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Abstract: An efficient assembly of 14-membered macrocycles utilizing the SNAr of fluorine in 3-fluoro-4-
nitrobenzoic acid with the SH of cysteine on solid support is reported. The flexibility of this synthesis, as well as the

excellent purity (>90%) of the final products, are the distinctive characteristics of the resulting 7 i library.
© 1998 Elsevier Science Ltd. All rights reserved.

Application of combinatorial chemistry as both a lead generation, and a lead optimization tool for drug
research and development is well documented.! Numerous solid-phase, and solution-pahse techniques have been

developed to generaie a diverse array of compounds based upon a wide range of reaction types, and scaffolds. 2In
our continuing effort toward identifying new reaction templat s to investigate by solid support methods,3 we were
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The procedure developed by Zhu and others® for the synthesis of various cyclic substrates containing the
biaryl ether bridge? represents an aiternative route to the desired sulfur macrocycles. The nucleophilic aromatic
substitution (SNAr) of fluoride in various fluoronitroaromatic substrates with the phenolic oxygen of the tyrosine
derivatives® allows the efficient macrocyclization to occur. Exceptionally mild coupling conditions, ready
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macrocycles via post-modification reactions of the nitro group make this strategy amenable to solid phase.? In our
approach, we decided to adopt a similar strategy for the synthesis of sulfur containing macrocycles C, and use

Mmt-protected cysteine 1, anrd 3-fluoro-4-nitrobenzoic acid 210 as components for the final SNAr coupling. To
further expand the size, and to introduce an additional diversity element into the library of the desired 14-
membered macrocycles, we selected the previously reported acrylate resin!! modified with piperazine as a solid
support for the synthesis. Subsequent alkylation to quaternize the trisubstituted amine followed by base induced
Hofmann elimination were reported to yield the product in good yield and excellent purity.!! Furthermore, the
coupling sequence involving bromoacetic acid followed by the nucleophilic displacement of Br with primary
amines would introduce an additional dimension to the desired library.

In the initial experiment we coupled 1 to the acrylate resin modified with piperazine S 'n e 1) using the

PRUNg. Jigump | FYPaps Py .
_'tduucuu L}\.,\J plULULUl U.IIC mau g was aeternn l <

SR P -~

-d by standard Fmoc cleavage with 20% pip
the resulting immobilized S-Mmt cysteine 3 via the previously
t

be 0.35 mmol/g). Bromoacetic acid was coupled to
reported procedure, 12 and the res"ltm.g resin was treated with a 0.5 M solution of amine in DMF to afford the
resin 4. The procedure was repeated again to afford the resin 5, followed by couplir _g o_f 2 using the HOAY/DIC

strategy. 13 The rcsultmz resin was treated with a 5% solution of DBU in DMF for
with a 0.5M solution of Et3N in DCM to afford the target macrocycles 6 (Scheme 1).1
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The progress of this
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Reagents and Conditions: i) 1, DCC, DMF/CH20I2 (1:1), RT, 24 h. (0.3 mmol/g loading); ii) 20% piperidine/DMF;
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BrCH,COOH, DIC, DMF, RT, 3 h.; |||) CHo=CHCHoNHgz (A), DMF, RT, 12 h.; iv) BrCH,COOH, DIC, DMF, RT, 3 h
p-CgH4CHoNH, (a), DMF, HT 12 h ; V) 2, HOAL, DIC, DMF, RT, R h. \n\ ’R°/.. TFA/DCM, 45 min., RT: vii} 5% DRU

llln i VII, /O WILINT
DMF, RT, 24 h,; CHQ—-CHCHQBT DMF 24h RT Et3N/DCM RT 12 h RT

macrocyclization step was monitored by 19F NMR.® Macrocyclization was not observed with the KoCO3/18-
crown-6 system or with N-methylmorpholine in DMF.? Tetramethylguanidine, and TBAF afforded the desired

product in a lower yield and inferior purity. We found that 14-membered macrocycles were the smallest
representatives of this class of macrocycles. Attempts to prepare smaller rings by coupling 2 on to the resin 4

followed by the standard DBU-promoted cyclization and Hofmann elimination afforded only a complex mixture.
The elaboration of the reaction conditions allowed us to synthesize a library of 12 members (Scheme 2).
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Neither the nature of the alkylating agent, nor the primary amines used for the bromine displacement in
bromoacetic acid affected the yield, or purity of the finai products 6. The average yield of the target macrocycles

i'a.ugcu from 54% to 74%. The pur 1Ly was determined Dy both 1H NMR, and HPLC anmyscs o be greater than
90%. An additional 5-10% of product was isolated after the resin was resubjected to the alkylating agent for 48 h

followed by Hofmann elimination of the target product with Et3N. Interestingly, when 3-fluoro-4-nitrobenzoic

It
acid (2) was substituted with its regioisomers, namely, 2-fluoro-5-ni
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yields of the macrocyclization products did not exceed 25-30% by HPLC analysis. In these two instances, the
reaction mixtures after Hofmann elimination were complex.

COSY, TOCSY and NOESY experiments were performed to assign the proton resonances and confirm the
bond connectivity of the macrocycle ring (Scheme 3). The characteristic allylic, cysteine, and aromatic ring spin
systems were readily identified by COSY, and TOCSY experiments. The two protons of each of the two

Scheme 3.
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Chemical shifts of the macrocyclic ring protons, ppm
Compound
Hp' Hp Hy' H Ho' Hg Hg H4
6Aa 3.19 3.29 3.84 3.95 3.16 4.86 5.16 7.33

6Ab 3.27 3.35 3.86 3.97 3.05 4.82 5,19 7.36
6Ac 3.21 3.38 3.78 3.91 3.11 4.83 5.14 7.37
6Ad 3.19 3.26 3.83 3.85 3.13 4.79 5.09 7.27
6Ba 3.13 3.31 3.88 3.90 3.17 4.85 5.18 7.39
6Bb 3.27 3.32 3.82 3.93 3.14 4.79 5.13 7.39
6Bc 3.23 3.35 3.72 3.84 3.14 4.91 5.12 7.36
6Bd 3.24 3.31 3.80 3.93 3.14 4.82 5.11 7.32

6Ca 3.18 3.22 3.77 3.97 3.05 4.83 5.10 7.35

6Cb 3.25 3.36 3.83 3.94 3.07 4.80 5.21 7.33
6Cc 3.26 3.31 3.85 3.98 3.13 4.82 5.22 7.41
6Cd 3.28 3.35 3.85 3.92 3.17 4.93 5.20 7.33
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methylene groups on the 14 membered ring exhibited individual chemical shifts, and strong COSY/NOE
connectivities. The key NOEs between the protons across the ring were observed as shown. Chemical shifts for

the protons in the macrocyclic core are summarized in the table of Scheme 3.
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utilizing SNAr of fluorine in 3 ﬂ_ ro-4-nitrobenzoic acid with th_. S__ of cysteine on solid support. Flexibility of
this synthesis, as well as the excellent purity of the final products are the distinctive characteristic of the resulting

library.

Experimental Section.

Materials. All solid phase reactions were carried out at room temperature. Reagents were purchased from
Aldrich and Acros and used without further purification. Wang resin (loading 0.6 mmol/g) was purchased from
Novabiochem and washed with DMF, MeOH, CH»Cly, and MeC‘N prior to use.

General Methods. All reactions were carried out in Amecn\’ vessels (LDU mg of resin per reaction VCSSCI)

e 1
Concentration of solutions after work-up was performed by reduced pressure rotary evaporation. 'H NMR

spectra were obtained on a Bruker DRX 500 instrument with CDCI3 as the solvent. The TOCSY and NOESY

snectra were obtained with mixing times of 80 msec., and 600 msec. resnectivelv. MS analvsis (ES, and I
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modes) was performed on a qn Elmer APT 165 instrument. HPI_,C. analvsis was performed o

Gold Analytic 126 apparatus w1th a diode array detector model 168 a wavelengths of 220 nm, and 254 nm.
The column employed was an Ultrasphere C18 cartridge 250mm x 4.6 mm. Solvent system was MeCN/H2O
(.1% TFA added), with a flow rate of 1 mL/min.

General Procedure for Preparation of Mmt-protected Cysteine on acrylate resin 3. In a standard
resin preparation protocol, N-Fmoc, and S-Mmt protected cysteine (12.3 g, 20 mM) was treated with DCC (2.06
g, 10 mM) in 50 mL of dry dichloroethane. The resulting mixture was stirred for 2 hrs., and filtered. 50 mL of
dry DMF was added, and the acrylate resin modified with piperazine (10 g, 0.45mmol/g loading as determined by
coupling of 4- nltrobcnzoylcmonde followed by cieavage of the resuitant amide with allylamine) was introduced.

~d ot ran 1

ltawad wachad wiitlh MAALD AANIT MNLIAMNA
HICICU, WdadliCu willl LJ1IviLY, WViCuUrl, LIl 1/,

MTha vaciiltines  tarmeara

11IC 1COULLLLLE muu_y was DLIILLU at TOUILLL IeHlipel

nd Ariad s affard tha Aa S e
4aing area i vacuo LU ariora tuc UCDJ]CU Iesiil

o aq Anfnminorl
15 ad uciviluinu

The resulting resin was treated with 100 mL of a 20% soluuon of piperidine in DMF for 30 min, washed with
DMF, MeOH, and CH2Cl2, and dried in vacuo to afford the immobilized S-Mmt protected cysteine 3.

General Procedure for Preparation of Modified S-Mmt Cysteine 5. This procedure was run using
following reaction conditions: mixture of bromoacetic acid (2.78g, 20 mM) and DIC (2.77 g, 22 mM) in 100 mL
of dry DMF was added to $-Mmt resin 3 (10 g). The resulting slurry was stirred for 3 hrs., filtered, washed with
DMF, CH2Cl2, and treated with a 0.5 M solution of amine in DMF at room temperature for 12 h., filtered,
washed with DMF, MeOH, and CH2Cl3, and dried in vacuo to afford the desired modified S-Mmt cysteine resin
4. This procedure was repeated once again to afford resin 5.

General Procedure for Preparation of Macrocycles 6. This procedure was run using following reaction
conditions: 2 mL of a mixture of 3-fluoro-4-nitrobenzoic acid (1.85g, 10 mM), HOAt (1.36 g, 10 mM) and DIC
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(1.26 g, 10 mM) (clear solution in 100 mL of
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agent (0.5 M solution in DMF) for 24 h,, w shed with DMF, MeOH, CH2Clp, treated with 0.5 M soluno
EtsN in DCM for 12 hrs, and filtered. The filtrate was collected, dried in vacuo, triturated with ether, and dned to
afford the desired macrocycles 6.
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Selected Analytical Data:

(6Aa): 30.0 mg (61%); HPLC #g = 6.26; lH NMR: & 2.02 (m, 2H), 2.52 (m, 4H), 2.95 (m, 2H), 3.16 (m,
1H), 3.19 (m, 1H), 3.29 (m, 1H), 3.61 (m, 2H), 3.79 (m, 4H), 3.84 (m, 1H), 3.95 (m, 1H), 4.86 (d, J =
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4.5Hz, 1H), 4.92 (m, 1H), 4.96 (d, J = 8.5Hz, 1H), 5.16 (m, 1H), 5.28 (d, J =4.5Hz, 1H), 5.34 (d, J =8.5Hz,
IH), 5.73 (dd, J1 = 4.5Hz, J» = 8.5Hz, 1H), 5.86 (dd, J1 = 4.5Hz, J; = 8.5Hz, 1H), 7.13 (d, J = 8.0Hz, 1H),
7.24 (d, J = 8.0Hz, 2H), 7.33 (s, 1H), 7.43 (d, J = 8.0Hz, 2H), 7.94 (m, exch D70, 1H), 8.11 (d, J = 8.0Hz,
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1iR/y J.&i ULl FALJ, J.J0 (il 11X, J.J2 U, &I1), J.UU-0.U0 (i1, UIl), J5./0 \ill, 211), J2.00 \ill, 411}, 53.00 (IIi,
1H), 3.97 (m, 1H), 4.71 (d, J = 4.5Hz, 1H), 4.82 (m, 1H), 4.88 (d, J = 8.5Hz, 1H), 5.19 (m, 1H), 5.23 d, J
=4.5Hz, 1H), 5.36 (d, J =8.5Hz, 1H), 5.84 (dd, J; = 4.5Hz, J5 = 8.5Hz, 1H), 5.92 (dd, J; = 4.5Hz, J; =

1H), 8.05 (d, J = 8.0Hz, lH), ESI MS m/z 695 (M + H+), 693 (M HY),

(6Ac): 34.0 mg (71%); HPLC R = 6.31; IH NMR: & 1.86-2.24 (m, 8H), 2.26 (m, 2H), 2.46 (m, 4H), 2.93
(m, 2H), 3.11 (m, 3H), 3.15 (m, 2H), 3.21 (m, 1H), 3.38 (m, 1H), 3.75 (m, 4H), 3.78 (m, 1H), 3.91 (m,
1H), 4.37 (m, 1H), 4.82 (d, J = 4.5Hz, 1H), 4.83 (m, 1H), 4.92 (d, J = 8.5Hz, 1H), 5.14 (m, 1H), 5.22 (d, J
=4.5Hz, 1H), 5.30 (d, J =8.5Hz, 1H), 5.48 (dd, J; = 4.5Hz, J, = 8.5Hz, 1H), 5.81 (dd, J = 4.5Hz, J, =
8.5Hz, 1H), 7.13 (d, J = 8.0Hz, 1H), 7.37 (s, 1H), 7.96 (m, exch D,0, 1H), 8.14 (d, J = 8.0Hz, 1H); ESI MS
m/z 639 (M + HY), 637 (M - H+).

(6Ad): 28.7 mg (65%); HPLC g = 6.02; 1H NMR: § 2.06 (m, 2H), 2.44 (m, 4H), 2.98 (m, 2H), 3.13 (m,
1H), 3.19 (m, 1H), 3.26 (m, 1H), 3.54 (m, 2H), 3.67 (s, 3H), 3.78 (m, 2H), 3.81 (m, 4H), 3.83 (m, 1H),
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3.85 (m, iH), 4.75 (d, J = 4.5Hz, iH), 4.79 (m, iH), 4.81 (d, 7= 8.5Hz, iH), 5.09 (m 1H), 5.16 (d, J
=4.5Hz, 1H), 5.24 (d, J =8.5Hz, 1H), 5.80 (dd, J| = 4.5Hz, J, = 8.5Hz, 1H), 5.84 (dd, J; = 4.5Hz, J; =
8.5Hz, 1H), 7.10 {d, J = 8.0Hz, 1H), 7.27 (5, 1H), 7.83 (in, exch D;C, 1H),8.11 d, /=8 OHz, iH); ESI MS
m/z 589 (M + H+), 587 (M - HT)

(6Bb): 38.8 mg (69%); HPLC g = 6.42; 1TH NMR: §2.03 (m, 2H), 2.34 (m, 4H), 3.14 (m, !H), 3.27 (m,
1H), 3.32 (m, 1H), 3.39 (m, 2H), 3.54 (m, 2H), 3.69-3.71 (m, 6H), 3.75 (m, 2H), 3.81 (m, 4H), 3.82 (m,
1H), 3.93 (m, 1H), 4.76 (d, J = 4.5Hz, 1H), 4.84 (m, 1H), 4.88 (d, J = 8.5Hz, 1H), 5.13 (m, 1H), 5.81 (dd
Jy = 45Hz, J» = 8.5Hz, 1H), 6.71 (s, 1H), 6.73 (d, J = 8.0Hz, 1H), 7.04-7.21 (m, 5H), 7.39 (s, 1H), 7.83

(m, exch DO, 1H), 8.12 (d, J = 8.0Hz, 1H); ESI MS m/z 751 (M + H*), 749 (M-H*).

(6Ca): 31.4 mg (57%); HPLC tR = 6.83; I1H NMR: 8 1.96 (m, 2H), 2.45 (m, 4H), 3.05 (m, 1H), 3.18 (m,
1H), 3.22 (m, 1H), 3.47 (m, 2H), 3.59 (s, 3H), 3.69 (m, 2H), 3.74 (m, 4H), 3.77 (m, 1H), 3.97 (m, 1H),
4.73 (d, J = 4.5Hz, 1H), 4.83 (m, 1H), 4.86 (d, J = 8.5Hz, 1H), 5.10 (m, 1H), 5.75 (dd, J; = 4.5Hz, J =
8.5Hz, 1H), 6.82 (s, 1H), 6.93-7.16 (m, 4H), 7.29 (d, J = 8.0Hz, 2H), 7.35 (s, 1H), 7.44 (d, J = 8.0Hz, 2H),
7.81 (m, exch D0, 1H), 8.11 (d, J = 8.0Hz, 1H); ESI MS m/z 735 (M + H*), 733 (M - H*).
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