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Summary

A ‘biocompatible’ safety-catch linker based on an internal diketopiperazine release has been developed to allow
the release of amine based compounds. The synthesis of the linker and its pre-loading with a representative set of
amines is described. After immobilization onto an amino Tentagel resin, the linker was activated and the amines
were released under biological conditions at pH 8.

Introduction linker that was used to cleave carboxylic acids. Linker
cleavage is driven by intra-molecular diketopiperazine
Over the last decade, solid phase synthesis and com-formation [7] and the linker was prepared in solution
binatorial chemistry have seen a dramatic evolution and different amine scaffolds were pre-loaded on the
taking place [1]. Two strategies are now routinely ap- linker before its attachment onto the resin.
plied in the production of thousands of compounds:
parallel synthesis or split and mix synthesis. However,
despite being a very efficient method, the splitmix Materials and methods
strategy is used little, although potentially hundreds
of thousands or millions of compounds can be rap- General
idly and inexpensively prepared [2]. The rationale for Solvents and reagents were obtained from commercial
this is threefold: firstly there are only tiny amounts of suppliers and used without further purification. Solid
compound found on single beads, usually in the or- phase synthesis was performed on Tentagel-$-NH
der of a few hundred picomoles; secondly the need to from Rapp Polymer (0.29 mmol/g, 130n beads). All
identify the compound on the bead and thirdly the lack solid phase reactions were performed in glass peptide
of methods to enable the direct cleavage of compound vessels or polypropylene syringes. Agitation of the
from beads into assay wells under biologically com- reaction mixtures was achieved using a shaker or a ro-
patible conditions (although a large range of linkers [3] tative wheel. NMR spectra were recorded on a Bruker
have been reported, few of them could be described as400 MHz spectrometer with a deuterated solvent as
‘biocompatible’ [4] and in most cases compounds with the internal lock!H NMR data are reported as: chem-
acid functionalities are released). ical shift (ppm), multiplicity, number of hydrogens,
As part of an ongoing program in this area, we have coupling constant. Analytical HPLC chromatograms
generated very high-loading beads [5] which solve the were obtained on a Hewlett Packard HP-1100 sys-
first part of this problem. Here, we report with the full tem equipped with a Phenomenex Prodigyg Ce-
synthetic details the synthesis of a linker that allows verse phase column (3.0 mril50 mm). Solvents
amine and amidine cleavage directly into the assay used were: solvent A: 0.1% TFA inJ®, solvent B:
well ready for biological screening. This follows from 0.042% TFA in CHCN, gradient 0% B to 100% B
a previous communication [6] that described a similar over 20 min. The column effluent was monitored us-
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Scheme 1Synthesis of the core part of the linker. Conditions: a) THFH1/1), EgN 1.2 equiv, RT, 48 h (50-65%); b) 4-HOgE 4-CHO,

DCC, DMAP, DCM, 18 h, RT, (70-80%); c) NaBH Green bromocresol, 20% HCIEtOH (60-70%); d) 44GgH4-OCOCI, Py, DCM,
15 min, RT (85-90%).

ing a variable wavelength UV detector at 220, 236 or 155.0; 131.8;118.5; 81.4; 65.5; 60.5; 59.6; 51.5; 47.0;
254 nm. Mass spectra were obtained on a VG Plat- 31.1; 30.0; 28.2; 26.9; 24.5; 23.6. M/z (ES+ve): 407.4
form single quadrupole mass spectrometer under the (20%) [M+Na]", 791.9 (100%) [2M+Naf.
electrospray positive ionization mode.

Synthesis of 2-[(1-tert-butoxycarbonyl-pyrrolidine-2-
Synthesis carbonyl)-amino]-pentanedioic acid 5-allyl ester

1-(4-hydroxymethyl-phenyl) est2r
Synthesis of 2-[(1-tert-butoxycarbonyl-pyrrolidine-2- Compoundl (10 g, 26 mmol) and 4-hydroxybenz-
carbonyl)-amino]-pentanedioic acid 5-allyl ester aldehyde (3.5 g, 28.6 mmol) were dissolved in DCM
Boc-Pro-OSuc (13.5 g, 43 mmol) and H-GIu(OAll)- (150 mL). DCC (5.9 g, 28.6 mmol) and DMAP
OH (10.0 g, 53 mmol) were dissolved in water/THF (370 mg, 3 mmol) were added at°C. The mixture
(1/1, 150 mL). Triethylamine (8 mL, 57 mmol) was was then stirred for 18 h at room temperature. The
added dropwise and the mixture was stirred for 48 h DCU was removed by filtration and the residue was
at room temperature. THF was removed in vacuo and concentrated in vacuo. The resulting oil was purified
then the pH was adjusted to 2—-3 with an aqueous by flash chromatography on silica gel to afford the
solution of citric acid. The aqueous layer was ex- aldehyde (10.75 g, 85% vyield) as a clear yellow oil.
tracted with AcOEt (3« 150 mL). The organic layers The aldehyde (5.5 g, 11.3 mmol) was dissolved in
were combined, washed withh®, dried over MgS@), MeOH (75 mL). A trace of bromocresol green was ad-
filtered and then concentrated in vacuo. The result- ded to give a yellow colored solution. NagL50 mg,
ing oil was purified by flash chromatography on silica 3.7 mmol) was added in small amounts. When NaBH
gel to afford 8.2 g (50% vyield) ofl as a yellow was added, the solution showed a blue color so a
oil. R¢: 0.18 (Hex/AcOEY/AcOH: 3.5/6/0.5). NMRH few drops of 20% HCI in EtOH were added to re-
(CDClz, 400 MHz): 9.22 (bs, 1H); 5.88 (ddt, 1H, J = store the yellow color. When the addition was over,
6, 10,17 Hz);5.31 (d, 1H, J =16 Hz); 5.23(d, 1H, J = the mixture was stirred for 30 min. The MeOH was
10Hz); 4.58 (d, 2H, J =6 Hz); 4.28 (bs, 1H); 3.44 (bm, removed in vacuo and the residue was taken up in wa-
2H); 2.45 (m, 2H); 2.33-1.80 (m, 6H); 1.42 (s, 9H). ter (150 mL). The aqueous layer was extracted with
NMR 13C (CDCk, 100 MHz): 173.9; 172.3; 169.7; EtOAc (3x 75 mL). The organic layers were com-



Table 1. Synthesis yields of compoundsand8

R’RNH 7 Yield 8 Yield
o ©)
a CF5CO, H,N~ " “NHFmoc 50-55% 85%
NHFmoc
H,N
b O O 80% 91%
H,N
¢ 69% 80%
Br
NH
0 [¢]
. ©)LNH2 73% 40%
€ Br < > NH, 77% 87%

Table 2. HPLC retention time of the released amines with their HPLC purities after first and second release

R’RNH Retention Purity of 1 Purity of 2™
Time (min) Release Release
HN” " NHCOPh
a l\/\/NHCOPh 7.4 95% 72%
H,N
b O O 7.5 70% 72%
H,N
¢ 6.6 45% 30%
Br
NH
d ©)LNH2 5.4 81% 50%
e HzN‘@Br 6.6 71% 63%
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Scheme 3Formation of the un-loaded link&e a) RRNH (1.1 equiv), DIPEA (1 or 2 equiv), DMF, 2—4 h, RT, b) ArNCO (1.1 equiv), DIPEA
(1.1 equiv), DMF, 1 h, RT, c) Pd(PB}y (5% mol), pyrrolidine (1.5 equiv), DCM, 10 min, RT.
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Scheme 4The cleavage step.

bined, washed with water, dried over Mggdltered,

resulting crude material was purified by flash chroma-

and then concentrated in vacuo. The resulting oil was tography on silica gel to afford (4.65 g, 95% yield)

purified by flash chromatography on silica gel to af-
ford 2 (3.8 g, 63% vyield) as a white—yellow sticky
oil. R: 0.32 (AcOE/PE: 85/15). NMRH (CDCls,
400 MHz): 7.35 (d, 2H, J = 8.5 Hz); 7.16 (dd, 2H, J =
8.5, 2.0 Hz); 5.88 (ddt, 1H, J =6, 10, 17 Hz); 5.30 (d,
1H,J =17 Hz); 5.23 (d, 1H, J = 10 Hz); 4.75 (m, 1H);
4.66 (s, 2H); 4.58 (bd, 2H); 4.28 (bs, 1H); 3.40 (bm,
2H); 2.50 (m, 2H); 2.45-1.75 (m, 6H); 1.44 (s, 9H).
NMR 13C (CDCk, 100 MHz): 173.2; 172.3; 170.0;
155.7;149.6; 139.0; 131.8; 128.0; 121.2; 118.4; 80.6;
65.5; 64.3; 60.9; 59.7; 51.7; 47.0; 30.9; 30.0; 28.3;
26.9; 24.6; 23.6. M/z (ES+ve): 491.4 (50%) [M+H]
998.7 (100%) [2M+NH] ™.

Synthesis of 2-[(1-tert-butoxycarbonyl-pyrrolidine-2-
carbonyl)-amino]-pentanedioic acid 5-allyl ester
1-[4-(4-nitro-phenoxycarbonyloxymethyl)-phenyl]
ester3

Compound2 (3.6 g, 7.3 mmol) was dissolved in
DCM (50 mL). Pyridine (650uxL, 8 mmol) and 4-
nitrophenylchloroformate (1.6 g, 8 mmol) were added.
The mixture was stirred for 15 min at room tem-

as a yellow paste.{R0.42 (AcOEY/PE: 1/1). NMRH
(CDClz, 400 MHz): 8.22 (d, 2H, J = 9 Hz); 7.44 (d,
2H, J=8.5Hz); 7.35(d, 2H, J =9 Hz); 7.12 (dd, 2H, J
=8.5,3.0 Hz); 5.88 (ddt, 1H, J =6, 10, 17 Hz); 5.29 (d,
1H, J = 17 Hz); 5.25 (s, 2H); 5.21 (d, 1H, J = 10 Hz);
4.75 (m, 1H); 4.57 (bd, 2H); 4.30 (bs, 1H); 3.40 (bm,
2H); 2.51 (m, 2H); 2.45-1.75 (m, 6H); 1.44 (s, 9H).
NMR 13C (CDCk, 100 MHz): 173.1; 172.2; 170.0;
155.7; 155.3; 152.2; 150.7; 145.2; 132.0; 131.8;
129.9; 125.1; 121.7; 118.3; 80.4; 70.0; 65.4; 60.8;
59.6; 51.6; 47.0; 30.9; 29.9; 28.2; 26.7; 24.5; 23.6.
M/z (ES+ve): 656.4 (100%) [M+H], 673.4 (50%)
[M+Na]*.

NI, N8-(fluorenylmethoxycarbonyl)-spermidine
trifluoroacetate salé
N3-(tert-butyloxycarbonyl)-spermidine4 (1.26 g,
5.15 mmol) was dissolved in 4®/dioxane (1/1,
100 mL). The pH was adjusted to 9-10 by addition
of NaHCG;. At 0 °C, Fmoc-Cl (3.4 g, 13 mmol) was
added in small fractions. The mixture was then stirred
for 2 h at 0C and 12 h at room temperature. Diox-

perature. The solvent was removed in vacuo and the ane was removed in vacuo and the aqueous layer was
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Scheme 5i) 20% piperidine/DMF, ii) PhCOCI, pyridine, DCM, iii) TFA/DCM (1/1) 45 min, iv) phosphate buffer, pH 8, 0.1 M, 4 h.

extracted with AcOEt (X 50 mL). The organic layers
were combined, washed withp, dried over MgS @),

ter, dried over MgS@ filtered, and then concentrated
in vacuo. The resulting oil was purified by flash

filtered and then concentrated in vacuo. The resulting chromatography on silica gel to afford the urethanes

solid was purified by flash chromatography on silica
gel to afford NF,N8-(fluorenylmethoxycarbnyl)-N3-
(tert-butyloxycarbonyl)-spermiding (3.6 g, 100%
yield) as a white solid. R0.50 (PE/AcOEt 1/1).
Compound was dissolved in CHGI(10 mL) and

7a-d.

Data for7c. NMR 'H (CDCls, 400 MHz): 7.50—
7.10 (m, 8H); 5.92 (ddt, 1H, J =6, 10, 17 Hz); 5.33 (d,
1H, J = 17 Hz); 5.26 (d, 1H, J = 10 Hz); 5.12 (s, 2H);
4.80 (m, 1H); 4.61 (bd, 2H); 4.35 (m, 3H); 3.40 (bm,

at 0°C, TFA (7.7 mL, 20 equiv) was added dropwise. 2H); 2.54 (m, 2H); 2.45-1.80 (m, 6H); 1.48 (s, 9H).
The mixture was stirred for 30 min aPQ and then NMR 13C (CDCk, 100 MHz): 172.2; 170.2; 170.0;
2 h at room temperature The solvents were removed 156.2; 150.1; 140.8; 134.3; 131.9; 130.4; 130.3;
in vacuo and the resulting yellow paste was triturated 130.2; 126.0; 122.6; 121.3; 118.4; 80.5; 66.1; 65.4;
with EtoO to afford a white powder. This powder was 60.9; 59.7; 53.3; 51.8; 51.6; 47.0; 44.4; 30.9; 30.0;
washed with EtO and dried in vacuo. Compour&l 28.3;26.9; 24.5; 23.6.

(3.6 g, 100%) was obtained as a white powder. NMR
1H (DMSO-ds, 400 MHz): 8.47 (bs, 2H); 7.87 (d,
4H, J = 7.5 Hz); 7.67 (d, 4H, J = 7.5 Hz); 7.41 (4,
4H, J = 7.5 Hz); 7.33 (t, 4H, J = 7.5 Hz); 4.40-4.20
(m, 6H); 3.05 (m, 4H); 2.87 (bs, 4H); 1.73 (m, 2H);
1.56 (m, 2H); 1.44 (m, 2H). NMRS3C (DMSO-d,
100 MHz): 156.3; 156.1; 143.9; 140.8; 127.6; 127.0;
125.1; 120.1; 65.2; 46.8; 46.6; 44.6; 37.5; 26.4; 26.2;
22.9. M/z (ES+ve): 590.1 (100%) [M+Fi]

General procedure for the synthesis of
2-[(1-tert-butoxycarbonyl-pyrrolidine-2-carbonyl)-
amino]-pentanedioic acid
1-(4-RR-carbamoyloxymethyl-phenyl) estka—e

To a degassed solution dfa—e in DCM, was ad-
ded Pd(PP¥4 (5% mol) under nitrogen. Pyrrolidine
(1.5 equiv) was added dropwise and the mixture was
stirred for 15 min at room temperature. The solvent
was removed in vacuo and the resulting crude was pur-
ified by flash chromatography on silica gel to afford
the corresponding aci@a—e.

General procedure for the synthesis of
2-[(1-tert-butoxycarbonyl-pyrrolidine-2-carbonyl)-
amino]-pentanedioic acid 5-allyl ester
1-(4-R,R-carbamoyloxymethyl-phenyl) estés—d Data for8c: NMR 1H (CDCls, 400 MHz): 8.20
To a solution of3 and the amine (1.1 equiv) in DMF  (bs, 2H); 7.50-6.90 (m, 8H); 5.11 (s, 2H); 4.70 (m,
was added DIPEA (2 or 3 equiv). The mixture was 1H); 4.34 (m, 3H); 3.50 (bm, 2H); 2.54 (m, 2H);
then stirred for 4 h. An equal volume of water was 2.45-1.80 (m, 6H); 1.42 (s, 9H). NMRC (CDCE,
added and the ageous layer was extracted with AcOEt. 100 MHz): 175.7; 170.2; 156.4; 156.0; 150.2; 140.6;
The organic layers were combined, washed with wa- 134.2; 130.6; 130.4; 130.2; 126.0; 122.7; 121.5; 82.5;
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Figure 1. Kinetics of amine release fro®ea—e.

66.3; 60.9; 53.4; 52.7; 51.9; 47.0; 44.5; 31.2; 30.1,
28.3;26.1,; 25.7; 23.6.

General procedure for immobilisation 8&—eon
solid phase
To a solution of acid (2 equiv) in DCM and a few drops

of glutamic acid, which will be the attachment point
onto the resin, was protected with an allyl ester group.
Reaction between the activated ester Boc-Pro-OSuc
and the glutamic derivative H-Glu(OAll)-OH [8] in
THF/water in the presence of # [9] provided 1

in an isolated yield of 50-65%. Esterification with

of DMF (as necessary), HOBt (2 equiv) was added and 4-hydroxybenzaldehyde and subsequent reduction of

the mixture was stirred for 10 min. DIC (2 equiv) was

the aldehyde with sodium borohydride under pH con-

added and the solution was agitated for 10 min. The trolled conditions, led to the corresponding benzylic
activated acid was then added to the resin preswollen alcohol2. In order to form future urethane bonds,

in DCM and the mixture was shaken overnight. The
resin was washed with DMF, DCM, MeOH and,Ex
and dried in vacuo. The completion of the coupling
was verified by a qualitative ninhydrin test.

General procedure for the cleavage step

To the preswollen resin in DCM was added a solu-
tion of DCM/TFA (1/1) and the resin was shaken for
45 min. The resin was then washed with DCM, DMF,
DCM, MeOH and water. A solution of sodium phos-
phate buffer (pH 8.00, 0.1 M) was added (1 mL per

was transformed into the activated carbortatey re-
action with 4-nitrophenylchloroformate in DCM in the
presence of pyridine.

At this point, the core structure of the linker is
intact and a range of amines or amidine can be in-
troduced by displacement of the nitro phenol group.
We focused on a representative set of amines: primary,
secondary, benzylic, aromatic and benzamidine, and
included the spermidine scaffold *NN8-bis-Fmoc-
spermidine. This was obtained in a very high yield
by a five-step procedure starting from unprotected

10 mg of resin). The resin was shaken at room temper- Spermidine, via ﬁ_—(tert-butpxyca_rbonyl)—.spermidine
ature for 4 h, filtered and the supernatant was analysed4 [10], with Fmoc introduction being achieved quant-

by HPLC.

Results and discussion

Scheme 1 shows the synthesis of the core part of

the linker. The acid functionality of the side chain

itatively with Fmoc-Cl. Treatment ob with TFA
in DCM led to the formation of the NN8-Fmoc-
spermidine sal6 (Scheme 2). This compound was
retained as its salt because the free amine obviously
promoted Fmoc deprotection.

Reaction of3 with the different amines in DMF in
the presence of 2 or 3 equiv of DIPEA led to the form-
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Figure 2. HPLC traces of the released amines (first releas®)Bis-benzoyl-spermidine,b} diphenylethylamine, d) bromobenzylamine,

(d) benzamidine, d) bromoaniline.
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ation of the corresponding uretharf@sd in relatively In the case of the cleavage 88, we never ob-
good yields (Table 1). For the condensatio®o$low served any bis-Fmoc-spermidiGey HPLC. This was
addition of DIPEA gave the best results. Subsequent probably due to the basicity of the system, which res-
deprotection of the allyl ester with palladium tetra- ulted in Fmoc degradation. To overcome this problem,
kis triphenylphosphine in the presence of pyrrolidine the amino groups were capped with benzoyl chloride
as scavenger, afforded the corresponding a8alsl after Fmoc deprotection. Completion of the coupling
(Table 2). was followed by a qualitative ninhydrin test. After
Aniline proved too un-reactive witl3 and thus activation with TFA, the resin was treated with buf-
a different strategy was used to create the urethanefer and the supernatant was analysed by HPLC and
bond between the linker and aromatic amine. Thus, showed a single major peak (95%) corresponding to
the aromatic isocyanate 4-bromophenylisocyanatewas11 (Scheme 5).
reacted with2 in the presence of DIPEA in DMF to The cleavage rate was studied for the five released
afford the corresponding aromatic ureth&ieén 77% amines and followed by HPLC analysis. The complete
yield. Deprotection of the side chain was performed release was achieved after 4 h for the benzamidine,
as usual to give the un-loaded link&z containing the bromoaniline and spermidine compounds. For the case
aniline (Scheme 3). of the diphenylethylamine and the bromobenzylam-
The acids8a—e were activated with HOBt and ine, the release was much slower, probably due to low
DIC and then immobilised onto aminomethyl Tenta- solubility of these compounds in water (Figure 1).
gel resin due to its compatibility with water, which All the resins were filtered off and submitted to
will be the solvent of the cleavage step. Completion buffer for a second time (4 h). All the resins again
of the coupling reaction was followed by a ninhyd- released amine, showing the relatively slow cleavage
rin test and 2 equiv of acid were used. In the case of of compound, although the relative absorbance was
immobilisation of the spermidine scaffold, an Fmoc much reduced compared to the first release (between
guantitative test was carried out and gave the expected10 and 40%) and generally the purity of the released
value of loading (0.23 mmol/g). The resulting resins amine during the second run was inferior.
were then submitted to the cleavage step. First, the  The purity of the released amines is reported in
safety catch-linker was activated by treatment with a Table 2 and Figure 2 shows the HPLC of the first five
solution of TFA in DCM (1/1) and then the resin was releases.
washed with DCM, DMF, DCM, MeOH and #D.
The activated resins were shaken in a buffer solution
(0.1 M of sodium phosphate buffer, pH 8.00) for 4 h Conclusions
[7] (Scheme 4).
Typically, after activation of the safety-catch linker - :
and treatment with the buffer, the solution was re- In summary, we have developed an efficient synthesis

covered by filtration and analysed by HPLC and of a safety-catch linker for the release of amines un-
compared with authentic material der direct assay conditions. A large range of amines

For the release of diphenylethylamine, benz- ©' isocyanates could be introduced onto this linker.

amidine and bromoaniline, good levels of purity of the we have shown that th|§ I|nI§er aII_ows the relgase

recovered amines were achieved and no re-addition '[00f primary, §e_condary aliphatic amines, arylamme_s

the quinone methine was observed. a}nd benzamdme_ungler neutral COhdItIO.nS.. In addi-
Only for the release of bromobenzylamine was tion, due to the klnetlc_:s of cleavage, this linker can

the purity low (45% by HPLC). The major impurity _be “S_Gd t_o allow muIUpIg re'e?‘se_- _We are currently

showed a retention time of 6.00 min with nearly the |nvest_|gat|ng the synthesis of |nr_1|b|t_ors of the t_ry_p-

same intensity of the amine. Unfortunately, we were anothlone_r_eductase [11] on this "T"‘e.r conta|_n|ng

not able to determine the structure of this secondary the sp(_ermldme scaifold and its application to direct

peak. Different buffers in a pH range of 6.50 to 8.50 screening methods.

were tried, but no significant change was observed in

the ratio of two peaks. The peak at 6.00 min was also

observed in the HPLC traces during other amine re- Acknowledgements

leases but in a very low concentration, suggesting it is

some component of the linker. We thank the BBSRC (51/B09512) for funding.
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