditosylate 39. New compounds 1-6, 38, 39, 41, 43-51, 55, and
58-65 were characterized by 1H and 13C NMR, high resolution (FAB) mass spectroscopic, and combustion
analyses.

Synthesis of Libraries.
When we developed the solution phase combinatorial approach, mera-substituted benzylic bromides
were utilized as a set of reactive functionalities to combinatorialize the nucleophilic secondary amine scatfolds.

Thaca functinnalitine hava cimilar mactivity thorafnre all avnasntad comnannde conld ha fannd in the liheaey
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peaks, and the abundance pattern of the mass spectrum was consistent with that from a computer simulation. 10
In the present work, nine benzylic bromides and bromoacetonitrile were used as a set of reactive functionalities
for the preparation of librarics 7-24 (Schemes 4-6). Three available reactive sites of the mono-z-Boc-protected,
19-membered macrocyclic scaffold 1 were combinatorialized with the selected set of functionalities (Br-F1.19,
see Figure 1 for structural details) in the presence of K2COj3 in acetonitrile to give the r-Boc-protected library 7
containing 1000 compounds (103) (Scheme 4). Deprotection of 7 by TFA gave the intermediate library 8 with
one reactive site available. Further reaction of 8 with bromoacetamide (BrR3) and bromonitromethane (BrRy4)

O':
E

fragmcms. Introduction of these fragments into the macrocyclic framework may increase the rigidity of the
resulted compounds and improve their preorganization.!?

Scheme 4.
Faan Fi.10
l 1-iv ] =1V
RN - \I _"'\“/\
Br-Fy.10 N \.J TFa LN N~ BrRyBrR; g R-R,
1 10,R =Ry
CH3CN, K,CO4 N(T 'L’T ,jl g
F‘_‘A [X] I'J Fe4n Figin N Fc_-ln
-1y \/ll‘\l -tv L) vr\l =iv
tBoc H
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to prepare libraries that could bind RNA and also exhibit biological activities so that we could further study the
mechanism of drug action, we synthesized fourteen libraries 11-24 (Figure 1) with various guanidine and
phenol groups at the fixed position as shown in Schemes 5 and 6. N,N’-Bis(tert-butoxycarbonyl)-1H-pyrazol-
1-carboxamidine (66) was reported as a very effective guanylating reagent.21 The intermediate library 8 was
reacted with the guanylating agent 66 at the refluxing temperature of THF affording the r-Boc-protected library
11. Removing the t-Boc protecting groups of library 11 by TFA gave the polar library 12 with guanidine
group at the fixed position (Scheme 5). Guanidine functionalities Rg and Rj¢ (Figure 1) were also introduced to

temnerature in the nresence of K2CQOa oave libraries 13 and 15. which afforded the corresnonding final
WALPUVARIWIY LI WiV PIVOVIIVY ULl A%/ 05 pRTY JMULMILY Ao auu Ao, yralv QiiVivvs v VURALOSpUMGLL S i
guanidine libraries 14 and 16, respecuively, after removing the -Boc protecting groups by TFA
Scheme 5.
Fi-to
s . N\// \ THF L N
N L J —— 11, X = t-Boc
tBocHN’gNi Boc Frad | N NFrae TFA
SANT L~ 12, X =H
66 X-HN&N.X
| =,
n1-10
/'\\[’A‘N'AY'\ [13,Y =R
1 _ { - Y=Ry
CH3CN (fN N\g 15, Y= Rg
TFA
Br-R;/Br-Rg N A L. {14, Y=R
£ A NE {15 Y =R
1-10 1-10 '
S
Y
Scheme 6.
ﬁ!-m
Ry1H/R42H/R1aH/R H/
N ™ 11H/R12H/R3H/Ry
CH3OH l N RisH/R HRHRH  17.Z=Ry; 21,Z=Rys
8 N \/ - 18,Z=Rg2 22;Z=R15
- ~ &= M14 ) & = 18
Fi-10 '\,lil\]*J Fi10
~~OCHs
67

The most direct way to synthesize the phenol-containing macrocycles is the alkylation of macrocycles
by halomethyl substituted phenols; however, many of these compounds are not commercially available, and the
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way to introducing phenol groups into macrocyclic compounds without protection and deprotection steps. We
successfulily utilized this method to iniroduce various phenolic groups into new polyazadipyridinocyciophane

libraries (Scheme 6).

Library 8 was reacted with formaldehyde and methanol to give intermediatc library 67, which was
further reacted with various phenolic compounds (Ry1H-RjgH) (Figure 1) in refluxing benzene to give
phenolic libraries 17-24. Intermediate library 67 was used directly for the next step without purification
considering its instability to normal workup and purification procedures. Libraries 7-11, 13, 15, and 17-24

were purified by flash chromatography except guanidine libraries 12, 14, and 16 because of their high
polarity. All libraries 7-24, each containing 1000 compounds, were confirmed by their electrospray ionization
(ESI) mass spectra.

_____ Lo - B PRpRppiLy Bl | PR PRPS T

Libraries 7-24 described above have the same set of groups at the three combinatonalized positions and
various functionalities at one fixed position. Ahhougn the screening resuits has indicated some of these
libraries with biological activity (see below), increasing library diversity would give a greater opportunity for
better biological results. In order to increase the overall diversity, adjust the polarity and lipophilicity of
libraries, and search for more potent biological activity, a variety of polar functionalitics together with benzyl
groups were introduced onto all four positions of the 19-membered macrocyclic scaffold 2 (Scheme 7). Six

Scheme 7.
l’ 25, F1.5 = R#/Ro/R19/R2aRap
£ 26, F15 = R1¢R24/Rag/R2a/R30
PN SN —— {27, F15 = R/R19/Rag/Rau/Rao
selected set of (N7 NTYTS L 28, F1.5 = R7/R24/R3v/R3a/Ras
functionalities N N~ 29, Fy.5 = R#/R21/R2¢/R37/Ras
2 > L J TFA
CHaCN, KCOs N NO (30, Fy.5 = Rg/Ryo/R1o/Roy/Rao
Fi5 \,N\r" ris I 31, F1 5= 19’R25/R27/R29/R30
| 29 E.-=R./A../A.JA. /], -
F S Vimy 1 7D TH TS 20 25 T30
15 33, Fy.5 = Rg/Ras/R32/Ras/Rag
34, Fy.5 = Rg/R21/R27/R37/Rag
selected
0O=C=N-R
S=C=N-R o A5 E,__0./0. /0. /0. /0
U", 1 ] 1_5 I\sgl‘40l]41ll]42l‘43
CH3;CN/DMF

sets of functionalities ( (see I‘l&uer 1 and /.) for libraries 25-29 and 35 were determined 10 have similar
reactivities by preparing and analyzing small libraries as described previously.10 Scaffold 2 was separately
reacted with each of the five sets of selected functionalities to gave five different -Boc-protected intermediate
libraries 25-29. Libraries 25-27 and 29 were obtained under the normal conditions at room temperature,
however, library 28 was obtained by stirring the reaction mixture at 50-60 °C for 24 h as the corresponding
chloride functionalities are less reactive compared with the bromide functionalities. The r-Boc protecting groups
of libraries 25-29 were removed by TFA affording the corresponding five final polar libraries 30-34 with high

diversity. Scaffold 2 was also reacted with five isocyanates and isothiocyanates at room temperature resultin

L9 10U AL Yy allditc L
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guanidine and amino groups were isolated as their hydrochlonde salts without further chromatographic
purification.
purifica

Biological Evaluation.

Libraries 7-24, each containing 1000 compounds, and diverse polar libraries 33-35, each containing
625 compounds, were screened against bacteria Escherichia coli imp~ and Streptococcus pyogenes antigrowth
assays. A scintillation proximity assay (SPA) was used to screen these libraries for the identification of libraries
or compounds that could be used to disrupt the HIV-1 tatTAR protein-RNA interaction. Table 1 shows
biological results for active libraries. Library 8 with hydrogen (H) at the fixed position showed antibacterial
activity against two tested bacteria in the MIC range of 4-20 pM. Libraries 14 and 16 with substituted
guanidinyl functionalities at the fixed position exhibited potent activity with the MIC’s of 10-20 uM and 2-10
uM, respectively. These three libraries also showed activity in the tat/TAR SPA. The human immunodeficiency

virus, HIV-1 mRNA| contains a sequence known as TAR (transactivating responsive). The TAR element
Lo o o=l TIRTA ovece Voo odoeion ey § P P A L o1 ~ - ~ + P R e
forms a stapic RINA sicm 100p structur t { G meaiates

which binds the HIV-1 tat {(trans-aciivator) piotein an
n may inhibit the normal HIV-1 life
cycle and provide the opportunity for novel therapeutics in the treatment of AIDS.4 24 A high through-put

increased viral gene expression. Disruption of the natural tat/TAR interactio

Table 1. Antibacierial and tat/TAR Activities? of Libraries
Library No. complexity E. coli imp- S. pyogenes tat/TAR
8 1000 4-20 4-20 <12.5

14 1000 10-20 10-20 10
16 1000 2-10 2-10 20
30 625 10-50 10-50 <10
31 625 10-50 <50
32 625 2-5 2-5 10
33 625 10-50 10-50 0.08
34 625 10-50 10-50 <10

aThe MIC (minimum inhibitory concentration, pM) values are given as a range of library concentration (total
concentration of compounds in library). After 24 h, the complete inhibition of growth was observed at the higher
concentration of the given MIC, and the growth was observed at the lower concentration. Ampicillin and tetracycline were used

as antibacterial references. ICs¢ values (jtM) were given for tGUTAR activily.

screening assay was developed for the identification of compounds which could be used to disrupt the tat'T.
interaction. The ICsg values of libraries 8, 14, and 16 in the disruption of tatTAR protein-RNA interaction
assay ranged from 10 to 20 pM. Much less activity was obscrved for other libraries in this series (libraries 7-

24). These resuits indicated that the libraries with different functionalities at the fixed position did exhibit the
different biological activity. Libraries 17-24 with phenolic groups, -Boc-protected libraries 7, 11, 13, and 15
are not active in bacteria antigrowth and tatTAR scintillation proximity assays. Library 16 with guanidine
benzyl group Ryg at the fixed position exhibited potent antibacterial activity, however, library 12 with a

guanidine type group Re (amidine) at the fixed position did not show an activity similar to guanidine libraries
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34 showed RNA-protein disrupting activity as indicated by tat/T SPA screening resuits. Library 32
exhibited the most potent antibacterial activity for the two assays with the MIC’s of 2-5 pM. Library 33
showed the best activity in ta TAR SPA with an ICsq of 0.08 uM, which represents a strong ability to disrupt
HIV-1 tatTAR protein-RNA interactions.

In conclusion, we have synthesized six novel asymmetric, 19- to 26-membered polyazadipyridino-
cyclophane scaffolds, and developed an efficient procedure for the synthesis of linear polyamines. Based on
two of the six scaffolds, we have prepared twenty-nine combinatorial libraries containing 1000 or 625
compounds in each library with a total complexity of 24875 compounds. Eight libraries 8, 14, 16, and 30-34

exhibited potent antimicrobial activity with the MIC’s of low micromolar range against E. coli imp~ and §.

pyogenes in initial bacterial antigrowth assays. The guanidine library 33 demonstrated potent activity in
disrupting HIV-1 tatTAR protein-RNA interaction with an ICsg of 80 nM

EXPERIMENTAL

Proton and carbon NMR spectra were recorded at 199.975 MHz unless otherwise indicated. High-
resolution (FAB) positive ion mass spectra were recorded on a VG ZAB-BSE double focusing high resolution
mass spectrometer equipped with a cesium ion gun. Compounds 40,9-10 42 9.10 §6,21 and functionalities!3

BrR7, BrRg, BrR32, BrRa4, BrRyg, BrRag, BrRag, CIR7, ClR24, ClIR3y, ClR23, and CIRas were prepared
according to reported procedures. Other materials were purchased from Aldrich Chemical Company
N,N-Bis[[6-(hydroxymethyl)pyridin-2-ylJmethyl]-2-nitrobenzenesulfonamide (38)

(Scheme 1). A solution of diethyl azodicarboxylate (DEAD) (18.8 g, 0.11 mol) in 100 mL of anhydrous
THF was added dropwise to a stirred mixture of 2,6-pyridinedimethanol (36) (16.7 g, 0.12 mol, 3 equiv) and
PPh3 (28.3 g, 0.108 mol) in 200 mL of anhydrous THF at rt. The resulting solution was stirred at rt for 30
min. A solution of 2-nitrobenzenesulfonamide (37) (8.10 g, 0.040 mol) in 200 mL of anhydrous THF was
added dropwise to the above stirred solution very slowly. The resulting solution was stirred at rt overnight.
The solvent was evaporated, and the residue was dissolved in CHCl3. The solution was washed with water to

remove the excess starting material 36. The organic phase was dried (NapSQ4) and concentrated. The residue
was purified by flash chromatography on a silica gel column using 50:1 and 30:1 CHyCl>-MeOH as eluents to
give 6.01 g (34%) of compound 38 as a white solid, mp 91-92 °C; TH NMR (CDCl3) 3 4.35 (br, 2H, ex
D70), 4.49 (s, 4H), 4.61 (s, 4H), 7.02 (d, 2H, J = 7.4 Hz), 7.06 (d, 2H, J = 7.4 Hz), 7.43-7.63 (m, 5H),

7.94 (d, 1H, J = 7.3 Hz); 13C NMR (CDCl3) & 52.9, 64.0, 119.5, 1209, 124.3, 1309, 131.9, 133.5,
133.8, 137.5, 147.7, 154.4, 159.2; HRMS (FAB) m /z 577.016 (M + Cs)* (CooH20N40SCs requires
577.015). Anal. Calcd for CooHzgN406S: C, 54.04; H, 4.54; N, 12.61. Found: C, 54.36; H, 4.70; N, 12.67.

N,N-Bis[[6-(p-tosyloxymethyl)pyridin-2-ylJmethyl]-2-nitrobenzenesulfonamide (39)
Scheme osvl chl¢ 1.72 g, 9.0 mmol) in 20 mL of THF was added dropwise into a
stirred mixture of 38 (1.05 g, 2.25 mmol) and NaOH (0.54 g, 13.5 mmol ) in 15 mL of THF and 15 mL of
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Hy0 at 0 °C. The resulting reaction mixture was stirred at rt for 3 h, and then poured onto a mixture of ice (30
aY and heodennhla id omlisting M2T0L D onT Y Tha cacnnleloaa aaivtiie srne pwlroitting] L MTTO ™.
E) ailu uyuu}\«luuu» acCia sGwulion \Z/ 70, & Hii). 1HT 10SUIULE HHAWIC Wdd CALIACICU WILHL U OCi3. IS

combined organic phase was washed with H70, 5% aqueous NaHCOj solution, and then H2O. After dred
(Na2S0y), the organic solution was concentrated. The residue was purified by flash chromatography on a silica
gel column using 100% CH7Clz and then 100:1 CHCly-MeOH as eluents to give 1.51 g (89%) of ditosylate
39 as a white foam; 1H NMR (CDClg) 82.45 (s, 6H), 4.62 (s, 4H), 4.90 (s, 4H), 7.18-7.24 (m, 4H), 7.33
(s, 2H), 7.37 (s, 2H), 7.53-7.62 (m, 5H), 7.80 (d, 4H, J = 8.3 Hz), 7.98 (d, 1H, J = 8.4 Hz); 13C NMR
(CDCl3) & 21.6, 52.7, 71.5, 120.8, 122.2, 124.0, 127.7, 128.0, 130.0, 131.0, 131.7, 132.8, 133.6, 133.8,
137.7, 145.3, 147.9, 153.2, 155.5; HRMS (FAB) m / z 885.034 (M + Cs)* (C34H3pN4010S3Cs requires
885.033). Anal. Calcd for C34H32N4010S3: C, 54.25; H, 4.29; N, 7.45. Found: C, 54.10; H, 4.43; N, 7.49.
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28.112,18]pentacosa-1(24),12(25),13,15,20,22-hexaene (46)
(Scheme 1). A mixture of ditosylate 39 (7.0 g, 9.3 mmol), protected triamine 4010 (5.75 g, 9.3 mmol), and
anhydrous Cs2CO3 (12.1 g, 37.2 mmol) in 450 mL of anhydrous DMF was stirred at rt overnight. The solvent

1
hexaazatricyclo[18.3.1

was evaporated, and the residue was dissolved in H2O-CHCl3. The organic phase was separated, and the
aqueous phase was extracted with CHCl3. The combined organic phase was washed with brine, dried
(Na2S04), and concentrated. The residue was purified by flash chromatography on a silica gel column using
200:1 CH2Cl2-MeOH as an eluent to give 7.13 g (77%) of product 46 as a white foam; 1H NMR (CDCl3) &
1.31 (s, 9H), 1.55-1.75 (m, 2H), 3.05 (t, 2H, J = 5.8 Hz), 3.23-3.30 (m, 4H), 3.44-3.48 (m, 2H), 4.41 (s,

2H), 4.55 (s, 2H), 4.71 (s, 2H), 4.73 (s, 2H), 7.17-7.28 (m, 4H), 7.53-8.00 (m, 14 H); HRMS (FAB) m /z
119Q 124 N o O+ (O I Nl Qo ramitiiee 1172 120 Anal Colad fon O LT N 0): Q42000 O
1120.134 UVl + US)7 (L42r450NgU 40308 TEQUIISS 11£06.15U). AndL LaiCh 101 U42n4s58NgU14593-313U:; U,

3,6,10,18-Tetrakis(2-nitrobenzenesulfonyl)-3,6,10,18,24,25-hexaazatricyclo-
[18.3.11,20,112,16]pentacosa-1(24),12(25),13,15,20,22-hexaene 47 (Scheme 1).
Compound 47 was synthesized as above for 46 from 39 (2.36 g, 3.13 mmol) and 41 (2.10 g, 3.13 mmol) in
the presence of CspCO3 (4.0 g, 12.5 mmol). The crude product was purified by flash chromatography on a
silica gel column using 100% CH2Clp, 500:1, and then 300:1 CH2Cl2-MeOH as eluents to give 3.21 g (95%)

(~4

of compomd 47 as a yellow foam; IH NMR (CDCI3) 8 1.75 (m, 2H), 3.20-3.60 (m, 8H), 4.40 (s, 2H), 4.55
(s, 2H), 4.70 (s, 4H), 7.10-7.25 (m, 4H), 750 8.10 (m, 18H); MS (ESI) m / 2 1081 M + H)t
(C43H41N](301654 requires 1081). Anal. Calced for C43H40N1001654-3H20: C, 45.49; H, 4.06; N, 12.35.

3,12,20-Tris(2-nitrobenzenesulfonyl)-7-(tert-butoxycarbonyl)-3,7,12,20,26,27-
hexaazatricyclo[20.3.11,22,114,181heptacosa-1(26),14(27),15,17,22,24-hexaene (48)
(Scheme 1). Compound 48 was synthesized as above for 46 from 39 (9.16 g, 9.51 mmol) and 4210 (5.86
g, 9.51 mmol) in the presence of CspCO3 (12.4 g, 38.0 mmol). The crude product was purified by flash
tography on a silica gel column using 100% CH2Cl; and then 200:1 CHCl-MeOH as eluents to give
npound 48 as a yellow foam; 1H NMR (CDCl3) § 1.10-1.45 (m, 13H), 1.45-1.70 (m,

A a2 1%i LT ) SRR,
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2H), 2.78-2.92 (m, 4H), 3.00-3.35 (m, 4H), 427 (s, 2H), 4.35 (s, 2H), 4.70 (s, 4H), 7.01-7.21 (m, 6H),
7 -7 01 (m_ 172H): 13¢C NMR 171V A 25.2.256.269. 283 440 A6 1 465 468 48 1. 528 717
FeTWUT I S L \RAly RuRij,y N LNAVARN \NoaSneiy ) U AUV Ly LU, LULT, L0030, 5T, BULa, SULD, SUWG, 5001,y J&0, 70N,

Iu.;l\o

3,7,12,20-Tetrakis(2-nitrobenzenesulfonyl)-3,7,12,20,26,27-hexaazatricyclo-
[20.3.11,22,114,18]heptacosa-1(26),12(27),15,17,22,24-hexaene (49) (Scheme 1). Compound
49 was synthesized as above for 46 from 39 (2.28 g, 3.0 mmol) and 43 (2.12 g, 3.0 mmol) in the presence

of Cs2COs (3.90 g, 12.0 mmol). The crude nmduct was nurified bv flash chromatography on a silica gel

T YL o3 T =T e T At a‘

cg}umn using 1 OHACIA-MeOH ac an elnent 10 oive 2 46 o (TA9) of nrodnet 40 ac a white foam- TH NM
A Tl N AR N TIVALRSE R S S VAU WY GE VR L TU 5 (7T /U UL PRUUULL TS GO @ VWAL AUy Ak A NAVEAN

IO AR 1AL 1 84 foee ALIN 1 LN 1 O (o ’“'_I\ Y ND&E 22K femn QLIN A2 (- DLIN A 2O o YLIN A TA o

\LULI3) O 1.40-1.09 (10l, 411), 1.UOU~1.00 \il1, 2411, £.70-3.00 \ill, O11), 4.34 \§, ZI1}, 4.0F \§, 2r1}), +./4 §,

4H), 7.12-7.99 (m, 22H); 13C NMR (CDCl3) 8 25.0, 25.5, 26.9, 45.6, 45.9, 47.6, 47.9, 53.0, 53.7, 121.1,

121.5, 121.9, 122.2, 123.9, 1242, 130.2, 130.4, 130.7, 131.8, 132.1, 132.5, 132.6, 132.8, 133.5, 134.0,
137.9, 147.9, 155.2, 155.6, 155.8; HRMS (FAB) m/z 1241.092 (M + Cs)* (C45H44N1001654Cs requires
1241.087). Anal. Calcd for C45H4qlN10016S4: C, 48.72; H, 4.00; N, 12.64. Found: C, 48.64; H, 4.28; N,
12.59.

3,8,14,22.Tetrakis(2-nitrobenzenesulfonyl)-3,8,14,22,28,29-hexaazatricyclo-
h

[22.3.11,24 116,201ngnacosa-1(28),16(29),17,19,24,26-hexaene (50) (Scheme 1). Compound
Ef} vxrno cun thacizad ne ahava finr AL fram WO (1 87 0 PN mmaeN and 44 (1 A7 a D 0) mmal) in tha meacannca
SU WdS SYNUICSIZEG 4SS a0UVC 10T 99 11U 57 (1.J4 g, 4. N0 dld &% (1.4/7 £, 2.uz TTITO1) 10l UIE PIESCnce

i £ ~ O 1 cnae ~1Y Tha awmrda mandiine _",\,I = Flaool aliem s b il e Pt | 1
Ul \,bZLU3 {£.00 g, 0.1 HIHHINOLIL). HIC Liuluc plUUUbl was PUI 11icu Uy ilasip CIillUINAWVELd )lly J1 a4 Sliicd gUl
column using 2:1, 1:1, and then 1:2 hexanes-EtOAc as eluents to give 1.25 g (54%) of compound 50 as a

yellow foam; 1331 N MR ((,D(,h) 8 1.00-1.20 (m, 2H), 1.20-1.55 (m, 8H), 3.01-3.10 (m, 4H), 3.17-3.28 (m,
4H), 4.40 (s, 4H), 4.68 (s, 2H), 4.69 (s, 2H), 7.15-7.98 (m, 22H); HRMS (FAB) m /z 1269.125 (M + Cs)*
(C47H48N10016S4Cs requires 1269.118). Anal. Caled for C47H48N10016S4: C, 49.63; H, 4.23; N, 12.32.
Found: C, 49.45; H, 4.42; N, 12.06.

3,9,17,25-Tetrakis(2-nitrobenzenesulfonyl)-3,9.17,25.31.32.hexaazatricyclo-
[25.3.11,27,119,23]dotriaconta-1(31),16(32),17,19,27,29-hexaene (51) (Scheme 1)
Compound 51 was synthesized as above for 46 trom 3% (1.70 26 mm n .75 g, 2.26 mmol) in

n
the presence of Cs2CO3 (3.0 g, 9.
silica gel column using 2:1 hexanes-EtOAc and then 200:1 CH2Cl-MeOH as eluents to give 1.07 g (40%) of
compound 51 as a yellow foam; IH NMR (CDCl3) 8 1.09-1.42 (m, 16H), 3.05-3.12 (m, 4H), 3.24 (m, 4H),
4.42 (s, 4H), 4.65 (s, 4H), 7.15-7.27 (m, 4H), 7.53-7.68 (m, 14 H), 7.87-7.99 (m, 4H); MS(ESI) m / z
1179 (M + H)* (C50H55N 1001684 requires 1179). Anal. Caled for C5oHs4N10016S4 : C, 50.92; H, 4.62; N,

11.88. Found: C, 50.76; H, 4.84; N, 11.74.

e i ... ~

mmol). The crude product was purified by flash chromatography on a
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pentacosa- (£8),1402D),15,1D,4VU,L4-neXaene (1) \acneme 1 and rigure 1) 1n10pnen01 (3.3 &,

29.9 mmol) was added to a stirred mixture of compound 46 (7.09 g, 7.13 mmol) and anhydrous K;CO3 (13.8
g, 100 mmol) in 160 mL of anhydrous DMF. The resulting mixture was stirred at rt overnight. The solvent was
evaporated, and the residue was dissolved in H>O-CHCl3. The organic phase was separated, and the aqueous
phase was extracted with CHCl3. The combined organic phase was washed with brine, dried (NaSQOy), and
concentrated. The residue was purified by tlash chromatography on a silica gel column using 20:1 CH,Clp-
MeOH and then 30:1 MeOH-30% NH4OH as eluents to give 3.10 g (99%) of compound 1 as a pale yellow oil;
IH NMR (CDCl3) & 1.44 (s, 9H), 1.77-1.86 (m, 2H), 2.64 (t, 2H, J = 5.5 Hz), 2.50-2.70 (br, 3H, ex D;0),

.27-3.37 (m, 4H), 3.85 (s, 2H), 3.88 (s, 2H), 3.95 (s, 2H), 3.97 (s, 2H), 7.02-

3,6,10,18,24,25-Hexaazatricyclo[18.3.11:20,112,16)pentacosa-1(24),12(25),13,15,
20,22-hexaene (2) (Scheme 1 and Figure 1). Compound 2 was synthesized as above for 1 from 47
(3.13 g, 1.50 mmol) and thiophenol (2.84 g, 25.8 mmol) in the presence of KpCO3 (11.7 g, 85.0 mmol). The
crude product was purified by flash chromatography on a silica gel column using 100% CHCly and then 20:1
MeOH-30% NH40H as eluents to give 0.76 g (72%) of compound 2 as a pale yellow oil; 1H NMR (CD30D)

$ 176186 (m 2ED 2 82200 (m. RHY 207 (¢ 2H) 205 (¢ 2H) 297 (¢ 2H) 200 (g 2 773.7 72

U 1.70%1.0U Uk, &liJy £.0&54&.0U ULy, OKL)y J. 7L \Dy Llljy, J.T7J \Oy &lljy FoT71 \Oy &Llljy J.77 \Oy Lkljy 1.&351.37
F oV ATTY 771 T 70 fee LI 13/ ATAMAD /Ty NATWY R 20 £ AD O N 7 &L € 192 1 14 & 120 77 120 A
{m, 4H), 7.71-7.78 {m, 20}; *°C NMR {CD30D) o0 3.6, 49.9, 5.7, 56.5, 125.1, 126.5, 13a.7, 139.4,
152.3, 161.3, 161.7, 161.9; HRMS (FAB) m /z 341.244 (M + H)* (Cy19Hp9Ng requires 341.245). Anal.
Calcd for C1gHagNg: C, 67.01; H, 8.37. Found: C, 66.53; H, 8.33.

7-(tert-Butoxycarbonyl)-3,7,12,20,26,27-hexaazatricyclo[20.3.11,22,114,18].
heptacosa-1(26),14(27),15,17,22,24-hexaene (3) (Scheme 1 and Figure 1). Compound 3 was
synthesized as above for 1 from 48 (5.94 g, 5.81 mmol) and thiophenol (2.69 g, 24.4 mmol) in the presence

of KpCO1 (10.2 g, 73.8 mmol). The crude product was purified by flash chromatography on a silica gel
column using 100% CHClp and then 30:1 MeOH-30% NH4OH as eluents to give 2.66 g (98%) of compound
3 as a pale yellow oil; TH NMR (CDCl3) 6 1.33 (s, 9H), 1.36-1.54 (m, 4H), 1.60-1.78 (m, 2H), 2.54-2.61
(m, 4H), 2.95 (s, 3H, ex D70), 3.06-3.19 (m, 4H), 3.77 (s, 4H), 3.85 (s, 4H), 6.99-7.09 (m, 4H), 7.44-
7.51 (m, 2H); 13C NMR (CDCl3) & 26.5, 27.1, 28.4, 29.3, 46.0, 46.8, 48.0, 48.8, 53.4, 54.7, 79.0, 120.8,
136.7, 155.6, 158.6, 158.8, 159.0; HRMS (FAB) m /z 469.328 (M + H)* (CagH14NgO7 requires 469.329)

Anal. Calced for CogHagNgO2-1/2HCIL: C, 64.12; H, 8.39; N, 17.27. Found: C, 64.26; H, 8.00; N, 17.37.
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eOH-30% NH.,. ac elnente to oive 0.67 ¢ (Q1%) of nroduct 4 ag a nale vellow oil- TH N\ (CDCIY &
Ava AATIU U ANAPIAL QO VAW W RITY V.U @ (1 /0 Ul PaUUUVE F G0 G pale yURIUY ULL, L1 IVIVIIN (CAsady U
1 EMN 1 ON 7. LI\ N £ N 0L .. OII\ 3 0L ., ATTIN 2 NA £ ATTIY LAY -G ATTY 2 NN ‘ 1N st ATY

1.50-1.80 (m, 6n1), 2.57-2.85 {(m, 8H), 3.85 (s, qn), A.94 (§, 2ri), 3.95 (S, 20), 3.90-4.10 (br, 4H, ex
D20), 7.08 (d, 2H, J = 7.4 Hz), 7.14 (d, 2H, J =7.4 Hz), 7.57 (d, 2H, J = 7.5 Hz); 13C NMR (CDCl3) &

26.0, 26.7, 27.0, 47.5, 47.7, 419, 48.1, 49.3, 53.8, 54.0, 120.5, 120.7, 136.7, 157.8, 158.1, 158.8:
HRMS (FAB) m /z 369.275 (M + H)* (C21H33Ng requires 369.276). Anal. Calcd for C1H32NgHCI: C,
62.37; H, 8.91; N, 20.77. Found: C, 62.86; H, 8.46; N, 19.95.

3,8,14,22,28,29-Hexaazatricyclo[22.3.11,24,116,201n9nacosa-1(28),16(29),17,19,
24,26-hexaene (5) (Scheme 1 and Figure 1). Compound 5 was synthesized as above for 1 from 50

(1.22 g, 1.06 mmol) and thiophenol (0.61 g, 5.52 mmol) in the presence of KoCO3 (2.3 g, 16.5 mmol). After

the reaction was completad  the reaction mixture was i o na A2 The enliutinn wae
AW AWESW BAV/EL  TY A WAL y AW te\dy WAV LWV WIULL LAANAARMAY VY UOD  RlAVWWiE WG AWwillIN/ ¥V Pull V) 1\4\4\1_1‘ ARIL OVIUILIVEER VYZYAD
Ammnantentad and tha ranidiin wrne nreifiad hay flach Ahemcnntagennbhe ~m oo otlinag gal nalioo o Ll o TNANODZ LY M
Concentraied, ana ne resiGuc was puriiiea oy 1idsin Cnromatograpny on a siica geéli coiumn using 1ik% Crptlin
1 .1 r\r\.1 A& _\TTY NI ATTY MNTY h ] A 1 LSOO YN\ o~ - 1, Trw
and then ZU:1 MeUHn-3U% INH4qUR as eluenis o g ve U3/ g (85%) 01 Compouna > as a paic¢ yclow oil; *

NMR (CDCl3) 8 1.27-1.54 (m, 10H), 2.52-2.65 (m, 12H, 4H ex D;0), 3.85 (s, 4H), 3.95 (s, 4H), 7.08-
7.20 (m, 4H), 7.49-7.60 (m, 2H); 13C NMR (CDCl3) § 24.6, 27.4, 27.7, 29.0, 29.6, 48.7, 49.1, 55.0,
77.9, 120.6, 120.7, 136.8, 159.3, 159.5; HRMS (FAB) m / z 397.309 M + H)* (C3H37Ng requires
397.308). Anal. Caled for Co3H3igNg-H20: C, 66.66; H, 9.17; N, 20.32. Found: C, 66.79; H, 8.96: N
19.83.

3,9,17,25,31,32-Hexaazatricyclo[25.3.11,27,119,23]1dotriaconta-1(31),16(32),17,19,
7 Y0 _ havaana {K) (Cohama 1 and Fianra 1Y OAamnnnnd £ ne cunthacizad ne nlhna FfAar 1 fram &1
‘l’ﬁ]'ll‘;i\acl“ ‘U, \ULIICIIIC s C-$ 71V Sy & lsulc 1}. LaUllllJUullu v wdao Dylllllballhu dd dAUUVLe 11Ul 1 11UILll o 1
{1 NLE & N OAON s~ " thinnlhnnal N &Y o A LT cneind) tin thia mencmn~a AF PN 71 02 -~ 1TAN oo 1)
(1.U0 g, U.057 mmo HOphneno: (V.52 g, 4.6/ mmoy) in tne presence of npL03 (1.5 g, 14.U mimoij.

Afier the reaction was compieted, the reaction mixture was filiered to remove part of K2CO3. The solution was
concentrated, and the residue was purified by flash chromatography on a silica gel column using 100%
CH;Cl3, 5:1 MeOH-CH,Cly, and then 20:1 MeOH-30% NH4O0H as eluents to give 0.19 g (48%) of
compound 6 as a pale yellow oil; 'H NMR (CD30D) 8 1.29-1.65 (m, 16H), 2.60-2.76 (m, 8H), 3.91 (s, 4H),
3.95 (s, 4H), 7.29-7.38 (m, 4H), 7.77 (t, 2H, J = 7.7 Hz); 13C NMR (CD30D) § 25.3, 27.3, 27.5, 28.4,
294, 29.5, 29.8, 55.1, 122.4, 138.8, 159.6, 160.0; HRMS (FAB) m / z 439.353 (M + H)* (CoeH43Ng
requires 439.354). Anal. Calcd for CpgH4pNg-1/2HCI: C, 68.33; H, 9.38; N, 18.40. Found: C, 68.56; H,
0.13: 17.98.

o L‘, Lia

N1,N3 N6.Tris(2-nitrobenzenesulfo yi)-i,6-diamino-3-aza'nexane (41) (Scheme 2). A
solution of 2-nitrobenzenesuifonyl chioride (69.8 g, 31.5 mmol) in 20{) mL of anhydrous CH2Cly was added
dropwise to a stirred solution of N-(2-aminocthyl)-1,3-propanediamine (52) (11.7 g, 10.0 mmol) and E3N
(50.5 g, 0.50 mol) at 0 °C. The resulting reaction mixture was stirred at rt overnight. The solvent was
evaporated, and the residue was dissolved in H0-CHCl3. The organic phase was separated, and the aqueous
phase was extracted with CHCl3, The combined organic phase was washed with 5% aqueous NaHCOj3

solution and then brine. After dried (Na2S0Oy), the organic solution was concentrated. The residue was puritied

by flash chromatography on a silica gel column using 4:1, 1:1, and then 1:4 hexanes-EtOAc to give 5.84 g
(R7%) of comnound 41 ac a vellow cn]lr‘l mn 140- 14 2 o9 1H NMR (CDCl2) & 1.84-195 (m. 4H). 3.17 (t
\U7 707 UL VUMIp UGG TTaA o & ViU vy SUdiu, smip 4Ty Sy M ~437 A ] Al vy
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H, J= 6.4 Hz), (t, 2H, J = 6.4 Hz), 3.0-3.54 (m, 4H), 5.60-5.71 (m, 2H, ex D20), 7.25-7.89 (m,
\ eNng o1 oy 2 R N g g TR y -
)y 0.UJD- 13 (l i, 3H) HRMS (FA 7z 804.963 (}v{ + CS)+ (C H14N00MS_ fequire 804.966}

N1,N4,N8.Tris(2-nitrobenzenesulfonyl)-1,8-diamino-4-azaoctane (43) (Scheme 2).
Compound 43 was synthesized as above for 41 from spermidine (53) (1.0 g, 7.0 mmol), 2-
nitrobenzenesulfonyl chloride (4.65 g, 21.0 mmol), and 8.0 mL of Et3N. The crude product was purified by
flash chromatography on a silica gel column using 100% CH2Cl, and then 200:1 CH2Cl2-MeOH as eluents to
give 3.68 g (75%) of compound 43 as a white foam; 1H NMR (CDCl3) § 1.40-1.70 (m, 4H), 1.72-1.83 (m,

2H), 3.05-3.17 (m, 4H), 3.21-3.37 (m, 4H), 5.42 (t, 1H, J = 5.9 Hz, ex D20), 5.67 (t, 1H, J = 6.2 Hz, ex
D»0). 7.57-8.11 (m, 12H): 13C NMR (CDCl3) 8 25.2, 26.6, 28.9, 40.9, 43.1, 45.1, 47.5, 1243, 125.3,

AT NI ]y 1 oud 1k \3ily B émkij], ANavASN oA 3/ Ly MU, 0., SULT

130.6, 1309, 1320, 1329, 1335, 1337, 148.0; HRMS (FAB) m / z 833000 (M + Cs)*
CasH 98). Anal. Caled for CosHasNeO123: C, 42.85; H, 4.03; N, 12.00.

(CosH28N601253Cs  requires 832.9
Found: C, 42.60: H, 4.24; N, 11.80.

5-(tert-Butoxycarbonyl)amino-1-pentanol (55) (Scheme 3). A solution of di-tert-butyl
dicarbonate (21.8 g, 0.10 mol) in 100 mL of anhydrous THF was added to a solution of 5-amino-1-pentanol
(54) (10.3 g, 0.10 mol) and Et3N (30.3 g, 0.30 mol) in 20 mL of anhydrous THF at 0 °C. The resulting
solution was stirred at rt overnight. The solvent was evaporated, and the residue was dissolved in CHCl3. The

solution was washed with brine, dred (Na2SQO4), and concentrated. The residue was nunf’_@cj by flash
chromatography on a silica gel column using 100% CH2Cl; and then 20:1 CH2Cl2-MeOH as eluents to give
19.3 g (95%) of compound 55 as a pale yell"w oil; 1H NMR (CDCl3) 8 1.39-1.59 (m, 16H, 1H ex Dy0),
3.12 (g, 2H, J = 6.3 Hz), 3.65 (q, 2H, J = 5.5 Hz), 4.55 (br, 1H); 13C NMR (CDCl3) § 22.9, 28.4, 29.8,
32.1, 40.4, 62.3, 79.0, 156.1; HRMS (FAB) m /z204.159 (M + H)* (C19H22NO3 requires 204.160). Anal

56.1
Calcd for C1gH21NOs3: C, 59.07; H, 10.42; N, 6.89. Found: C, 58.97; H, 10.29; N, 7.00.

1-(2-Nitrobezenesulfonyl)amino-4-aminobutane (58) (Scheme 3). A solution of 2-
nitrobenzenesulfonyl chloride (44.2 g, 0.20 mol) in 200 mL of dry CH2Cl was added dropwise to a solution
of 1,4-butanediamine (56) (53.0 g, 0.60 mol, 3 equiv) and 80 mL of Et3N in 300) mL of anhydrous CH>Cl> at

o .
0 °C. The resulting solution was stirred at rt for 3 h. The solvent was evaporated, and the residue was dissolved
in H20~CHC13 The organic phase was ‘)‘CP‘ ed, and the aqueous phase was extracted with CH\,13. The

- vy mx o

by flash chromatography on a silica gel column using 2:1 CH»Cl>-McOH as an eluent to give 39, 8 g{73% ) of
compound 58 as a yellow solid, mp 100.5-101.5; IH NMR (CDCl3) 6 1.43-1.63 (m, 4H), 2.68 (t, 2 =
6.0 Hz), 3.07 (t, 2H, J = 6.4 Hz), 3.12 (br, 3H, ex D20), 7.68-7.82 (m, 3H), 8.08-8.12 (m, 1H); HRMS

(FAB) m / z 274.086 M + H)* (C1oH16N1304S requires 274.086). Anal. Caled for C1oH15N1304S: C,
43.94; H, 5.53; N, 15.38. Found: C, 44.16; H, 5.47; N, 15.60.

1-(2- Nltrobezenesu!fnnyl)amlno -7- ammoheptane (59) (Scheme 3). Compound 59 was
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nitrohenzanaenlfonvl chlaride (2 2 o 10 0 mmol) in the nrecence of 4 mI, of EtaN The nroduct wae nurified
R OUCIIZCHOUSW VL Y2 VILUIIWT (&b g, 1VLU RINUL) L1 WiC piostCiive U1 & 1L O DA3U0N. 2400 PIOGUC Was puruuicd
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Oy 1asin Cniomaiogiapay On a suiCa 1 Coumn using Juvlil CnpUlpp-vicun ana inen iouvil Meun-su7o
RYFY MNTTY 1 N 1N L0 . u § 11 . 1'1 NTR AT 77Ty © 01 1M 1 AN £

NH4O0H as eluents to give 2.10 g (68%) of compound 59 as a yellow oil; 1H NMR (CDCl3) 8 1.10-1.40 (m,

10H), 2.51 (t, 2H, J = 6.8 Hz), 2.92 (t, 2H, J = 7.1 Hz), 3.35 (br, 3H, ex D70), 7.58-7.66 (m, 3H), 7.95-
7.98(m, 1H); 13C NMR (CDCl3) § 26.3, 26.5, 28.7, 29.4, 32.9, 41.5, 43.4, 124.9, 130.8, 132.6, 133.6,
147.9; HRMS (FAB) m / z 316.133 (M + H)* (Ci3H22N304S requires 316.133). Anal. Caled for
C13H21N304S8-H20: C, 46.82; H, 6.90; N, 12.61. Found: C, 46.74; H, 6.79; N, 12.68.

1-(Z-Nitrobezenesulfonvl)amino-4-(tert-butoxvcarbonvl)aminobutane (60) (Scheme

solution of di-ters-butyl dicarbonate (3.63 g, 16.7 mmol) in 15 mL of anhydrous THF was added to a

« i3 L0 a 2 UV STUNS YR BPAVRIDAAIAN (2.2 D’ 2J Rias UL 4aad

solution of 58 (3.05 g, 11.1 mmol) and Et3N (3.36 g, 33.3 mmol) in 30 mL of anhydrou THF at 0 °C. The

P PR T n-.,._n_,. PRSI L . | e Aiaa~le.o
ht. The solvent was evaporated, and the residue was dissolved in
3 VY 1

'53

7

he solution was washed with HpO, dried (Na2SOy), and concentraied. The residue was purified by
flash chromatography on a silica gel column using 100% CH)Cly and then 100:1 CH2Clp-MeOH as eluents to
give 4.08 g (99%) of compound 60 as a yellow solid, mp 81-83 °C; IH NMR (CDCH) 8 1.37 (s, 9H), 1.44-
1.50 (m, 4H), 3.00-3.07 (m, 4H), 4.73 (br, 1H), 5.52 (br, 1H, ex D70), 7.68-7.80 (m, 3H), 8.04-8.08 (m,
1H); HRMS (FAB) m /z 396.121 M + Na)* (C15H23N306SNa requires 396.120). Anal. Caled for
C15H23N306S: C, 48.24; H, 6.21; N, 11.26. Found: C, 48.25; H, 6.05; N, 11.31.
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chromatography on a silica gel column using 100% C

U R Y JAVE B ot @ | rA

2Clp and then 50:1 CH»Clp-MeOH as eluents to give
6.90 g (93%) of compound 61 as a yellow solid, mp 61.5-63 °C; IH NMR (CDCI3) & 1.23-1.53 (m, 19H),
3.00-3.11 (m, 4H), 4.51 (br, 1H), 5.31 (t, 1H, J = 5.7 Hz, ex D70), 7.70-7.86 (m, 3H), 8.09-8.13 (m, 1H);
13C NMR (CDCl3) 8 26.3, 26.5, 28.3, 28.5, 29.4, 29.8, 40.5, 43.8, 78.9, 125.3, 1309, 132.8, 133.6,
148.0, 156.1; HRMS (FAB) m /z 416.184 (M + H)* (C18H30N306S requires 416.185). Anal. Calcd for

Ci13H9N306S-H2O: C, 52.03; H, 7.04; N, 10.12. Found: C, 52.17; H, 6.97; N, 10.25.

1 10_Ricltort-hutavvoearhanv.NS5.(2.nitrohenzeneculfonvll-1.10.-diamino-5-

AV T a v AFAIOFPTr T BYVAT VG FURa s TLY \E"Risea UL IzLL asv S uaasaaya T aga Raadsasazaa o
ﬁﬁﬁﬁﬁﬁﬁﬁ (£ (Qoalinain 2N A onlivtionm AFMEOAT M LA o D1 0N sl 2m 1Y) cnl] ~AF amhoudennne THE wne
Mduﬂbdllc WU4) (WOCIITINT J). A SULULUI UL 1/EAL (J.00 g, £1.U HHHNULJ 111UV 1L UL dilnyuious 110 wad
adAa ~ At CEE AT 5 DTN sl &N 7 1A 5 101 el and DDL. /8 &) M1 N
dUUCU UI'UlebC i0 a soi UL U1 UL I 9.4/ ¥, &£1.U 1LIIVEY, DU (/.19 g, 17.1 HILIVLY), diiU TOL3 (J.04 B, £1.U

mmol) in 200 mL of anhydrous THF at rt. The resulting solution was stirred at rt for 2 h. The solvent was
evaporated, and the residue was dissolved in anhydrous diethyl ether. The solution was stood in refrigerator
overnight, and then the solid was filtered to remove most of the side products Ph3PO and
EtOCONHNHCOQOEL. The filtrate was concentrated, and the residue was purified by f{lash chromatography on
a silica gel column using 2:1 and 1:1 hexanes-ELOAc as cluents to give 9.95 g (93%) of compound 62 as a
yellow solid, mp 79.5-81 °C; IH NMR (CDCl3) 8 1.20-1.62 (m, 28H), 3.01-3.12 (m, 4H), 3.23-3.31 (m,
4H), 4.58 (br, 2H), 7.57-7.70 (m, 3H), 7.93-8.03 (m, 1H); 13C NMR (CDCl3) § 23.66, 25.47, 27.16,

27.77, 28.43, 29.53, 33.93, 400.23, 47.08, 47.29, 79.13, 124.14, 130.58, 131.69, 133.50, 148.02, 156.09;



T. Wang et al. / Tetrahedron 54 (1998) 7955-7976 7971

HRMS (FAB) m/z691.175 (M + Cs)* (C25H42N4OgSCs requires 691.177). Anal. Calcd for Cy5HgaN4OgS:
C, 53.73; H, 7.58; N, 10.03. Found: C, 54.00; H, 7.67; N, 9.94.

2 PE L - Qi
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azatridecane (63) (Scheme 3). Compound 63 was synthesized as above for compound 62 from 61 (1.21
g, 2.97 mmol), 55 (0.60 g, 2.97 mmoi), PPh3 (0.78 g, 2.97 mmol), and DEAD (.52 g, 2.97 mmol). The
crude product was purificd by flash chromatography on a silica gel column using 100% CH2Clp and then 100:1
CH,Clp-MeOH as eluents to give 1.25 g (70%) of compound 63 as a yellow oil; IH NMR (CDCl3) & 1.26-
1.58 (m, 34H), 3.02-3.10 (m, 4H), 3.21-3.30 (m, 4H), 4.53 (br, 2H), 7.55-7.70 (m, 3H), 7.97-8.03 (m,
1H); HRMS (FAB) m / z 601.328 (M + H)* (CygH4yN40gS requires 601.327). Anal. Caled for

C23H4gN40gS-H20: C, 55.97; H, 8.06; N, 9.33. Found: C, 55.83; H, 7.88; N, 9.60.

V5=[,=N:l‘rn'\-nwnnnclll nnu|\=‘ 1n=r||nmlnn=:=n—lar|nnonn “;hvr‘rnnh'nrrr‘n f‘d\

\‘ ANEWRE uu\'ll‘l\tll\'ﬂullulll I’ l"\l SAMIIIIIIV T W T MALAMY LIl UIIIJ\-II UNEIAVA ANEWw \\I‘I’,
(Scheme 3). A solution of 62 (1.85 g, 3.31 mmol) and TFA (35 mL) in 5 mL of CH2Cl, was stirred at rt for
5 h. The solvent was evaporated, and the residue was dissoived in MeOH-HCI (14%). The resulting solution

was evaporated under high vacuum to give 1.20 g (92%) of compound 64 (HCI salt) as a yellow solid, mp 90-
91 °C; 'H NMR (CD30D) & 1.21-1.41 (m, 2H), 1.35-1.71 (m, 8H), 2.61-2.70 (m, 4H), 3.25-3.42 (m, 4H);
13C NMR (CD30D) & 24.9, 27.0, 29.3, 30.0, 32.2, 41.8, 42.0, 48.7, 48.9, 125.5, 131.4, 133.3, 134.3,
135.3, 149.6; HRMS (FAB) m /z 359.174 M + H)* (C15H27N404S requires 359.175). Anal. Calcd for
C15H26N404S-2HCI: C, 41.84; H, 6.56. Found: C, 41.86; H, 6.34.

N6.(2-Nitrobenzenesulfonyl)-1,13-diamino-6-azatridecane Dihydrochloride (65)
(Scheme 3). A solution of 63 (1.15 g, 1.90 mmol) and TFA (20 mL) in 5 mL of CH2Cl3 was stirred at rt for
5 h. The solvent was evaporated, and the residue was dissolved in MeOH-HCl (14%). The resulting solution

nnor T 1v'

was evaporated under high vacuum to give 0.81 g (90%) of compound 65 (HCI bdlt) as a yellow foam,;

NMR (DMSO-dg) 8 1.12-1.21 (m, 8H), 1.35-1.56 (m, 8H), 2.66-2.73 (m, 4H), 3.18-3.26 (m, 4H), 7.82-
8.03 (m, 10H, 6H ex D20); MS (ESI) m /z 401 (M + H)* (C18H33N404S requires 401). Anal. Caled for

C1gH32N404S-2HCI: C, 45.64; H, 7.24; N, 11.84. Found: C, 45.75; H, 7.19; N, 11.59.

N1,N5,N10.Tris(2-nitrobenzenesulfonyl)-1,10-diamino-5-azadecane (44) (Scheme 3).
A mixture of 64 (1.30 g, 3.02 mm()l) and K2CO3 (4.0 g, 28.9 mmol) in 50 mL of DMF and 100 mL of
CHACN was stirred at rt for 1 h. A solution of 2-nitrobenzenesulfonyl chloride (1.41 g, 6.35 mmol) in 10 mL

Antaniteila wine nddad Aeanurica th tha nhava enhitinn at S/
(o1’ 1true was aaaea u1U1.)w1ov 10 tne doove Soidn at

=
9

overnight. The solvent was evaporated, and the residue was dissolved in HyO-CHCl3. The organic phase was
separated, and the aqueous phase was extracted with CHCl3. The combined organic phase was washed with
brine, dried (Na2S804), and concentrated. The residue was purified by flash chromatography on a silica gel
column using 5:1, 2:1, and 1:1 hexanes-EtOAc as eluents to give 1.57 g (71%) of compound 44 as a yellow
foam; 1H NMR (CDCl3) & 1.15-1.22 (m, 2H), 1.22-1.70 (m, 8H), 2.96-3.05 (m, 4H), 3.11-3.18 (m, 4H),
5.46-5.56 (m, 2H, ex D20), 7.55-8.04 (m, 12H); 13C NMR (CDCl3) & 23.3, 25.2, 26.6, 27.7, 28.9, 43.2,
43.5, 47.1, 47.5, 124.2, 125.3, 130.2, 130.8, 132.1, 133.0, 133.3, 1339, 147.9; MS (ESI) m /z 751 (M +
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Na)* (C27H32Ng01283Na requires 751). Anal. Caled for Ca7H32NgO12S3: C, 44.51; H, 4.43; N, 11.56.
Found: C, 44.38; H, 4.46; N, 11.37.

NI N6 N13.Tris(2-nitrobenzenesulfonyl)-1,13-diamino-6-azatridecane (45) (Scheme

PR crna auntlkocie sl S ~ e

<=3 P £
3) Lumpounu QD was hyﬂlﬂt}bllﬂu as dnove 10r LUHlpUUllU ‘l‘l mom 65 (7

.0 g, 14.8 mmol) :
nitrobenzenesuifonyl chioride {(6.%0 g, 31.1 mmol) in the presence of KoCO3 (21.5 g, 155
product was purified by flash chromatography on a silica gel column using 200:1 CHClp-MeOH as an eluent
to give 8.81 g (77%) of compound 45 as a yellow oil; 'H NMR (CDCl3) § 1.22-1.31 (m, 8H), 1.46-1.56 (m,
8H), 2.96-3.11 (m, 4H), 3.22 (1, 4H, J = 7.8 Hz), 5.20-5.35 (m, 2H, ex D70), 7.68-8.15 (m, 12 H); HRMS
(FAB) m / z 903.079 (M + Cs)* (C3oH3gNg01283Cs requires 903.076). Anal. Caled for

C30H3gNg012S3-5H20: C, 41.84; H, 5.57; N, 9.77. Found: C, 41.53; H, 5.03; N, 9.90.

Pmnmnl'n' amounts of selected

:quiv) in 50 mL of anhydrous
acetonitrile was added to a stirred mixture of scaffold 1 (3.10 g, 7.04 mmol) and anhydrous KCO3 (11.7 g,
84.5 mmol) in 150 mL of acetonitrile. The resuliing reaction mixture was stirred at ri for one day. The solvent
was evaporated, and the residue was dissolved in HpO-CHCI3. The organic phase was separated, and the
aqueous phase was extracted with CHCIl3. The combined organic phase was washed with brine, dried
(NazS04), and concentrated. The residue was purified by flash chromatography on a silica gel column using
200:1, 100:1, and then 20:1 CH2Cly-MeOH as cluents to give 4.98 g (88%) of library 7 as a pale ycllow foam.

Preparation of Library 8 (Scheme 4). A solution of library 7 (4.98 g, 6.22 mmol) and TFA (50
15 mL of CHCIl3 was stirred at rt overnight. The solvent was evaporated, and the re:

mL)in CHCl3 was stirred a e

?
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was purified by flash chromatography on a silica gel column using 100% MeOH and then 30:1 MeOH-30%
NH4OH as eluents to give 3.98 g (91%) of intermediate library 8 as a pale yellow oil.

General Procedure for the Preparation of Libraries 9, 10, 13, and 15 (Figure 1,
Schemes 4 and 5). A mixture of library 8 (0.21 g, 0.30 mmol), the corresponding bromide (BrR3, BrRgy,
BrR7 or BrRo) (0.39 mmol, 1.3 equiv), and anhydrous K2CO3 (0.60 g, 4.3 mmol) in 10 mL of anhydrous
acetonitrile was stirred at rt overnight. The solvent was evaporated, and the residue was dissolved in HyO-

CHCl3. The organic phase was separated, and the aqueous phase was cxtracted with CHCl3. The combined

organic phase was washed with brine, dried (Na2SQ04), and concentrated. The residue was purified by flash
P TS PR B | | [NR—— fean 1ONLT A AN MLT MM WANIT o ~liaam b ~ reivra T
cnromaiograpny On a SuiCa gei COWMmil USINE 1uuUll and <uli Lnguip-Mmeun ds Siuc is o give inc

corresponding library 9, 10, 13, or 15 as a yellow oil in 60-90% yields.

Preparation of Library 11 (Scheme 5). A solution of library 8 (0.28 g, 0.40 mmol) and N,N’-
bis(terz-butoxycarbonyl)-1H-pyrazol- 1-carboxamidine (66)22 (148 mg, 0.48 mmol, 1.2 equiv) in 10 mL of
anhydrous THF was stirred at 60-70 °C for 24 h. The solvent was evaporated, and the residue was dissolved in
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residue was nurified bv flash chromatoeranhv on a silica cel column usine 1:0. 100:1. and then 301 CHACYA
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General Procedure for the Preparation of Libraries 12, 14, and 16 (Figure 1 and
Scheme 5). A solution of the corresponding t-Boc-protected library 11, 13, or 15 (0.22 mmol) and TFA (2
mL) in 1.5 mL of CH2Cly was stirred at 1t overnight. The solvent and excess TFA were evaporated, and the
residue was dissolved in H20. The resulting solution was adjusted to pH >8 with aqueous K2CO3 solution,
and extracted with CHCl3. The combined organic phase was washed with brine, dried (NapSQOy4), and

evaporated under high vacuum to give a quantitative yield of the corresponding library

lanaral Pencadiira far tha DPranarntinn af [ ihearineg 1724 (Cahamea £) A crliatine ~F
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overnight. The solvent was evaporatcd under high vacuum. The resuiting intermediate library 67 was
dissolved in benzene (2 mL / mmol), and the sclected substituted phenol (1.3 equiv) was added to the above
solution. The resulting solution was refluxed for 24 h. The solvent was evaporated, and the residue was
purified by preparative thin layer chromatography (PLC) or flash chromatography on silica gel to afford the
desired libraries 17-24 as pale yellow foams in 50-60% yields.

General Procedure for the Preparation of Libraries 25-29 (Figure 2 and Scheme 7).
These libraries were prepared as described above for library 7 from scatfold 2 (1 equiv), a solution containing
the corresponding set of selected functionalities (total 4.2 equiv), and anhydrous K2COj3 (15 equiv) in 15 mL
AF nmhoAdrniie LA Tha ranatinm mivtnes tno otivrad nt ot Cne AL (fov Lhvna: 9@ ¢ €N £N O C 0 YA LN T
ULl il YULUUD LIS IN. 110 10al Vil Hi1AWUL Ad SULITU al 1L 1VUl =+ 11 {1Ul lLUld.l_y &0, dlL JU-VU U 1UL L4 11) 10C
solvent was evaporated, and the residue was dissolved in HpO-CHCI3. The organic phase was separated, and

the aqueous phase was extracted with CHCIl3. The combined organic phase was washed with brine, dried
(NazS04), and concentrated. The residue was purified by flash chromatography on a silica gel column using
100% CH2Cly, and then 5:1 to 1:1 CHpClp-MeOH as eluents to give the corresponding libraries 25-29 as
yellow foams in 60-90% yields.

SUIUAVIE VL A0 LIS

<

CH30H-HC1 (14%). The resulting solution was cvaporated under high
desired libraries 30-34 as hydrochloride salts.

acuum to give quantitative yields of

Preparation of Library 35 (Figure 2 and Scheme 7). A solution containing equimolar amounts
of cyclohexyl isocyanate, 4-flurophenyl isocyanate, 2,4-dichlorophenyl isothiocyanate, 4-(trifluoromethoxy)-
phenyl isocyanate, and 4-(cthyloxycarboxyl)phenyl isothiocyanate (total 4.2 cquiv), and scaffold 2 (1.0 equiv)
in a mixed solvent of anhydrous DMF (5 mL) and acetonitrile (10 mL) was stirred at rt for 2 h. The solvent was
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evaporated, and the residue was purified by flash chromatography on a silica
and then 5:1 CH2Clx>-MeOH as elue o give 180 mg (62%) of library 35 as

a gel column using 100% CHClp
a yellow foam.

Antimicrobial Assays. The high through-put antimicrobial assays were performed against bacteria

Streptococcus pyogenes ATCC 14289 and Escherichia coli imp~ in microtiter plate format as described

elsewhere. 10,11

High Through-Put Scintillation Proximity Assay (SPA). For this assay we utilized the
peptide ISIS RP-350 which consists of 39 amino acid residucs corresponding to positions 48 to 86 of the HIV-
1 tat protein. This peptide contains the basic domain of the tat protein and has binding characteristics similar to

that of the wild type protein.25 The peptide was labeled to high speutlc acuvxty (100 mC1/mL) by conjugation
with monoiodinated [125]1 Bolton and Hunter

version of the TAR element (residues 16-45) with biotin molecule conjugated to the 3’ terminus. It is
specifically recognized by tat. The interaction of the ISIS RP-350 peptide with ISIS 5832 was measured using
the SPA (scintillation proximity assay) technology. 100 mg of the streptavidin coated SPA beads (Amersham)
were incubated for 20 min at room temperature in 50 mL of PRB Buffer (50 mM Tris, pH 8.0, 1.5 mM
MgClp, 50 mM KCl, 10% glycerol, and 0.01% NP-40) with 0.1 mCi of the labeled peptide and 100 nM ISIS
5832 in an opaque 96 well plate. The plate was spun at 1000 rpm for 5 min to settle the SPA beads. The 1251
labeled tat peptide bound to the biotinylated TAR oligonucleotide which in turn bound to the streptavidin coated
SPA bead. This brought the 125] labeled peptide into the close proximity to the scintillant in the bead, resulting

in a quantifiable signal which can be read in the TopCount 96 well scintillation counter. Compounds that

interfered the tat/TAR interaction resulted in the 1257 labeled tat peptide floating free in buffer where excited
o =i e - O S T Wi NS . S e aa m oame P P rFos ) N + al. o OTY A L ~ 1 ™ PR
cleuron.s WweIe qUC ICNCA bC1OT ANSICITINE cncrg,y O SCINnuiidant 1n e SrA pead. 1n dS 00Sservea as a

decrease in SIgnal.
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