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Introduction Background on the Synthesis of Imidazolines Understanding Multiple Myeloma

Imidazolin | known ihvdroimidazoles. are a cla of heterocvclic . . . Multiple myeloma is a malignant cancer of the plasma cells, found in blood. Although
corgzozndessé)elirslging tg the iarlnsida(ljzo}I/e family. Imidz,zoles when reilsuced by hydrggen Heine-Type ng Expansion Amide Dehydration Reactions largely incurable, the lifespan of patients can be prolonged through the use of drug
in the presence of a catalyst become one source of the production of imidazolines 5 en . o - N thﬁ_rahp)r’]- Thbe targgt Q{ff_sﬁnthe’f['ﬁ dlfugﬁ gn? pO'YtF_)eptt_lde thﬁrdapletﬁ ISB thte prOt%aS_OThe,
and imidazolidines. Imidazolines are the products of partial hydrogenation (partial 0 YU CoNa o PN o L S /HE’ )Ok ] 3 s0Cl, )il j soCl, j Re ) HN-R, R4\NJ>I which has been identitied as the finchpin Tor activating cell death. Boriezomib, 1S the
reduction of imidazole). Imidazolidines are the product of complete hydrogenation (full N TAcetone . LN [ o Pho ANy, Nal Nl\//s P N” R, PR ONTR r, 2 0 s /R one of leading proteasome inhibitors, and has been approved in the U.S. for the
reduction of imidazole). Partial reduction of imidazole gives rise to three imidazoline N “Acetone “Acetone major minor Ho TV Acetone | " " treatment of multiple myeloma. Drugs like Bortezomib, exhibit activity though
constitutional isomers, 2-imidazolines, 3-imidazolines, and 4-imidazolines. Of these ’/ product - product et competitive inhibition of the proteasome. This causes proteolysis to stop, thereby

causing the accumulation of redundant and damaged proteins in the cell which result

three constitutional isomers, the most commonly observed and extensivel . ) . . . o
y y in cell death. This ability directly translates to the molecules’ potent anticancer activity.

researched isomer is 2-imidazoline.

H H H H H Condensation Of Nitriles Under Lewis Acid Catalvsis Munchnone [3+2] Cycloaddition Reaction However over time random mutations occur in cancer cells proteasomes that result
[N/> [N/> [N> [N> [N> | - R1 g i Ra Ra loss of efficacy for Bortezomib and similar therapies. Apart from loss of activity,
N N N N N NG N/Ts 1 Zn(0Th), N7 N/TS N7 N-CO2Me R it N R Rs extended use of Bortezomib has resulted in severe off-target effects, due to lack of

Zn( OTf)2

O N
. H H BFyOEt, _ T o § . I
Imidazole 2-Imidazoline 3-Imidazoline 4-Imidazoline Imidazolidine - BF;-OEt; N R1 — R—=N ", N R3 _ R1—<\N (R, + 1_<\N ~R, SpGCIfICIty for the proteasome of cancerous cells. In response to thiS, research has
1 — R —=N — CO,H . . . (g .
— \_ e ED/u 1 ‘/L\‘ @ Ro HoN =Ry COH : begun to investigate other methods of proteasome inhibition in an effort to combat the
Aromatic N Fully hydrogenated TMS-CI R,=Ph R,=Me : : e e L : :

growing resistance to current competitive inhibitors like Bortezomib.

Partially hydrogenated CH,Cly R>=Me R2=Ph Second Generation
First Generation
Current Literature on Imidazoline and Aziridine Synthesis
Imidazolines are versatile heterocycle compounds whose industrial applications as y N% %
surfactants and anti-corrosion agent, catalysis and ligand potential, as well as i i i i i i C e i i . . i .. @ NBon ‘<\\:): zi): ﬁNﬁ(
oharmacophore abilities have motivated researchers towards developing continuous Accessing 2-Imidazolines by Ring Expansion of Imidoylaziridines Accessing of Chiral Aziridines by Pyrrolidine Enamine-Iminium Cascade . \O
methods for accessing them. Imidazolines have been experimentally proven to act as Q 10 mol% catalyst PR Bortezom|b Thalidomide
proteasome inhibitors, causing the apoptosis in cell systems that are dependent on j‘: o y R 5 ﬁR- BocNHOTs 3_/'““
proteasomal function for cellular viability. NZ N-R2 HH + NG N . MH Suitable Organocatalyst R rRoc! R . I . Carfilzomib
p) . 1 Understanding Tuberculosis
Ph Ph H 0 1) 10 mol% catalyst O
e ¥ R, X = suitable leaving group ﬁR- EZCH’\cI;%Téch, " Q" "NH Tuberculosis is an infectious disease that is spread by mycobacterium tuberculosis
0 2; ((’:Ogl');”e cl o /A,,/Ph N)\N/Rz Suitable Organocatalyst - | 2) Nal, acetone, 60°C  roc’ 4 R (mTB). The emergence of multidrug and extensive drug resistant forms of TB have
R1)LN/R2 - - | R )\\N/Rz SMF 55°C 121 )—/ Ph 20 mol % Catalyst revitalized the need for novel scaffolds for TB inhibition. Often miseducation about TB
: M, 0°C 1 A Pho Ph § N> .<o$pns i H "% o 0 and its behavior result in patients abruptly stopping treatments like Isoniazids as soon
HH PG" OAc AT)LH (Rymandelic acid 15 mol% Catalysis as visible symptoms disappear, instead of continuing the drug regiment in its entirety.
R,  solvent, RT—40°C NarCon Boc Nal The normal treatment time for a TB infection is 6-8 months to insure there is no
H othesis PG = Boc, Cbz CHCly /A acetone secondary infection. One of the key factors that is being targeted in an attempt to
yp Ry = Alkyl BocNHOTSs RROCR IkRI 60°C, 48 h combat TB is the inhibition of the proteasome. When mTB switches from its active
e b T = alky . . . o . .
Proteasome Inhibition Diversified 2-Imidazoline scaffolds can be accessed through a tandem enamine-iminium catalyzed Michael addition of O-functionalized N- mode fo its passive or persistent mode, it is forced to use different metabolic
pathways to survive in a low nutrient environment. One of the key factors to that
The proteasome is a protease responsible for maintaining cell viability, homeostasis Hydroxyamidines, in four steps from commercially available starting material, to produce a small library of compounds for biological evaluation. survival is the recycling of proteins to make the amino acids available for other
and regulation of cellular functions. The human proteasome, commonly referred to as cellular operations, which the proteasome is responsible for.
the h26S, is comprised of the catalytic 20S core particle and two 19S regulatory caps. Ph R R R, R, R
When these three groups assemble the 26S proteasome is formed and its function is ih Ph o rPh E LN . /\)(i P N_/_*_NH N/*NH N%NH NZ  NH N7 NH
to cleave proteins marked for degradation into their resulting amino acids. These N/g N N2, IR N + RO 0 R T TR PP s G P e GNP~ A —
: : /‘Q |\< —> N ., 0 = 0 ( Rq 5\ /Ry o R R (K
amino acids can then be recycled by the cell towards other necessary cellular i N 0 E i Ph™ N ~..R2 Rs .- R R SR S By
functions. The 19S caps act as recognition sites, identifying proteins that have been SN R, = (-Me, -Ph, -Ts, -Ns) Ry = (-H, -Ph) tetrasubstituted trisubstituted disubstituted ~ monosubstituted
polyubiquitinated and funneling them into the catalytic 20S particle for degradation. imidazolines imidazolines imidazolines  Imidazolines
Developing molecules that specifically target the proteasome result in modulation of Desired 2-Imidazoline Scaffolds
proteasome activity when they bind. This modulation changes the rate of peptide o
degradation done by the proteasome. Imidazolines scaffolds have been Expe r| mental Resu Its
experimentally shown to decrease proteasome activity. This decrease effects the _ _ _ _ o o o
degree to with the proteasome can effectively degrade proteins to maintain Step 1: Amide formation by Schotten Baumann Reaction Step Two: Synthesis of the N-Hydroxyamidine On g0| n g Resea rCh ad nd ConCI usions
intercgllular processes. Polyupiquitinated proteins begin to accumulate in the cell and 0 o 0 i 5 HZNQ o Q . ) 7En i N|N©_ . N| “ﬂ@ N|“© Step Four: Tandem Enamine-lminium Michael Addition
result in downstream apoptosis. ol . N R1)J\C| R3)J\N Y 2) COCl, o HN—G -HCI " ©)\NH NH .
DCM 0°C, 8 h H DCM 0°C, 8 h N Ph DCM, 0°C, 1.5 h MeOH (I) OH (') @_?N Ro ©\(
, "R; 0/ i o > N SN —
_ , ' Rs = (-H, -Me) 33% yield 75% yield f — A NN
%ggstllatory ¢ J< /©/ /O Q Q ) _ b RH “~0
Particle @ @ @ @ @\ O)k d ﬁ Step Three: O-Functionalization of the N-hydroxyamidine "4
e,-Bz 1= (-Me,-Bz) \
_ . kD ») » 79% vyield 79% vyield 92% vyield 36% yield 40/ yield 90% yield 86% yield 82% yield (-Me,-Bz) R;=(-Me,-Bz)
& core - @ N CI X Negative Control
4 a y 2 |
K.» \k\\ ©)J\ @ ©)\NH . ©)|\'}‘H 3 eq. NaOAc
e ;\ \‘\, \ Regulatory | 89% yueld 44% yield 88% yield o peM. 0%C, 8 ° o D N| N%O(H
£ Particle (0]
Lid 0 80% yield ﬁ 5)
- ad ) DCM, rt, 2h
— . b Only SM observed

Ongoing Reaction Screening

3 eq. Base
OTr0 MY

b ﬁ DCM, rt, 2h gj
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