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Figure 10 SAHp53-8 (by Bernal et al.)99 was used as a basis for MDM4 inhibitor mSF-SAH developed by 
Hoppmann and Wang.134 

Currently , research into combining stapled peptides and covalent inhibitor s is sti ll  in its 
infancy, with scarce examples in the literature.134,217 Al l instances featur e one-component 
hydrocarbon stapli ng, which lacks a functi onalisable handle; hence an electrophi lic moiety 
must be placed on a side-chain or the N- terminus, making its incorporati on and optimis atio n 
more laborious than via stapli ng. Thus, there is an opport unity to improve the process by 
switching the stapling procedure to 2C-PS. The uti lisati on of external l inkers would 
accelerate the screening and open up the field for more exploratio n towards inhibiti ng PPIs 
covalently . 
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Scheme 26 Total synthesis of monomethyl auristatin E (MMAE) in a patent fi led by Seattle Genetics.339 
Synthesis of Boc-Dap-OH and H-Dil-OtBu·HCl was according to Pett it et al.340,341 Proton sponge = 1,8-

bis(dimethy lamino)naphthalene, Dap = dolaproine, MS = molecular sieves, DEPC = diethy l phosphorocyanidate, 
DIPEA = N,N-di isopropylethy lamine, Dil = dolaisoleuine, MeVal = N-methy lvaline, AIBN = 

azobisisobutyronitr ile. 

MMAF diff ers from MMAE by replacing the norephedrine unit with phenylalanine. This 
change causes the generatio n of a charged terminal carboxylate at physiological pH, 
impairing its membrane permeabil ity and lowering its potency in its free form.270 The 
decreased permeabil ity can be seen as beneficial when used with targeted therapy against 
haematol ogical cancers as seen in one marketed MMAF-containing ADC, Blenrep® for 
tr eatment of multiple myeloma.250,251 Doronina et al. reported the synthesis of MMAF using 
an Fmoc solid-phase peptide synthesis strategy on 2-chlorotr ityl resin (Scheme 27).270 Resin-
bound phenylalanine was elongated with Dap, and then with tr ipeptide MeVal-Val-Dil. Final 
cleavage from the resin with TFA gave MMAF. 
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to give an amine which was then protected with  Boc2O to give amino alcohol  78. Conversion 
of compound 78 to amino ester 79 was carried out by Parikh-Doering oxidatio n of the alcohol 
and Pinnick oxidation of the resulting aldehyde to form a carboxyli c acid which was 
methy lated concurrently  with the amine using methy l iodide and sodium hydride. To perform 
peptide coupling with dipeptide 66 (prepared according to Andersen et al. in six steps)363, the 
methy l ester 79 was first hydrolysed using barium hydroxide. The coupling was then effected 
using 2-bromo-N-ethy lpyridin ium tetr afluoroborate (BEP) as the acti vatin g agent to give 
protected hemiasterl in 67. Finally, removal of the Boc group and the ethy l ester gave 
hemiasterl in in a tota l of 21 steps (LLS 15 steps, overall yield 17%). 

 

Scheme 31 Total synthesis of hemiasterl in by Lang, Jones, and Lindel.365 9-BBN = 9-borabicyclo[3.3.1]nonane, 
IBX = 2-iodoxybenzoic acid, BEP = 2-bromo-N-ethylpyridinium tetr afluoroborate. 

With its high cytotox icity and relativ ely short and accessible synthesis, hemiasterl in has the 
potentia l to become a widely used payload in ADCs. Indeed, STRO-002, an ADC developed by 
Sutro Biopharma, Inc. and currently  in phase I clinical tr ial for the tr eatment of ovarian and 
endometr ial cancers, uses 3-aminophenylhemiasterl in as its payload.367
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Section II:   

 

Results and Discussion
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Scheme 33 Two proposed str ategies for reaching lysines close to MDM2 binding site. a) Stapling PDI-E with  the 
aryl sulfonyl fluori de 80 for targeti ng Lys51 (blue). b) Stapling P1 with  81 for targeti ng Lys94 (pink). 

Previous work in the Spring Group indicated that 80 is not readil y available, due to long and 
challenging synthesis.120 Thus, it was decided to prioriti se the second strategy. 

To pursue thi s strategy, several changes to the peptide sequence in PDI-E were needed. In 
order to obtain an optim al distance between the aryl sulfonyl fluoride group of 81 and Lys94 
(1.63 Å),371 i t was necessary to move the position of the staple from what was previously 
publ ished by the Spring group. In particular, the azido amino acids replaced Glu5 and Ser12 
of PDI-E, and the mutatio n Q9A was also intr oduced to minimise the steric clash between 
the side chains of the peptide and the l inker 81. Orn(N3) was chosen as the azido amino acid 
for stapling as its side chain showed the optimum  length  to reach Lys94 and increased helicity 
according to computatio nal modell ing (Figure 26).102  

According to the design, the synthesis of l inker 81 and peptide P1 was commenced to obtain 
the stapled peptide P1-81. 
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4.4. Stabilit y and reactivit y of aryl sulfonyl fluori de 81 

4.4.1. Stabilit y in CuAAC reaction con ditio n 

Since aryl sulfonyl fluorides have never been used in CuAAC stapling and considering the 
ease of hydrolysis of the related sulfonyl chloride, it was essentia l to test its compatibi l i ty to 
the reacti on condit ion. 

To determine the stabil i ty of the sulfonyl fluoride moiety, p-toluenesulfonyl fluoride, 
compound 81 and 1,3-diethy nylbenzene were subjected to the generic CuAAC reacti on 
conditio n (condit ion a). Stabil i ty tests were also performed in the presence of the solvents 
tBuOH/H2O only (condit ion b). Results of the stabil i ty tests are shown in Table 4. 

Table 4 Stabil i ty  test conditi ons: Conditi on a: tBuOH/H2O (1:1), 1.1 equiv. of the compound (0.73 mM 
concentr ation), CuSO4·5H2O (1 equiv.), THPTA (1 equiv.) and Na-L-ascorbate (3 equiv.) Conditi on b: tBuOH/ H2O 

(1:1), 1.1 equiv. of the compound (0.73 mM concentr ation). 

 

Entr y Compound Conditio n Result  

1 p-toluenesulf onyl fluoride a No decomposit ion  after two days 

2 p-toluenesulf onyl fluoride b No decomposit ion  after two days 

3 81 a 
Approximately 85% decomposit ion 

after 24 hours. See Figure 27. 

4 81 b No decomposit ion  after two days 

5 1,3-diethynylbenzene a No decomposit ion  after two days 
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effect on the solubil i ty . However, our target peptid e requires those partic ular staple positi ons 
to efficiently target  the Lys94 of MDM2. Thus, we decided to synthesise two variants: P2 with 
A8S mutatio n and P3 with L1E and A8S mutatio ns based on the sequence PDI-Q published 
by Chen et al. (Table 5). 

Table 5 Diazidopepti des based on phage display pepti de PDI  and their variants. 

Pepti de Sequence 

PDI H-LTFEHYWAQLTS-OH 
PDI-E Ac-LTFXEYWAQLXS-NH2 
PDI-Q H-ETFEHWWSQLLS-NH2 

P2 Ac-LTFEXYWSALTX-NH2 

P3 Ac-ETFEXYWSALTX-NH2 

However, the single mutatio n in P2 did not improve the solubili ty. Prior to puri ficatio n, 
dissolut ion of crude P2 was done in DMSO as its solubili ty in MeCN/H2O (the solvent system 
used on the HPLC) was low. In DMSO, peptide P2 formed a jelly- l ike semi-solid. Furthe r 
additi on of DMSO and sonicatio n turned it into a cloudy suspension. As a result, the 
purif icatio n of P2 was not attempted. 

Whi le pure P3 had a noti ceably bette r solubil i ty in DMSO, it could not be dissolved 
completely in tBuOH/H2O (1:1) despite the use of a small amount of DMSO. Nonetheless, the 
CuAAC reacti on in the presence of 81 and 92 (a non-electrophi l ic l inker; to be used as a 
negativ e contr ol peptide) was again attempted (Scheme 42). 

 

Scheme 42 CuAAC reaction between P3 and the linkers 81 and 92 

After thr ee days, the reacti ons showed the presence of insoluble material, so it was decided 
to warm the reacti on to 37 °C to aid the solubi li ty. However, no visual change was observed 
after thr ee hours. The reacti on was therefore worked up, and the presence of tr aces of the 
desired product were found via LCMS analysis in both the reacti on mixture and the crude 
product, with no purificatio n possible. 

Al together, furthe r alternativ es to improve solubil i ty were explored. In the l iterature, several 
ways of improving the solubil i ty of polypeptides included fusion with solubil ising proteins 
such as maltose-binding protein (MBP),378 N-uti lisatio n substance A (NusA),379 thio redoxin,380 
glycosylatio n,381,382 PEGylatio n,383 and N-terminal cappin g with tr imethy lglycine (betaine).384 












































































































































































































































































































































































































































































