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Synthesis of novel glutarimide derivatives via the Michael addition  
of (hetero)aromatic thiols: pronounced effect of sulfur oxidation  

on cytotoxicity towards multiple myeloma cell lines
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immunomodulatory imide drugs (IMiDs) thalidomide, 
idomide and pomalidomide are clinically used for the 

ent of multiple myeloma [Figure 1(a)].1 They exert their 
t through the interaction with Cereblon (CRBN), a substrate 
tor subunit of the E3 ubiquitin ligase complex CRL4.2 
ing of IMiDs to CRBN leads to stronger binding of 
cription factors IKZF1/3 to CRBN, their ubiquitination and, 
ately, proteasomal degradation. The end-point of IMiD 
n is the growth inhibition of multiple myeloma cells.3 
ing of IMiDs to CRBN is also central to the functioning 
e so-called proteolysis targeting chimeras (PROTACs), 
obifunctional small molecules consisting of ligands of a 
in of interest (POI) and an E3 ubiquitin ligase (CRBN) 
ected by a linker.4 PROTACs act catalytically by bringing 
OI and CRBN together in a ternary complex. This leads to 
biquitination and ultimate proteolytic degradation of the 
by the proteasome.5 Such highly specific, targeted protein 
dation is a fundamentally novel platform for pharma
ical intervention [see Figure 1(b)].6 Yet, thalidomide and its 
atives are not devoid of potential teratogenic effects, which 
ers their use in the PROTAC design and promotes the 
sive search for alternative CRBN ligands.7–9 While the 
rimide portion of IMiDs is essential for CRBN binding, the 
h for CRBN ligands is focused on 2-substituted 
rimides,10 starting from readily available glutarimide 
ing blocks.11 Recently, we developed12 a series of simple 
rimide derivatives 1 bearing an (arylthio)methyl group in 

position 2 of glutarimide cycle. The series displayed specific 
binding to CRBN as confirmed by their affinity to the 
thalidomide-binding domain of human CRBN using the recently 
developed microscale thermophoresis assay.13 Derivatives were 
also investigated for their antiproliferative effects against 
multiple myeloma cell lines and displayed moderate 
(IC50 ~ 10–5 m) to weak (IC50 ~ 10–4 m) cell growth inhibition. 
However, when the sulfur atom in an exemplary compound 1 
was oxidized to obtain the corresponding sulfone 2, the growth 
inhibition increased markedly (IC50 ~ 10–6 m). Seeking to 
identify the basis for such an improvement of the anti-myeloma 
effect observed on sulfur atom oxidation, we obtained and solved 
a crystal structure of sulfone 2 (Ar = Ph) bound to CRBN, the 
target through which multiple myeloma cell growth inhibition is 
exerted. The X-ray structure revealed that the sulfone moiety 
was engaged in additional hydrogen bond acceptor interaction 
with W99 and N50 residues [see Figure 1(c)], which was deemed 
the reason for the stronger effect of sulfone 2 on multiple 
myeloma cells, compared to the relative sulfide 1. Encouraged 
by this finding, we set off to prepare and investigate in vitro anti-
myeloma efficacy of a wider range of sulfones 2 bearing aromatic 
and heteroaromatic moieties and compare them with selected 
precursor sulfides 1 to establish if the stronger antiproliferative 
activity of the former compared to that of the latter is a sustained 
phenomenon. Herein, we present the results of this investigation.

3-Methylidenepiperidine-2,6-dione 3 which served as a 
starting material for the preparation of all glutarimide analogues 
investigated in this work was prepared on multigram scale as 
described in the literature.14 Thio-Michael addition of various 
thiophenols was performed in THF at 75 °C in the presence of 
DIPEA to afford compounds 1a–h in good to excellent yields 
(Scheme 1). Sulfur oxidation with Oxone® gave the 
corresponding sulfones 2a–h in excellent yields.
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rate in the thio-Michael addition of a series of (hetero)
atic thiols. Oxidation of the resulting (hetero)arylthio 
atives with Oxone® gave the corresponding sulfones. 
ng of the latter against multiple myeloma cell lines 
P-8 and KMS-12-PE alongside with selected precursor 
es confirmed the earlier observed significantly higher 

oxicity of sulfones. 
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The same procedure applied to electron-deficient heterocyclic 
thiols (pyrimidine-2-thiols) was found ineffective and furnished 
unacceptably low yields. However, the thio-Michael addition 
reaction performed in pyridine as the reaction medium gave the 
target compounds 1i–l in moderate yields. Sulfur oxidation with 
Oxone® furnished sulfones 2i–l in excellent yields (Scheme 2).

As described previously,12,15 we selected MOLP-816 and 
KMS-12-PE17 multiple myeloma cell lines to evaluate the 
compounds’ antiproliferative properties (Table 1).

The data presented in Table 1 confirmed the earlier observed 
enhancement of antiproliferative activity through sulfur 
oxidation (1 ® 2) as in nearly all cases sulfones 2 displayed 
more potent multiple myeloma cell growth inhibition 
compared to sulfides 1. This difference, however, appears to 
be sensitive to substitution type in the (hetero)aromatic ring. 
Specifically, placing hydrogen bond accepting groups such as 
carboxamide (1d/2d) or, to a lesser extent, carboxylic ester 

(1h/2h) (which can, presumably, interfere with the hydrogen 
bonding of the sulfone linkage with CRBN, vide supra) leads 
to a significantly smaller (and negligible in case of pair 1d/2d) 
difference in the antiproliferative properties of sulfides and 
sulfones. 

The obvious influence of the nature of the linker between the 
aromatic moiety and the glutarimide portion in the compounds 
investigated on their antiproliferative properties made us to 
hypothesize that replacing a hydrogen bond accepting linker 
such as sulfide and, especially, sulfone with hydrogen bond 
donating group such as N-H may have a pronounced effect on 
the cancer cell growth inhibition profile. To test this hypothesis, 
we synthesized anilino-substituted compound 4 (Scheme 3) and 
tested its antiproliferative properties against multiple myeloma 
cell lines. Indeed, the compound turned out to be virtually 
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Figure  1  (a) Structures of the clinically used IMiDs; (b) the principle of PROTAC functioning; (c) glutarimide derivatives investigated earlier12 and in this 
work.
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Scheme  1  Reagents and conditions: i, ArSH, DIPEA, THF, 75 °C  
(66–92%); ii, Oxone®, THF, MeOH, H2O, 0 °C to room temperature  
(45–86%).
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inactive against either MOLP-8 (IC50 > 60 mm) or KMS-12-PE 
cells (IC50 > 100 mm).

In conclusion, we have demonstrated that the earlier described 
(hetero)arylthiomethyl-substituted glutarimides possess 
significantly weaker antiproliferative properties towards multiple 
myeloma cell lines compared to their sulfone counterparts. This 
difference was observed for a wider range of aromatic groups 
and is thought to have to do with the hydrogen bond accepting 
properties of the sulfone linkage. Placing hydrogen bond 
accepting groups in the aromatic portion was shown to nearly 
level out the difference in the antiproliferative activity of sulfones 
and sulfides. Replacing the hydrogen bond accepting sulfide or 
sulfone linkage with an N-H group produced glutarimides 
completely devoid of activity towards the same cancer cell lines. 
These findings enhance our knowledge base for the design of 
glutarimide ligands of E3 ubiquitin ligase Cereblon.
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Table  1  Antiproliferative activity of compounds 1a–l and 2a–l against 
MOLP-8 and KMS-12-PE multiple myeloma cell lines.

Com-
pound

IC50/mma
Com-
pound

IC50/mma

MOLP-8 KMS-12-PE MOLP-8 KMS-12-PE

1a 21.02 ± 0.97 23.05 ± 3.60 2a   7.25 ± 0.41   6.46 ± 0.66
1b >30 35.47 ± 7.66 2b   8.93 ± 0.61   6.13 ± 0.50
1c 20.68 ± 5.11 16.28 ± 1.72 2c   7.79 ± 0.39   4.96 ± 0.78
1d 20.68 ± 3.53 33.51 ± 10.02 2d   9.31 ± 0.87   7.07 ± 0.93
1e 23.25 ± 5.81 36.65 ± 7.61 2e   7.89 ± 0.33   5.97 ± 1.26
1f n.d. n.d. 2f   7.64 ± 0.58   8.90 ± 0.98
1g 12.06 ± 1.79 17.27 ± 2.35 2g 11.97 ± 2.12 10.21 ± 0.63
1h >27 37.46 ± 8.79 2h   7.39 ± 1.51   4.52 ± 0.94
1i n.d. n.d. 2i   6.65 ± 1.34   5.49 ± 0.66
1j >30 25.73 ± 2.59 2j   6.95 ± 1.71   5.47 ± 0.30
1k 22.48 ± 4.85 41.81 ± 8.17 2k 11.71 ± 0.99   5.45 ± 0.23
1l 19.46 ± 4.66   9.63 ± 2.39 2l   7.34 ± 1.5   3.41 ± 0.74
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Scheme  3  Reagents and conditions: i, PhNH2, DIPEA, THF, 75 °C (50%).


