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A novel aldehyde dual-linker system has been developed for the solid phase synthesis of sterically hindered
amides. The linker [5-(4-formyl-3-hydroxyphenoxy)pentanoic acid] exploits an intramolecular oxygen

nitrogen acyl transfer mechanism to prepare comp

ounds that are unattainable with current commercially

available linkers. A dual linker system, exploiting the hyper-acid labile Sieber amide linker as part of the

construct, enabled the initial reductive alkylation

reactions of hindered amines and their subsequent

acylation with a range of carboxylic acids with varying stereoelectronic properties to be monitored. Simple

acylation conditions (HBTU/HOBt/NMM) sufficed

to provide near quantitative reaction of test acids

with support-bound hindered amines, reaction conditions which failed when commercial linkers were

used.

Introduction

In recent years there has been an explosion of interest in the
research and development of novel linkers for polymer supported
synthesis and several reviews have been published covering
this are& Originally, linkers were designed almost exclusively
to aid peptide and nucleotide synthesis. However, the advent
of combinatorial chemistry techniques has led to a demand for
a wider range of linkers for solid-phase synthesis. This is
because the original linkers have one major drawback: most
leave a functional group attached to the cleaved molecule that
was the attachment point for the linker (e.g., a carboxylic acid,
an amide, or an alcohol). This is not always desirable for
combinatorial library synthesis.
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In our current research, amino acids are used as starting points
for the design and synthesis of potential enzyme inhibitors. We
required a simple solid-phase method that would enable an
amino acid to be functionalized at both its N- and C-termini
with minimal epimerization. We considered the most facile way
to achieve this was through monovalent attachment of the
conserved nitrogen to a linker, thus allowing simple synthetic
manipulation of both termini prior to resin cleavage. Using this
approach, libraries of compounds could be prepared that would
not contain an unwanted functional group derived from the
amino acid attachment point to the linker.

Such linkers have been developed to enable the solid phase
synthesis of C-terminally modified peptidesnd although the
polymer support may vary, there are essentially only four types
of this linker commercially available. (Figure 1).

These have been utilized in the literature to facilitate the syn-
thesis of a variety of different compourfdsith some specific
examples including benzimidazotesnd alkoxyketone$.

Although all of these linkers have been shown to be effective,
they all have limited use for the formation of amide bonds. This

(3) Jenson, K. J.; Alsina, J.; Songster, M. F.; Vagner, J.; Albericio, F.;
Barany, G.J. Am. Chem. S0d.998,120, 5441.
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FIGURE 1. Commercially available backbone amide linkers (BAL).

SCHEME 1

o

Reductive HATU, DIPEA,

o N o H
N
Jucti f “fmoc
Amination o DCMIDMF(9:1) > o JK FIGURE 3. Coupling of MeOBAL to Sieber amide resin.

was then cleaved from the hyper acid labile linker with a low

SCHEME 2. “Double Linker” Strategy concentration of acid. Under these conditions (typically 1%

g et TFA, 5% TES in DCM) the aldehyde linker is completely stable
pi s P i ool (d?l'ti?en(():t)ﬁlsjgltii?egf).choice to define the limitations of the
"N Linker 2 S - Cleavage -

rJ =)@ HNRT - @ — Oj commercially available linker is shown below (Figure 4). Valine

. siskas 0 “ was chosen as a typical sterically hindered amine as subsequent
KOEE\O, Lo ~o \T\ o” acylation coulld be prob!ematic with an electron deficient or
ot @ o N structurally hindered acid. A number of polymer supported
o R reductive alkylation protocols have been described in the

literature’~° Our method of choice utilized sodium cyanoboro-

problem is illustrated in Scheme 1: reductive alkylation hydride in 1% AcOH/DMF for 18 h. _

proceeds smooth|y (e.g.’ with pheny|a|anine) but subsequent To ensure that quantltatlve reductive alkylatlon had OCCUI’red,
acylation is achieved only when using highly activated coupling @ small portion of resin was cleaved and the re_sultlng filtrate
reagent8.Even so, acylation (e.g., with the relatively unhindered analyzed by HPLC and mass spectrometry techniques. Only one

leucine) is still not quantitativé. major peak was seen by HPLC, and electrospray mass spec-
trometry (ESI) confirmed this to be the predicted prod&t (
Results and Discussion The HPLC chromatogram (Figure 5) showed no evidence of

Our research initially focused on defining the limitations of the starting aldehyde linker. _ _
one of the commercially available aldehyde linkers with respect ~ Following successful reductive alkylation, acylation was
to the formation of amide bonds. To aid this investigation, a attémpted with use of typical peptide synthesis techniques. To
solid phase “double linker” strategy was developed to allow test the scope of thls.resm-ll'nker construct, severgl acids were
the rapid analysis of solid supported postreaction products. Thechosen for coupling with varying steric and electronic properties
principle of this technique is shown in (Scheme 2). (Figure 6). _ _ _ _

This strategy enables the progress of reactions (e.g., reductive Each acid was mixed with for 64 h, using HBTU as an in
alkylation and acylation) to be monitored via simple cleavage Situ coupling agent in the presence of NMM and HOBt in DMF.
and HPLC analysis of the resulting product(s). Since the The degree of acyIapon was .determlned by analysis of the
aldehyde linker J) is UV active, both starting material and ~cleaved products, using analytical HPLC/ESI. .
products can be readily detected. The commercially available ~Evaluation of the data showed that for all the acids chosen
aldehyde linker chosen for the initial studies was 4-(4-formyl- (With the exception of acetic acid)5% acylation had occurred
3-methoxyphenoxy)butanoic acid (MeOBAL))((Figure 2). (Table 1, entries 18). The major product in each caseq5%)

The aldehyde handle was first attached to polystyrene resinWas the linker-vVal-OBustarting material (Val-OMe also gave
functionalized with the hyper-acid labile Sieber amide linker <5% acylation, Table 1, entries 9 and 10). This provided
(Figure 3). Reductive alkylation and acylation were then conclusive evidence that acylation of sterically hindered amines
performed as described below. The newly synthesized moleculePound to MeOBAL proceeded at very low rates.

More forcing reaction conditions were employed in an attempt

(4) (a) del Fresno, M.; Alsina, J.; Royo, M.; Barany, G.; Albericio, F. to imprOVe acylation onto the hindered valine. The Symmetrical
Tetrahedron Lett1998 38, 2639. (b) Farrant, E.; Rahman, ST&trahedron anhydride ofZ-leucine was prepared and compared to the

Lett.2000,41, 5383. (c) Tolborg, J. F.; Jenson, KChem. Commur2000, ; ; i i
147. (d) Giovannoni. J.; Subra, G.; Amblard, M.; MartineZT dtrahedron coupling of acetic anhydride. As expected the use of acetic

Lett. 2001,42, 5389. (e) Herpin, T. F.; Van Kirk. K. G.; Salvino, M. J,;

Yu, S. T.; Labaudiniere, R. B. Comb. Chem2000,2, 513. (f) Estep, K. (7) Ho, P. T.; Chang, D.; Zhong, J. W. X.; Musso, G.Feptide Res.
G.; Neipp, C. E.; Stephens Stramiello, L. M.; Adam, M. D.; Allen, M. P.;  1993,6, 10.
Robinson, S.; Roskamp, E. J. Org. Chem1998,63, 5300. (8) Coy, D. H.; Hocart, S. J.; Sasaki, Yetrahedron1988,44, 835.
(5) (@) Smith, J. M.; Krchnak, VTetrahedron Lett1999,40, 7633. (b) (9) (a) Gordon, D. W.; Steele, Biorg. Med. Chem. Lettl995,5, 47.
Muzurov, A.Bioorg. Med. Chem. Let2001,10, 67. (b) Szardenings, A. K.; Burkoth, S.; Look, G. C.; Campbell, JA.Org.
(6) Fenwick, A. E.; Garnier, B.; Gribble, A. D.; Ife, R. J.; Rawlings, A.  Chem.1996,61, 6720. (c) Abdel-Magid, A. F.; Carson, K. G.; Harris, B.
D.; Witherington, JBioorg. Med. Chem. Let2001,11, 195. D.; Maryanoff, C. A.; Shah, R. DJ. Org. Chem1996,61, 3849.
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FIGURE 4. Valine-OBU reductively alkylated onto “double linker” to give construdi.(

TABLE 1. Acylation Reactions with MeOBAL (reaction time 64 h)

amine reductively coupling coupling coupling coupling acid % starting amine
entry alkylated reagent additive base solvent coupled remaining
1 valine-OBU HBTU HOBt NMM DMF Z-Val-OH >95
2 valine-OBU HBTU HOBt NMM DMF Z-Leu-OH >95
3 valine-OBU HBTU HOBt NMM DMF o-anisic >95
4 valine-OBU HBTU HOBt NMM DMF p-anisic >95
5 valine-OBU HBTU HOBt NMM DMF o-nitrobenzoic >95
6 valine-OBU HBTU HOBt NMM DMF p-nitrobenzoic >95
7 valine-OBU HBTU HOBt NMM DMF acetic <25
8 valine-OBU HBTU HOBt NMM DMF diphenylacetic >95
9 valine-OMe HBTU HOBt NMM DMF Z-Val-OH >95
10 valine-OMe HBTU HOBt NMM DMF Z-Leu-OH >95
11 valine-OBU acetic anhydride DIPEA DCM acetic anhydride <5
12 valine-OBU symmetrical anhydride df-leucine DCM Z-Leu-OH >85
90 SCHEME 3. Oxygen—Nitrogen Acyl Transfer
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FIGURE 5. HPLC chromatogram of sample 5 from resin cleavage.
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FIGURE 6. Selected acids for acylation onto H-Val-(OBtesin (4).

anhydride led to almost quantitative acylation (Table 1, entry
11). However, the use of the highly electrophilic symmetrical
anhydride of the more hinderedleucine yielded<15% of the
desired acylated product by HPLC area (Table 1, entry 12).
HATU activation was also attempted as reported in the
literaturé but this gave little improvement over HBTU activation
(results not shown). Almost identical results were observed when
using BAL and Di-MeOBAL (Figure 1). Indole BAL (Figure
1) proved worse still, with only partial reductive alkylation being
noted even after resubmission of the resin to the reductive
conditions.

Having established the limitations of the commercially avail-
able linkers, work commenced on the investigation of a new

1324 J. Org. Chem.Vol. 71, No. 4, 2006

aldehyde linke?? 4-(4-formyl-3-hydroxyphenoxy)pentanoic acid
(OHBAL, Hydroxy, Backbone Amide Linker) (6) that would
potentially overcome these problems (Scheme 4). We have
described the synthesis 6fin a patent? but no experimental
details of its use were included. Limited application of a similar
linker has been reportéd.In this work, simple unhindered
amines were attached via reductive alkylation and coupled with
simple amino acids. No demanding coupling reactions with
respect to steric or electronic considerations were reported.

It was envisaged that linkes could be simply attached to
any free amine resin via typical SPPS conditions (HBTU, HOBt,
NMM, DMF, e.g., Figure 3).

When OHBAL is used, acylation with both electron poor and
sterically hindered acids should be possible via initial acylation
of the 3-hydroxy function followed by O to N acyl transfer of
the incoming acid? This concept is illustrated in Scheme 3.

The synthetic route to OHBAL itself is outlined in Scheme
4. Selective alklyaltion was achieved with conditions described
by Mendelson et ai® Methyl 5-bromopentanoate, spray dried
potassium fluoride, and 2,4-dihydroxybenzaldehyde were heated
under reflux in acetonitrile. The crude methyl est@rwas then
purified by flash chromatography to give a white solid in good

(10) Johnson, T.; Quibell, M. Patent Appl. WO 98/17628 (File date:
1997).

(11) Okayama, T.; Burritt, A.; Hruby, V. Drg. Lett.2000,2, 1787.

(12) Johnson, T.; Quibell, M.; Owen, D.; Sheppard, RIGChem. Soc.
Chem. Commuril993, 369.

(13) Mendelson, W. L.; Holmes, M.; Dougherty Sknth. Commuri.996,
26, 593.
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SCHEME 4. Synthesis of 5-(4-Formyl-3-hydroxyphenoxy)- o o

pentanoic Acid (OHBAL) (6) and Subsequent Attachment to O/\/\)LNHZ O/\/\)J\NHZ
the Poylmer Support (8)
o Q ¢} CH | OH .
Qe P s N e o o
= < LIDHITHF r&
fDH KFI MeCN / Reflux 18hrs HP‘OH 89 lf»DH (8) \l Q K ﬁ 0 \'<
0" H 42% 0% H 0% H
m NH, © (10)
(;(OI%O o) FI_GURE 7. Two potential products derived from reductive alkylation
with OHBAL.
/\)0;\ HETU, HOBt, NMM, DMF
o™ ik =5 . With use of the same eight carboxylic acid probes as
J : Q[ L;L ® Hz'“\’[\ro\ﬁ’ s e prewo_usly (Figure 6) apd ut_|I_|2|ng |dent|ca! standard coupling
HO o o o sl umag tj\ chemistry, the synthetic utility of the resin was tested. The
' A [;Jf 1 @ percentage acylation was determined by analysis of the cleaved
O (B) 1% ACOHDMF, "1 N 4
h jc,/ AN NaBH,CN, 18hrs ey products by HPLC/ESI.

The data clearly showe#80% acylation had occurred for

yield. Hydrolysis of the ester via treatment with lithium @l €ight carboxylic acid probes (Table 2, entriesg) compared
hydroxide in THF gave the desired ach) {n good yield. Once to <5% for the commercial linkers under identical conditions

this had been isolated, the constr@etas prepared on the solid ~ (Table 1). This provided conclusive evidence that the De-
phase in a manner analogous to that used earlier to assembl&LOBAL had overcome the synthetic limitations that were seen

construct4 from MeOBAL (1) (Figure 4). when using the commercial linkers for amide bonq formatiorl.
Following acidic cleavage of a small portion of resin, HPLC AN example of one of the HPLC chromatograms is shown in
analysis revealed two peaks at 3.0 and 3.2 min in a relative Figure 8. _
ratio of 3:2. Electrospray MS confirmed the major component  1he results clearly show the linker to be an extremely useful
to be that of the desired produd@)(and the minor product to tool for thg formatlon of amide bonds. .Bot.h electron poor and
be the imine (10) (Figure 7). This phenomenon was not noted €lectron rich acids were coupled quantitatively to the sterically
when using the commercial linker and interestingly, Okayama hindered amines. Qf part_lcular note is the successful a_lcylat|on
et al* did not report problems during reductive alkylation even ©f @-branched amino acidtval-OH) to the already sterically
though an identical 2-hydroxyl functionality was present on their Nindered Val-OBtiand Val-OMe (Table 2, entries 1 and 10).
linker. A variety of reported reductive alkylation conditions were ©One minor limitation of the linker was seen when coupling an
employed, including those used by Okayama etlahnd in ortho-substituted benzoic acid. Bothanisic acid and 2-ni-
each case incomplete alkylation was seen with the hinderedtrobenzoic acid (Table 2, entries 3 and 5) showed slightly
amine. Even resubmission of the resin to the reductive conditionseduced acylation. A comparison of the degree of acylation with
failed to isolate the desired amine quantitatively. ortho/para anisic acids and ortho/para nitro benzoic acids
This discovery led to a modification to the design and (€léctron donating verses electron withdrawing) showed prefer-
synthesis of the new linker. It was proposed that temporary, €Nce for the latter. FultH and **C NMR characterization of
orthogonal protection of the hydroxyl function would facilitate ~ ONn€ of the compounds preparéi®] (Table 2, entry 7) is detailed
quantitative reductive alkylation. The revised structure and [N the Experimental Section.
synthetic route are outlined in Scheme 5. Methyl 5-(4-formyl- ~ Having used the dual linker system to demonstrate the
3-hydroxyphenoxy)pentanoat)( allyl bromide, and cesium  €nhanced reactivity of the linker, the synthetic utility of this
carbonate were stirred at room temperature in dry acetonitrile @Proach was investigated by using ALOBAL directly attached
for 3 h. The resulting crude product was purified by flash t© the polymer (17) (Figure 9).

chromatography to yield a white solid est&d} in high yield. By using the same carboxylic acid probes as before (Figure
Hydrolysis of the ester via treatment with lithium hydroxide in  6) and utilizing identical standard coupling chemistry, seven
THF gave the desired acid2) in excellent yield (ALOBAL, amides were prepared. Each was isolated by treatment of the
AllylOxy Backbone Amide Linker). resin with 95% TFA, 5% TES. After workup the crude samples

Pleasingly, reductive alkylation was found to occur quanti- Were lyophilized and accurate weights determined. The yields
tatively. A small portion of resin was cleaved and the filtrate ©Of the compounds (Table 3) were calculated by weight based
analyzed by HPLC/ESI. One major peak at 3.1 min was ©N the initial loading of the commercially available resin. Purity
identified as the desired product (14) (Supporting Information) Was determined by HPLC peak area. _
and there was no evidence of the starting aldehyde linker. The purities of the amides were consistent with the data

The allyl protecting group was subsequently removed with a observed with the dual linker system, but the overall yields were
mixture of tetrakistriphenylphosphine palladium(0) and phe- @ little lower than expected. .
nylsilane in DCM%4 To ensure quantitative deprotection had ~ T0 test further the synthetic utility of the new linker, O to N
HPLC/ESI. One major peak at 2.6 min was identified as the class, anilines are poor nucleophiles compared to alkylamines.
desired product (15) (Supporting |nf0rmati0n) and there was The reductive a|ky|atI0n Chemlstl’y described earlier for valine

no evidence of the Starting material. worked quantitatively with the ALOBAL and MeOBAL and
worked well when using the Di-OMeBAL but did gave rise to

(14) Martinez, P. G.; Dessolin, G. F.; Albericio, J;.Chem. SogcPerkin minor impurities. Acylation with two acids (Z-valine-OH and
Trans. 11999, 2871. p-nitrobenzoic acid), using HBTU chemistry, for both 24 and

J. Org. ChemVol. 71, No. 4, 2006 1325
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SCHEME 5. Synthesis of 5-(3-Allyloxy-4-formylphenoxy)pentanoic Acid (ALOBAL) and Subsequent Attachment to the Solid
Support (13)
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TABLE 2. Acylation Reactions with De-ALOBAL (reaction time 64 h)

amine reductively coupling coupling coupling coupling % starting amine
entry alkylated reagent additive base solvent acid coupled remaining
1 valine-OBUY HBTU HOBt NMM DMF Z-Val-OH 10
2 valine-OBUY HBTU HOBt NMM DMF Z-Leu-OH 7
3 valine-OMe HBTU HOBt NMM DMF o-anisic 17
4 valine-OMe HBTU HOBt NMM DMF p-anisic 2
5 valine-OMe HBTU HOBt NMM DMF o-nitrobenzoic 10
6 valine-OMe HBTU HOBt NMM DMF p-nitrobenzoic 1
7 valine-OBU HBTU HOBt NMM DMF p-nitrobenzoic 2
8 valine-OMe HBTU HOBt NMM DMF acetic 1
9 valine-OMe HBTU HOBt NMM DMF diphenylacetic 1
10 valine-OMe HBTU HOBt NMM DMF Z-Val-OH 9
11 valine-OMe HBTU HOBt NMM DMF Z-Leu-OH 5
120 Q
~~ A O
100 . o N
80 O/\/\)LNH

Abs 214
o}
=
/—%{}
5 O
> v
{
Q
=
T
3

20 ° N
0 %LM FIGURE 9. Valine-OMe reductively alkylated onto ALOBAL to give
constructl?.
-20
0 2 4 6 8 10 12

The reductive alkylation chemistry described earlier for valine
was found to be inappropriate for this electron poor aniline.
FIGURE 8. HPLC chromatogram of sample from resin cleavatf) ( T_heref_ore, an alternative method was used involving dilgutyltin
(entry 6, Table 2). dichloride as a catalyst and phenysilane as redu¢taeductive
alkylation was quantitative with all three linkers. Acylation was
64 h then followed. As before, reductive alkylation with Indole carried out for 64 h with 4-nitrobenzoic acid. The results are
BAL was not quantitative and so acylation experiments were given in Table 5.
not attempted. Following cleavage of the resins, the filtrates The data showed no acylated product when using the
were analyzed by HPLC and electrospray MS. The results are MeOBAL or Di-MeOBAL but quantitative acylation was seen
tabulated below (Table 4). with De-ALOBAL.

The tabulated data clearly show a difference in performance As before, the chemistry was then repeated with the ALOBAL
of the three linkers. Interestingly, the rate of acylation with the directly attached to the polymer (Figure 10). Acylation was
Di-MeOBAL was superior to that of the MeOBAL linker (Table  carried out for 64 h.

4, entry 5 vs 3 and entry 6 vs 4), although neither commercial  Following solid-phase synthesis, the amides were isolated by

Time (mins)

linker was as effective as ALOBAL. treatment of the resin with 95% TFA, 5% TES. After workup
One final test for the ALOBAL involved replacing 4-meth-
oxyaniline @5) with the less nucleophilic 4-chloroanilingg). (15) Apodaca, R.; Xiao, WOrg. Lett.2001,3, 1745.

1326 J. Org. Chem.Vol. 71, No. 4, 2006



Solid Phase Synthesis of Hindered Amides

TABLE 3. Yield and Purity of Amides Prepared with ALOBAL

JOC Article

amine reductively coupling coupling coupling coupling
compd alkylated reagent additive base solvent acid coupled % yield % purity
18 valine-OMe HBTU HOBt NMM DMF Z-Val-OH 66 84
19 valine-OMe HBTU HOBt NMM DMF Z-Leu-OH 87 95
20 valine-OMe HBTU HOBt NMM DMF o-anisic 68 93
21 valine-OMe HBTU HOBt NMM DMF p-anisic 47 78
22 valine-OMe HBTU HOBt NMM DMF o-nitrobenzoic 51 84
23 valine-OMe HBTU HOBt NMM DMF p-nitrobenzoic 73 91
24 valine-OMe HBTU HOBt NMM DMF diphenylacetic 72 89

TABLE 4. Acylation Reactions with Various Aldehyde Linkers (reaction time 24 & 64 h)

amine reductively  coupling coupling coupling coupling % amine converted
entry linker alkylated reagent additive base solvent acid coupled (24 and 64 h)
1 De-ALOBAL p-anisidine HBTU HOBt NMM DMF Z-Val-OH 100 and 100
2 De-ALOBAL p-anisidine HBTU HOBt NMM DMF p-nitrobenzoic 100 and 100
3 2-MeOBAL p-anisidine HBTU HOBt NMM DMF Z-Val-OH 11 and 28
4 2-MeOBAL p-anisidine HBTU HOBt NMM DMF p-nitrobenzoic 18 and 33
5 Di-MeOBAL p-anisidine HBTU HOBt NMM DMF Z-Val-OH 16 and 53
6 Di-MeOBAL p-anisidine HBTU HOBt NMM DMF p-nitrobenzoic 2land 73
TABLE 5. Acylation Reactions (64 h) with Various Aldehyde Linkers
amine reductively  coupling coupling coupling coupling % amine converted
entry linker alkylated reagent additive base solvent acid coupled (64 h)
1 De-ALOBAL p-chloroaniline HBTU HOBt NMM DMF p-nitrobenzoic 98
2 2-MeOBAL p-chloroaniline HBTU HOBt NMM DMF p-nitrobenzoic 2
3 Di-MeOBAL p-chloroaniline HBTU HOBt NMM DMF p-nitrobenzoic 5
TABLE 6. Yield and Purity of Amides Prepared with ALOBAL
amine reductively coupling coupling coupling coupling
compd alkylated reagent additive base solvent acid coupled % yield % purity
27 p-methoxyaniline HBTU HOBt NMM DMF p-nitrobenzoic 85 94
28 p-methoxyaniline HBTU HOBt NMM DMF Z-Val-OH 76 87
29 p-chloroaniline HBTU HOBt NMM DMF p-nitrobenzoic 76 91
o o o methods typically used in peptide chemistry for amide bond
OM)LH o’\/\)\u’. formation. Future work will be directed toward expanding the
R range of structural motifs that can be prepared by utilizing the
\ unigue O to N acyl transfer mechanism of De-ALOBAL.
g =g
NH NH Experimental Section
@ Acylation Experiments. All amide bonds were formed with the
standard acylation protocol: HBTU (5 equiv), HOBt (5 equiv),
-0 (25) cl (26) and test acid (5 equiv) were pre-dissolved in a minimum volume

FIGURE 10. Anilines reductively alkylated onto ALOBAL to give

resins (25and 26).

of DMF and added to DMF swollen resin (1 equiW-Methyl-
morpholine (NMM) (10 equiv) was then added and the resin gently
agitated for 64 h. When an alternative activating agent or base was
used, exactly the same protocol was followed. Following acylation,

the crude samples were lyophilized and accurate weights resins were washed (20 mL/mmol resin) with standard washing
determined. The yield and purity (HPLC) of the compounds protocol A: DMF (x 10), 5% hydrazine/DMF (10 min), DMFX

are shown in Table 6.

Summary

A novel linker (ALOBAL) for the solid phase synthesis of _ _ ¢ olum
moieties linked through an amide bond has been prepared. Thigbrine and after separation, the organics were sparged with nitrogen
linker overcomes the limitations of similar commercially

available handles in facilitating the quantitative acylation of both 2"
hindered (e.g., valine) and electron poor (e.g., anilines) second-

ary amines vieO—N acyl transfer. The use of a double linker

strategy enabled individual steps in the overall method to be concentrated in vacuo and taken up in acetonitrile/water (1:1) before
monitored and optimized readily. Initial problems with the

reductive alkylation step have been solved and the acylation

10), MeOH, DCM (10x each solvent) and driedf@ h in vacuo.
Sieber Linker Cleavage.Cleavage was achieved with standard
cleavage protocol A, using 10 mg of resin with gentle agitation:
1% TFA, 5% triethysilane (TES), and 94% DCM (total volume 2
mL) for 5 min. The filtrate was treated with an equal volume of

to obtain a sample that was immediately analyzed by RP-HPLC
d ES-MS.

Strong Acid Cleavage.Cleavage was achieved with standard
cleavage protocol B, using 1.0 g of resin with gentle agitaion: 95%
TFA, 5% TES (total volume 5 mL) for 90 min. The filtrate was

lyophilization.
Symmetrical Anhydride Formation. Fmoc-Leu-OH (0.1 mmol,

reaction reduced to a routine coupling reaction with reagents/ 35.3 mg) was dissolved in 2 mL of DCM. 1,3-Diisopropylcarbo-
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diimide (0.05 mmol, 7.&L) was added and the solution was cooled Preparation of Methyl 5-(3-Allyloxy-4-formylphenoxy)pen-

to 0 °C for 45 min. The urea precipitate was filtered off and the tanoate (11).Compound7 (0.5 g, 1.98 mmol) was dissolved in

filtrate added immediately to the resin. dry acetonitrile (10 mL). To this was added allyl bromide (1.1 equiv,
Synthesis of Resin 39-Fmoc-amino-xanthen-3-yloxy-Merrifield ~ 2.18 mmol,d = 1.4, 0.188 mL) and cesium carbonate (2.0 equiv,

resin (Sieber, Novabiochem) was suspended in DMF (5 min) and 3.96 mmol, 1.29 g). The reaction was stirred at room temperature

then treated with a minimum volume of 20% piperidine in DMF  for 2 h. TLC: 20% EtOAc/heptane 1 sp&.0.19 (desired product).

(1 x 2 min, 1 x 5 min). After thorough washing (DMF 10) HPLC peak 1R 4.13 min (97%). The reaction mixture was filtered

linker (1) was coupled using the standard acylation protocol through Celite, concentrated in vacuo, and then transferred to a

described above. The resin was then washed following standardseparating funnel. EtOAc (50 mL) was added and washed succes-

washing protocol A and cleaved with standard cleavage protocol sively with 1 M KHSQ, (3 x 20 mL) and brine (1x 30 mL). The

A. organic layer was dried over MgQ@nd the solvent removed in
Synthesis of Resin 4Synthesis of resid was carried out with vacuo to yield 0.527 g of a cream colored solid (91%), mp-30

standard reductive alkylation protocol :AThe amine (either °C. Found: C, 65.54; H, 6.85. Calcd fordEl,(Os: C, 65.74; H,

hydrochloride salt or free base) (5 equiv) was predissolved in the 6.90.vmafilm)/cm~1 2949, 1735, 1677, 1601, 1260yz(ESMS)

minimum volume of 1% acetic acid in DMF and added to r&sin~ 291.23 (M— H 100%), 251.20 (M~ CH,—CH=CH,), 177.15 [M

Sodium cyanoborohydride (5 equiv) was then added and the resin— (CH.)4—CO.H), 10]. m/z (El) found 315.1208. ¢H»>.0sNa

was agitated for 18 h. After this time the resin was washed (20 requires 315.1202 (400 MHz; CDC}) 10.30 (1H, s) 7.88 (1H,

mL/mmol resin) with standard washing protocol A and dried for 2 d, J = 8.5 Hz), 6.54-6.50 (1H, m), 6.45 (1H, dJ = 2.3 Hz),

h in vacuo. 6.13—6.01 (1H, m), 5.45 (1H, dd,= 17.0 Hz,J = 1.50 Hz), 5.33
Synthesis of Compound 5Resin4 was cleaved with standard ~ (1H, dg,J = 10.5 Hz,J = 1.5 Hz), 4.62 (2H, dtJ = 5.00 Hz,J

cleavage protocol A to generate compoun(Figure 5). HPLC: =1.5Hz), 4.02 (2H, 1) =5.85 Hz), 3.70 (3H, s), 2.422.39 (2H,

Peak 1R, 2.38 min (92%).m/z(ESMS) 395.12 (MH, 100%). m), 1.85-1.71 (4H, m).dc (400 MHz; CDC}) 188.5, 173.9, 165.6,

Preparation of 5-(4-Formyl-3-hydroxyphenoxy)pentanoic Acid 162.9, 132.5, 130.7, 119.4, 118.3, 106.7, 99.6, 69.4, 68.0, 51.8,
(6). Compound? (1.0 g, 3.95 mmol) was dissolved in dioxan (10 33.8, 28.7, 21.7.
mL) and to this was added 1 M lithium hydroxide (10 mL). The  Preparation of 5-(3-Allyloxy-4-formylphenoxy)pentanoic Acid
reaction was stirred at room temperature for 2 h. After cooling, (12). The crude solid (11) (0.527 g, 2.08 mmol) was dissolved in
the reaction mixture was concentrated in vacuo and then transferreddioxan (10 mL) and to this was added 1 M lithium hydroxide (5
to a separating funnel. EtOAc (50 mL) was added and the mixture mL). The reaction was stirred at room temperature for 2 h. After
was washed successively with®l (3 x 25 mL) and 1 M KOH (3 cooling, the reaction mixture was concentrated in vacuo and then
x 25 mL). The organic layer was dried over48&, and the solvent transferred to a separating funnel. EtOAc (50 mL) was added and
removed in vacuo to yield a white solid (0.837 g, 89%), mp-88  washed successively with,B (3 x 25 mL) and 1 M KOH (3x
89 °C. HPLC: Peak IR 2.82 min (97%). Found: C, 60.53; H, 25 mL). The organic layer was dried over 4#$&, and the solvent
5.86. Calcd for GH140s: C, 60.50; H, 5.92vmq(film)/cm~1 2948 removed in vacuo to yield a white solid (0.466 g, 93%), mp-110
(sat. CH), 1691 (CegH), 1631 (CHO).m/z(ESMS) 237.20 (M— 111°C. HPLC: Peak IR 2.93 min (96%). Found: C, 65.63; H,
H 56%), 137.09 [M — (CH,)s—CGO,H), 100]. m/z (El) found 6.45. Calcd for GsH1g0s: C, 65.74; H, 6.52vma(film)/cm—1 2952,
261.0739. @H;140sNa requires 261.07324 (400 MHz; CDC}) 1706, 1676, 1604, 1266n/z (ESMS) 277.25 (M— H 100%),
9.78 (1H, s), 9.70 (1H, s), 7.51 (1H, @= 8.5 Hz), 6.53 (1H, dd, = 177.15 [M — (CHp);—COQ;H), 98.6]. m/z (El) found 301.1052.
J = 8.5, 2.3 Hz), 6.39 (1H, d) = 2.3 Hz), 4.00 (2H, tJ = 5.8 CisH1s0sNa requires 301.104 8, (400 MHz; CDCE) 10.30 (1H,
Hz), 2.40-2.37 (2H, m), 1.851.71 (4H, m).d¢c (400 MHz; CDC}) s), 7.73 (1H, dJ = 9.3 Hz), 6.62—6.58 (1H, m), 6.52—6.48 (1H,
1945, 176.2, 166.6, 164.2, 135.1, 115.6, 108.2, 100.9, 68.1, 33.3,m), 6.04—6.16 (1H, m), 5.45 (1H, dd,= 17.00 Hz,J = 1.5 Hz),
28.3, 21.5. 5.30 (1H, dg,J = 10.54 Hz,J = 1.50 Hz), 4.55 (2H, dtJ = 5.0
Preparation of Methyl 5-(4-Formyl-3-hydroxyphenoxy)pen- Hz, J = 1.50 Hz), 4.02 (2H, tJ = 5.85 Hz), 2.4+-2.38 (2H, m),
tanoate (7).2,4-Dihydroxybenzaldehyde (10 g, 7.5 mmol), methyl 1.88—1.76 (4H, m)oc (400 MHz; CDCk) 188.7, 176.1, 166.4,
5-bromopentanoate (12.9 mL, 1.2 equiv, 9 mmol), and spray dried 163.4, 132.9, 130.1, 118.8, 117.0, 107.2, 99.2, 69.2, 68.1, 33.4,
potassium fluoride (8.85 g, 1.0 equiv, 7.5 mmol) were dissolved 28.4, 21.5.
in dry acetonitrile (100 mL) and heated under reflux for 18 h Synthesis of Compound 15Resin13 (1.0 equiv) was treated
(moisture excluded with calcium chloride drying tube). After with 0.5 equiv of (PP§.Pd(0) and 25 equiv of phenylsilane in
cooling, the reaction mixture was concentrated in vacuo and then DCM for 5 min. The resin was thoroughly washed following
transferred to a separating funnel. EtOAc (150 mL) was added andwashing protocol B: DMF (10x 5 mL), 0.5% DIPEA, 0.5%
washed successively with,8 (3 x 75 mL) and 1 M KOH (3x sodium diethyldithiocarbamate in DMF (15 min agitation), DMF
75 mL). The organic layer was dried over J$&, and the solvent (10 x 5 mL), DCM (10 x 5 mL). The procedure was then repeated
removed in vacuo to yield a brown solid (16.3 g, 75%). TLC: and finally the resin dried for 2 h in vacuo. The resin was cleaved
30%EtOACc/70%heptane: 3 spots, minoR10.32 (starting mate- by using the standard cleavage protocol A to generate compound
rial), minor 2R 0.1 (acid, hydrolyzed from methyl ester), maRr 15. HPLC: Peak R 2.58 min (91%)m/z(ESMS) 395.22 (MH,
0.36 desired product. HPLC: PealRkl2.81 min (17%), peak & 100%).
2.81 min (30%), peak & 3.78 min (51%). Purification by flash Synthesis of Compound 16Allyl protection was removed from
chromatography. The product was dry loaded and eluted with 20% resin 13 as described above. The resin was then reacted with
EtOAc/heptane. Appropriate fractions were combined and concen- 4-nitrobenzoic acid, using the standard acylation protocol. The resin
trated in vacuo to afford the three compounds stated above, all aswas washed using standard washing protocol A and then cleaved
white/cream solids. Desired product (7.6 g, 42%), mp-66 °C. using standard cleavage protocol A. The crude material was
Found: C, 61.90; H, 6.37. Calcd for1,60s: C, 61.90; H, 6.39. lyophilised from acetonitrile/water (1:1 v/v) to yield a yellow solid
vma(film)/cm—1 2949, 1734, 1630m/z (ESMS) 251.23 (M— H (Figure 8). HPLC: Peak R 4.60 min (96%)m/z(ESMS) 544.37
100%), 137.10 [M— (CHp)s—CO:H), 11.83]. m/z (El) found (M + H 44.17%), 488.30 [M- Bu), 100%].0 (400 MHz; CDC})
275.0895. GH;10sNa requires 275.089@ (400 MHz; CDC}) 8.29 (1H, d,J = 8.6 Hz), 7.67 (1H, dJ = 8.6 Hz), 7.15 (1H, d,
11.45 (1H, s), 9.70 (1H, s), 7.40 (1H, = 8.50 Hz), 6.50 (1H, = J= 8.6 Hz), 6.46 (1H, s), 6.37 (1H, d,= 8.6 Hz), 6.04 (1H, s),
dd,J = 8.5 Hz,J = 2.3 Hz), 6.40 (1H, dJ = 2.3 Hz), 4.00 (2H, 5.64 (1H, s), 4.65 (1H, d] = 14.8 Hz), 4.54 (1H, d) = 14.8 Hz),
t, J = 5.8 Hz), 3.70 (3H, s), 2.422.38 (2H, m), 1.88-1.76 (4H, 3.90—4.01 (2H, m), 3.71 (1H, dl = 13.3 Hz), 2.35-2.45 (1H,
m). oc (400 MHz; CDC}) 188.5, 173.9, 165.6, 162.9, 130.7, 119.4, m), 2.25—2.35 (2H, m), 1.82—1.88 (2H, m), 1.49 (9H, s), 0.79
106.7, 99.6, 68.0, 51.8, 33.8, 28.9, 21.7. (1H, d,J = 6.2 Hz), 0.65 (1H, dJ = 6.2 Hz).dc (400 MHz;
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CDCly) 176.5, 173.5, 168.5, 161.1, 157.9, 148.9, 141.4, 133.6, The aniline (5 equiv) and dibutyltin dichloride (0.1 equiv) were
128.8,124.1,113.9, 106.9, 103.1, 83.6, 69.8, 67.6, 43.9, 35.6, 28.71 dissolved in the minimum volume of dry THF and added to the
28.4, 28.2, 22.4, 20.0, 18.9. resin. After gentle agitation (5 min) phenylsilane (5 equiv) was
Synthesis of Resin 17NovaSyn (Novabiochem) TGR (1.0 g, added and the resin agitated for 18 h. After this time the resin was
0.2 mmol) was suspended in DMF (5 min) and then treated with a washed (20 mL/mmol resin) using standard washing protocol A.
minimum volume of 20% piperidine in DMF (kX 2 min, 1 x 5 Synthesis of Compound 2%? Resin26 was treated with 0.5
min). After thorough washing (DMFx 10) linker 12 was coupled equiv of (PPR)4Pd(0) and 25 equiv of phenylsilane in DCM for 5
using the standard acylation protocol. The resin was then washedmin. The resin was thoroughly washed using standard washing
using standard washing protocol After pre-swelling in DMF, protocol B and the procedure repeated. 4-Nitrobenzioc acid was
HCIl.Val-OMe was reacted using standard reductive alkylation coupled using the standard acylation protoddle resin was once
protocol A and then washed using standard washing protocol A. again washed using standard washing protocol A and after drying
Synthesis of Compound 18% Resin17 was treated with 0.5 in vacuo was subjected to the standard cleavage protocol B. The
equiv of (PPh),Pd(0) and 25 equiv of phenylsilane in DCM for 5  crude material was lyophilized from acetonitrile/water to yield a
min. The resin was thoroughly washed using standard washing yellow solid (0.042 g, 76%). HPLC: PeakR, 5.22 min (99%).
protocol B and the procedure repeatéd/aline was coupled using ~ m/z(ESMS) 277.45 (M+ H 43.37%).m/z (El) found 299.6593.
the standard acylation protocdolhe resin was once again washed CjgH»gN,OsNa requires 299.6652y (400 MHz; DMSO) 8.35 (2H,
using standard washing protocol A and then subjected to the d,J= 8.78 Hz), 8.16 (2H, dJ = 9.28 Hz), 7.80 (2H, d) = 8.78
standard cleavage protocol Bhe crude material was lyophilised  Hz), 4.42 (2H, dJ = 9.28 Hz).6c (400 MHz; CDC}) 164.6, 149.9,
from acetonitrile/water to yield a clear oil (0.048 g, 66%). HPLC: 141.0, 138.4, 129.9, 129.32, 128.5, 124.2, 122.7.
Peak 1R; 4.10 min (99%).m/z(ESMS) 365.03 (M+ H 37.27%).
mz (El) found 387.1904. GH.dN-OsNa requires 387.1896 (400 Supporting Information Available: Full characterization of all
MHz; CDCls) 7.38—7.22 (5H, m), 5.32 (1H, s) 5.16 (2H, m), 4.56 nhumbered products along with detailed procedures for the additional
(1H, m), 4.31 (1H, m), 3.73 (3H, s), 2.08 (2H, M), 1-60.86 (12H, reactionst’=2! This material is available free of charge via the
m). ¢ (400 MHz; CDC}) 173.0, 172.6, 156.8, 129:8.29.2, 67.4, Internet at http://pubs.acs.org.
59.1, 57.8, 52.6, 30.8, 19-18.2.
Synthesis of Resin 26NovaSyn (Novabiochem) TGR (1.0 g, 0051742
0'?‘ _mmol) was suspended In D_M_F (5_ min) and then '_[reated with a (17) Govindachari, T. R.; et alletrahedron1967,23, 4811—-4815.
minimum volume of 20% piperidine in DMF (k 2 min, 1 x 5 (18) Suga, H.; Shi, X.; Ibata, T.; Kakehi, Aleterocycle001, 9, 1711
min). After thorough washing (DMFx 10) linker 12 was coupled 1726.
using the standard acylation protocol. The resin was then washed (19) Fache, F.; Valot, F.; Milenkovic, A.; Lemaire, Metrahedror.996
using standard washing protocol. After preswelling in DMF, 52, 9777-9784.
4-chloroaniline was reacted using reductive alkylation protocol B: ., (2%) Mitas, P.; Sedlak, M. Kavalek, J. Chem. Soc., Commui998,

63, 85-93.
(21) Mathis, C. A.; Wang, Y.; Holt, D. P.; Huang, G.-F.; Debnath, M.
(16) Breit, B.; Laungani, A. CTetrahedron: Asymmet3003,14, 3823— L.; Klunk, W. E. J. Med. Chem2003,46, 2740—2754.
3826. (22) Walczyna, R.; Sokolowski, Pol. J. Chem1984,58, 791—-804
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