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The synthesis of a 144-compound library of hydantoins and thiohydantoins spiro-fused to pyrrolidines is
described. These compounds are synthesized from �-aryl pyrrolidines, providing products with the 2-arylethyl
amine moiety, a structural feature often encountered in compounds active in the central nervous system. All
possible stereoisomers of the two-stereocenter products are synthesized. The 80-membered hydantoin
sublibrary was obtained with yields ranging from 58 to 100% (87% average) and purities from 51 to 100%
(87% average) and the 64-membered thiohydantoin sublibrary was obtained with yields ranging from 65 to
100% (89% average) and purities from 67 to 100% (93% average).

Introduction

The 2-arylethyl amine moiety 1 (Figure 1) is an important
pharmacophore, which is encountered in numerous com-
pounds active in the central nervous system (CNS). This
privileged structure is present in neurotransmitters such as
dopamine, epinephrine, norepinephrine, and serotonin.1 Sal-
meterol2 and venlafaxine,3 two of the ten best-selling
prescription drugs in 2006,4 also contain this moiety. In
addition, the 2-arylethyl amine unit occurs in many hal-
lucinogenic drugs, such as LSD, MDMA (ecstasy), mesca-
line, and psilocybin (magic mushrooms).5

Hydantoins 2 and 2-thiohydantoins 3 (Figure 1) are also
present in a wide range of biologically active compounds
including antiarrhythmic,6 antiepileptic,7 antitumor,8 anxi-
olytic,9 anticarcinogenic,10 and anti-HIV agents.11 A well-
known example of a drug featuring a hydantoin is phenytoin
(5,5-diphenylhydantoin, Dilantin), which has been used for
decades to treat epilepsy.12

One approach used to determine the relationship of
conformational structure to biological activity of small
molecules is to minimize the flexibility of the potential drug
through the use of conformationally restricted analogues.13

Herein we present the synthesis of a library comprised of
compounds combining all the above features (Scheme 1).
First, these compounds possess a �-aryl pyrrolidine with a
conformationally constrained 2-arylethyl amine. Second, they
are semirigid structures because of the spiro fusion to a
(thio)hydantoin.

These new spiro compounds are potential CNS ligands.
In the course of our research, several publications on this
new scaffold have been published.14 The reported compounds
possess the substructure 4 and were shown to be LFA-1
antagonists. Although this is not a CNS application, it
demonstrates the potential of this class of compounds to bind
to complex biomolecules. We constructed our library from
compounds having structures based on 4 and 5 and also 6
and 7 (which include the thiohydantoin moiety; Figure 2),
and in each case, all combinations of stereoisomers were
generated.

Results and Discussion

The basis of this research is the synthesis of substrates
12{1-4} and 13{1-4} (Figure 3), which has been described
in a recent article.15

The synthetic approach to substrates 12{1-4} and
13{1-4} involved the use of the Knoevenagel condensa-
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Figure 1. 2-Arylethyl amine 1, hydantoin 2, and 2-thiohydan-
toin 3.

Scheme 1. Combination of Two Privileged Structures to
Generate a Product with Increased Rigidity
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tion16 of methyl nitroacetate 8 with various aromatic alde-
hydes17 (or their corresponding imines)18 to obtain the R-nitro
acrylates 9{1-4}. Subsequent 1,3-dipolar cycloaddition
reactions19 of 9{1-4} with the azomethine ylide CH2

dN+(Me)CH2
-(generated in situ)20 gave a 1:1 diastereo-

meric mixture of the racemic pyrrolidine core structures
10{1-4} and 11{1-4}. After separation of the diastereoi-
somers, reduction of the nitro group to the amine under
catalytic hydrogenation conditions completed the synthesis
(Scheme 2).

Conversion of chemsets 12 and 13 to chemsets 15 and 16
was accomplished using annulation of a hydantoin or a
thiohydantoin ring with reagent chemset 14. Ten isocyanates
14{1-10} and eight isothiocyanates 14{11-18} (alkyl,
electron-rich aryl, electron-poor aryl, and heteroaryl iso(thio)-
cyanates; Figure 4) were selected for the generation of a 144-
compound library.

One possible route to the formation of a (thio)hydantoin
ring from an R-amino ester is through the formation of a
(thio)urea by addition of the amino group onto an iso(thio)-
cyanate. Depending on the reactivity of the ester and the
acidity of the (thio)urea, the cyclization step to form the

hydantoin can take place spontaneously, on standing at room
temperature or at reflux, or with the help of a base or an
acid. We started with the synthesis of the spiro hydantoins,
which were obtained after treating substrates 12{1-4} and
13{1-4} with chemset 14{1-10} in dichloromethane. It was
observed that, after 15 h at room temperature, the reactions
with 14{1-4} afforded the corresponding ureas, the reactions
with 14{5-7} afforded a mixture of the ureas and the spiro
hydantoins, and the reactions with 14{8-10} had residual
substrate (even after refluxing). The slowness of the reaction
with reagent 14{8} was most likely a result of the electron-
donating effect of the ethoxy group and in the case of
14{9,10} was probably due to the low solubility in dichlo-
romethane. Therefore, dimethylformamide at 80 °C for 15 h
was used as the solvent for the reactions with these last three
reagents. After evaporation of the solvent, the crude mixture
was dissolved in tetrahydrofuran and 1 M KOBut in
tetrahydrofuran (1 equiv) was added. The reactions were
stirred at room temperature for 15 h (except for reactions
with 14{4}, which were only stirred for 3 h to avoid
secondary reactions), followed by evaporation of the solvent
and liquid-liquid extraction, to afford all the expected 80
new 9-aryl spiro[hydantoin-5,3′-pyrrolidines] 15{1-4,1-10}
and 16{1-4,1-10} with yields from 58 to 100% (87%
average) and with purities from 51 to 100% (87% average;
Scheme 3 and Table 1).

Figure 2. 9-Aryl spiro[hydantoin-5,3′-pyrrolidines], 4 and 5, and
9-aryl spiro[pyrrolidine-3,5′-thiohydantoins], 6 and 7.

Figure 3. Scaffolds 12{1-4} and 13{1-4} for the library synthesis.

Scheme 2. Formation of Substrates 12{1-4} and 13{1-4}

Figure 4. Isocyanates and isothiocyanates 14{1-18} used with
substrates 12{1-4} and 13{1-4}.
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The reactions carried out in dichloromethane gave products
with purities in the range 77 to 100% (93% average), whereas
the purities of the products from the reactions run in
dimethylformamide were in the range 51 to 96% (76%
average). The lower purities could be caused by partial
decomposition of the isocyanates at the temperature used
for the reactions in dimethylformamide. Although the reac-
tions with 14{4} were only run for 3 h, a mixture of methyl
and ethyl esters was found (entries 4, 14, 24, 34, 44, 54, 64,
and 74). This mixture results from transesterification of the
ethyl ester on the R group by methoxide, which was formed
in the cyclization.

The next step in the synthesis of the spiro thiohydantoins
was conducted as above, and it was observed that for the
formation of 15{1-4,11-18} and 16{1-4,11-18} no
external base was required under any of the conditions.
Thioureas are approximately 106 times more acidic than
ureas,21 meaning that as soon as they were formed, they were
deprotonated by the tertiary amine within the molecule so
that the cyclization took place without actually observing
the thioureas. In the first instance, the reactions were run in
dichloromethane, but those containing the aliphatic isothio-
cyanates 14{11-13} did not go to completion at any
temperature, even with an excess of the reagent. On the
contrary, all the reactions with the aromatic isothiocyanates
14{14-18} were complete within 40 h at room temperature.
Second, it was found that all the reactions, except with
14{11}, went to completion very cleanly in dimethylforma-
mide22 at 40 °C for 40 h (most of the reactions with aromatic
isothiocyanates finished within 3-15 h). Evaporation of the
solvent yielded the 64 new 9-aryl spiro[pyrrolidine-3,5′-
thiohydantoins]15{1-4,11-18}and16{1-4,11-18}(Scheme
4). It also appeared that compounds 16{1-4,11-18} were
very insoluble in diethyl ether. Thus, the crude mixture of
these compounds was washed with 1 mL of diethyl ether
per 0.05 mmol of product (for 16{3,11-18}, 1 mL per 0.075
mmol of product) to improve the purity. Compounds
15{1-4,11-18} were better soluble and the washing step
was carried out with 1 mL of diethyl ether per 0.1 mmol of
product. Compounds 15{3,11-13} and 15{3,15} were not
washed with diethyl ether because of their high solubility in
this solvent and were analyzed immediately after evaporation
of the solvent. Thus, spiro thiohydantoins 15{1-4,11-18}
and 16{1-4,11-18} were obtained with yields from 65 to
100% (89% average) and purities from 67 to 100% (93%
average; Table 2). It can be seen from the table that the use
of the more reactive aryl isothiocyanates23 14{14-18} did
not result in a big difference in reactivity between the more

hindered amines 12{1-4} and amines 13{1-4}. The reac-
tion with the alkyl isothiocyanates 14{11-13}, however,
worked better with the less hindered amines 13{1-4} (see,
for example, entries 1, 9, 17, and 25 where residual substrate
was present).

Conclusions

In conclusion, we have developed an efficient method for
the synthesis of a library containing all possible stereoisomers
of hydantoins and 2-thiohydantoins spiro-fused to the 3-posi-
tion of pyrrolidines. These products all present the privileged
2-arylethyl amine moiety, rigidified in the pyrrolidine ring,
in combination with a (thio)hydantoin, another common
pharmacophore. We have shown that these aryl groups could
be 3,5-dimethoxyphenyl, 1,3-benzodioxol-5-yl, 2-furyl, and
1-methylindol-3-yl. As a result, we anticipate that this
methodology can be successfully applied for a wide range
of aromatic groups. All 144 compounds were synthesized
in moderate to good yields and purities.

Experimental Section

Reagents were obtained from commercial suppliers and
used without purification. Dichloromethane was distilled
from CaH2 under nitrogen immediately before use and
dimethylformamide was used without distillation (99.8%,
water <50 ppm, extra dry, ACROS). IR spectra were
recorded on an ATI Mattson Genesis Series FTIR spectrom-
eter. NMR spectra were recorded on a Bruker DMX 300
(300 MHz) and a Varian 400 (400 MHz) spectrometer in
CDCl3 solutions (CD3SOCD3 for 16{2,17}). Chemical shifts
are given in parts per million (ppm) with respect to
tetramethylsilane (0.00 ppm) as internal standard. Coupling
constants are reported as J values in hertz (Hz). Multiplicity
data are denoted by s (singlet), d (doublet), t (triplet), q
(quartet), m (multiplet), b (broad), and app (apparent). Peak
assignment in 13C spectra are based on 2D gHSQC and
gHMBC spectra, and DEPT 135 when needed. Chain
numbering corresponds to IUPAC nomenclature, so unprimed
atoms belong to the principal chain, primed atoms belong
to the first named substituent, doubled-primed atoms to the
second named substituent, etc. LC-MS measurements were
run on a Shimadzu LC-10A VP series liquid chromatography
system, equipped with an SPD-10A VP UV-vis detector
and a LCMS-2010A mass spectrometer. The column used
for the LC analysis was an Agilent Zorbax Extend C18 (3.5
µm, 4.6 × 150 mm), and it was eluted at 1 mL/min with a
gradient made up of two solvent mixtures. Solvent A
consisted of 0.1% trifluoroacetic acid in water and solvent
B consisted of 0.1% trifluoroacetic acid in acetonitrile. The
gradient was run as follows: t ) 0 min, 50% A; t ) 5 min,
5% A; t ) 10 min, 5% A; t ) 12.5 min, 50% A; t ) 20
min, 50% A. A wavelength of 215 nm was selected for the
analysis of purity.

General Procedure 1 for Spiro Hydantoin Forma-
tion. Solutions of 14{1-7} (0.1 mmol, 0.12 mmol for
14{1,2}) from a 0.3 M stock solution in dichloromethane
were added to seven separate solutions of 12{1} (0.1 mmol)
in dichloromethane (1.5 mL). The resulting reaction mixture
was stirred at room temperature for 15 h. After that time,

Scheme 3. Spiro Hydantoin Formation from Substrates
12{1-4} and 13{1-4}
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Table 1. Results of Spiro Hydantoin Formation from Substrates 12{1-4} and 13{1-4}

a Crude yield based on mass recovery. b Purity determined by LC-MS at 215 nm. c 1 ) (a) RNCO, CH2Cl2, 21 °C, 15 h; (b) KOBut, THF, 21 °C,
15 h. 2 ) (a) RNCO, DMF, 80 °C, 15 h, (b) KOBut, THF, 21 °C, 15 h. d Mixture of methyl and ethyl esters.
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the solvent was evaporated, and tetrahydrofuran (1.5 mL)
and 1 M KOBut in tetrahydrofuran (0.1 mmol) were added.
The reaction mixture was then stirred at room temperature
for 15 h (3 h for 14{4}). A saturated solution of NaHCO3

(0.6 mL) was then added, and the layers were separated. The
aqueous layer was extracted with dichloromethane (2 × 1.5
mL), and the combined organic layers were evaporated to
dryness under vacuum.

General Procedure 2 for Spiro Hydantoin Forma-
tion. Solutions of 14{8-10} (0.1 mmol) from a 0.3 M stock
solution in dimethylformamide were added to three separate
solutions of 12{1} (0.1 mmol) in dimethylformamide (1.5
mL). The resulting reaction mixture was stirred at 80 °C for
15 h. After that time, the solvent was evaporated, and
tetrahydrofuran (1.5 mL) and 1 M KOBut in tetrahydrofuran
(0.1 mmol) were added. The reaction mixture was then stirred
at room temperature for 15 h. A saturated solution of
NaHCO3 (0.6 mL) was added, and the layers were separated.
The aqueous layer was extracted with dichloromethane (2
× 1.5 mL), and the combined organic layers were evaporated
to dryness under vacuum.

(()-(5R,9R)-9-(3,5-Dimethoxyphenyl)-7-methyl-3-phen-
yl-1,3,7-triazaspiro[4.4]nonane-2,4-dione 15{1,5}. 1H NMR
[300 MHz, δ (ppm), CDCl3]: 7.48-7.40 (m, 2 1H, 3′′-CH
+ 5′′-CH), 7.39-7.28 (m, 3 1H, 2′′-CH + 4′′-CH + 6′′-
CH), 6.36 (s, 3 1H, 2′-CH + 4′-CH + 6′-CH), 6.27 (bs, 1
1H, NH), 3.95 (dd; J ) 9.0, 5.7 Hz; 1 1H, 9-CH), 3.73 (s, 6
1H, 2 × OCH3), 3.30 (dd; J ) 9.9, 5.7 Hz; 1 1H, 8-CHH),
3.11-3.03 (m, 2 1H, 6-CH2), 2.92 (app t, J ) 9.5 Hz, 1 1H,
8-CHH), 2.45 (s, 3 1H, NCH3). 13C NMR [75 MHz, δ (ppm),
CDCl3]: 173.9 (4-CO), 161.4 (3′-C + 5′-C), 154.9 (2-CO),
139.3 (1′-C), 131.7 (1′′-C), 129.2 (3′′-C + 5′′-C), 128.3 (4′′-
C), 126.2 (2′′-C + 6′′-C), 106.3 (2′-C + 6′-C), 99.3 (4′-C),
70.3 (5-C), 65.7 (6-C), 59.8 (8-C), 55.5 (2 × OCH3), 53.1
(9-C), 41.9 (NCH3). FTIR [ν- (cm-1), neat]: 3189, 2938,
2838, 2791, 1776, 1714, 1595, 1203, 1153, 857, 763, 702.
MS [APCI (m/z)] calcd for (C21H23N3O4 + H)+ ) 382, found
382.

(()-(5R,9R)-9-(3,5-Dimethoxyphenyl)-7-methyl-3-(2-
thienyl)-1,3,7-triazaspiro[4.4] nonane-2,4-dione 15{1,7}.
1H NMR [300 MHz, δ (ppm), CDCl3]: 7.45 (dd; J ) 3.9,
1.2 Hz; 1 1H, 3′′-CH), 7.15 (dd; J ) 5.4, 1.2 Hz; 1 1H, 5′′-
CH), 6.98 (dd; J ) 5.4, 3.9 Hz; 1 1H, 4′′-CH), 6.37 (bs, 1
1H, NH), 6.34 (t, J ) 2.1 Hz, 1 1H, 4′-CH), 6.31 (d, J ) 2.1
Hz, 2 1H, 2′-CH + 6′-CH), 3.94 (dd; J ) 9.0, 5.4 Hz; 1 1H,
9-CH), 3.70 (s, 6 1H, 2 × OCH3), 3.30 (dd; J ) 9.9, 5.4 Hz;
1 1H, 8-CHH), 3.08-3.01 (m, 2 1H, 6-CH2), 2.92 (app t, J
) 9.5 Hz, 1 1H, 8-CHH), 2.45 (s, 3 1H, NCH3). 13C NMR

[75 MHz, δ (ppm), CDCl3]: 172.5 (4-CO), 161.4 (3′-C +
5′-C), 153.6 (2-CO), 139.1 (1′-C), 132.2 (2′′-C), 125.2 (4′′-
C), 121.8 (5′′-C), 120.1 (3′′-C), 106.2 (2′-C + 6′-C), 99.5
(4′-C), 70.0 (5-C), 65.8 (6-C), 59.9 (8-C), 55.4 (2 × OCH3),
53.1 (9-C), 41.9 (NCH3). FTIR [ν- (cm-1), neat]: 3194, 2937,
2838, 2789, 1778, 1719, 1595, 1203, 1156, 834, 691. MS
[APCI (m/z)] calcd for (C19H21N3O4S + H)+ ) 388, found
388.

(()-(5R,9R)-9-(1,3-Benzodioxol-5-yl)-3-ethyl-7-methyl-
1,3,7-triazaspiro[4.4]nonane-2,4-dione 15{2,1}. 1H NMR
[300 MHz, δ (ppm), CDCl3]: 6.70 (d, J ) 8.1 Hz, 1 1H,
7′-CH), 6.68 (d, J ) 1.8 Hz, 1 1H, 4′-CH), 6.56 (dd; J )
8.1, 1.8 Hz; 1 1H, 6′-CH), 6.16 (bs, 1 1H, NH), 5.93 (s, 2
1H, 2′-CH2), 3.81 (dd; J ) 9.0, 6.0 Hz; 1 1H, 9-CH),
3.56-3.42 (m, 2 1H, CH2CH3), 3.17 (dd; J ) 9.9, 6.0 Hz; 1
1H, 8-CHH), 2.98 (d, J ) 9.9 Hz, 1 1H, 6-CHH), 2.91 (d, J
) 9.9 Hz, 1 1H, 6-CHH), 2.89 (app t, J ) 9.3 Hz, 1 1H,
8-CHH), 2.43 (s, 3 1H, NCH3), 1.13 (t, J ) 7.2 Hz, 3 1H,
CH2CH3). 13C NMR [75 MHz, δ (ppm), CDCl3]: 174.7 (4-
CO), 156.0 (2-CO), 148.2 (3′a-C), 147.2 (7′a-C), 130.7 (5′-
C), 121.5 (6′-C), 108.5 (7′-C), 108.2 (4′-C), 101.3 (2′-C),
70.4 (5-C), 65.3 (6-C), 60.4 (8-C), 52.4 (9-C), 42.0 (NCH3),
33.7 (CH2CH3), 13.5 (CH2CH3). FTIR [ν- (cm-1), neat]:
3270, 2940, 2841, 2788, 1771, 1703, 1253, 1236, 1037, 928.
MS [APCI (m/z)] calcd for (C16H19N3O4 + H)+ ) 318, found
318.

(()-(5R,9R)-9-(1,3-Benzodioxol-5-yl)-3-tert-butyl-7-meth-
yl-1,3,7-triazaspiro[4.4] nonane-2,4-dione 15{2,2}. 1H NMR
[300 MHz, δ (ppm), CDCl3]: 6.72 (d, J ) 8.1 Hz, 1 1H,
7′-CH), 6.69 (d, J ) 1.8 Hz, 1 1H, 4′-CH), 6.58 (dd; J )
8.1, 1.8 Hz; 1 1H, 6′-CH), 5.94 (s, 2 1H, 2′-CH2), 5.55 (bs,
1 1H, NH), 3.76 (dd; J ) 9.0, 5.7 Hz; 1 1H, 9-CH), 3.13
(dd; J ) 9.9, 5.7 Hz; 1 1H, 8-CHH), 2.93 (d, J ) 9.6 Hz, 1
1H, 6-CHH), 2.87 (d, J ) 9.6 Hz, 1 1H, 6-CHH), 2.85 (app
t, J ) 9.3 Hz, 1 1H, 8-CHH), 2.41 (s, 3 1H, NCH3), 1.53 (s,
9 1H, C(CH3)3). 13C NMR [75 MHz, δ (ppm), CDCl3]: 175.8
(4-CO), 156.8 (2-CO), 148.2 (3′a-C), 147.1 (7′a-C), 131.1
(5′-C), 121.4 (6′-C), 108.5 (7′-C), 108.2 (4′-C), 101.3 (2′-
C), 69.2 (5-C), 65.6 (6-C), 60.5 (8-C), 57.9 (C(CH3)3), 52.8
(9-C), 42.0 (NCH3), 28.7 (C(CH3)3). FTIR [ν- (cm-1), neat]:
3226, 2936, 2841, 2786, 1764, 1702, 1253, 1235, 1037, 927.
MS [APCI (m/z)] calcd for (C18H23N3O4 + H)+ ) 346, found
346.

(()-(5R,9R)-9-(2-Furyl)-7-methyl-3-phenethyl-1,3,7-
triazaspiro[4.4]nonane-2,4-dione 15{3,3}. 1H NMR [300
MHz, δ (ppm), CDCl3]: 7.35-7.17 (m, 6 1H, 5′-CH + Ph),
6.41 (bs, 1 1H, NH), 6.27 (dd; J ) 3.0, 1.8 Hz; 1 1H, 4′-
CH), 6.06 (d, J ) 3.0 Hz, 1 1H, 3′-CH), 3.93 (dd; J ) 9.3,
6.3 Hz; 1 1H, 9-CH), 3.74 (t, J ) 7.6 Hz, 2 1H, NCH2CH2),
3.21 (dd; J ) 9.6, 6.3 Hz; 1 1H, 8-CHH), 2.98-2.87 (m, 2
1H, NCH2CH2), 2.87 (d, J ) 9.6 Hz, 1 1H, 6-CHH), 2.86
(app t, J ) 9.6 Hz, 1 1H, 8-CHH), 2.79 (d, J ) 9.6 Hz, 1
1H, 6-CHH), 2.38 (s, 3 1H, NCH3). 13C NMR [75 MHz, δ
(ppm), CDCl3]: 174.3 (4-CO), 156.1 (2-CO), 151.0 (2′-C),
142.9 (5′-C), 137.9 (1′′-C), 129.0 (2′′-C + 6′′-C), 128.6 (3′′-C
+ 5′′-C), 126.7 (4′′-C), 110.4 (4′-C), 107.9 (3′-C), 69.7 (5-
C), 65.4 (6-C), 58.1 (8-C), 46.0 (9-C), 41.8 (NCH3), 39.9
(NCH2CH2), 34.0 (NCH2CH2). FTIR [ν- (cm-1), neat]: 3266,

Scheme 4. Spiro Thiohydantoin Formation from Substrates
12{1-4} and 13{1-4}
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2943, 2841, 2796, 1770, 1709, 766, 739, 699. MS [APCI
(m/z)] calcd for (C19H21N3O3 + H)+ ) 340, found 340.

(()-(5R,9R)-9-(2-Furyl)-7-methyl-3-(3-pyridyl)-1,3,7-
triazaspiro[4.4]nonane-2,4-dione 15{3,10}. 1H NMR [300
MHz, δ (ppm), CDCl3]: 8.73 (d, J ) 2.4 Hz, 1 1H, 2′′-CH),
8.60 (dd; J ) 4.8, 1.5 Hz; 1 1H, 6′′-CH), 7.78 (ddd; J ) 8.1,
2.4, 1.5 Hz; 1 1H, 4′′-CH), 7.41 (ddd; J ) 8.1, 4.8, 0.6 Hz;
1 1H, 5′′-CH), 7.37 (d, J ) 1.8 Hz, 1 1H, 5′-CH), 6.60 (bs,

1 1H, NH), 6.33 (dd; J ) 3.0, 1.8 Hz; 1 1H, 4′-CH), 6.21 (d,
J ) 3.0 Hz, 1 1H, 3′-CH), 4.12 (dd; J ) 9.6, 6.9 Hz; 1 1H,
9-CH), 3.28 (dd; J ) 9.6, 6.9 Hz; 1 1H, 8-CHH), 3.14 (d, J
) 9.9 Hz, 1 1H, 6-CHH), 3.02 (d, J ) 9.9 Hz, 1 1H, 6-CHH),
2.98 (app t, J ) 9.6 Hz, 1 1H, 8-CHH), 2.46 (s, 3 1H, NCH3).
13C NMR [75 MHz, δ (ppm), CDCl3]: 173.1 (4-CO), 154.3
(2-CO), 150.7 (2′-C), 149.0 (6′′-C), 147.1 (2′′-C), 143.2 (5′-
C), 133.3 (4′′-C), 128.9 (3′′-C), 123.7 (5′′-C), 110.6 (4′-C),

Table 2. 2. Results of Spiro Thiohydantoin Formation from Substrates 12{1-4} and 13{1-4}

a Crude yield based on mass recovery. b Purity determined by LC-MS at 215 nm. c Plus 16% 12{1}. d Plus 8% 12{2}. e Plus 15% 12{3}. f Plus 12%
12{4}.
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108.2 (3′-C), 70.0 (5-C), 65.2 (6-C), 57.8 (8-C), 47.0 (9-C),
41.8 (NCH3). FTIR [ν- (cm-1), neat]: 3233, 2945, 2849,
2795, 1777, 1719, 716. MS [APCI (m/z)] calcd for
(C16H16N4O3 + H)+ ) 313, found 313.

(()-(5R,9R)-7-Methyl-9-(1-methyl-1H-indol-3-yl)-3-[4-
(trifluoromethyl)phenyl]-1,3,7-triazaspiro[4.4]nonane-2,4-
dione 15{4,6}. 1H NMR [300 MHz, δ (ppm), CDCl3]:
7.69-7.60 (m, 2 1H, 3′′-CH + 5′′-CH), 7.46 (d, J ) 8.1 Hz,
1 1H, 4′-CH), 7.35-7.30 (m, 2 1H, 2′′-CH + 6′′-CH), 7.28
(d, J ) 8.1 Hz, 1 1H, 7′-CH), 7.25-7.19 (m, 1 1H, 6′-CH),
7.07-7.01 (m, 1 1H, 5′-CH), 6.99 (s, 1 1H, 2′-CH), 6.17 (bs,
1 1H, NH), 4.36 (dd; J ) 9.0, 6.9 Hz; 1 1H, 9-CH), 3.73 (s,
3 1H, 1′-NCH3), 3.27 (dd; J ) 9.6, 6.9 Hz; 1 1H, 8-CHH),
3.24 (d, J ) 9.9 Hz, 1 1H, 6-CHH), 3.07 (app t, J ) 9.3 Hz,
1 1H, 8-CHH), 3.04 (d, J ) 9.9 Hz, 1 1H, 6-CHH), 2.50 (s,
3 1H, 7-NCH3). 13C NMR [75 MHz, δ (ppm), CDCl3]: 174.1
(4-CO), 154.4 (2-CO), 137.3 (7′a-C), 134.8 (q, J ) 1.4 Hz,
1′′-C), 130.0 (q, J ) 32.7 Hz, 4′′-C), 127.4 (3′a-C), 127.2
(2′-C), 126.3 (2′′-C + 6′′-C), 126.1 (q, J ) 3.7 Hz, 3′′-C +
5′′-C), 123.9 (q, J ) 270.5 Hz, CF3), 122.5 (6′-C), 119.9
(5′-C), 118.6 (4′-C), 109.9 (3′-C + 7′-C), 70.0 (5-C), 65.7
(6-C), 60.2 (8-C), 45.3 (9-C), 42.0 (7-NCH3), 33.0 (1′-NCH3).
FTIR [ν- (cm-1), neat]: 3228, 2938, 2842, 2790, 1776, 1716,
1323, 840, 738. MS [APCI (m/z)] calcd for (C23H21F3N4O2

+ H)+ ) 443, found 443.

(()-(5R,9R)-3-(4-Ethoxyphenyl)-7-methyl-9-(1-methyl-
1H-indol-3-yl)-1,3,7-triazaspiro [4.4]nonane-2,4-dione
15{4,8}. 1H NMR [400 MHz, δ (ppm), CDCl3]: 7.51 (d, J
) 7.9 Hz, 1 1H, 4′′-CH), 7.28 (d, J ) 8.2 Hz, 1 1H, 7′′-CH),
7.24-7.19 (m, 1 1H, 6′′-CH), 7.10-7.01 (m, 1 1H, 5′′-CH),
7.00 (s, 1 1H, 2′′-CH), 7.01-6.96 (m, 2 1H, 2′-CH + 6′-
CH), 6.89-6.84 (m, 2 1H, 3′-CH + 5′-CH), 6.04 (bs, 1 1H,
NH), 4.35 (dd; J ) 8.9, 7.0 Hz; 1 1H, 9-CH), 4.00 (q, J )
7.0 Hz, 2 1H, CH2CH3), 3.73 (s, 3 1H, 1′′-NCH3), 3.28 (dd;
J ) 9.3, 7.0 Hz; 1 1H, 8-CHH), 3.22 (d, J ) 10.0 Hz, 1 1H,
6-CHH), 3.07 (app t, J ) 9.1 Hz, 1 1H, 8-CHH), 3.05 (d, J
) 9.7 Hz, 1 1H, 6-CHH), 2.50 (s, 3 1H, 7-NCH3), 1.39 (t, J
) 7.0 Hz, 3 1H, CH2CH3). 13C NMR [75 MHz, δ (ppm),
CDCl3]: 174.6 (4-CO), 158.8 (4′-C), 155.5 (2-CO), 137.3
(7′′a-C), 127.7 (2′-C + 6′-C), 127.5 (3′′a-C), 127.2 (2′′-C),
124.0 (1′-C), 122.4 (6′′-C), 119.9 (5′′-C), 118.8 (4′′-C), 115.0
(3′-C + 5′-C), 110.1 (3′′-C), 109.8 (7′′-C), 69.9 (5-C), 65.8
(6-C), 63.8 (CH2CH3), 60.3 (8-C), 45.0 (9-C), 42.0 (7-NCH3),
33.0 (1′′-NCH3), 14.9 (CH2CH3). FTIR [ν- (cm-1), neat]:
3236, 2933, 2846, 2793, 1771, 1715, 827, 741. MS [APCI
(m/z)] calcd for (C24H26N4O3 + H)+ ) 419, found 419.

(()-(5R,9S)-9-(3,5-Dimethoxyphenyl)-7-methyl-3-phen-
yl-1,3,7-triazaspiro[4.4]nonane-2,4-dione 16{1,5}. 1H NMR
[400 MHz, δ (ppm), CDCl3]: 8.42 (bs, 1 1H, NH), 7.36-7.24
(m, 3 1H, 3′′-CH + 4′′-CH + 5′′-CH), 6.88-6.81 (m, 2 1H,
2′′-CH + 6′′-CH), 6.43 (d, J ) 2.2 Hz, 2 1H, 2′-CH + 6′-
CH), 6.39 (t, J ) 2.2 Hz, 1 1H, 4′-CH), 3.71 (s, 6 1H, 2 ×
OCH3), 3.66 (dd; J ) 12.2, 6.2 Hz; 1 1H, 9-CH), 3.37 (d, J
) 11.0 Hz, 1 1H, 6-CHH), 3.33 (dd; J ) 9.1, 6.2 Hz; 1 1H,
8-CHH), 3.12 (dd; J ) 12.2, 9.4 Hz; 1 1H, 8-CHH), 3.12 (d,
J ) 10.7 Hz, 1 1H, 6-CHH), 2.57 (s, 3 1H, NCH3). 13C NMR
[75 MHz, δ (ppm), CDCl3]: 173.4 (4-CO), 160.9 (3′-C +
5′-C), 156.0 (2-CO), 136.6 (1′-C), 131.4 (1′′-C), 129.0 (3′′-C
+ 5′′-C), 128.2 (4′′-C), 126.3 (2′′-C + 6′′-C), 106.0 (2′-C

+ 6′-C), 100.0 (4′-C), 70.7 (5-C), 63.7 (6-C), 58.5 (8-C),
56.0 (9-C), 55.5 (2 × OCH3), 41.7 (NCH3). FTIR [ν- (cm-1),
neat]: 3187, 2939, 2839, 2795, 1777, 1714, 1595, 1203, 1153,
857, 774, 694. MS [APCI (m/z)] calcd for (C21H23N3O4 +
H)+ ) 382, found 382.

(()-(5R,9S)-9-(3,5-Dimethoxyphenyl)-7-methyl-3-(2-
thienyl)-1,3,7-triazaspiro[4.4] nonane-2,4-dione 16{1,7}.
1H NMR [400 MHz, δ (ppm), CDCl3]: 8.36 (bs, 1 1H, NH),
7.09 (dd; J ) 5.5, 1.3 Hz; 1 1H, 5′′-CH), 6.97 (dd; J ) 3.8,
1.3 Hz; 1 1H, 3′′-CH), 6.88 (dd; J ) 5.5, 3.9 Hz; 1 1H, 4′′-
CH), 6.37 (d, J ) 2.2 Hz, 2 1H, 2′-CH + 6′-CH), 6.34 (t, J
) 2.2 Hz, 1 1H, 4′-CH), 3.70 (s, 6 1H, 2 × OCH3), 3.62 (dd;
J ) 12.2, 6.0 Hz; 1 1H, 9-CH), 3.34 (d, J ) 10.4 Hz, 1 1H,
6-CHH), 3.35-3.31 (m, 1 1H, 8-CHH), 3.12 (d, J ) 11.1
Hz, 1 1H, 6-CHH), 3.13-3.07 (m, 1 1H, 8-CHH), 2.57 (s, 3
1H, NCH3). 13C NMR [75 MHz, δ (ppm), CDCl3]: 172.2
(4-CO), 160.9 (3′-C + 5′-C), 154.9 (2-CO), 136.3 (1′-C),
131.6 (2′′-C), 125.3 (4′′-C), 122.7 (5′′-C), 121.5 (3′′-C), 105.8
(2′-C + 6′-C), 100.3 (4′-C), 70.6 (5-C), 64.0 (6-C), 58.6 (8-
C), 56.1 (9-C), 55.4 (2 × OCH3), 41.7 (NCH3). FTIR [ν-

(cm-1), neat]: 3195, 2940, 2839, 2797, 1780, 1722, 1595,
1203, 1153, 834, 691. MS [APCI (m/z)] calcd for
(C19H21N3O4S + H)+ ) 388, found 388.

(()-(5R,9S)-9-(1,3-Benzodioxol-5-yl)-3-tert-butyl-7-meth-
yl-1,3,7-triazaspiro[4.4] nonane-2,4-dione 16{2,2}. 1H NMR
[400 MHz, δ (ppm), CDCl3]: 7.63-7.44 (m, 1 1H, NH), 6.73
(d, J ) 1.5 Hz, 1 1H, 4′-CH), 6.73 (d, J ) 8.1 Hz, 1 1H,
7′-CH), 6.67 (dd; J ) 8.1, 1.5 Hz; 1 1H, 6′-CH), 5.91 (d, J
) 1.5 Hz, 1 1H, 2′-CHH), 5.91 (d, J ) 1.5 Hz, 1 1H, 2′-
CHH), 3.43 (dd; J ) 12.2, 6.1 Hz; 1 1H, 9-CH), 3.22-3.17
(m, 1 1H, 8-CHH), 3.18 (d, J ) 10.2 Hz, 1 1H, 6-CHH),
3.00 (d, J ) 10.7 Hz, 1 1H, 6-CHH), 2.97 (dd; J ) 12.4, 9.0
Hz; 1 1H, 8-CHH), 2.51 (s, 3 1H, NCH3), 1.26 (s, 9 1H,
C(CH3)). 13C NMR [75 MHz, δ (ppm), CDCl3]: 175.4 (4-
CO), 157.8 (2-CO), 147.7 (3′a-C), 147.3 (7′a-C), 128.2 (5′-
C), 121.6 (6′-C), 108.7 (4′-C), 108.2 (7′-C), 101.1 (2′-C),
69.5 (5-C), 63.7 (6-C), 58.8 (8-C), 57.4 (C(CH3)3), 56.0 (9-
C), 41.8 (NCH3), 28.4 (C(CH3)3). FTIR [ν- (cm-1), neat]:
3251, 2937, 2846, 2784, 1762, 1702, 1253, 1231, 1037, 928.
MS [APCI (m/z)] calcd for (C18H23N3O4 + H)+ ) 346, found
346.

(()-(5R,9S)-9-(1,3-Benzodioxol-5-yl)-7-methyl-3-phen-
ethyl-1,3,7-triazaspiro[4.4] nonane-2,4-dione 16{2,3}. 1H
NMR [400 MHz, δ (ppm), CDCl3]: 8.02 (bs, 1 1H, NH),
7.28-7.22 (m, 2 1H, 3′′-CH + 5′′-CH), 7.21-7.15 (m, 1
1H, 4′′-CH), 7.12-7.07 (m, 2 1H, 2′′-CH + 6′′-CH), 6.75
(d, J ) 1.3 Hz, 1 1H, 4′-CH), 6.71 (d, J ) 8.0 Hz, 1 1H,
7′-CH), 6.68 (dd; J ) 8.0, 1.3 Hz; 1 1H, 6′-CH), 5.87 (s, 2
1H, 2′-CH2), 3.53 (dd; J ) 12.2, 6.2 Hz; 1 1H, 9-CH), 3.43
(t, J ) 8.0 Hz, 2 1H, NCH2CH2), 3.24 (dd; J ) 9.1, 6.3 Hz;
1 1H, 8-CHH), 3.21 (d, J ) 11.1 Hz, 1 1H, 6-CHH), 3.03
(dd; J ) 12.2, 9.1 Hz; 1 1H, 8-CHH), 2.95 (d, J ) 10.8 Hz,
1 1H, 6-CHH), 2.52 (s, 3 1H, NCH3), 2.48 (dt; J ) 13.6, 8.0
Hz; 1 1H, NCH2CHH), 2.32 (dt; J ) 13.5, 7.8 Hz; 1 1H,
NCH2CHH). 13C NMR [75 MHz, δ (ppm), CDCl3]: 174.2
(4-CO), 156.7 (2-CO), 147.8 (3′a-C), 147.4 (7′a-C), 138.0
(1′′-C), 128.8 (2′′-C + 6′′-C), 128.6 (3′′-C + 5′′-C), 127.9
(5′-C), 126.6 (4′′-C), 121.6 (6′-C), 108.6 (4′-C), 108.3 (7′-
C), 101.2 (2′-C), 70.7 (5-C), 63.7 (6-C), 59.0 (8-C), 55.3
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(9-C), 41.7 (NCH3), 39.5 (NCH2CH2), 33.8 (NCH2CH2).
FTIR [ν- (cm-1), neat]: 3258, 2941, 2842, 2789, 1770, 1706,
1253, 1236, 1037, 928, 769, 699. MS [APCI (m/z)] calcd
for (C22H23N3O4 + H)+ ) 394, found 394.

(()-Ethyl 3-{(5R,9S)-9-(2-furyl)-7-methyl-2,4-dioxo-
1,3,7-triazaspiro[4.4]nonan-3-yl} propanoate 16{3,4}. 1H
NMR [400 MHz, δ (ppm), CDCl3]: 7.52 (bs, 1 1H, NH),
7.29 (s, 1 1H, 5′′-CH), 6.30 (dd; J ) 3.2, 1.8 Hz; 1 1H, 4′′-
CH), 6.15 (d, J ) 3.2 Hz, 1 1H, 3′′-CH), 4.12 (q, J ) 7.2
Hz, 2 1H, CH2CH3), 3.69 (dd; J ) 11.7, 6.6 Hz; 1 1H, 9′-
CH), 3.67-3.60 (m, 2 1H, 3-CH2), 3.34 (dd; J ) 8.9, 7.0
Hz; 1 1H, 8′-CHH), 3.18 (d, J ) 10.5 Hz, 1 1H, 6′-CHH),
2.93 (d, J ) 10.5 Hz, 1 1H, 6′-CHH), 2.84 (dd; J ) 11.5,
9.3 Hz; 1 1H, 8′-CHH), 2.48 (s, 3 1H, NCH3), 2.46-2.29
(m, 2 1H, 2-CH2), 1.24 (t, J ) 7.2 Hz, 3 1H, CH2CH3). 13C
NMR [75 MHz, δ (ppm), CDCl3]: 173.4 (4′-CO), 170.7
(CO2), 156.3 (2′-CO), 149.7 (2′′-C), 142.2 (5′′-C), 110.6 (4′′-
C), 107.5 (3′′-C), 69.8 (5′-C), 64.3 (6′-C), 60.9 (CH2CH3),
58.3 (8′-C), 49.8 (9′-C), 41.6 (NCH3), 34.2 (3-C), 32.3 (2-
C), 14.3 (CH2CH3). FTIR [ν- (cm-1), neat]: 3313, 2949
2846, 2793, 1774, 1710, 747. MS [APCI (m/z)] calcd for
(C16H21N3O5 + H)+ ) 336, found 336.

(()-(5R,9S)-3-(4-Ethoxyphenyl)-9-(2-furyl)-7-methyl-
1,3,7-triazaspiro[4.4]nonane-2,4-dione 16{3,8}. 1H NMR
[400 MHz, δ (ppm), CDCl3]: 7.33 (d, J ) 1.3 Hz, 1 1H,
5′′-CH), 7.14 (bs, 1 1H, NH), 6.99-6.94 (m, 2 1H, 2′-CH +
6′-CH), 6.90-6.84 (m, 2 1H, 3′-CH + 5′-CH), 6.34 (dd; J
) 3.2, 1.8 Hz; 1 1H, 4′′-CH), 6.21 (d, J ) 3.2 Hz, 1 1H,
3′′-CH), 4.01 (q, J ) 7.0 Hz, 2 1H, CH2CH3), 3.81 (dd; J )
11.6, 6.5 Hz; 1 1H, 9-CH), 3.38 (dd; J ) 8.9, 6.7 Hz; 1 1H,
8-CHH), 3.32 (d, J ) 10.7 Hz, 1 1H, 6-CHH), 3.04 (d, J )
10.5 Hz, 1 1H, 6-CHH), 2.92 (dd; J ) 11.6, 9.3 Hz; 1 1H,
8-CHH), 2.51 (s, 3 1H, NCH3), 1.39 (t, J ) 7.0 Hz, 3 1H,
CH2CH3). 13C NMR [75 MHz, δ (ppm), CDCl3]: 173.0 (4-
CO), 158.7 (4′-C), 155.9 (2-CO), 149.9 (2′′-C), 142.3 (5′′-
C), 127.5 (2′-C + 6′-C), 124.0 (1′-C), 115.0 (3′-C + 5′-C),
110.7 (4′′-C), 107.7 (3′′-C), 69.9 (5-C), 64.1 (6-C), 63.8
(CH2CH3), 58.2 (8-C), 50.3 (9-C), 41.7 (NCH3), 14.9
(CH2CH3). FTIR [ν- (cm-1), neat]: 3284, 2930, 2849, 2791,
1776, 1714, 826, 734. MS [APCI (m/z)] calcd for
(C19H21N3O4 + H)+ ) 356, found 356.

(()-(5R,9S)-3-Ethyl-7-methyl-9-(1-methyl-1H-indol-3-
yl)-1,3,7-triazaspiro[4.4]nonane-2,4-dione 16{4,1}. 1H NMR
[400 MHz, δ (ppm), CDCl3]: 8.07 (bs, 1 1H, NH), 7.51 (d,
J ) 7.9 Hz, 1 1H, 4′-CH), 7.23 (d, J ) 8.2 Hz, 1 1H, 7′-
CH), 7.19-7.13 (m, 1 1H, 6′-CH), 7.08-7.02 (m, 1 1H, 5′-
CH), 6.96 (s, 1 1H, 2′-CH), 4.06 (dd; J ) 12.2, 6.2 Hz; 1
1H, 9-CH), 3.73 (s, 3 1H, 1′-NCH3), 3.38 (dd; J ) 9.3, 6.4
Hz; 1 1H, 8-CHH), 3.30 (d, J ) 10.7 Hz, 1 1H, 6-CHH),
3.14-3.04 (m, 2 1H, CH2CH3), 3.05 (d, J ) 10.7 Hz, 1 1H,
6-CHH), 2.99 (dd; J ) 12.2, 9.2 Hz; 1 1H, 8-CHH), 2.58 (s,
3 1H, 7-NCH3), 0.25 (t, J ) 7.2 Hz, 3 1H, CH2CH3). 13C
NMR [75 MHz, δ (ppm), CDCl3]: 174.5 (4-CO), 156.8 (2-
CO), 136.8 (7′a-C), 127.8 (3′a-C), 127.2 (2′-C), 122.0 (6′-
C), 119.7 (5′-C), 118.6 (4′-C), 109.3 (7′-C), 107.8 (3′-C),
71.0 (5-C), 64.3 (6-C), 60.2 (8-C), 48.4 (9-C), 41.8 (7-NCH3),
32.9 (1′-NCH3 + CH2CH3), 12.1 (CH2CH3). FTIR [ν-

(cm-1), neat]: 3298, 2934, 2841, 2794, 1770, 1705, 730. MS
[APCI (m/z)] calcd for (C18H22N4O2 + H)+ ) 327, found
327.

(()-(5R,9S)-7-Methyl-9-(1-methyl-1H-indol-3-yl)-3-[4-
(trifluoromethyl)phenyl]-1,3,7-triazaspiro[4.4]nonane-2,4-
dione 16{4,6}. 1H NMR [400 MHz, δ (ppm), CDCl3]: 8.26
(bs, 1 1H, NH), 7.59 (d, J ) 7.9 Hz, 1 1H, 4′-CH), 7.45-7.38
(m, 2 1H, 3′′-CH + 5′′-CH), 7.28 (d, J ) 8.2 Hz, 1 1H, 7′-
CH), 7.24-7.18 (m, 1 1H, 6′-CH), 7.12-7.06 (m, 1 1H, 5′-
CH), 6.98 (s, 1 1H, 2′-CH), 6.63-6.57 (m, 2 1H, 2′′-CH +
6′′-CH), 4.17 (dd; J ) 12.0, 6.3 Hz; 1 1H, 9-CH), 3.73 (s, 3
1H, 1′-NCH3), 3.46 (dd; J ) 9.2, 6.6 Hz; 1 1H, 8-CHH),
3.43 (d, J ) 10.7 Hz, 1 1H, 6-CHH), 3.16 (d, J ) 10.7 Hz,
1 1H, 6-CHH), 3.01 (dd; J ) 12.0, 9.4 Hz; 1 1H, 8-CHH),
2.62 (s, 3 1H, 7-NCH3). 13C NMR [75 MHz, δ (ppm),
CDCl3]: 173.4 (4-CO), 155.3 (2-CO), 137.3 (7′a-C), 134.8
(q, J ) 1.4 Hz, 1′′-C), 130.0 (q, J ) 32.7 Hz, 4′′-C), 127.4
(3′a-C), 127.2 (2′-C), 126.3 (2′′-C + 6′′-C), 126.1 (q, J )
3.7 Hz, 3′′-C + 5′′-C), 123.9 (q, J ) 270.5 Hz, CF3), 122.5
(6′-C), 119.9 (5′-C), 118.6 (4′-C), 109.9 (3′-C + 7′-C), 70.0
(5-C), 65.7 (6-C), 60.2 (8-C), 45.3 (9-C), 42.0 (7-NCH3),
33.0 (1′-NCH3). FTIR [ν- (cm-1), neat]: 3228, 2938, 2842,
2790, 1776, 1716, 1323, 840, 738. MS [APCI (m/z)] calcd
for (C23H21F3N4O2 + H)+ ) 443, found 443.

General Procedure for Spiro Thiohydantoin Forma-
tion. Solutions of 14{11-18} (0.1 mmol, 0.12 mmol for
14{11}) from a 0.3 M stock solution in dimethylformamide
were added to eight separate solutions of 12{1} (0.1 mmol)
in dimethylformamide (1.5 mL). The resulting reaction
mixture was stirred at 40 °C for 40 h. After that time, the
solvent was evaporated.

For the washing step, to the crude mixture of compounds
16{1-4,11-18} was added diethyl ether (2 mL) (for
16{3,11-18}, only 1.2 mL). The mixture was shaken until
a white precipitate was formed. The sample was centrifuged,
the solvent carefully eliminated with a pipet, and the resulting
white or off-white solid was analyzed. For compounds
15{1-4,11-18}, the washing step was carried out with only
1 mL of diethyl ether. For compounds 15{3,11-13} and
15{3,15}, there was no washing step, and they were analyzed
immediately after evaporation of the solvent.

(()-(5R,9R)-9-(3,5-Dimethoxyphenyl)-3-(4-ethoxyphe-
nyl)-7-methyl-2-thioxo-1,3,7-triazaspiro[4.4]nonan-4-
one 15{1,16}. 1H NMR [300 MHz, δ (ppm), CDCl3]: 7.46
(bs, 1 1H, NH), 7.10-7.04 (m, 2 1H, 2′′-CH + 6′′-CH),
6.97-6.91 (m, 2 1H, 3′′-CH + 5′′-CH), 6.39 (t, J ) 2.1 Hz,
1 1H, 4′-CH), 6.38 (d, J ) 2.1 Hz, 2 1H, 2′-CH + 6′-CH),
4.05 (q, J ) 6.9 Hz, 2 1H, CH2CH3), 3.93 (dd; J ) 9.0, 5.7
Hz; 1 1H, 9-CH), 3.77 (s, 6 1H, 2 × OCH3), 3.34 (dd; J )
9.9, 5.7 Hz; 1 1H, 8-CHH), 3.13 (d, J ) 9.9 Hz, 1 1H,
6-CHH), 3.06 (d, J ) 9.9 Hz, 1 1H, 6-CHH), 2.95 (app t, J
) 9.6 Hz, 1 1H, 8-CHH), 2.49 (s, 3 1H, NCH3), 1.42 (t, J )
6.9 Hz, 3 1H, CH2CH3). 13C NMR [75 MHz, δ (ppm),
CDCl3]: 182.5 (2-CS), 174.5 (4-CO), 161.5 (3′-C + 5′-C),
159.5 (4′′-C), 138.7 (1′-C), 129.4 (2′′-C + 6′′-C), 125.2 (1′′-
C), 115.0 (3′′-C + 5′′-C), 106.3 (2′-C + 6′-C), 99.7 (4′-C),
72.8 (5-C), 64.7 (6-C), 63.8 (CH2CH3), 59.6 (8-C), 55.6 (2
× OCH3), 54.0 (9-C), 41.8 (NCH3), 14.9 (CH2CH3). FTIR
[ν- (cm-1), neat]: 3142, 2936, 2839, 2790, 1748, 1596, 1203,
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1155, 837. MS [APCI (m/z)] calcd for (C23H27N3O4S + H)+

) 442, found 442.

(()-(5R,9R)-9-(3,5-Dimethoxyphenyl)-7-methyl-3-(3-py-
ridyl)-2-thioxo-1,3,7-triazaspiro [4.4]nonan-4-one 15-
{1,18}. 1H NMR [300 MHz, δ (ppm), CDCl3]: 8.65 (dd; J
) 4.8, 1.2 Hz; 1 1H, 6′′-CH), 8.49 (d, J ) 2.4 Hz, 1 1H,
2′′-CH), 7.57 (dt; J ) 8.1, 1.8 Hz; 1 1H, 4′′-CH), 7.41 (dd;
J ) 8.1, 4.8 Hz; 1 1H, 5′′-CH), 6.41 (t, J ) 2.1 Hz, 1 1H,
4′-CH), 6.37 (d, J ) 2.1 Hz, 2 1H, 2′-CH + 6′-CH), 3.94
(dd; J ) 9.0, 6.3 Hz; 1 1H, 9-CH), 3.77 (s, 6 1H, 2 × OCH3),
3.37 (dd; J ) 9.9, 6.0 Hz; 1 1H, 8-CHH), 3.17 (d, J ) 9.9
Hz, 1 1H, 6-CHH), 3.10 (d, J ) 9.9 Hz, 1 1H, 6-CHH), 2.97
(app t, J ) 9.6 Hz, 1 1H, 8-CHH), 2.51 (s, 3 1H, NCH3). 13C
NMR [75 MHz, δ (ppm), CDCl3]: 181.1 (2-CS), 174.0 (4-
CO), 161.5 (3′-C + 5′-C), 150.0 (6′′-C), 149.2 (2′′-C), 138.2
(1′-C), 135.9 (4′′-C), 129.8 (3′′-C), 123.7 (5′′-C), 106.3 (2′-C
+ 6′-C), 99.7 (4′-C), 73.2 (5-C), 64.4 (6-C), 59.4 (8-C), 55.6
(2 × OCH3), 54.2 (9-C), 41.8 (NCH3). MS [APCI (m/z)]
calcd for (C20H22N4O3S + H)+ ) 399, found 399.

(()-(5R,9R)-9-(1,3-Benzodioxol-5-yl)-7-methyl-3-phen-
yl-2-thioxo-1,3,7-triazaspiro[4.4] nonan-4-one 15{2,14}. 1H
NMR [300 MHz, δ (ppm), CDCl3]: 8.34 (bs, 1 1H, NH),
7.51-7.36 (m, 3 1H, 3′-CH + 4′′-CH + 5′′-CH), 7.20-7.11
(m, 2 1H, 2′′-CH + 6′′-CH), 6.81 (d, J ) 1.8 Hz, 1 1H, 4′-
CH), 6.77 (d, J ) 7.8 Hz, 1 1H, 7′-CH), 6.67 (dd; J ) 7.8,
1.8 Hz; 1 1H, 6′-CH), 5.96 (s, 2 1H, 2′-CH2), 3.94 (dd; J )
8.7, 6.9 Hz; 1 1H, 9-CH), 3.27 (dd; J ) 9.6, 6.9 Hz; 1 1H,
8-CHH), 3.17 (d, J ) 10.2 Hz, 1 1H, 6-CHH), 3.11 (d, J )
10.2 Hz, 1 1H, 6-CHH), 3.00 (app t, J ) 9.3 Hz, 1 1H,
8-CHH), 2.49 (s, 3 1H, NCH3). 13C NMR [75 MHz, δ (ppm),
CDCl3]: 181.9 (2-CS), 174.4 (4-CO), 148.3 (3′a-C), 147.5
(7′a-C), 132.8 (1′′-C), 129.5 (5′-C), 129.3 (4′′-C), 129.2 (3′′-C
+ 5′′-C), 128.4 (2′′-C + 6′′-C), 121.6 (6′-C), 108.6 (7′-C),
108.2 (4′-C), 101.3 (2′-C), 73.3 (5-C), 64.2 (6-C), 57.7 (8-
C), 54.1 (9-C), 41.9 (NCH3). FTIR [ν- (cm-1), neat]: 3156,
2940, 2846, 2789, 1746, 1253, 1236, 1036, 931, 756, 694.
MS [APCI (m/z)] calcd for (C20H19N3O3S + H)+ ) 382,
found 382.

(()-(5R,9R)-9-(1,3-Benzodioxol-5-yl)-7-methyl-3-(3-py-
ridyl)-2-thioxo-1,3,7-triazaspiro [4.4]nonan-4-one 15-
{2,18}. 1H NMR [300 MHz, δ (ppm), CDCl3]: 8.65 (dd; J
) 4.8, 1.5 Hz; 1 1H, 6′′-CH), 8.47 (d, J ) 2.4 Hz, 1 1H,
2′′-CH), 7.57 (ddd; J ) 8.1, 2.4, 1.5 Hz; 1 1H, 4′′-CH), 7.41
(ddd; J ) 8.1, 4.8, 0.6 Hz; 1 1H, 5′′-CH), 6.78 (d, J ) 7.8
Hz, 1 1H, 7′-CH), 6.78 (d, J ) 1.8 Hz, 1 1H, 4′-CH), 6.66
(dd; J ) 7.8, 1.8 Hz; 1 1H, 6′-CH), 5.98 (s, 2 1H, 2′-CH2),
3.95 (dd; J ) 9.0, 5.7 Hz; 1 1H, 9-CH), 3.30 (dd; J ) 9.6,
5.7 Hz; 1 1H, 8-CHH), 3.18 (d, J ) 9.9 Hz, 1 1H, 6-CHH),
3.08 (d, J ) 9.9 Hz, 1 1H, 6-CHH), 2.97 (app t, J ) 9.6 Hz,
1 1H, 8-CHH), 2.50 (s, 3 1H, NCH3). 13C NMR [75 MHz, δ
(ppm), CDCl3]: 181.5 (2-CS), 174.3 (4-CO), 150.4 (6′′-C),
149.7 (2′′-C), 149.0 (3′a-C), 148.1 (7′a-C), 136.3 (4′′-C),
130.2 (3′′-C), 130.1 (5′-C), 124.1 (5′′-C), 121.9 (6′-C), 109.3
(7′-C), 108.5 (4′-C), 101.9 (2′-C), 73.8 (5-C), 64.8 (6-C),
60.3 (8-C), 54.6 (9-C), 42.2 (NCH3). FTIR [ν- (cm-1), neat]:
3069, 2940, 2848, 2787, 1748, 1253, 1236, 1036, 930, 707.
MS [APCI (m/z)] calcd for (C19H18N4O3S + H)+ ) 383,
found 383.

(()-(5R,9R)-9-(2-Furyl)-7-methyl-3-phenethyl-2-thioxo-
1,3,7-triazaspiro[4.4]nonan-4-one 15{3,12}. 1H NMR [300
MHz, δ (ppm), CDCl3]: 7.76 (bs, 1 1H, NH), 7.36-7.18 (m,
6 1H, 5′-CH + Ph), 6.29 (dd; J ) 3.3, 1.8 Hz; 1 1H, 4′-CH),
6.10 (d, J ) 3.3 Hz, 1 1H, 3′-CH), 4.07-3.97 (m, 2 1H,
NCH2CH2), 3.94 (dd; J ) 9.3, 6.9 Hz; 1 1H, 9-CH), 3.25
(dd; J ) 9.6, 6.9 Hz; 1 1H, 8-CHH), 3.02-2.85 (m, 5 1H,
6-CH2 + 8-CHH + NCH2CH2), 2.43 (s, 3 1H, NCH3). 13C
NMR [75 MHz, δ (ppm), CDCl3]: 182.5 (2-CS), 174.2 (4-
CO), 150.2 (2′-C), 143.0 (5′-C), 137.9 (1′′-C), 129.1 (2′′-C
+ 6′′-C), 128.6 (3′′-C + 5′′-C), 126.7 (4′′-C), 110.5 (4′-C),
108.0 (3′-C), 71.6 (5-C), 64.4 (6-C), 58.0 (8-C), 46.7 (9-C),
42.4 (NCH2CH2), 41.8 (NCH3), 33.6 (NCH2CH2). FTIR [ν-

(cm-1), neat]: 3283, 2941, 2846, 2793, 1740, 743, 700. MS
[APCI (m/z)] calcd for (C19H21N3O2S + H)+ ) 356, found
356.

(()-(5R,9R)-9-(2-Furyl)-7-methyl-2-thioxo-3-[4-(trifluo-
romethyl)phenyl]-1,3,7-triazaspiro[4.4]nonan-4-one 15-
{3,15}. 1H NMR [300 MHz, δ (ppm), CDCl3]: 8.52 (bs, 1
1H, NH), 7.79-7.71 (m, 2 1H, 3′′-CH + 5′′-CH), 7.51-7.43
(m, 2 1H, 2′′-CH + 6′′-CH), 7.40 (d, J ) 1.8 Hz, 1 1H, 5′-
CH), 6.35 (dd; J ) 3.3, 1.8 Hz; 1 1H, 4′-CH), 6.23 (d, J )
3.3 Hz, 1 1H, 3′-CH), 4.12 (dd; J ) 9.0, 7.8 Hz; 1 1H, 9-CH),
3.35 (dd; J ) 9.6, 7.8 Hz; 1 1H, 8-CHH), 3.20-3.13 (m, 2
1H, 6-CH2), 3.05 (app t, J ) 9.6 Hz, 1 1H, 8-CHH), 2.49 (s,
3 1H, NCH3). 13C NMR [75 MHz, δ (ppm), CDCl3]: 181.6
(2-CS), 173.6 (4-CO), 149.9 (2′-C), 143.2 (5′-C), 136.1 (q,
J ) 1.4 Hz, 1′′-C), 131.1 (q, J ) 32.7 Hz, 4′′-C), 128.9
(2′′-C + 6′′-C), 126.3 (q, J ) 3.7 Hz, 3′′-C + 5′′-C), 123.8
(q, J ) 270.8 Hz, CF3), 110.6 (4′-C), 108.2 (3′-C), 72.4 (5-
C), 64.0 (6-C), 57.4 (8-C), 47.6 (9-C), 41.9 (NCH3). MS
[APCI (m/z)] calcd for (C18H16F3N3O2S + H)+ ) 396, found
396.

(()-3-{(5R,9R)-9-(2-Furyl)-7-methyl-4-oxo-2-thioxo-
1,3,7-triazaspiro[4.4]nonan-3-yl} benzonitrile 15{3,17}. 1H
NMR [300 MHz, δ (ppm), CDCl3]: 8.30 (bs, 1 1H, NH),
7.76-7.70 (m, 1 1H, 6-CH), 7.64 (t, J ) 1.5 Hz, 1 1H, 2-CH),
7.62-7.55 (m, 2 1H, 4-CH + 5-CH), 7.41 (d, J ) 1.8 Hz, 1
1H, 5′′-CH), 6.36 (dd; J ) 3.3, 1.8 Hz; 1 1H, 4′′-CH), 6.24
(d, J ) 3.3 Hz, 1 1H, 3′′-CH), 4.12 (dd; J ) 9.0, 7.5 Hz; 1
1H, 9′-CH), 3.35 (dd; J ) 9.6, 7.5 Hz; 1 1H, 8′-CHH),
3.19-3.11 (m, 2 1H, 6′-CH2), 3.04 (app t, J ) 9.6 Hz, 1 1H,
8′-CHH), 2.50 (s, 3 1H, NCH3). 13C NMR [75 MHz, δ (ppm),
CDCl3]: 181.3 (2′-CS), 173.4 (4′-CO), 149.9 (2′′-C), 143.3
(5′′-C), 133.8 (3-C), 133.0 (4-C), 132.6 (6-C), 132.1 (2-C),
130.1 (5-C), 117.8 (CN), 113.4 (1-C), 110.7 (4′′-C), 108.2
(3′′-C), 72.4 (5′-C), 64.0 (6′-C), 57.4 (8′-C), 47.7 (9′-C), 41.8
(NCH3). MS [APCI (m/z)] calcd for (C18H16N4O2S + H)+

) 353, found 353.

(()-(5R,9R)-3-Ethyl-7-methyl-9-(1-methyl-1H-indol-3-
yl)-2-thioxo-1,3,7-triazaspiro [4.4]nonan-4-one 15{4,11}.
1H NMR [300 MHz, δ (ppm), CDCl3]: 7.46 (d, J ) 7.8 Hz,
1 1H, 4′-CH), 7.29 (d, J ) 8.1 Hz, 1 1H, 7′-CH), 7.24-7.17
(m, 1 1H, 6′-CH), 7.10-7.04 (m, 1 1H, 5′-CH), 6.98 (s, 1
1H, 2′-CH), 4.24 (dd; J ) 9.0, 6.6 Hz; 1 1H, 9-CH), 3.75 (s,
3 1H, 1′-NCH3), 3.76-3.68 (m, 2 1H, CH2CH3), 3.32 (dd; J
) 9.3, 6.6 Hz; 1 1H, 8-CHH), 3.09 (d, J ) 10.2 Hz, 1 1H,
6-CHH), 3.07 (app t, J ) 9.3 Hz, 1 1H, 8-CHH), 3.04 (d, J
) 10.2 Hz, 1 1H, 6-CHH), 2.52 (s, 3 1H, 7-NCH3), 1.03 (t,
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J ) 7.2 Hz, 3 1H, CH2CH3). 13C NMR [75 MHz, δ (ppm),
CDCl3]: 182.4 (2-CS), 175.1 (4-CO), 137.2 (7′a-C), 127.3
(3′a-C), 127.2 (2′-C), 122.4 (6′-C), 119.9 (5′-C), 118.6 (4′-
C), 109.7 (3′-C + 7′-C), 72.2 (5-C), 64.7 (6-C), 60.5 (8-C),
45.4 (9-C), 41.9 (7-NCH3), 36.4 (CH2CH3), 33.0 (1′-NCH3),
12.8 (CH2CH3). FTIR [ν- (cm-1), neat]: 3171, 2937, 2841,
2787, 1735, 739. MS [APCI (m/z)] calcd for (C18H22N4OS
+ H)+ ) 343, found 343.

(()-Ethyl 3-{(5R,9R)-7-methyl-9-(1-methyl-1H-indol-
3-yl)-4-oxo-2-thioxo-1,3,7-triazaspiro[4.4]nonan-3-yl}pro-
panoate 15{4,13}. 1H NMR [300 MHz, δ (ppm), CDCl3]:
7.46 (d, J ) 8.1 Hz, 1 1H, 4′′-CH), 7.28 (d, J ) 8.4 Hz, 1
1H, 7′′-CH), 7.25-7.18 (m, 1 1H, 6′′-CH), 7.12-7.06 (m, 1
1H, 5′′-CH), 7.08 (s, 1 1H, 2′′-CH), 4.30 (dd; J ) 9.0, 6.9
Hz; 1 1H, 9′-CH), 4.09 (q, J ) 7.2 Hz, 2 1H, CH2CH3),
3.98-3.87 (m, 2 1H, 3-CH2), 3.76 (s, 3 1H, 1′′-NCH3), 3.53
(dd; J ) 9.6, 6.9 Hz; 1 1H, 8′-CHH), 3.27 (d, J ) 10.2 Hz,
1 1H, 6′-CHH), 3.17 (d, J ) 10.2 Hz, 1 1H, 6′-CHH), 3.15
(app t, J ) 9.4 Hz, 1 1H, 8′-CHH), 2.63 (s, 3 1H, 7′-NCH3),
2.48-2.35 (m, 2 1H, 2-CH2), 1.24 (t, J ) 7.2 Hz, 3 1H,
CH2CH3). 13C NMR [75 MHz, δ (ppm), CDCl3]: 182.2 (2′-
CS), 174.9 (4′-CO), 171.2 (CO2), 137.6 (7′′a-C), 128.1 (2′′-
C), 127.6 (3′′a-C), 122.9 (6′′-C), 120.4 (5′′-C), 118.8 (4′′-
C), 110.3 (7′′-C), 109.0 (3′′-C), 72.5 (5′-C), 64.6 (6′-C), 61.3
(CH2CH3), 60.6 (8′-C), 45.7 (9′-C), 42.3 (7′-NCH3), 37.3
(3-C), 33.5 (1′′-NCH3), 32.3 (2-C), 14.7 (CH2CH3). MS
[APCI (m/z)] calcd for (C21H26N4O3S + H)+ ) 415, found
415.

(()-(5R,9S)-9-(3,5-Dimethoxyphenyl)-3-ethyl-7-methyl-
2-thioxo-1,3,7-triazaspiro[4.4] nonan-4-one 16{1,11}. 1H
NMR [400 MHz, δ (ppm), CDCl3]: 9.29 (bs, 1 1H, NH),
6.33 (t, J ) 2.2 Hz, 1 1H, 4′-CH), 6.29 (d, J ) 2.2 Hz, 2 1H,
2′-CH + 6′-CH), 3.73 (s, 6 1H, 2 × OCH3), 3.64 (dd; J )
12.2, 6.2 Hz; 1 1H, 9-CH), 3.63 (dq; J ) 13.4, 7.2 Hz; 1 1H,
CHHCH3), 3.48 (dq; J ) 13.6, 7.0 Hz; 1 1H, CHHCH3),
3.38 (dd; J ) 9.4, 6.2 Hz; 1 1H, 8-CHH), 3.33 (d, J ) 11.1
Hz, 1 1H, 6-CHH), 3.08 (dd; J ) 12.2, 9.4 Hz; 1 1H, 8-CHH),
2.99 (d, J ) 11.1 Hz, 1 1H, 6-CHH), 2.63 (s, 3 1H, NCH3),
0.70 (t, J ) 7.0 Hz, 1 1H, CH2CH3). 13C NMR [75 MHz, δ
(ppm), CDCl3]: 183.1 (2-CS), 174.1 (4-CO), 160.9 (3′-C +
5′-C), 135.9 (1′-C), 105.5 (2′-C + 6′-C), 100.4 (4′-C), 72.4
(5-C), 63.5 (6-C), 58.1 (8-C), 55.5 (2 × OCH3), 55.4 (9-C),
42.1 (NCH3), 36.0 (CH2CH3), 12.3 (CH2CH3). FTIR [ν-

(cm-1), neat]: 3186, 2938, 2837, 2792, 1737, 1595, 1203,
1153, 846. HRMS [ESI (m/z)] calcd for (C17H23N3O3S +
H)+ ) 350.15384, found 350.15322 (|∆| ) 1.8 ppm).

(()-(5R,9S)-9-(3,5-Dimethoxyphenyl)-7-methyl-3-phen-
ethyl-2-thioxo-1,3,7-triazaspiro [4.4]nonan-4-one 16{1,12}.
1H NMR [400 MHz, δ (ppm), CDCl3]: 9.39 (bs, 1 1H, NH),
7.29-7.23 (m, 2 1H, 3′′-CH + 5′′-CH), 7.22-7.16 (m, 1
1H, 4′′-CH), 7.16-7.10 (m, 2 1H, 2′′-CH + 6′′-CH), 6.32
(s, 3 1H, 2′-CH + 4′-CH + 6′-CH), 3.81-3.73 (m, 1 1H,
NCHHCH2), 3.73 (s, 6 1H, 2 × OCH3), 3.69-3.59 (m, 2
1H, 9-CH + NCHHCH2), 3.40 (dd; J ) 9.2, 6.1 Hz; 1 1H,
8-CHH), 3.33 (d, J ) 11.2 Hz, 1 1H, 6-CHH), 3.09 (dd; J )
12.2, 9.4 Hz; 1 1H, 8-CHH), 2.94 (d, J ) 11.1 Hz, 1 1H,
6-CHH), 2.63 (s, 3 1H, NCH3), 2.55 (ddd; J ) 12.7, 11.4,
5.8 Hz; 1 1H, NCH2CHH), 2.14 (ddd; J ) 12.9, 11.6, 5.0
Hz; 1 1H, NCH2CHH). 13C NMR [75 MHz, δ (ppm), CDCl3]:

183.0 (2-CS), 174.1 (4-CO), 161.0 (3′-C + 5′-C), 138.1 (1′′-
C), 136.0 (1′-C), 128.9 (2′′-C + 6′′-C), 128.6 (3′′-C + 5′′-
C), 126.7 (4′′-C), 105.7 (2′-C + 6′-C), 100.3 (4′-C), 72.5
(5-C), 63.6 (6-C), 58.1 (8-C), 55.6 (2 × OCH3), 55.3 (9-C),
42.1 (NCH2CH2), 42.0 (NCH3), 33.2 (NCH2CH2). FTIR [ν-

(cm-1), neat]: 3192, 2940, 2837, 2794, 1740, 1595, 1202,
1152, 846, 697. HRMS [ESI (m/z)] calcd for (C23H27N3O3S
+ H)+ ) 426.18514, found 426.18460 (|∆| ) 1.3 ppm).

(()-Ethyl 3-{(5R,9S)-9-(1,3-benzodioxol-5-yl)-7-methyl-
4-oxo-2-thioxo-1,3,7-triazaspiro[4.4]nonan-3-yl}propan-
oate 16{2,13}. 1H NMR [400 MHz, δ (ppm), CDCl3]: 8.58
(bs, 1 1H, NH), 6.72 (d, J ) 8.0 Hz, 1 1H, 7′′-CH), 6.66 (d,
J ) 1.4 Hz, 1 1H, 4′′-CH), 6.62 (dd; J ) 8.0, 1.4 Hz; 1 1H,
6′′-CH), 5.94 (s, 2 1H, 2′′-CH2), 4.09 (q, J ) 7.1 Hz, 2 1H,
CH2CH3), 3.87 (ddd; J ) 13.6, 10.3, 5.8 Hz; 1 1H, 3-CHH),
3.74 (ddd; J ) 13.6, 10.3, 5.3 Hz; 1 1H, 3-CHH), 3.65 (dd;
J ) 12.1, 6.0 Hz; 1 1H, 9′-CH), 3.35 (d, J ) 11.2 Hz, 1 1H,
6′-CHH), 3.36-3.32 (m, 1 1H, 8′-CHH), 3.03 (dd; J ) 11.9,
9.8 Hz; 1 1H, 8′-CHH), 2.99 (d, J ) 11.1 Hz, 1 1H, 6′-CHH),
2.60 (s, 3 1H, NCH3), 2.27 (ddd; J ) 16.4, 10.3, 5.8 Hz; 1
1H, 2-CHH), 1.92 (ddd; J ) 16.2, 10.4, 5.3 Hz; 1 1H,
2-CHH), 1.23 (t, J ) 7.1 Hz, 3 1H, CH2CH3). 13C NMR [75
MHz, δ (ppm), CDCl3]: 182.3 (2′-CS), 173.9 (4′-CO), 170.5
(CO2), 148.0 (3′′a-C), 147.8 (7′′a-C), 126.9 (5′′-C), 121.5
(6′′-C), 108.5 (7′′-C), 108.3 (4′′-C), 101.4 (2′′-C), 72.6 (5′-
C), 63.1 (6′-C), 60.8 (CH2CH3), 58.6 (8′-C), 55.4 (9′-C), 41.9
(NCH3), 36.3 (3-C), 31.6 (2-C), 14.3 (CH2CH3). FTIR [ν-

(cm-1), neat]: 3282, 2948, 2842, 2784, 1741, 1731, 1252,
1236, 1036, 928. HRMS [ESI (m/z)] calcd for (C19H23N3O5S
+ H)+ ) 406.14367, found 406.14128 (|∆| ) 5.9 ppm).

(()-3-{(5R,9S)-9-(1,3-Benzodioxol-5-yl)-7-methyl-4-oxo-
2-thioxo-1,3,7-triazaspiro[4.4] nonan-3-yl}benzonitrile
16{2,17}. 1H NMR [400 MHz, δ (ppm), CD3SOCD3]: 11.2
(bs, 1 1H, NH), 7.86 (dt; J ) 7.8, 1.3 Hz; 1 1H, 6-CH), 7.63
(t, J ) 8.0 Hz, 1 1H, 5-CH), 7.07 (dt; J ) 8.0, 1.4 Hz; 1 1H,
4-CH), 7.00 (t, J ) 1.4 Hz, 1 1H, 2-CH), 6.91 (d, J ) 8.0
Hz, 1 1H, 7′′-CH), 6.72 (d, J ) 1.4 Hz, 1 1H, 4′′-CH), 6.66
(dd; J ) 8.0, 1.4 Hz; 1 1H, 6′′-CH), 6.02-6.00 (m, 2 1H,
2′′-CH2), 3.71 (dd; J ) 11.7, 6.2 Hz; 1 1H, 9′-CH), 3.27 (d,
J ) 11.2 Hz, 1 1H, 6′-CHH), 3.12 (dd; J ) 8.9, 6.2 Hz; 1
1H, 8′-CHH), 2.92 (dd; J ) 11.7, 9.4 Hz; 1 1H, 8′-CHH),
2.88 (d, J ) 11.1 Hz, 1 1H, 6′-CHH), 2.38 (s, 3 1H, NCH3).
13C NMR [75 MHz, δ (ppm), CD3SOCD3]: 180.5 (2′-CS),
173.9 (4′-CO), 147.1 (3′′a-C), 146.7 (7′′a-C), 133.7 (3-C),
133.4 (4-C), 132.4 (6-C), 131.7 (2-C), 130.2 (5-C), 128.3
(5′′-C), 121.2 (6′′-C), 117.7 (CN), 111.6 (1-C), 108.1 (7′′-
C), 107.9 (4′′-C), 101.1 (2′′-C), 73.5 (5′-C), 61.7 (6′-C), 57.1
(8′-C), 53.7 (9′-C), 41.7 (NCH3). FTIR [ν- (cm-1), neat]:
3282, 2948, 2842, 2784, 1741, 1731, 1252, 1236, 1036, 928.
HRMS [ESI (m/z)] calcd for (C21H18N4O3S + H)+ )
407.11779, found 407.11531 (|∆| ) 6.1 ppm).

(()-(5R,9S)-9-(2-Furyl)-7-methyl-3-phenyl-2-thioxo-
1,3,7-triazaspiro[4.4]nonan-4-one 16{3,14}. 1H NMR [400
MHz, δ (ppm), CDCl3]: 9.17 (bs, 1 1H, NH), 7.46-7.35 (m,
4 1H, 5′-CH + 3′′-CH + 4′′-CH + 5′′-CH), 7.06-6.99 (m,
2 1H, 2′′-CH + 6′′-CH), 6.36 (dd; J ) 3.3, 2.0 Hz; 1 1H,
4′-CH), 6.23 (d, J ) 3.3 Hz, 1 1H, 3′-CH), 3.91 (dd; J )
11.7, 6.6 Hz; 1 1H, 9-CH), 3.50 (dd; J ) 9.3, 6.7 Hz; 1 1H,
8-CHH), 3.43 (d, J ) 10.9 Hz, 1 1H, 6-CHH), 3.06 (d, J )
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10.8 Hz, 1 1H, 6-CHH), 2.94 (dd; J ) 11.6, 9.5 Hz; 1 1H,
8-CHH), 2.59 (s, 3 1H, NCH3). 13C NMR [75 MHz, δ (ppm),
CDCl3]: 183.0 (2-CS), 173.3 (4-CO), 149.1 (2′-C), 142.5 (5′-
C), 132.8 (1′′-C), 129.2 (4′′-C), 129.1 (3′′-C + 5′′-C), 128.3
(2′′-C + 6′′-C), 110.9 (4′-C), 108.2 (3′-C), 72.2 (5-C), 63.9
(6-C), 57.9 (8-C), 50.2 (9-C), 41.8 (NCH3). FTIR [ν- (cm-1),
neat]: 3110, 2948, 2847, 2794, 1753, 760, 732, 691. HRMS
[ESI (m/z)] calcd for (C17H17N3O2S + H)+ ) 328.11197,
found 328.11137 (|∆| ) 1.8 ppm).

(()-(5R,9S)-3-(4-Ethoxyphenyl)-9-(2-furyl)-7-methyl-2-
thioxo-1,3,7-triazaspiro[4.4] nonan-4-one 16{3,16}. 1H
NMR [400 MHz, δ (ppm), CDCl3]: 9.46 (bs, 1 1H, NH),
7.38 (dd; J ) 1.8, 0.6 Hz; 1 1H, 5′′-CH), 6.94-6.86 (m, 4
1H, 2′-CH + 3′-CH + 5′-CH + 6′-CH), 6.35 (dd; J ) 3.2,
1.8 Hz; 1 1H, 4′′-CH), 6.23 (d, J ) 3.2 Hz, 1 1H, 3′′-CH),
4.02 (q, J ) 7.0 Hz, 2 1H, CH2CH3), 3.88 (dd; J ) 11.7, 6.4
Hz; 1 1H, 9-CH), 3.49 (dd; J ) 9.2, 6.7 Hz; 1 1H, 8-CHH),
3.41 (d, J ) 10.8 Hz, 1 1H, 6-CHH), 3.05 (d, J ) 10.8 Hz,
1 1H, 6-CHH), 2.93 (dd; J ) 11.7, 9.4 Hz; 1 1H, 8-CHH),
2.59 (s, 3 1H, NCH3), 1.40 (t, J ) 7.0 Hz, 3 1H, CH2CH3).
13C NMR [75 MHz, δ (ppm), CDCl3]: 183.5 (2-CS), 173.5
(4-CO), 159.4 (4′-C), 149.2 (2′′-C), 142.4 (5′′-C), 129.3 (2′-C
+ 6′-C), 125.2 (1′-C), 114.9 (3′-C + 5′-C), 110.8 (4′′-C),
108.1 (3′′-C), 72.1 (5-C), 64.0 (6-C), 63.8 (CH2CH3), 58.0
(8-C), 50.2 (9-C), 41.9 (NCH3), 14.9 (CH2CH3). FTIR [ν-

(cm-1), neat]: 3278, 2937, 2841, 2795, 1750, 821, 732.
HRMS [ESI (m/z)] calcd for (C19H21N3O3S + H)+ )
372.13819, found 372.13606 (|∆| ) 5.7 ppm).

(()-(5R,9S)-7-Methyl-9-(1-methyl-1H-indol-3-yl)-2-
thioxo-3-[4-(trifluoromethyl)phenyl]-1,3,7-triazaspiro[4.4]nonan-
4-one 16{4,15}. 1H NMR [400 MHz, δ (ppm), CDCl3]: 7.60
(d, J ) 7.9 Hz, 1 1H, 4′-CH), 7.44-7.38 (m, 2 1H, 3′′-CH +
5′′-CH), 7.32 (d, J ) 8.2 Hz, 1 1H, 7′-CH), 7.29-7.23 (m,
1 1H, 6′-CH), 7.18-7.11 (m, 1 1H, 5′-CH), 6.97 (s, 1 1H,
2′-CH), 6.37-6.29 (m, 2 1H, 2′′-CH + 6′′-CH), 4.33 (dd; J
) 12.2, 6.3 Hz; 1 1H, 9-CH), 3.73 (s, 3 1H, 1′-NCH3), 3.65
(dd; J ) 9.2, 6.5 Hz; 1 1H, 8-CHH), 3.60 (d, J ) 10.8 Hz,
1 1H, 6-CHH), 3.19 (d, J ) 11.3 Hz, 1 1H, 6-CHH), 3.08
(dd; J ) 12.2, 9.5 Hz; 1 1H, 8-CHH), 2.75 (s, 3 1H, 7-NCH3).
13C NMR [75 MHz, δ (ppm), CDCl3]: 182.2 (2-CS), 173.4
(4-CO), 137.0 (7′a-C), 135.8 (q, J ) 1.4 Hz, 1′′-C), 130.9
(q, J ) 32.5 Hz, 4′′-C), 128.6 (2′′-C + 6′′-C), 127.5 (2′-C),
127.1 (3′a-C), 126.0 (q, J ) 3.7 Hz, 3′′-C + 5′′-C), 123.7
(q, J ) 270.5 Hz, CF3), 122.6 (6′-C), 120.4 (5′-C), 118.7
(4′-C), 109.6 (7′-C), 107.0 (3′-C), 73.5 (5-C), 64.0 (6-C),
59.4 (8-C), 49.3 (9-C), 42.2 (7-NCH3), 33.1 (1′-NCH3). FTIR
[ν- (cm-1), neat]: 3289, 2948, 2829, 2795, 1751, 1321, 840,
737. HRMS [ESI (m/z)] calcd for (C23H21F3N4OS + H)+ )
459.14664, found 459.14440 (|∆| ) 4.9 ppm).

(()-(5R,9S)-7-Methyl-9-(1-methyl-1H-indol-3-yl)-3-(3-
pyridyl)-2-thioxo-1,3,7-triazaspiro[4.4]nonan-4-one 16-
{4,18}. 1H NMR [400 MHz, δ (ppm), CDCl3]: 8.44 (dd; J
) 4.8, 1.5 Hz; 1 1H, 6′′-CH), 7.58 (d, J ) 7.9 Hz, 1 1H,
4′-CH), 7.44 (d, J ) 2.0 Hz, 1 1H, 2′′-CH), 7.32 (d, J ) 8.2
Hz, 1 1H, 7′-CH), 7.29-7.23 (m, 1 1H, 6′-CH), 7.17-7.11
(m, 1 1H, 5′-CH), 7.11 (dd; J ) 8.2, 4.8 Hz; 1 1H, 5′′-CH),
6.98 (s, 1 1H, 2′-CH), 6.61 (dt; J ) 8.2, 1.8 Hz; 1 1H, 4′′-
CH), 4.29 (dd; J ) 12.0, 6.2 Hz; 1 1H, 9-CH), 3.73 (s, 3 1H,
1′-NCH3), 3.61 (dd; J ) 8.9, 6.4 Hz; 1 1H, 8-CHH), 3.55

(d, J ) 11.1 Hz, 1 1H, 6-CHH), 3.16 (d, J ) 11.0 Hz, 1 1H,
6-CHH), 3.03 (dd; J ) 12.0, 9.5 Hz; 1 1H, 8-CHH), 2.72 (s,
3 1H, 7-NCH3). 13C NMR [75 MHz, δ (ppm), CDCl3]: 182.4
(2-CS), 173.5 (4-CO), 149.6 (6′′-C), 149.0 (2′′-C), 136.9 (7′a-
C), 135.8 (4′′-C), 129.6 (3′′-C), 127.4 (2′-C), 127.1 (3′a-C),
123.4 (5′′-C), 122.6 (6′-C), 120.4 (5′-C), 118.5 (4′-C), 109.7
(7′-C), 107.2 (3′-C), 73.7 (5-C), 64.3 (6-C), 59.6 (8-C), 49.5
(9-C), 42.3 (7-NCH3), 33.1 (1′-NCH3). FTIR [ν- (cm-1),
neat]: 3312, 2948, 2842, 2794, 1751, 731, 708. HRMS [ESI
(m/z)] calcd for (C21H21N5OS + H)+ ) 392.15451, found
392.15151 (|∆| ) 7.6 ppm).
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