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Abstract

We developed two Ugi-type three-component reactions of spirooxindole-fused 3-thiazolines, isocyanides
and either carboxylic acids or trimethylsilylazide, to give highly functionalized spirooxindole-fused
thiazolidines. Two diverse libraries were generated using practical and robust procedures affording the
products in typically good yields. The obtained thiazolidines proved to be suitable substrates for further
transformations. Notably, both the Ugi-Joullié and the azido-Ugi reactions resulted highly diastereoselective,
affording predominantly the trans-configured products, as confirmed by X-ray crystallographic analysis.
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Introduction

The field of diversity-oriented synthesis (DOS)* has matured considerably since its introduction in the early
2000s, providing numerous approaches for the generation of molecular diversity. The main challenge for DOS
is the proper combination of a central scaffold diversity with a high degree of peripheral structural variability,
considering scaffold diversity the most important feature for the specific interaction with the biological
environment. In this regard, spirocycles have become attractive synthetic targets in drug discovery projects,
for their inherent three-dimensional nature and concomitant ability to project functionalities in all three
dimensions. Variation brought by appendage diversity, usually resulting in the variation of R-groups around
a single scaffold, is less challenging but equally significant, taking into account that wider is the degree of
structural variation among compounds within a library, the higher is the chance of achieving broad or distinct
biological activity across that library.

The goal of molecular diversity requires the application of efficient synthetic strategies, possibly involving a
divergent approach, which allows the transformation of a small number of starting materials into many
distinct structures. Owing to their ability to rapidly construct highly functionalized molecular scaffolds from
simple precursors, multicomponent reactions (MCRs) can be considered excellent tools for DOS applications.?
As part of our ongoing interest in 3,3-disubstituted oxindoles and spiro-fused analogues,® we have recently
reported the synthesis of spirooxindole-fused 3-thiazolines by means of an Asinger-type three-component

reaction (structure 1, Scheme 1).%
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Scheme 1. The two sequential multicomponent strategies described in this work.

Spirooxindole-fused 3-thiazolines 1 represent an underexploited scaffold in the context of sulfur-containing
spirooxindoles. They are in themselves endowed with R, R! and R? diversity, but can be also regarded as
versatile intermediates towards peripheral diversity, because of the presence of the reactive C=N double
bond.

We demonstrate here the suitability of such spiro compounds as useful substrates for two highly
diastereoselective, multicomponent transformations, namely the Ugi—Joullié and the azido-Ugi reaction, to
give libraries of compounds 4 and 5, respectively. Although the strategy of sequential Asinger and Ugi
reactions is already reported, mainly by Martens and coworkers,® its extensive application to spirocyclic
imines is quite unprecedented, as well as the issue of diastereoselectivity has never been addressed so far.
The unique application of the Asinger 4-CR/azido-Ugi 3-CR combination was reported by Démling and
coworkers,® while, quite recently, the first example of diastereoselective azido-Ugi reaction was reported by
Nenajdenko and coworkers,” employing secondary amines. Summing, at the best of our knowledge, no
examples of diastereoselective multicomponent transformations have been reported until now on thiazoline

substrates.



Being aware of the potential biological implication of this work and considering typical substituent patterns
of bioactive related compounds (Figure 1), we provided to decorate the central spiro scaffold with a variety

of lipophilic and polar functional groups, as well as with the pharmacological relevant tetrazole ring.
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Figure 1. Examples of biologically relevant compounds containing spirooxindoles,

thiazolidine and tetrazole moieties.8

By means of simple and rapid protocols, thirty-six compounds have been overall prepared, showing a wide
degree of appendage diversity and a high diastereoisomeric ratio in most cases (dr up to 99:1 for the Ugi-

Joullié and 98:2 for the azido-Ugi).

Results and Discussion

Initially, racemic isatin-derived thiazoline 1{1}, tert-butyl isocyanide 2{1} and cyclohexyl carboxylic acid 3{1}
were selected to optimize the conditions for the Ugi-Joullié reaction (Table 1).

Relying on reaction conditions already reported for cyclic imines,® we started considering aprotic solvents
such as dichloromethane and toluene (entries 1-2), but the reaction was found to be sluggish. Working in
more usual solvents for Ugi-type processesl® (MeOH, entry 3), the same reaction afforded the desired
thiazolidine product in 55% yield as a readily separable 1:1 mixture of trans and cis diastereoisomers.
Switching to more acidic trifluoroethanol (TFE) increased the reaction rate and yield (entry 4). It also favored
a more diastereoselective process,! leading to trans-isomer 4{1,1,1} as the major product (dr 75:25). The dr

was further improved by increasing the concentration (0.5 M, entry 5), while either lowering the



concentration (entry 6) or running the reaction at 0 °C (entry 7) reduced the conversion without improving

the dr.

Table 1. Optimization of the Ugi-Joullié 3-CR.?
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Me
{1} 2{1} 3{1} 4{1,1,1}
(major diastereoisomer)

Entry | Solvent | Conc.[M] | Time [h] | Conversion (%)’ | dr [trans:cis]

1 CHCl, 0.25 24 trace nd

2 Toluene 0.25 24 trace nd

3 MeOH 0.25 24 55 50:50
4 TFE 0.25 6 95 75:25
5 TFE 0.5 4 95 (83) 87:13
6 TFE 0.125 6 85 76:24
7¢ TFE 0.25 6 85 74:26

aReactions were performed on a 0.3 mmol scale, with 1{1}:2{1}:3{1} in a 1:1:1 ratio, at room temperature, unless otherwise
indicated. ? Evaluated by *H NMR analysis of the crude mixture considering both diasteroisomers. ¢ Determined by 'H NMR analysis
of the crude mixture. 9Isolated yield for the trans diasteroisomer. ¢ Reaction performed at 0 °C. TFE = 2,2,2-trifluoroethanol. nd =

not determined.



Figure 2. Chemsets: thiazolines Chemset 1, isocyanides Chemset 2 and carboxylic acids Chemset 3.
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With the optimal conditions in hand, we investigated the scope and limitations of the protocol, varying the
three components one at a time (Scheme 2, for reagents input see Figure 2). Reaction of oxindole-based
thiazolines 1{1-8} with tert-butyl isocyanide 2{1} and cyclohexanecarboxylic acid 3{1} afforded the expected
products 4{1-8,1,1} with good dr (up to 93:7 for compound 4{5,1,1}) and in generally reasonable to good
yield, although moderate yields were observed for 4{2,1,1} and 4{7,1,1}. Next, different isocyanides 2{1-8}
were combined with thiazoline 1{1} and carboxylic acid 3{1}. Compounds 4{1,1-8,1} were obtained in
acceptable yields, with aliphatic isocyanides affording the best results (69% and 82% yield for compounds
4{1,2,1} and 4{1,3,1}, respectively). Due to their lower stability in acidic media, isocyanoacetates 2{4,5} gave

products 4{1,4,1} and 4{1,5,1} in lower yields.



Scheme 2. Scope of the Ugi-Joullié 3-CR.?
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2 Reactions were performed on a 0.3 mmol scale with 1:2:3 in a 1:1:1 ratio. Yields refer to isolated yield of the trans diasteroisomer.
The dr’s were determined by 'H NMR analysis of the crude product (see the Supporting Information (SI) file, where such analysis is

reported for compound 4{1,6,1}, as an example). nd = not determined.



However, the highest dr was achieved in the reaction with tert-butyl isocyanoacetate (4{1,5,1}, dr 99:1).
Good results were obtained with both phenyl and benzyl isocyanide (4{1,6,1} and 4{1,7,1}), whereas no
product 4{1,8,1} was observed in the reaction with 2-morpholinoethyl isocyanide 2{8}.12 Finally, twelve
different carboxylic acids were tested in the reaction with thiazoline 1{1} and tert-butyl isocyanide 2{1}. The
resulting products 4{1,1,1-12} were obtained in generally high yields (up to 80%) and with satisfactory dr (up
to 86:14), except compound 4{1,1,5} that was detected only in trace amounts. In this case, most likely the
employed carboxylic acid [N-methylpiperidine-4-carboxylic acid] 3{5} was present in its zwitterionic form and
therefore not reactive. In support of this hypothesis, the reaction with the 1-(tert-butoxycarbonyl)-
piperidine-4-carboxylic acid 3{6}, structurally similar but lacking basicity, furnished the expected UJ-3CR
product 4{1,1,6} in good yield and dr. The wide variety of successfully tested carboxylic acids is noteworthy,
ranging from phenylacetic acid to carboxylic acids containing both electron-rich and electron-deficient
heterocycles (3{7-12}).

We then moved on to the azido-Ugi process, optimizing the reaction conditions using racemic thiazoline 1{1},
tert-butyl isocyanide 2{1} and trimethylsilyl azide as the inputs (Table 2). Also in this case, the reaction was
found to be sluggish in dichloromethane and toluene (entries 1-2), whereas excellent conversions to the
target tetrazole derivative 5{1,1} were observed in polar protic solvents (entries 3-5). As for the above UJ-
3CR, fluorinated solvents (TFE and 1,1,1,3,3,3-hexafluoro-2-propanol, HFIP) led to a more a
diastereoselective transformation, affording the trans diastereoisomer 5{1,1} as the major compound.
Aiming to further improve the dr, different concentrations and temperatures were screened. We found that
increasing the concentration in TFE led to a slight decrease in dr (entry 6), whereas lowering the temperature
only gave a small improvement in dr (entry 7). Similarly, varying the concentration in HFIP did not lead to an
appreciable improvement (entries 9,10), while in this case excellent diastereoselectivity was achieved at 0 °C

(entry 11).



Table 2. Optimization of the azido-Ugi 3-CR.°
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11} 2{1} 5{(1,1}

(major diasteroisomer)

Entry | Solvent | Conc.[M] | Time [h] | Conversion (%)® | dr [trans:cis]
1 CHCl, 0.5 24 <5 nd
2 Toluene 0.5 24 <5 nd
3 MeOH 0.5 2 95 56:44
4 TFE 0.5 1 99 81:19
5 HFIP 0.5 1 99 85:15
6 TFE 1.0 1 99 78:22
7 TFEY 0.5 1 99 83:17
8 TFE® 0.5 1 99 83:17
9 HFIP 1.0 1 99 84:16
10 HFIP 0.05 1 99 82:18
11 HFIPd 0.5 1 99 (87) 92:8

9The reactions were performed on a 0.15 scale with 1{1}:2{1}:TMS-N3 in a 1:1:1 ratio, at room temperature unless otherwise

noted. ” Evaluated on the crude mixture considering both diasteroisomers. * Determined by 1H NMR on the crude mixture. °
Reaction performed at 0 °C. € Reaction performed at -18 °C. fIsolated yield for the trans diasteroisomer. TFE = 2,2,2-

trifluoroethanol. HFIP = 1,1,1,3,3,3-hexafluoro-2-propanol. nd = not determined.

Next, we investigated the reaction scope, combining thiazolines 1{1-4} and 1{6} and isocyanides 2{1-3}, 2{5},
2{7}, 2{9-11} with trimethylsilyl azide, leading to good results in nearly all cases (Scheme 3). When aliphatic
isocyanides were used, the corresponding products (5{1-4,1} and 5{6,1}, 5{1,2}, 5{1,9}, 5{1,3}, 5{1,10},
5{1,5}) were obtained in satisfactory yield and dr, with the exception of 5{1,9} (67:33 dr). Unlike the case of

the UJ-3CR, tert-butyl isocyanoacetate 2{5} also worked well in the azido-Ugi reaction, affording the desired



product 5{1,5} in 72% yield and with 84:16 dr. Finally, phenyl isocyanide 2{11} behaved similarly as in the UJ-

3CR, giving the corresponding product 5{1,11} in moderate yield and dr.

Scheme 3. Scope of components in the azido-Ugi 3-CR.?
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9 Reactions were performed on a 0.3 mmol scale, with 1{1}:2{1}:TMS-N3 in 1:1:1 ratio. For each product, the isolated yield for the
trans diasteroisomer is reported. The indicated dr was determined by *H NMR on the crude mixture. Compound 5{1,10} was

obtained as a mixture of inseparable diastereoisomers.

To determine the relative configuration for the two product types (4 and 5), single crystals of 4{1,1,1} and

5{1,1} were subjected to X-ray crystallographic analysis, leading to the unambiguous assignment of the trans

stereochemistry for both compounds (Figure 3).
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Figure 3. a) ORTEP view of compound 4{1,1,1} at room temperature. The methyl group on the left is rotationally disordered (see
SlI). Thermal ellipsoids of non-H atoms were drawn at the 50% probability level. b) ORTEP view of compound 5{1,1} at T = 105 K.

Thermal ellipsoids of non-H atoms were drawn at the 50% probability level.

Since all products 4 and 5 were obtained under the same conditions employed for compounds 4{1,1,1} and
5{1,1}, respectively, and given common trends in *H NMR chemical shifts as well as similarities in TLC
retention factors (the trans-diastereoisomer always shows major R¢ with respect to the cis- one), the same
relative trans-stereochemistry was assigned to all products 4 and 5.

To provide a plausible explanation for the highly diastereoselective outcome of both reactions, we consider
the mechanism proposed in Figure 4 for the UJ-3CR. We presume that the preferred conformation of imine
1{1} in solution is mainly determined by the spiro junction between the oxindole and the thiazoline ring
system, with the latter adopting an envelope-like conformation oriented nearly perpendicularly with respect
to the oxindole. This spatial arrangement highlights the substantial shielding of the Si-face of the imine for
both steric and electronic reasons, mainly due to the proximity of the oxindole carbonyl. As a consequence,
in strongly hydrogen-bonding solvents such as TFE and HFIP, the protonated imine exposes the convex Re-
face to the incoming isocyanide, affording predominantly the trans isomer (Figure 4, ). Taking into account
the effect of the solvent on the diastereoselectivity of the UJ-3CR involving a five-membered cyclic imine, as
reported by Katsuyama et al.,''® we can also rationalize the poor reactivity observed in toluene. Indeed, in
such nonpolar solvents, the protonation of the imine by the carboxylic acid likely results in the formation of
a contact ion pair. This close interaction lowers the overall electrophilic reactivity of the imine and, more

decisively, hinders the approach of isocyanide, shielding the sterically more available Re-face (Figure 4, ll).

Figure 4. Plausible explanation of the stereochemical outcome for the UJ-3CR.
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The use of MeOH as the solvent represents an intermediate scenario, providing sufficient activation for the
reaction to occur, but very limited discrimination between the diastereotopic faces. Similar considerations
on the molecular conformation of the imine component can be made to rationalize the high dr observed in
the azido-Ugi 3-CR, that represented the first highly diasteroselective example on thiazoline-based
compounds.

Having established the reaction scope, further transformations were examined to extend the library of
potentially useful compounds. Selected post-transformations of Ugi-Joullié products 4 are depicted in
Scheme 4. Primary amide 6 is readily obtained by treatment of compound 4{1,2,1} with trifluoroacetic acid.
Starting from compound 4{1,5,1}, cleavage of the tert-butyl ester afforded the free acid 7 in quantitative
yield. Finally, the piperidine derivative 8 was obtained treating compound 4{1,1,6} with 20% TFA in
dichloromethane. The presence of unprotected primary amide, carboxylic acid and secondary amine groups
in compounds 6, 7 and 8 respectively, can be of interest for modulation of drug-like properties. Moreover, it
makes such transformed compounds also suitable for further elaborations, included application in

peptidomimetic chemistry.

Scheme 4. Further post-transformation reactions on selected UJ-3 CR products.
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In order to evaluate if our compounds were suitable in drug discovery programs, we calculated their
physicochemical properties using DruLiTo®? (all calculation details are provided in the Sl file). Almost all
compounds were drug-like according to the Rule of Five (Ro5) proposed by Lipinski,** with only a few of them
exceeding the limit of 500 MW. All compounds have calculated octanol/water partition (LogP) lower than 5,

with the highly hydrophilic area (LogP < 3) mostly populated (Figure 5).
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Figure 5. Drug- and lead-likeness (MW/LogP) of all the products obtained in this work. Blue-spots: Ugi-Joullié

products 4, orange-spots: azido-Ugi products 5, grey-spots: post-transformation products 6,7 and 8.



Concerning the other Ro5 properties, all the synthesised compounds have hydrogen bonding donator groups
(HBD) lower than five and hydrogen bonding acceptor groups (HBA) lower than 10 (Figure 6). These data,
and in addition the presence of rotational bonds (RB) lower than 10 and the polar surface area prediction
(TPSA) lower than 140 A2 (see SI), according to Veber’s rule,’> make definitively our compounds of potential

interest from the pharmacological point of view.
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Figure 6. Calculated hydrogen bonding donators (HBD, blue-bars), hydrogen bonding acceptors (HBA, red-

bars) and rotational bonds (RB, green-bars) for all the synthesised compounds.

Conclusions

In conclusion, we have efficiently synthesized two structurally diverse libraries of highly functionalized
spiooxindole thiazolidines, via Ugi-Joullié and azido-Ugi multicomponent reactions. The MCR-derived central
spiro scaffold was effectively functionalized with a variety of lipophilic and polar appendages, as well as with
tetrazole as a carboxylic acid isostere. The products were obtained in generally high yields, with simple
workup procedures and straightforward isolation. The observed high diastereoselectivity for both the
transformations is particularly noteworthy. Given the interesting physicochemical properties of these
products, biological evaluation!® of compounds 4 and 5 is currently ongoing in collaboration with Merck

Pharma®.



Experimental Section

General remarks and chemicals All commercial materials (Aldrich, Fluka, Fluorochem) were used without
further purification. All solvents were of reagent grade or HPLC grade. Reactions requiring anhydrous
conditions were performed under nitrogen atmosphere. All reactions were monitored by thin layer
chromatography (TLC) on precoated silica gel 60 F254; spots were visualized with UV light (254 nm) or by
treatment with KMnO, solution in water or ninhydrin solution in ethanol. Products were purified by flash
chromatography on silica gel 60 (230-400 mesh). *H NMR spectra and *C NMR, COSY, HSQC and HMBC
spectra were recorded on 300, 400 and 500 MHz spectrometers. 3C NMR spectra have been recorded using
the APT pulse sequence. The number of carbons reported in the 3C data are derived from the HMBC
(Heteronuclear Multiple Bond Correlation) experiment. Chemical shifts are reported in parts per million
relative to the residual solvent. Multiplicities in *H NMR are reported as follows: s = singlet, d = doublet, t =
triplet, m = multiplet, br s = broad singlet. High-resolution MS spectra (HR-MS) were recorded with a Waters
Micromass Q-ToF micro TM mass spectrometer, equipped with an ESI source.

Unless otherwise noted, materials obtained from commercial suppliers were used without further
purification. Thiazolines 1 were synthesized according to our previous work.*

Representative procedure for Ugi-Joullié 3-CR reaction. To a solution of thiazoline 1{1} (0.3 mmol, 1 eq)
in TFE (0.62 mL), isocyanide 2{1} (0.3 mmol, 1 eq) and the carboxylic acid 3{1} (0.3 mmol, 1.0 eq) were
added at room temperature. The reaction was stirred and the conversion was monitored by TLC. The
solvent was removed under reduced pressure and the crude was purified by flash chromatography
(FC) obtaining the pure trans-diastereoisomer (Rf major, with respect to the cis-diastereoisomer),
which was fully characterised as reported below.
(3S*,4'R*)-N-(tert-butyl)-3'-(cyclohexanecarbonyl)-1-methyl-2-oxospiro[indoline-3,2'-thiazolidine]-4'-
carboxamide (4{1,1,1}). FC: CH,Cl,:EtOAc, 95:5; yield: 83%; grey foamy solid; *H NMR (300 MHz, CDCls,
4:1 mixture of two rotamers) 6§ 7.43-7.18 (m, 2H), 7.11 (t, br, J = 7.8Hz, 0.2H), 7.14 (t, br, J = 7.8Hz,
0.8H), 6.95-6.86 (m, br, 0.4H), 6.83 (d, br, J = 7.8Hz, 0.8H), 6.52 (m, br, 0.8H), 5.42 (d, br, J=4.9 Hz,

0.2H), 4.89 (d, J = 7.8 Hz, 0.8H), 4.04 (dd, J = 11.6 and 6.9 Hz, 0.8H), 3.69-3.57 (m, 0.4H), 3.45 (d, J =



11.6 Hz, 0.8H), 3.26 (s, 0.6H), 3.22 (s, 2.4H), 2.25 (t, br, J = 10.7Hz, 0.8H), 1.84-1.08 (m, 10H methylene
protons + 0.2H), 1.47 (s, 7.2H), 1.40 (s, 1.8H); *C NMR (101 MHz, CDCl3) 6§ 177.3, 175.6 and 175.0
(1C), 169.2 and 168.8 (1C), 143.7 and 142.2 (1C), 130.8 and 130.1 (1C), 127.3 and 126.1 (1C), 124.3
and 123.8 (1C) 122.8 and 122.3 (1C), 109.1 and 108.9 (1C), 71.8, 66.8 and 66.2 (1C), 52.1 and 52.3
(1C), 44.1 and 42.7 (1C), 33.4, 29.9 and 29.6 (2C), 28.7 (3C), 26.6, 25.4 and 25.3 (3C); HR-MS (ESI)
calcd for C23H31N3sNaOsS* ([M+Na]*) 452.1978, found 452.1987.

Representative procedure for azido-Ugi 3-CR reaction. To a solution of thiazoline 1{1} (0.3 mmol, 1 eq)
in HFIP (0.68 mL) cooled to 0 °C, isocyanide 2{1} (0.3 mmol, 1 eq) and trimethylsilyl azide (0.3 mmol,
1 eq) were added. The reaction was stirred at the same temperature and the conversion was
monitored by TLC. The solvent was evaporated under reduce pressure and the crude was purified by
flash chromatography (FC) obtaining the pure trans-diasteroisomer (Rt major, with respect to the cis-
diastereoisomer), which was fully characterised as reported below.
(3S*,4'R*)-4'-(1-(tert-butyl)-1H-tetrazol-5-yl)-1-methylspiro[indoline-3,2'-thiazolidin]-2-one (5{1,1}). FC:
CH,Cl,:EtOAc, from 100:0, to 96:4; yield: 87%; amorphous solid; *H NMR (300 MHz, CDCls) & 7.49
(dd,J=7.6,1.3 Hz, 1H), 7.38 (td, ) = 7.6, 1.3 Hz, 1H), 7.15 (td, /= 7.6, 1.3 Hz, 1H), 6.88 (d, J = 7.6, 1H),
5.80 (dd, J=9.5, 6.3 Hz, 1H), 4.00 - 3.90 (m, 1H), 3.75 (dd, / = 9.5, 6.3 Hz, 1H), 3.22 (s, 3H), 2.85 (brs,
1H), 1.81 (s, 9H); *C NMR (76 MHz, CDCl3) 6 176.4, 152.6, 143.3, 130.7, 126.4, 124.1, 123.6, 108.7,
75.5, 62.1, 57.3, 41.0, 30.0 (3C), 29.8; HR-MS (ESI) calcd for CisH21NsOS* [MH]* 345.1492, found

345.1512.

Associated Content
The Supporting Information is available free of charge on the ACS publications website at DOI:XXXXXXXXXX.
e Crystallographic information file for 4{1,1,1} (CIF)
e Crystallographic information file for 5{1,1} (CIF)
e General remarks and chemicals, general procedures for Ugi-Joullié 3-CR and azido-Ugi 3-CR,
spectroscopic and spectrometric data for compound 4,5 and 6-8, example of evaluation of the

diasteroisomeric excess by 'H NMR (compound 4{1,6,1}), spectral copies of H and *C NMR of



compounds 4,5 and 6-8, crystal structures of 4{1,1,1} and 5{1,1}, table of calculated physicochemical

properties for all the synthesized compounds. (PDF)

Author Information

Giulia Rainoldi, Dipartimento di Chimica, Universita degli Studi di Milano, via Golgi 19, Milano, 20133, Italy.
mail: giulia.rainoldi@unimi.it

ORCID ID: giulia.rainoldi@unimi.it orcid.org/0000-0002-4328-3691

Author Contributions

Rainoldi G., Silvani A. and Ruijter E. conceived and designed the experiments; Begnini F. and De Munnik M.
performed the experiments; Lo Presti L. and Vande Velde C. M. L. performed the X-ray analysis; Lesma G.,
Orru R. and Ruijter E. analyzed the data and contributed reagents/materials/analysis tools; Rainoldi G. and
Silvani A. wrote the paper. All authors have given approval to the final version of the manuscript.

Conflicts of interest

There are no conflicts to declare.

Acknowledgement

We thank Elwin Janssen for technical assistance, Jirrien Collet and John Braun for HRMS measurements,
Kristof Van Hecke (UGent) for X-ray data collection of 5{1,1} and the Hercules Foundation (project
AUGE/11/029 "3D-SPACE: 3D Structural Platform Aiming for Chemical Excellence") for funding of the
diffractometer.

References

(1) For examples see: (a) O’Connor, C. J.; Beckmann, H. S. G.; Spring, D. R. Diversity-oriented synthesis:
producing chemical tools for dissecting biology. Chem. Soc. Rev. 2012, 41, 4444-4456. (b) Galloway, W. R. J.
D.; Isidro-Llobet, A.; Spring, D. R. Diversity-oriented synthesis as a tool for the discovery of novel biologically
active small molecules. Nat. Commun., 2010, 1:80. (c) Tan, D. S. Diversity-oriented synthesis: exploring the
intersections between chemistry and biology. Nature Chemical Biology 2005, 1, 74-84. (d) Schreiber, S. L.

Target-oriented and diversity-oriented organic synthesis in drug discovery. Science 2000, 287, 1964-1969.



(2) For examples see: (a) Ruijter, E; Scheffelaar, R.; Orru, R. Multicomponent reaction design in the quest for
molecular complexity and diversity. Angew. Chem. Int. Ed. 2011, 50, 6234-6246. (b) Biggs-Houck, J. E.; Younai,
A.; Shaw, J. T. Recent advances in multicomponent reactions for diversity-oriented synthesis. Current Opinion
in Chemical Biology 2010, 14, 371-382. (c) Liu, Y.; Wang, H.; Wan, J. Recent Advances in Diversity Oriented
Synthesis through lIsatin-based Multicomponent Reactions. Asian J. Org. Chem. 2013, 2, 374-386. (d)
Sunderhaus, J. D.; Martin, S. F. Applications of Multicomponent Reactions to the Synthesis of Diverse
Heterocyclic Scaffolds. Chem. Eur. J. 2009, 15, 1300-1308.

(3) (a) Rainoldi, G.; Faltracco, M.; Lo Presti, L.; Silvani, A.; Lesma, G. Highly diastereoselective entry into chiral
spirooxindole-based 4-methyleneazetidines via formal [2+2] annulation reaction. Chem. Commun. 2016, 52,
11575-11578. (b) Rainoldi, G.; Sacchetti, A.; Silvani, A.; Lesma, G. Organocatalytic vinylogous Mannich
reaction of trimethylsiloxyfuran with isatin-derived benzhydryl-ketimines. Org. Biomol. Chem. 2016, 14,
7768-7776. (c) Stucchi, M.; Lesma, G.; Meneghetti, F.; Rainoldi, G.; Sacchetti, A.; Silvani, A. Organocatalytic
Asymmetric Biginelli-like Reaction Involving Isatin. J. Org. Chem. 2016, 81, 1877-1884. (d) Lesma, G.;
Meneghetti, F.; Sacchetti, A.; Stucchi, M.; Silvani, A. Asymmetric Ugi 3CR on isatin-derived ketimine: synthesis
of chiral 3,3-disubstituted 3-aminooxindole derivatives. Beilstein J. Org. Chem. 2014, 10, 1383-1389. (e)
Sacchetti, A.; Silvani, A.; Gatti, F. G.; Lesma, G.; Pilati, T.; Trucchi, B. Addition of TMSCN to chiral ketimines
derived from isatin. Synthesis of an oxindole-based peptidomimetic and a bioactive spirohydantoin. Org.
Biomol. Chem. 2011, 9, 5515-5522. (f) Lesma, G.; Landoni, N.; Sacchetti, A.; Silvani, A. The spiropiperidine-3,3
'-oxindole scaffold: a type Il beta-turn peptide isostere. Tetrahedron 2010, 66, 4474-4478. (g) Lesma, G.;
Landoni, N.; Pilati, T.; Sacchetti, A.; Silvani, A. Grignard Addition to Imines Derived from Isatine: A Method for
the Asymmetric Synthesis of Quaternary 3-Aminooxindoles. J. Org. Chem. 2009, 74, 4537-4541.

(4) Rainoldi, G.; Begnini, F.; Silvani, A.; Lesma, G. Efficient Synthesis of Spirooxindole-Fused 3-Thiazoline
Derivatives by a One-Pot Asinger-Type Reaction. Synlett 2016, 27, 2831-2835.

(5) (a) Kroger, D.; Franz, M.; Schmidtmann, M.; Martens, J. Sequential Multicomponent Reactions and a Cu-
Mediated Rearrangement: Diastereoselective Synthesis of Tricyclic Ketones. Org. Lett. 2015, 17, 5866-5869.
(b) Kroger, D.; Stalling, T.; Martens, J. The Concept of Sequential Multicomponent Reactions: A Short

Synthesis of Thiazolo- and Oxazolo[1,4]benzodiazepine-2,5-diones. Synthesis 2016, 48, 4189-4198. (c)



Brockmeyer, F.; Morosow, V.; Martens, J. A new multicomponent reaction: unexpected formation of
derivatizable cyclic a-alkoxy isothioureas. Org. Biomol. Chem. 2015, 13, 3341-3346. (d) Brockmeyer, F.;
Kroger, D.; Stalling, T.; Ullrich, P.; Martens, J. A Manifold Three-Step Synthetic Route to Polycyclic Annulated
Hydantoins via Cyclic Imines. Helv. Chim. Acta, 2012, 95, 1857-1870. (e) Hatam, M.; Tehranfar, D.; Martens,
J. Single-Step Synthesis of Racemic Di- and Tripeptides Derived from Unnatural B-Hydroxy and B-Mercapto
a-Amino, Acids by the Ugi Reaction. Synthesis, 1994, 6, 619-623.

(6) Zhao, T.; Kurpiewska, K.; Kalinowska-Ttuscik, J.; Herdtweck, E.; Domling, A. a-Amino Acid-Isosteric a-
Amino Tetrazoles. Chem. Eur. J. 2016, 22, 3009-3018.

(7) Zarezin, D.P.; Khrustalev, V.N.; Nenajdenko, V.G. Diastereoselectivity of Azido-Ugi Reaction with
Secondary Amines. Stereoselective Synthesis of Tetrazole Derivatives. J. Org. Chem. 2017, 82, 6100-6107.
(8) (a) Saraswat, P.; Jeyabalan, G.; Ansari, Z. H.; Rahman, M. U.; Nyola, N. K. Review of synthesis and various
biological activities of spiro heterocyclic compounds comprising oxindole and pyrrolidine moieties. Synthetic
Communications 2016, 46, 1643-1664. (b) Kaur, M.; Singh, M.; Chadha, N.; Silakari, O. Oxindole: A chemical
prism carrying plethora of therapeutic benefits. Eur. J. Med. Chem. 2016, 123, 858-894. (c) Surmiak, E.;
Neochoritis, C. G.; Musielak, B.; Twarda-Clapa, A.; Kurpiewska, K.; Dubin, G.; Camacho, C.; Holak, T. A.;
Domling, A. Rational design and synthesis of 1,5-disubstituted tetrazoles as potent inhibitors of the MDM2-
p53 interaction. European Journal of Medicinal Chemistry 2016, 126, 384-407. (d) Zheng, Y.; Tice, C. M.; Singh,
S. B. The use of spirocyclic scaffolds in drug discovery. Bioorg. Med. Chem. Lett. 2014, 24, 3673-3682. (e)
Zheng, Y. J.; Tice, C. M. The utilization of spirocyclic scaffolds in novel drug discovery. Expert Opinion on Drug
Discovery 2016, 11, 831-834.

(9) (a) Znabet, A.; Ruijter, E.; de Kanter, F. J. J.; Khler, V.; Helliwell, M.; Turner, N. J.; Orru, R. V. A. Highly
Stereoselective Synthesis of Substituted Prolyl Peptides Using a Combination of Biocatalytic
Desymmetrization and Multicomponent Reactions. Angew. Chem. Int. Ed. 2010, 49, 5289-5292. (b) Znabet,
A.; Polak, M. M.; Janssen, E.; de Kanter, F. J. J.; Turner, N. J.; Orru, R. V. A.; Ruijter, E. A Highly Efficient
Synthesis of Telaprevir by Strategic Use of Biocatalysis and Multicomponent Reactions. Chem. Commun.

2010, 46, 7918-7920. (c) Moni, L.; Banfi, L.; Basso, A.; Galatini, A.; Spallarossa, M.; Riva, R. Enantio- and



Diastereoselective Synthesis of Highly Substituted Benzazepines by a Multicomponent Strategy Coupled with
Organocatalytic and Enzymatic Procedures. J. Org. Chem., 2014, 79, 339-351.

(10) (a) Zzhu, D.; Xia, L.; Pan, L.; Li, S.; Chen, R.; Mou, Y.; Chen, X. J. An Asymmetric Ugi Three-Component
Reaction Induced by Chiral Cyclic Imines: Synthesis of Morpholin— or Piperazine-Keto-carboxamide
Derivatives. Org. Chem. 2012, 77, 3, 1386-1395. (b) Cheron, N.; Ramozzi, R.; El Kaim, L.; Grimaud, L.; Fleurat-
Lessard, P. Challenging 50 Years of Established Views on Ugi Reaction: A Theoretical Approach. J. Org. Chem.
2012, 77, 1361-1366. (c) Nutt, R. F.; Joullié, M. M. The Four-Component Condensation: A New Versatile
Method for the Synthesis of Substituted Prolyl Peptides. J. Am. Chem. Soc. 1982, 104, 5852-5853. (d) Gomez-
Monterrey, |.; Bertamino A.; Porta, A.; Carotenuto, A.; Musella, S.; Aquino, C.; Granata, |.; Sala, M,;
Brancaccio, D.; Picone, D.; Ercole, C.; Stiuso, P.; Campiglia, P.; Grieco, P.; lanelli, P.; Maresca, B.; Novellino, E.
Identification of the spiro(oxindole-3,3'-thiazolidine)-based derivatives as potential p53 activity modulators.
J. Med. Chem., 2010, 53, 8319-8329.

(12) The use of TFE as the solvent in Ugi-type reactions can lead to a dramatic change in conversion and
diastereoselectivity, which has been suggested to result from a change in mechanism. See: (a) Katsuyama,
A.; Matsuda, A.; Ichikawa, S. Revisited Mechanistic Implications of the Joullié—Ugi Three-Component
Reaction. Org. Lett. 2016, 18, 2552-2555. (b) Hoogenboom, J.; Lutz, M.; Zuilhof, H.; Wennekes, T. Exploring
the Chemistry of Bicyclic Isoxazolidines for the Multicomponent Synthesis of Glycomimetic Building Blocks.
J. Org. Chem., 2016, 81, 8826-8836.

(12) Osborn, H.; Schneider, J. F. 2-Morpholinoethyl Isocyanide. e-EROS Encyclopedia of Reagents for Organic
Synthesis, 2012. DOI: 10.1002/047084289X.rm291.pub2

(13) DruLiTo, http://www.niper.gov.in/pi_dev_tools/DruLiToWeb/DruliTo_index.html

(14) Lipinski, C.A.; Lombardo, F.; Dominy, B. W.; Feeney, P. J.; Experimental and computational approaches
to estimate solubility and permeability in drug discovery and development settings. Adv. Drug Delivery Rev.,
2001, 46, 3-26.

(15) Veber, D.F., Johnson, S.R.; Cheng, H.Y.; Smith, B.R.; Ward, K.W.; Kopple, K.D.; Molecular properties that

influence the oral bioavailability of drug candidates. J. Med. Chem., 2002, 45, 2615-2623.



(16) Given the high structural similarity of compounds 4 to lll reported in Figure 1 displaying potent
anticancer activity, a selection of these compounds were submitted to the NCI-60 human tumor cell lines
screen. Unfortunately, none of the submitted compounds showed significant anticancer activity at 10 uM

concentration.



