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Abstract

Click analogues of thalidomide were prepared fromzigloglutarimide and a diverse array of
arylacetylenes antl-ethynylN-propargyl phthalimide derivatives. The sequenceessitated a

new and scalable synthesis of the key click inteliate 3-azidoglutarimide. The dipolar
cycloaddition reactions between the azidoglutareradd the alkynyl coupling partners utilized a
copper sulfate/sodium ascorbate reagent systemqueeoas tetrahydrofuran and were first
explored using substituted arylalkynes. Along wiftk click analogues of thalidomide, the click

counterparts of the teratogenic and antiangiogérakdomide analogue EM-12 were prepared.
1. Introduction

In contrast to its notoriety as a potent embryatpine diverse biological effects of thalidomide
1 (Figure 1) have proven beneficid? The compound is an approved antilepromatic, and
together with some of its analogues are activeresunosuppresants, immunomodulators, anti-
inflammatories and anticancer agehtfs an experimental therapeutic, the antiangiogenic
properties of thalidomide and closely-related agaés have gained much attention in the
anticancer community® The implication thatl undergoes metabolic activation as an

antiangiogenic agent was a consequence of in vietaolic studies in the rabbit and ex vivo
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studies with human microsomal preparatidh$.At present, the structural elucidation and
identity of the active antiangiogenic (or even tegenic) species, if those indeed exist, has not
been ascertained as well as its interaction withmmported molecular targ&t™ Even though

the suspected metabolites of thalidomide have bemssay targets, most analogues have been
prepared and evaluated for diverse activities withany considerations of metabolism in
mind®*’ From the outset, however, a number of basic strattequirements became evident
and were considered during the design of the mognp thalidomide analogués (1) the
phthalimide portion of the molecule had to possassintact five-member phthalimide or

phthalimidine (lactam) ring; (2) the six-membertghimide portion of the molecule had to
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Figure 1. Thalidomide Analogues

possess an intact glutarimide ring with both caytg)n(3) the imide (N-H) nitrogen had to

possess the free hydrogen-not replaced with ‘Rugso (4) single or multiple substitutions on
the aryl ring of the phthalimide while observingjugements 1-3 (above). While item 4 (above)
has led to analogues of greater activity, this s@ecifically the case with the therapeutically-
approved thalidomide analogues pomalidonmdand lenalidomide3 (Figure 1) compounds

which are used to treat multiple myelohi&! The structural basis for lenalidomide was derived



from the well-known thalidomide analogue EM-42(Figure 1), one of the early analogues
investigated as a teratogén® and later found to have both anti-TNFand antiangiogenic
activity.>*?> Remarkably, very little change in the structurelofias responsible for delivering
analogues of high therapeutic potencyiand3. While analogues involving substitution at just
about every atom of the thalidomide core have bpepared, no thalidomide analogues
designed with a “spacer” in between the phthalimadd glutarimide sections of the molecule
have been examined. The concept is reminiscenh@f‘fteximer analogues in nucleoside
chemistrywhereby there is a heteroatom or carbon linker etwportions of a nucleobase or a
nucleobase and a sudiin the thalidomide series, such spacers coulalied form of an alkyl
group, multivalent heteroatom or a carbocyclic etehocyclic moietyKigure 2, 5a-9. In terms

of simplicity in synthesis, a carbon-based ‘homghlanalogue of thalidomidesg) would be

@) 0] R
5a, R=alkyl 6, R=0, H,
5b,R=N, O, S, P n=0, 1

5¢, R=cycloalkyl

Figure 2. Thalidomide analogues having phthalimide-glutarimide
'spacers'
the most difficult to synthesize and would requsgbon-carbon bond construction within the
glutarimide framework. Heteroatoms such as nitrogextygen, sulfur or phosphorus placed
between the glutarimide and phthalimide ringls) (may compromise stability while carbocycles
between both ringss€) will also require a significant synthetic commént. The 1,2,3-triazole
linker in 6, formed by the click reaction of ax-substituted phthalimido azide, acetylene or

propargyl group with a glutarimide-substituted sitssie or azide would be the most viable
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route®”*® Moreover, the triazole-linked compounds may viieliéresting bioassay results since
these analogues exhibit both intact phthalimide glatarimide rings and one or both moieties
may associate with the molecular tarffeDue to the ease of preparing many azides and
acetylenes with simple substitution, the click babuld be put to practice with relative ease and
would only necessitate the exploration and adjustnoé the conditions for the cycloaddition
reaction. We describe herein the preparation of fitst triazole spacer click analogues of
thalidomide and its closely-related bioactive agakw EM-12 as well as their click homologues

having a triazole-methylene spacer unit.
2. Results and Discussion

Our route to the 1,2,3-triazole series of thaliddenanalogue$ utilizes the 3-azido-substituted
glutarimide 9 (Scheme )L Commercially-available glutarimid@ is reacted with bromine in
chloroform at 100 °C which afforded the sensitivdrBmoglutarimide8 as a low-melting

solid ** Thea-bromolactan8 was directly treated with excess sodium azide#tane to provide

Scheme 1. Preparation of azidoglutarimide 9.

Reagents/Conditions: (a) Br,/CHCl,/100 °C/45
min; (b) NaN,/Me,CO/rt/16 h (53% from 7).



the 3-azidoglutarimid® as an off-white solid in 53% vyield (overall frontutarimide). The
azidoglutarimide9 was first evaluated for its reactivity with phemgddylene10 in a click

reaction mediated by cupric sulfate/sodium ascerffable 1). Using the reaction conditions

Table 1. Click products of arylacetylenes 10-14 with azidoglutarimide 9.
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established witl® and taking into consideration the success realiggld earlier-investigated
fluorinated analogue¥, several commercially-available fluoro- and triftomethyl-substituted
arylalkynesl1-14were reacted with the glutarimide az@land afforded the corresponding click
products15-19 (Table 1). The yield of the click products ranged from &% and all the
compounds were tractable solids and easily purifigccolumn chromatography on silica gel.
The synthesis of the phthalimide/isoindolinone &hdthynylN-propargy! thalidomide reacting

partner24-27 are detailed irscheme 2TheN-ethynylphthalimide click parthé&4 was

Scheme 2. Synthesis of N-ethynyl and N-propargyl phthal-
imides and isoindolinones 24-27.

0
a
NH ———> N—=—=—TMS
R R
20,R=0 22, R=0
21, R=H, 23, R=H,

R
26, R=0 24, R=0
27, R=H, 25, R=H,

Reagents/Conditions: (a) ethynyltrimethylsilane/Cu(OAc),/
O.,/pyridine/Na,CO,/70 °C/16 h (22, 59%; 23, 22%); (b)
R=0, TBAF/THF/AcOH/rt/16 h (24, 94%); (c) R=H,
TBAF/THF/rt/16 h (25, 92%); (d) propargyl bromide/
Cs,CO,/MeCN/80 °C/2 h (26, 69%; 27, 65%).
prepared from phthalimid20 and TMS-acetylene by the method of Davi€sheme 2.3
Therefore, treatment oR0 with copper acetate, pyridine and ethynyltrimesiighe in an

atmosphere of oxygen provided the intermedid@rimethylsilylethynyl) phthalimide22 as a
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crystalline solid. Desilylation of the intermedidi®S-ethynylphthalimid&2 was accomplished
with TBAF/acetic acid and provided the unstableyeith phthalimide24 (Scheme 2 Not
surprisingly, isoindolinon&1, with its less-acidic or otherwise less-reactivetpn, acted less
favorably in the Davies ethynylation reaction asdethe trimethylsilyl isoindolinon23 (22%)
under similar conditions a2. In contrast ta22, desilylation of23 with TBAF only (THF/rt)
gave theN-ethynyl isoindolinone 25 (92%) as a crystalline solid. THe-propargylation of
phthalimide20 and isoindolinone21, which gavethe corresponding click partneg$ and 27,
was more straightforward than tiNeethynylation of20 or 21. Phthalimide and isoindolinone
intermediate®6 and 27 were both prepared by the reaction26for 21 with propargyl bromide
in the presence of cesium carbonate in acetonitf8eheme 2'° Both propargylated
intermediates 46, 69%, 27, 65%) were obtained as crystalline compounds aftdumn
chromatography. The reaction of ethynyl phthalimieand azidoglutarimid® gave click
thalidomide derivative6a as a crystalline solid (83%) after purification bgolumn
chromatographyTable 2). Using the same reaction conditionséasthe ethynyl isoindolinone
25 and azidoglutarimid® afforded the click EME2 analogue6b (78%) as a crystalline solid
after column chromatography. Similarly, the-propargyl phthalimide26 and the N-
propargylisoindolinone26 were clicked with azidoglutarimid® giving the homomethylene
thalidomide analoguéc and the homomethylene EM-12 analodigtin 67% and 61% yield
respectively. The regiochemistry of the dipolaclogddition click reaction involves products in
which the substitution could be 1,4- or 1,5- on thazole ring depending on the reaction
conditions or reagents. All of the click productsdribed hereinT@bles 1and2) were formed
as a result of copper (l) catalysis which giveslesively the 1,4- or “anti”-substituted 1,2,3-

triazole?®



Table 2. Click products of alkynyl phthalimides 24 and 26 and alkynyl isoind-
olinones 25 and 27 with azidoglutarimide 9.
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Reagents/Conditions: (a) CuSO,4/sodium ascorbate/THF/H,O/rt/16 h

3. Conclusions

Synthetic routes to click analogues of thalidomatel its descarbonyl analogue EM-12 are

detailed which utilize the key intermediate 3-agidtbarimide along withN-ethynyl andN-



propargyl analogues of phthalimide as reacting ammepts. The dipolar cycloaddition chemistry
of the azidoglutarimide was explored using arylalky containing electron-withdrawing groups
in place of the phthalimide group and yielded cgddition products in high yield using the
CuSQy/sodium ascorbate reaction conditions. The cliedidlomide analogues will be evaluated

in a full range of bioassay types and these reuuilt®¥e reported in due course.

4. Experimental

Solvents and reagents are ACS grade and were gseahamercially supplied. Analytical thin-
layer chromatography (TLC) utilized 0.25 mm pre-glass-backed plates (Merck, Silica Gel 60
F254). Thin-layer chromatograms were visualizedrpchromatographic and extraction runs
by rapidly dipping the plates in anisaldehyde/etsulfuric acid stain or phosphomolybdic
acid/ethanol stain and heating (hot plate). Gragitpymn chromatography was carried out using
silica gel 60 (E. Merck 7734, 70-230 mesh). Flashwmn chromatography utilized silica gel 60
(E. Merck 9385, 230-400 mesh) with nitrogen gasguwezation. Melting points were taken on a
Thomas Hoover apparatus. Extracts and chromatogrdpctions were concentrated with a
Biichi rotavapor under water aspirator vacuum. Narcteagnetic resonanct and®*C NMR)
spectra were recorded with Varian VNMRS 400 or Rz instruments using CDglas a
solvent and TMS as internal standard. Infrared tspeTIR) were recorded with a Perkin-
Elmer Spectrum 100 instrument and spectral valueseported as cth The measurement of
high-resolution mass spectra (HRMS) were perforatettie Texas A&M University Laboratory
for Biological Mass Spectrometry. Elemental anaysas performed by Galbraith Laboratories,

Knoxville, TN.



3-Azidopiperidine-2,6-dione 9:To a 48 mL glass pressure reaction vessel fittitl avTeflon
screw cap was added piperidine-2,6-dione (2.007¢, tnmol) and Br(2.82 g, 0.90 mL, 17.7
mmol) in chloroform (15 mL). The reaction mixtur@asvthen heated in a Kugelréhr oven at 110
°C (45 min). The solvent was removed and the chrdenoglutarimide7 was then dissolved in
acetone (5 mL) followed by the addition of sodiumde (3.44 g, 53.1 mmol) whereupon the
reaction mixture turned blue-purple. The reactiartune was stirred at room temperature (24 h)
and then directly applied to a silica gel columiutién with hexane/ethyl acetate (1:1) gave a
mixture of unreacted 3-bromopiperidine-2,6-dioheand 3-azidopiperidine-2,6-diorte (1:1).
The mixture of azide8 and unreacted bromidé was again dissolved in acetone (5 mL) and
sodium azide (1.15 g, 17.7 mmol) was added andngfiof the blue-purple reaction mixture was
continued at room temperature (24 h). Column chtography (hexane/ethyl acetate, 1:1) of the
reaction mixture gave pure 3-azidopiperidine-2 @aéi9 as an off-white amorphous solid (1.44
g, 53% from glutarimide): mp 144-145 °®; 0.24 (TLC stains blue with heaffd NMR (400
MHz, CDCk) 8 4.21 (dd J=9.6 Hz, 8.4 Hz, 1H), 2.78 (d1=18.4 Hz, 5.6 Hz, 1H) 2.63-2.54 (m,
1H), 2.23-2.16 (m, 1H), 2.04-1.95 (m, 1HJC NMR (400 MHz, CDGJ) & 170.7, 169.2, 58.2,
29.1, 24.0. FT-IR (neat) 3090, 2112, 1710, 1676-cHRMS (ESI-TOF)m/z [M+H]* calcd for

CsHeN4O2: 155.0491, Found: 155.0569.

General Procedure for the preparation of click compunds 15-19:To a stirred solution of 3-
azidopiperidine-2,6-dion® (20.0 mg, 0.13 mmol) and arylalkyri€)-14 (0.143 mmol) in
tetrahydrofuran (75QiL) was added aqueous copper sulfate (52mM, 0.013DIm2o0 pL).
Sodium ascorbate (12.8 mg, 0.065 mmol) was theedadleh minutes after the addition of the
CuSQ solution. The reaction mixture was stirred (16 hjcmm temperature followed by direct

application to a gravity silica gel column and &aot with chloroform/methanol (95:5).
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Combination and concentration of the chromatogm@phrctions gave the pure triazolEs19 as

white or off-white amorphous solids:

3-(4-Phenyl-H-1,2,3-triazol-1-yl)piperidine-2,6-dione  15: 3-(4-Phenyl-H-1,2,3-triazol-1-
yl)piperidine-2,6-dionel5 was obtained as a white amorphous solid (26 m%)76p 208-210
°C; R 0.28 (chloroform/methanol, 9:1% NMR (400 MHz, DMSO-¢) 5 11.25 (s, 1H), 8.66 (s,
1H), 7.82-7.84 (dJ=7.2 Hz, 2H), 7.42-7.46 (m, 2H), 7.30-7.34 (m, 1B)84 (dd,J=13.2, 5.2
Hz, 1H), 2.83-2.91 (m, 1H) 2.65-2.76 (m, 2H) 2.388(m, 1H);**C NMR (100 MHz, DMSO-
ds ): 6172.8, 169.9, 146.7, 131.0, 129.4, 128.4, 125322.Q, 59.6, 31.1, 24.8: IR (neat) 3090,
2930, 1732, 1699, 1676 ¢MHRMS (ESI-TOF)m/z [M+H]™; calcd for GsH1aN4O,: 257.1039,

Found: 257.1140.

3-(4-(4-Fluorophenyl)-1H-1,2,3-triazol-1-yl)piperidine-2,6-dione 16: 3-(4-(4-Fluorophenyl)-
1H-1,2,3-triazol-1-yl)piperidine-2,6-dion&6 was obtained as a white amorphous solid (64 mg,
94%): mp 221-222 °C; .32 (chloroform/methanol, 9:13H NMR (400 MHz, DMSO-g) &
11.24 (s, 1H), 8.64 (s, 1H) 7.84-7.88 (m, 2H) 77230 (m, 2H), 5.83 (dd]=12.4, 4.8 Hz, 1H),
2.82-2.90 (m, 1H), 2.62-2.70 (m, 2H), 2.32-2.35 (Hl) *°C NMR (100 MHz, DMSO-g): &
172.8, 169.8, 163.5, 161.0, 145.8, 127.6)&%.6 Hz), 122.0, 116.4 (d=22.0 Hz), 59.6, 31.1,
24.8. IR (neat) 3194, 3105, 2916, 1731, 1708'cHRMS (ESI-TOF)m/z [M+H]"; calcd for

Ci3H12FN4O2: 275.0944, Found: 275.1014.

3-(4-(3-Fluorophenyl)-1H-1,2,3-triazol-1-yl)piperidine-2,6-dione 17: 3-(4-(3-Fluorophenyl)-
1H-1,2,3-triazol-1-yl)piperidine-2,6-dion&7 was obtained as a white solid (35 mg, 98%): mp
199-201 °C; R0.375 (chloroform/methanol, 9:1% NMR (400 MHz, DMSO-¢) & 11.25 (s,

1H), 8.74 (s, 1H), 7.65-7.69 (m, 1H), 7.46-7.51 PH), 7.13-7.18 (m, 1H), 5.85 (dd=12.4, 4.4
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Hz, 1H), 2.83-2.89 (m, 1H), 2.62-2.71 (m, 2H), 2387 (m, 1H)**C NMR (100 MHz, DMSO-
de): & 172.9, 169.8, 164.2, 161.8, 145.7, 132.4Ja54.9 Hz), 122.9, 121.6, 115.2 (@#21.3
Hz), 112.1 (d,J=15.9 Hz), 59.7, 31.1, 24.8. IR (neat) 3098, 292953, 1732, 1705 cm-1.

HRMS (ESI-TOF)Wz [M+H]*; calcd for GaH1oFN4Oy: 275.0944, Found: 275.0837.

3-(4-(2-(Trifluoromethyl)phenyl)-1H-1,2,3-triazol-1-yl)piperidine-2,6-dione  18: 3-(4-(2-
(Trifluoromethyl)phenyl)-H-1,2,3-triazol-1-yl)piperidine-2,6-dione was oload as a white
solid (36 mg, 84%): mp 155-157 °C; B.37 (chloroform/methanol, 9:13H NMR (400 MHz,
DMSO-ts) 3 11.23 (s, 1H), 8.41 (s, 1H), 7.74-7.85 (m, 3H$077.63 (m, 1H), 5.89 (dd=12.8,
5.2 Hz, 1H), 2.83-2.90 (m, 1H), 2.65-2.78 (m, 2BR)31-2.36 (m, 1H)*C NMR (100 MHz,
DMSO-d;): 6 172.9, 169.8, 143.7, 133.1, 132.2, 129.8J&R.2 Hz), 129.3, 126.8 (g=30.4
Hz), 126.7 (qJ=6.1 Hz), 124.8 (qJ=3.1 Hz), 124.4 (qJ=271.8 Hz), 59.7, 31.2, 24.8. IR (neat)
3220, 3094, 2957, 1732, 1701 CmHRMS (ESI-TOF)m/z [M-H]; calcd for G4H1gFsN4O,

323.0756, Found: 323.0714.

3-(4-(3,5-Bis(trifluoromethyl)phenyl)-1H-1,2,3-triazol-1-yl)piperidine-2,6-dione  19: 3-(4-
(3,5-bis(Trifluoromethyl)phenyl)-H-1,2,3-triazol-1-yl)piperidine-2,6-dion£9 was obtained as
a white solid (38 mg, 76%): mp 115-117 °G;@R29 (chloroform/methanol, 9:1% NMR (400
MHz, DMSO-d;) & 11.29 (s, 1H), 9.07 (s, 1H), 8.50 (s, 2H), 8.071(3), 5.91 (dd,]J=12.8, 5.2
Hz, 1H), 2.84-2.89 (m, 1H), 2.66-2.73 (m, 2H), 2381 (m, 1H)**C NMR (100 MHz, DMSO-
de): 5172.8, 169.7, 144.1, 133.5, 131.5 (§32.6 Hz), 125.7, 124.2, 123.2 (@271.9 Hz),
121.7, 59.8, 31.1, 24.7. IR (neat) 3219, 3094,22a8733, 1704 cth HRMS (ESI-TOF)m/z

[M-H]; caled for GsHgFsN4O2 391.0630, Found: 391.0707
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Isoindolin-1-one 21:In a 100 mL round bottom flask phthalimi@® (5.00 g, 34.0 mmol) was
dissolved in acetic acid (25 mL). A slurry of tinetal (9.68 g, 81.6 mmol) and concentrated
hydrochloric acid (12.5 mL) was added to the phthiae solution. The reaction mixture was
heated under reflux at 120 °C (6 h) then dilutethwlichloromethane (75 mL) and washed with
brine (3 x 25 mL). Concentration of the extractidaled by gravity- column chromatography
(chloroform/methanol, 95:5) gave pure isoindolioiie as an off-white solid (1.75 g, 39%
yield): mp 154-156 °C (Lit® 150-152 °C). The spectroscopic data was consistéht the
literaturé®: *H NMR (400 MHz, CDCJ) & 7.87 (d,J=8Hz, 1H), 7.75-7.59 (m, 1H), 7.47-7.49

(m, 2H), 4.47 (s, 2H).

2-(2-(Trimethylsilyl)ethynyl)isoindoline-1,3-dione 22: Prepared by the method of Davies
(59%)32 mp 92-94 °C (Lif® 94-96 °C). The spectroscopic data was consistetit the

literature®* *H NMR (400 MHz, CDC}) § 7.90-7.93 (m, 2H), 7.78-7.81 (m, 2H), 0.273 (s).9H

2-(2-(Trimethylsilyl)ethynyl)isoindolin-1-one 23: To a 250 mL round bottom flask Cu(OAc)
(76.4 mg, 0.42 mmol), isoindolin-1-one (1.00 g,I7tbmol), NaCO; (216 mg, 4.2 mmol), and 4
A molecular sieves (2.0 g) were combined. A soluti pyridine (324 mL, 4.2 mmol) in toluene
(30 mL) was added to the reaction flask followedsieeping with three volumes of,.Orhe
reaction flask was placed in an oil bath and stifog 1 h (70°C) until the reaction mixture was a
bright green color. A solution of ethynyltrimethyésme (298 pL, 2.1 mmol) in dry toluene (2
mL) was added to the mixture over 30 min. The ieaahixture was allowed to stir (4 h) during
which time the reaction mixture changed to a buspension. The reaction mixture was filtered
through Celit® concentrated under reduced pressure and purifigd flash column
chromatography (hexane/ethyl acetate, 5:1) to @&@as a fluffy white amorphous solid (106

mg, 22%): mp 134-136 °C;;M.33 (hexanelethyl acetate, 4:1)f NMR (400 MHz, CDCY)
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57.89 (dJ=7.6 Hz, 1H), 7.62 (dd=8.0, 7.6 Hz, 1H), 7.50 (ddE8.0, 7.6 Hz, 1H), 7.44 (8.0
Hz, 1H), 4.70 (s, 2H), 0.25 (s, 9HFC NMR (175 MHz, CDGJ) & 168.6, 140.8, 133.0, 129.6,
128.6, 124.6, 122.8, 92.8, 75.9, 52.5, 0.18. IRiN2954, 2902, 2167, 1712 ¢nHRMS (ESI-

TOF) m/z [M+CI]; calculated for &H;15°CINOSI 264.0617, Found: 264.0688.

2-Ethynylisoindoline-1,3-dione 24:Prepared by the Method of Davies (94%jnp 165-169 °C
(Lit.*® 167-172 °C). The spectroscopic data was consistizhtthe literaturé® *H NMR (400

mHz, CDC}) & 7.92-7.94 (m, 2H), 7.80-7.83 (m, 2H), 3.33 (s, .1H)

2-Ethynylisoindoline-1-one 25: 2-(2-(Trimethylsilyl)ethynyl)isoindolin-1-one23 (72.0 mg,
0.313 mmol) was dissolved in THF (3.0 mL) whilerrstig followed by the addition dftra-N-
butylammonium fluoride (TBAF, 450 uL, 1 M solutior§tirring was continued (10 min) until
the reaction was complete as indicated by TLC. Thede reaction mixture was directly
submitted to gravity-column chromatography (hexéetbgl acetate) and affordé&d as a white
solid (45 mg, 92%): mp 92-94 °C; R.21 (hexane/ethyl acetate, 4:1f NMR (400 MHz,
CDCl3) 6 7.91 (dJ=7.2 Hz, 1H), 7.64 (dd=7.2, 7.2 Hz, 1H), 7.51 (d&=7.2, 7.2 Hz, 1H), 7.46
(d J=7.2 Hz, 1H), 4.71 (s, 2H), 3.08 (s, 1FC NMR (175 MHz, CDGJ) 5 169.1, 140.9, 133.2,
129.4, 128.7, 124.7, 122.9, 73.9, 61.7, 52.1. n&at) 3268, 2931, 2139, 1718 tnAnal. Calcd

for C10H7NO (157.17): C, 76.42; H, 4.49; N, 8.91; Found76.,32; H, 4.68; N, 8.69.

2-(Prop-2-yn-1-yl)isoindoline-1,3-dione 26Prepared by the method of Clayton (69%6)mp
146-148 °C (Lif® 149-150 °C). The spectroscopic data was consistihtthe literaturé® H

NMR (400 MHz, CDC}) § 7.80-7.91 (m, 2H), 7.74-7.76 (m, 2H), 4.47 (s, 2MP4 (s, 1H).

2-(Prop-2-yn-1-yl)isoindolin-1-one 271soindolin-1-one21 (250 mg, 1.85 mmol) was dissolved
in acetonitrile (9 mL) and cesium carbonate (2.40789 mmol) was added followed by
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propargyl bromide (308L, 2.77 mmol). The reaction mixture was stirredeftux (2 h). The
reaction mixture was then dissolved in £ (10 mL) and washed with water (3 x 15 mL). The
organic layer was dried (MN8Q,), filtered and concentrated under reduced presgoiravity-
column chromatography of the residual oil (hexaihgléacetate, 2:1) gava7 as a yellow solid
(205 mg, 65%): mp 79-81 °C;;R.66 (ethyl acetatefH NMR (400 MHz, CDC}) 5 7.82 (d
J=8.0 Hz, 1H), 7.52 (dd=8.0, 7.2 Hz, 1H) 7.41-7.45 (m, 2H), 4.47 (s, 284 (s, 2H), 2.28 (s,
1H). **C NMR (100 MHz, CDGJ) 6 167.9, 141.2, 132.1, 131.6, 128.1, 123.8, 1288l,772.5,
49.1, 31.7. IR (neat) 3290, 3243, 2118, 170:chHRMS (ESI-TOF)m/z [M+H]"; calculated

for C11H1oNO 172.0762, Found: 172.0857.

General Procedure for the preparation of click prodicts 6a-6d 3-Azidopiperidine-2,6-dione
9 (0.25-0.5 mmol, 38-74 mg) and phthalimide or is@ilmnone alkyne®4, 26, 25 or 27 (0.275-
0.55 mmol, 1.1 equiv.) were dissolved in 25% aqeebdF (2.0 mL). The mixture was stirred
(10 min) before addition of solid Cug(®.5 eq.) and sodium ascorbate (0.5 eq.) wheretlpon
reaction mixture became a teal-colored suspensrimh stirring was continued (16 h). The
reaction mixture was concentrated under rotary enson while absorbing onto silica gel (70-

230 mesh) and the resulting dry residue was appdiedsilica gel chromatography column.

2-(1-(2,6-Dioxopiperidin-3-yl)-1H-1,2,3-triazol-4-yl)isoindoline-1,3-dione  6a The crude
reaction mixture was submitted to gravity-colummochatography (hexane/ethyl acetate, 1:9) to
give triazole 6a as a white amorphous powder (126 mg, 83%): mp ZZ89-°C; R 0.38
(THF/hexane, 2:1H NMR & (400 MHz, DMSO-g) 811.25 (s, 1H), 8.45 (s, 1H), 7.97-8.00 (m,
2H), 7.90-7.94 (m, 2H), 5.90 (di:12.8, 5.6 Hz, 1H), 2.82-2.86 (m, 1H), 2.66-2.75 @Hl),

2.34-2.37 (m, 1H)**C NMR (100 MHz, DMSO-g) & 172.7, 169.5, 166.5, 136.1, 135.5, 131.8,
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124.2, 122.9, 60.2, 31.2, 24.6. IR (neat) 3146732833, 1721, 1696 cmHRMS (ESI-TOF)

m/z [M+H]"; calculated for @H1,NsO4 326.0889, Found: 326.0961.

3-(4-(1-Oxoisoindolin-2-yl)-H-1,2,3-triazol-1-yl)piperidine-2,6-dione 6b:The crude reaction
mixture was submitted to gravity-column chromat@éma(chloroform/methanol, 95:5) and then
recrystallized with methanol to give triazdlb as a white amorphous powder (70 mg, 78%): mp
decomp>300 °C; R0.41 (chloroform/methanol, 9:1)*H NMR (700 MHz, DMSO-¢) 5 11.19

(s, 1H), 8.56 (s, 1H), 7.79 @= 7.7 Hz, 1H), 7.67-7.71 (m, 2H), 7.53 (@d7.7, 7.0 Hz, 1H),
5.85 (ddJ=13.3, 5.6 Hz, 1H), 2.76-2.84 (m, 2H), 2.64-2.66 (th), 2.27-2.28 (m, 1H)*C
NMR (100 MHz, DMSO-¢) 6 172.8, 169.7, 165.6, 143.6, 142.4, 132.8, 13128,.71, 124.3,
123.6, 113.8, 60.1, 49.4, 31.2, 24.5. IR (neat03B®87, 2923, 1735, 1697 ¢orHRMS (ESI-

TOF) mVz [M+H]"; calculated for gH14sNsO3 312.1097, Found: 312.1176.

2-((1-(2,6-Dioxopiperidin-3-yl)-1H-1,2,3-triazol-4-yl)methyl)isoindoline-1,3-dione 6c The
crude reaction mixture was submitted to gravitygomh chromatography (chloroform/methanol,
97:3) to give triazoléc as a white amorphous powder (56 mg, 67%): mp ZB0°Z; R 0.44
(chloroform/methanol, 9:1}H NMR (400 MHz, DMSO-¢) & 11.16 (s, 1H), 8.16 (s, 1H), 7.83-
7.89 (m, 4H), 5.74 (dd=12.8, 8.0 Hz, 1H), 4.83 (s, 2H), 2.75-2.80 (m, 1Mp6-2.63 (M, 2H),
2.20-2.23 (m, 1H)**C NMR (100 MHz, DMSO-¢) & 172.8, 169.7, 167.7, 142.7, 135.0, 132.0,
123.7, 123.6, 59.5, 33.3, 31.1, 24.7. IR (neat)032®57, 2863, 1732, 1701. ¢pHRMS (ESI-

TOF) m/z [M+HJ; calculated for GH14NsO4 340.1046, Found: 340.0888.

3-(4-((1-Oxoisoindolin-2-yl)methyl)-H-1,2,3-triazol-1-yl)piperidine-2,6-dione 6d:The crude
reaction mixture was submitted to gravity-colummochatography (chloroform/methanol, 97:3)

to give triazole6d as a white amorphous powder (53 mg, 61%): mp 2B-Z; R 0.39
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(chloroform /methanol, 9:1}H NMR (400 MHz, DMSO-g) & 11.17 (s, 1H), 8.16 (s, 1H), 7.68
(d J=7.2 Hz, 1H), 7.56-7.57 (m, 2H), 7.44-7.49 (m, 1B)76 (ddJ=12.8 Hz, 5.2 Hz, 1H), 4.80
(s, 2H), 4.46 (s, 2H) 2.77-2.82 (m, 1H), 2.59-2(6% 2H), 2.22-2.47 (m, 1H}3C NMR (100
MHz, DMSO-d&) 6 172.8, 169.8, 167.5, 143.5, 142.2, 132.4, 13128,3, 123.9, 123.8, 123.3,
59.5, 49.9, 37.4, 31.1, 24.7. IR (neat) 3063, 29836, 1704, 1666 cim HRMS (ESI-TOF)1/z

[M+H]"; calculated for @H16N505 326.1253, Found: 326.1287.
Acknowledgement:

The measurement of high resolution mass spectirbgo Wang of the Texas A&M University

Laboratory for Biological Mass Spectrometry is amkfedged.
References and Notes
"Dedicated with best wishes to Professor Gary Posoéns Hopkins University.

1. Corey, E. J.; Czako, B.; Kurti, L. lMolecules and Medicine; John Wiley and Sons: New
Jersey, 2007; p 197.

2. Vargesson, NBirth Defects Res. 2015 105, 140-156.

3. Luzzio, F. A.; Figg, W. DExpt. Opin. Ther. Patent 2004 14, 215-229.

4. D'’Amato, R. J.; Loughnan, M. S.; Flynn, E.; FolkmahProc. Natl. Acad. Sci. USA
1994 91, 4082-4085.

5. Walczak, J. R.; Carducci, M. &xpert Opin. Investig. Drugs 2002 11, 1737-1748.

6. Eleutherakis-Papaiakovou, V.; Bamias, A.; DimopsuldM. A. Ann. Oncol. 2004 15,
1151-1160.

7. Gasparini, G.; Longo, R.; Fanelli, M.; Teicher,BClin. Oncol. 2005 23, 1295-1311.

17



8. Jacques, V.; Czarnik, A. W.; Judge, T. M.; Van Bloeg, L. H. T. DeWitt, S. HProc.
Nat. Acad. Sci. USA 2015 112, E1471-E1479.

9. Braun, A. G.; Harding, F. A.; Weinreb, S. Toxicol. Appl. Pharmacol. 1986 82, 175-
179.

10.Bauer, K. S.; Dixon, S. C.; Figg, W. Biochem. Pharmacol. 1998 55, 1827-1834.

11.Eriksson, Y.; Bjorkman, S.; Roth, B.; Bjork, H.; gland, P.J. Pharm. Pharmacol. 1998
50, 1409-1416.

12.Ando, Y.; Fuse, E.; Figg, W. IZlin. Cancer. Res. 2002 8, 1964-1973.

13. Luzzio, F. A.; Mayorov, A. V.; Ng, S. S. W.; KrugeE. A.; Figg, W. D. J. Med. Chem.
2003 46, 3793-3799.

14.Dredge, K.; Marriott, J. B.; Macdonald, C. D.; Man,-W.; Chen, R.; Muller, G. W.;
Stirling, D.; Dalgleish, A. GBr. J. Cancer 2002 87, 1166-1172.

15.1to, T.; Ando, H.; Handa, HCell. Mol. Life Sci. 2011, 68, 1569-1579.

16.Beedie, S. L.; Peer, C. J.; Pisle, S. L.; Gard&geR.; Mahony, C.; Barnett, S.;
Ambrozak, A.; Glutschow, M.; Chau, C. H.; Vargessy.; Figg, W. DMal. Cancer.
Ther. 2015 14, 2228-2237.

17.Ng, S. S. W.; Gutschow, M.; Weiss, M.; Hauschiflt, Teubert, U.; Luzzio, F. A.
Kruger, E. A.; Figg, W. DCancer Research 2003 63, 3189-3194.

18.Muller, G. W.; Chen, R.; Huang, S.-Y.; Corral, L;®/ong, L. M.; Patterson, R. T.;
Chen, Y.; Kaplan, G.; Stirling, D. Bioorg. Med. Chem. Lett. 1999 9, 1625-1630.

19.San Miguel, J.; Weisel, K.; Moreau, P.; Lacy, Mong, K.; DelForge, M.; Karlin, L.;

Goldschmidt, H.; Banos, A.; Oriol, A.; Alegre, AChen, C.; Cavo, M.; Garderet, L.;

18



Ivanova, V.; Matinez-Lopez, J.; Belch, A.; PalumBa, Schey, S.; Sonneveld, P.; Yu,
X.; Sternas, L.; Jacques, C.; Zaki, M.; Dimopoulds,The Lancet/Oncol 2013 14,
1055-1066.

20. Armoiry, X.; Aulagner, G.; Facon, X.Clin. Pharm. and Thera. 2008 33,
219-226.

21.Abdel-Razeq, H. N.; Mousa, S. Brugs of the Future 2004 29, 1059-1063.

22.Heger, W.; Schmal, H.-J.; Klug, S.; Felles, A.; NBu Merker, H.-J.; Neubert, D.
Teratogenesis, Carcinogenesis and Mutagenesis 1994 14, 115-122.

23.Schumacher, H. H.; Terapane, J.; Jordan, R. L.saNilJ. GTeratology 197Q 5,
233-240.

24.(a) Joussen, A. M.; Germann, T.; Kirchof,@&.aefes Arch. Clin. Exp. Ophthalmol.
1999 237, 952-961. (b) Kaplan, G.; Sampaio, E. P. U.S.R&885,9011995
Chem. Abstr. 1992 117, 226313. (c) Luzzio, F. A.; Piatt Zacherl, D.g§ W. D.
Tetrahedron Lett. 1999 40, 2087-2090.

25.McHugh, S. M.; Rowland, T. LClin. Exp. Immunol. 1999 110, 151-154.

26.Seley, K. L.; Zhang, L.; Hagos, A.; Quirk, 5.0rg. Chem. 2002 67, 3365-3373.

27.Rostovtsev, V. V.; Green, L. G.; Fokin, V. V. Shags, K. B.Angew. Chem. Int.
Ed. 2002 41, 2596-2599.
28.Moses, J. E.; Moorhouse, A. Bhem.Soc. Rev. 2007, 36, 1249-1262.

29. Meldal, M.; Tornge, C. WChem. Rev. 2008 108, 2952-3015.

19



30. (a) For example, the ‘click’ triazole linker in @ahydrate chemistry forms many
interesting extended scaffolds with a broad specwiiapplicability: Tiwari, V. K.;
Mishra, B. B.; Mishra, K. B.; Mishra, N.; Singh, &.; Chen, XChem. Rev. 2016
116, 3086-3240. (b) For an example of using click cistmyto link pre-formed
thalidomide molecules to complex scaffolds, Seemidmann, S. S.; Skelton, B. W.;
Yeoh, G. C.; Abraham, L. J.; Lengkeek, N. A.; Stsili. A.; Heath, C. A.; Stewatrt,
S. G.Tetrahedron 2015 71, 8140-8149.

31. Denonne, F.; Celanire, S.; Valade, A.; DefaysDoiieux, V. WO 2009092764.
Chem. Abs. 2009 151, 221167.

32.Alford, J. S.; Davies, H. M. LOrg. Lett. 2012 14, 6020-6023.

33.For another route t82 and24 See: Sueda, T.; Oshima, A.; Teno,g. Lett. 2011,

13, 3996-3999. We found the Sueda route less convetiian that of Davies.

34.Clayton, J.; Ma, F.; Van Wagenen, B.; UkkiramapandR.; Egle, |.; Empfield, J.;

Isaac, M.; Slassi, A.; Steelman, G.; Urbarkek Walsh, S. WO 20060208 Chem.
Abs. 2006 144, 254003.
35. Chapman, J. M.; Cocolas, G. H.; Hal, .JHMed. Chem. 1983 26, 243-246.

36.Jackson, W. R.; Perlmutter, P.; Smallridge, AAdstralian J. Chem. 1998 41, 1201-
1208.

20



Tet 27915

Luzzio Ronnebaum Figurer

Luzzio_Ronnebaum Fig.2

0] o) R
5a, R=alkyl 6, R=0, H;
5b,R=N, O, S, P n=0,1

5¢, R=cycloalkyl

Figure 2. Thalidomide analogues having phthalimide-glutarimide
'spacers'



