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Sonification of N-benzyl-N-(methoxymethyl)-N-[(trimethylsilyl)methyl]amine (5a) in

the presence of LiF led to the formation of the reactive azomethine ylide 1d, which was

intercepted by cyclic thioketones to give spirocyclic 1,3-thiazolidines. In the case of

2,2,4,4-tetramethylcyclobutane-1,3-dithione (13), the 1:1- and 1:2-cycloadduct, respec-

tively, was formed as the major product depending on the ratio of the starting materials.

With 1,3-thiazole-5(4H)-thiones, 1d undergoes stereoselective [2+3]-cycloadditions

with the C=S group to yield spirocyclic 1:1-adducts. In the case of the 1,3-dipole generated

from N-benzyl-N-(methoxymethyl)-N-[1-(trimethylsilyl)ethyl]amine (5b), the [2+3]-cyclo-
addition proceeded in a non-regioselective manner leading to a mixture of regio- and

diastereoisomers.

Key words: azomethine ylides, crystal structure, 1,3-dipolar cycloaddition, 1,3-thia-

zolidines, thiocarbonyl compounds

The suitability of azomethine ylides 1 as building blocks in the synthesis of

five-membered nitrogen-heterocycles is well documented [1–3]. Many examples of

their 1,3-dipolar cycloadditions with electron-poor alkenes and acetylenes, leading

to pyrrolidine and pyrrol derivatives [1–6], are known, and these reactions have

frequently been used in the total syntheses of alkaloids and other natural products, as

well as in the synthesis of non-natural biologically active compounds. Recent exam-

ples are the syntheses of the alkaloids Epibatidine [7] and Epiboxidine [8], the carba-

penem skeleton [9], and the preparation of a non-peptidic Thrombine inhibitor [10].

On the other hand, [2+3]-cycloadditions with heterodipolarophiles, such as carbonyl

compounds, imines, ketenes, isocyanates, isothiocyanates, and thiocarbonyl comp-

ounds, which yield five-membered nitrogen-heterocycles with two heteroatoms,

have been reported [1–3]. For example, a novel synthesis of the penam skeleton from

azomethine ylides and C=S compounds has been published recently [11].
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In general, azomethine ylides 1 are generated in situ as reactive intermediates in the

presence of the appropriate dipolarophile. A couple of methods for their generation are

shown in Scheme 1. In addition to the classical, stereoselective thermal ring opening

of aziridines (2 �1a) [12–15], azomethine ylides can be generated by a prototropic 1,2-H

shift in imines of �-aminoesters (3 � 1b) [16], by desilylation methodology (4 � 1c)

[17], (5 � 1c) [18], by 1,3-elimination of thiophenol from �-{[(phenylthio)methyl]ami-

no}esters (6 �1c) [19], by decarboxylation of 1,3-oxazolidin-5-ones (7 � 1c) [20,21],

by dehydration of N-oxides (8 � 1c) [22], and by addition of carbenes or carbenoids

to imines [23,24].

In the last few years, we have studied extensively [2+3]-cycloadditions of azo-

methine ylides 1 with C=S groups as a convenient synthetic approach to 1,3-thiazol-

idines. In the described reactions, the azomethine ylides have been generated from

aziridines [26–29], imines of α-aminoesters [30], and N-benzylidene(trimethylsilyl)me-

thylamines [31,32], respectively. In the present paper, we report on [2+3]-cycloadditions

of N-benzylazomethine ylide 1d with thioketones and 1,3-thiazole-5(4H)-thiones

leading to 3-benzyl-1,3-thiazolidines of type 9 (Scheme 2). The precursor of 1d was

N-benzyl-N-(methoxymethyl)[(trimethylsilyl)methyl]amine (6a); 1d was generated in

situ by sonification [33] in the presence of LiF [18].
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RESULTS AND DISCUSSION

To a solution of adamantanethione (10) and 6a (ratio 1:2) in MeCN, LiF was added,

and the mixture was treated with ultrasound (see ref. [33]) until no 10could be detec-

ted by TLC. After cooling to room temperature, the mixture was filtered through Celi-

te and the crude product was purified by chromatography. The cycloadduct 9a was

obtained in 74% yield (Scheme 3). Crystallization from i-PrOH/CH2Cl2 gave colorless

crystals suitable for an X-ray crystal-structure determination. The structure of the

spirocyclic molecule is shown in Figure 1.

Similar reactions were carried out with 9H-xanthene-9-thion (11), 2,2,4,4-tetra-

methyl-3-thioxocyclobutanone (12), and 2,2,4,4-tetramethylcyclobutane-1,3-di-

thione (13). In the cases of 11 and 12, the 1:1-cycloadducts 9b and 9c, respectively,
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were obtained in high yield (Scheme 3). No cycloadduct could be isolated in the reac-

tion with 9H-fluorene-9-thione, which is known to be the most reactive dipolarophile.

The only product formed under these conditions was bisfluorenylidene [30]. It is wor-

th mentioning that only the monoadduct 9c was formed with 12, although an excess of

6a was used, and Padwa and Dent had shown that 1d is able to undergo a 1,3-dipolar

cycloaddition with ketones [18]. On the other hand, dithione 13 reacted to give a

mixture of monoadduct9d as the major product (65%) and a bisadduct 9e as the minor

one (11%). Treatment of a 1:4-mixture of13 and 6a under analogous conditions led to

the bisadduct 9e as the sole product in 67% yield. The structure of 9e has been deter-

mined on the basis of its NMR spectra: all four methyl groups absorb as one singlet in

the
1
H- (1.23 ppm) as well as in the

13
C-NMR spectrum (25.4 ppm). Therefore, the

two 1,3-thiazolidine rings are in a trans relationship, as two different methyl signals

are to be expected in the cis-isomer.

It has been shown that 1,3-thiazole-5(4H)-thiones 14 are also very efficient C=S

dipolarophiles [26,31,35–37], e.g., they react with azomethine ylides generated from azi-

ridines [26] or N-benzylidene(trimethylsilyl)methylamine [31] to give spiroheterocyclic

1:1-adducts. Similarly, the reaction of 14a–d with 5a in the presence of LiF by sonifi-

cation with ultrasound gave a single product in each case. Based on the spectroscopic

data, structures 15a–d (Scheme 4) were proposed and, in the case of 15d, the structure

was established by X-ray crystallography with single crystals grown from

i-PrOH/MeOH (Figure 2). Both five-membered rings have an envelope conforma-

tion. The saturated ring has N(4) (numbering of the atoms according to Figure 2) as

the envelope flap, while the spiro-C atom, C(2), acts as the envelope flap in the other ring.
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ellipsoids).



The reaction with the 4-benzyl-4-methyl derivative 14d was performed with the

pure (R)-enantiomer (cf. ref. [31]), and only one product with [�]D = +40.7 (c = 1.6,

CHCl3) was obtained. Therefore, the [2+3]-cycloaddition to give 15d occurred dia-

stereoselectively anti to the benzyl residue, i.e., from the sterically less hindered side.

The absolute configuration of 15d was confirmed by the diffraction experiment to be

4R,5R.

The analogous reaction of 14a,b with the methyl-substituted 5b proceeded

non-regioselectively to give products of type 16 and 17 (Scheme 5). In the case of

14a, the reaction was complete after 24 h. Chromatographic separation gave two frac-
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Figure 2. ORTEP plot [34] of the molecular structure of15d (arbitrary numbering of atoms; 50% prob-

ability ellipsoids).



tions in a ratio of 1:2 in favor of the less polar one (total yield 59%). According to the

NMR spectra, the more polar 16a was a single diastereoisomer, whereas the less polar

fraction 17a consisted of a ca. 1:2-mixture of two diastereoisomers, as all signals

were doubled. Similar results were obtained with 14b: the more polar fraction was a

single diastereoisomer, and the less polar one was a mixture of two diastereoisomers.

Based on the chemical shifts in the
1
H-NMR spectra and on steric grounds, we propose

that 16a,b are the 4-methyl derivatives with the methyl group in a trans relationship

with respect to the disubstituted C(9) and C(6), respectively. The mixtures of diaste-

reoisomers 17a,b, therefore, should bear the methyl group at C(2) of the 1,3-thiazoli-

dine ring. All attempts to separate the diastereoisomers of 17a and 17b by

chromatography, even with HPLC, failed.

Crystallization of 16b from i-PrOH/CHCl3 yielded single crystals suitable for an

X-ray crystal-structure determination. The molecular structure shown in Figure 3

proved the assumption of the methyl group being at C(4) and trans to the quarternary

C(9) (numbering of the atoms according to Figure 3). The 1,3-thiazole and the cyclo-

pentane rings have envelope conformations with the flap of the envelope being C(5)

and C(9), respectively. The 1,3-thiazolidine ring containing S(1) has a half-chair con-

formation twisted on N(3)–C(4).

In conclusion, it has been shown that the symmetricalN-benzyl azomethine ylide

1d, which bears no substituent at C(1) and C(3), undergoes smooth [2+3]-cycloadd-

itions with the C=S group of aliphatic, non-enolizable cyclic thioketones 10–13 and

1,3-thiazole-5(4H)-thiones 14 to give N-benzylated spirocyclic 1,3-thiazolidines 9

and 15, respectively, with C(5) as the spiro atom. The reaction with the unsymmetri-

cally substituted 1,3-thiazole-5(4H)-thione 14d occurs with high stereoselectivity

from the less hindered side. The addition of the unsymmetrical azomethine ylide 1c

(R = Me) with 14 proceeds less selectively, yielding two regioisomeric cycloadducts

16 and 17. In the case of 16, in which the methyl group is close to the spiro-center, the

stereoisomer with the methyl group anti to the disubstituted C(5) of the dihydro-1,3-

thiazole ring is formed exclusively. On the other hand, the regioisomeric cycloadduct

17 is obtained as a mixture of diastereoisomers.
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The described reactions fit well into the series of our recently published results

concerning the synthesis of 1,3-thiazolidine derivatives by [2+3]-cycloadditions of

azomethine ylides and C=S compounds. The substitution pattern in the product can

be varied broadly by using different precursors of the azomethine ylide. Whereas the

thermal ring opening of aziridines (see Scheme 1) is well suited for the generation of

C- and N-substituted azomethine ylides and, therefore, N-substituted 1,3-thiazolidines

and 1,3-thiazolidine carboxylates [25–29], the prototropic 1,2-H shift in imines of

�-aminoesters and the formation of metallo-azomethine ylides by treatment with

LiBr and DBU, respectively, allow the synthesis of N-unsubstituted 1,3-thiazolidine-

5-carboxylates [30]. Furthermore, N-unsubstituted azomethine ylides without elec-

tron-withdrawing groups, leading to N-unsubstituted 1,3-thiazolidines, are conve-

niently generated from N-arylidene[(trimethylsilyl)methyl]amines via

N-silylation/C-desilylation by treatment with a mixture of trimethylsilyl triflate and

CsF [31,32]. The fluoride-catalyzed elimination of the Me3Si and MeO group from

5a, accelerated by sonification with ultrasound, now makes it possible to prepare

3-benzyl-1,3-thiazolidines without substituents at C(2) and C(4).

EXPERIMENTAL

General. See ref. [27,30]. M.p.’s were determined on a Mettler-FP-5 apparatus and are not cor-

rected. Unless otherwise stated, IR spectra were recorded with a Perkin-Elmer FT-IR-1600 spectro-

photometer (in KBr or as film), and NMR-spectra were recorded in CDCl3 on a Bruker-AC-300 (
1
H, 300

MHz) or a Bruker-ARX-300 (
13

C, 75.6 MHz) instrument. CI-MS (with NH3) were recorded with a
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Finnigan-Mat-90- or Finnigan-SSQ-700 spectrometer. Sonification with ultrasound was carried out us-

ing an Ultraschall-Busterhorn of the company Branson-Sonifier.

Starting materials. The thiocarbonyl compounds were prepared according to known procedures:

Adamantanethione (10) [38], 2,2,4,4-tetramethyl-3-thioxocyclobutanone (12), and 2,2,4,4-tetramethyl-

cyclobutane-1,3-dithione (13) by thionation of adamantanone and 2,2,4,4-tetramethylcyclobutane-1,3-

dione, respectively, with P4S10 in pyridine [39], and 9H -xanthene-9-thione (11) by thionation of the corr-

esponding ketone with Lawesson reagent [40]. 4,4-Dimethyl-2-phenyl-1,3-thiazole-5(4H)-thione (14a),

2-phenyl-3-thia-1-azaspiro[4.4]non-1-ene-4-thione (14b), and 2-benzyl-4,4-dimethyl-1,3-thiazole-

5(4H )-thione (14c) were prepared according to [41–43]. The synthesis of the enantiomerically pure

(R)-14d has been published recently [31]. N-Benzyl-N-methoxymethyl-N-[1-(trimethylsilyl)al-

kyl]amines (5a,b) were prepared from N-benzyl-N-[(trimethylsilyl)methyl]amine and N-benzyl-N-

[1-(trimethylsilyl)ethyl]amine, respectively, and formaldehyde, according to ref. [44].

Reactions of N-benzyl- N-(methoxymethyl)-N-[(trimethylsilyl)methyl]amine (5a) with thio-

ketones. General procedure. LiF (30 mg, 1.15 mmol) was added to a solution of the respective thioketone

(0.5 mmol) and 5a (237 mg; 1 mmol) in MeCN (10 ml). The flask was closed and the mixture was

sonificated with ultrasound until no thioketone could be detected by TLC. After cooling to rt, the mixture

was filtered through Celite and washed with MeCN. Then, the solvent was evaporated and the residue was

separated by column chromatography (SiO2, hexane/AcOEt 20:1).

3� -Benzylspiro[adamantane-2,5�-(1,3-thiazolidine)] (9a ). From 91 mg (0.51 mmol) of

adamantanethione (10): 111 mg (74%); colorless crystals. M.p. 53–54�C. IR (KBr): 2967m, 2912s , 2856s,

1599m , 1493m , 1451s , 1365m, 1352m, 1337m, 1305m, 1250s, 1225s, 1123m, 1100m, 1083s, 1064m,

1044s , 1026m, 1001m, 987m , 946s, 903m, 875m , 865m, 838m, 800m , 736s, 722s , 696s.
1
H-NMR:

7.34–7.19 (m, 5 arom. H); 3.83 (s , H2C(2’)); 3.76 (s, PhCH2); 2.94 (s , H2C(4’)); 2.09–1.70 (m, 14 H).
13

C-NMR: 138.9 (s, 1 arom. C); 128.8, 128.3, 127.1 (3d, 5 arom. CH); 68.0 (s, C(2)); 65.9, 58.9, 58.1 (3t,

C(2�), PhCH2, C(4�)); 39.8 (d , 2 CH); 38.1, 36.9, 35.4 (3t, 5 CH2); 27.0, 26.5 (2d, 2 CH). CI-MS: 302 (5),

301 (19), 300 (100, [M+1]
+
), 266 (10). Suitable crystals for the crystal-structure determination were ob-

tained from i-PrOH/CH2Cl2.

3-Benzylspiro[(1,3-thiazolidine)-5,9 �- xanthene] (9b). From 105 mg (0.5 mmol) of

9H-xanthene-9-thione (11): 148 mg (86%); yellow oil. IR (film): 2924m, 2853m, 1657s, 1607s , 1480s,

1459s , 1345s , 1332s , 1239m, 1215m, 1146s , 1100m, 1031m, 933m, 882m, 670m.
1
H-NMR: 8.08 (dd,J =

7.9, 1.7, 2 arom. H); 7.28–7.07 (m, 9 arom. H); 6.98 (dd, J = 8.1, 1.4, 2 arom. H); 4.16 (s , H2C(2)); 3.73 (s,

PhCH2); 3.13 (s , H2C(4)).
13

C-NMR: 150.2, 137.9 (2s, 3 arom. C); 130.0, 128.5, 127.4, 123.1, 116.0 (5d,

13 arom. CH); 126.4 (s, 2 arom. C); 75.4 (t, C(2)); 59.8, 58.4 (2t, PhCH2, C(4)); 57.9 (s , C(5)). CI-MS: 348

(7), 347 (24), 346 (100, [M+1]
+
), 328 (10), 198 (15), 197 (54), 153 (5).

7-Benzyl-1,1,3,3-tetramethyl-5-thia-7-azaspiro[3.4]octan-2-one (9c). From 78 mg (0.50 mmol) of

2,2,4,4-tetramethyl-3-thioxocyclobutanone (12): 110 mg (76%); colorless oil. The crude material was

purified by prep. TLC (hexane/AcOEt 25:1). IR (Film): 2968s , 2928s, 2868s , 2803s, 1776s , 1676s,

1495m, 1454s , 1380m, 1365m, 1316m, 1267s, 1206m, 1172m, 1114s, 1074m, 1028s , 976m, 939m, 911m,

863m, 737s , 700s.
1
H-NMR: 7.33-7.26 (m, 5 arom. H); 3.78 (s, H2C(6)); 3.66 (s, PhCH2); 3.06 (s,

H2C(8)); 1.30, 1.17 (2s, 2 Me). 13C-NMR: 221.5 (s , C=O); 138.1 (s, 1 arom. C); 128.6, 128.3, 127.4 (3d, 5

arom. CH); 65.6 (s , C(4)); 62.8 (s , C(1), C(3)); 61.5, 58.8, 57.7 (3t, C(6), PhCH2, C(8)); 24.4, 20.1 (2q, 4

Me). CI-MS: 292 (5), 291 (18), 290 (100, [M+1]
+
).

7-Benzyl-1,1,3,3-tetramethyl-5-thia-7-azaspiro[3.4]octane-2-thione (9d). From 87 mg (0.50 mmol) of

2,2,4,4-tetramethylcyclobutane-1,3-dithione (13): 98 mg (65%); orange oil. In addition, 23 mg (11%) of

9e were isolated as a minor product. Data of 9d: IR (film): 2968s, 2926s , 2862s, 2805s , 1656s, 1604m,

1586m, 1495s, 1465s , 1453s , 1375s , 1349s , 1302s , 1245s , 1207s, 1144s, 1114s, 1074s, 1052s, 1027s,

1001m, 957m, 924m, 877m, 860m, 834m, 742s, 699s .
1
H-NMR: 7.24–7.13 (m, 5 arom. H); 3.67 (s,

H2C(6)); 3.57 (s, PhCH2); 2.98 (s, H2C(8)); 1.27 (s, 2 Me); 1.11 (s, 2 Me).
13

C-NMR: 284.3 (s, C=S); 138.2

(s, 1 arom. C); 128.7, 128.4, 127.4 (3d, 5 arom. CH); 69.6 (s , C(4)); 66.0 (s, C(1), C(3)); 62.1, 58.9, 57.8

(3t, C(6), PhCH2, C(8)); 28.8, 23.9 (2q, 4 Me). CI-MS: 308 (11), 307 (19), 306 (100, [M+1]
+
), 290 (13).

3,10-Dibenzyl-6,6,12,12-tetramethyl-1,8-dithia-3,10-diazadispiro[4.1.4.1]dodecane (9e). The re-

action of 173 mg (1 mmol) of dithione 13 with 950 mg (4 mmol) of 5a yielded 293 mg (67%) 9e as a

brownish oil. IR (film): 2966s, 1667s, 1454 s, 1251s, 1077 s, 1028s, 971m, 856m, 743s, 700s .
1
H-NMR:

7.37–7.25 (m, 10 arom. H); 3.70 (s , H2C(2), H2C(9)); 3.65 (s , 2 PhCH2); 2.99 (s , H2C(4), H2C(11)); 1.23
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(s, 4 Me). 13C-NMR: 137.5 (s, 2 arom. C); 128.8, 128.3, 127.4 (3d , 10 arom. CH); 69.6 (s , C(5), C(7));

61.4, 58.9, 57.1 (3t, 6 CH2); 47.9 (s , C(6), C(12)); 25.4 (q, 4 Me). CI-MS: 440 (10), 439 (38, [M+1]
+
), 391

(8), 347 (9), 324 (11), 323 (21), 322 (100), 307 (8), 306 (54), 276 (6), 233 (6), 220 (8).

Reactions of 5a with 1,3-thiazole-5(4H)-thiones. The reactions were carried out according to the

General procedure described in the previous section.

8-Benzyl-4,4-dimethyl-2-phenyl-1,6-dithia-3,8-diazaspiro[4.4]non-2-ene (15a). From 111 mg

(0.50 mmol) of 4,4-dimethyl-2-phenyl-1,3-thiazol-5(4H)-thion (14a): 145 mg (82%); colorless crystals.

M.p. 60–61�C. IR (KBr): 2982s , 2962s, 2923s , 2843s, 1676m , 1594s, 1574s , 1495s, 1447s , 1379m,

1328m , 1314m, 1306s, 1246s, 1204s , 1171s, 1123m , 1075m, 1064s, 1019s, 993s , 950s, 923s, 909s , 863m,

828s, 766s , 740s, 702s , 690s, 672s.
1
H-NMR: 8.23 (d ,J = 6.1, 2 arom. H); 7.85–7.65 (m, 8 arom. H); 4.53,

4.43 (AB, J = 8.6, H2C(7)); 4.28, 4.19 (AB,J = 13.2, PhCH2); 3.91, 3.62 (AB, J = 12.3, H2C(9)); 2.08, 1.79

(2s , 2 Me).
13

C-NMR: 165.6 (s , C=N); 138.6, 133.5 (2s, 2 arom. C); 131.1, 128.8, 128.5, 128.4, 128.0,

127.5 (6d , 10 arom. CH); 87.1 (s, C(5)); 81.2 (s , C(4)); 66.4 (t, C(7)); 61.3 (t, PhCH2); 57.9 (t, C(9)); 25.0,

22.3 (2q, 2 Me). CI-MS: 357 (11), 356 (24), 355 (100, [M+1]
+
), 241 (7), 240 (41), 208 (10).

3-Benzyl-12-phenyl-1,13-dithia-3,11-diazadispiro[4.0.3.4]tridec-11-ene(15b). From 126 mg (0.51

mmol) of 2-phenyl-3-thia-1-azaspiro[4.4]non-2-ene (14b): 160 mg (84%); colorless crystals. M.p.

103–104�C. IR (KBr): 2955s, 2838s, 1726m , 1668s, 1591s, 1487s , 1446s, 1360s , 1319s , 1245s, 1176m,

1127s, 1076m, 1025m , 1006s, 978m, 963m, 944s , 925s, 825s, 747s , 770s , 692s, 669m. 1H-NMR: 7.81 (d, J

= 6.4, 2 arom. H); 7.46–7.25 (m, 8 arom. H); 4.17, 4.10 (AB, J = 8.8, H2C(2)); 3.93, 3.84 (AB, J = 13.2,

PhCH2); 3.57, 2.27 (AB, J = 12.4, H2C(4)); 2.26–2.17 (m, 1 H); 2.08–1.87 (m, 4 H); 1.83–1.75 (m, 3 H).
13

C-NMR: 165.1 (s , C=N); 138.1, 133.7 (2s, 2 arom. C); 131.1, 128.6, 128.4, 128.3, 128.1, 127.5 (6d , 10

arom. CH); 92.3 (s, C(5)); 85.5 (s, C(6)); 67.2 (t, C(2)); 61.5 (t, PhCH2); 58.1 (t, C(4)); 37.7, 34.3, 25.4,

24.5 (4t, 4 CH2). CI-MS: 383 (11), 382 (24), 381 (100, [M+1]
+
), 133 (15).

2,8-Dibenzyl-4,4-dimethyl-1,6-dithia-3,8-diazaspiro[4.4]non-2-ene (15c). From 115 mg (0.49 mmol)

of 2-benzyl-4,4-dimethyl-1,3-thiazol-5(4H)-thion (14c): 146 mg (79%); colorless oil. IR (film): 2974s,

1667s , 1534s , 1494s , 1453s , 1383m , 1361m, 1119m , 1029m, 846m, 740m, 699s .
1
H-NMR: 7.41–7.23 (m,

10 arom. H); 4.09, 4.00 (AB, J = 8.7, H2C(7)); 3.83, 3.77 (AB, J = 14.8, PhCH2); 3.75, 3.66 (AB, J = 13.2,

PhCH2); 3.39, 3.14 (AB, J = 12.4, H2C(9)); 1.57, 1.29 (2s, 2 Me).
13

C-NMR: 168.2 (s , C=N); 138.1, 135.7

(2s , 2 arom. C); 128.9, 128.8, 128.7, 128.5, 127.4, 127.1 (6d, 10 arom. CH); 87.8 (s, C(5)); 80.5 (s , C(4));

66.3 (t, C(7)); 61.3, 57.8 8 (2t, 2 PhCH2); 41.5 (t, C(9)); 24.9, 22.2 (2q, 2 Me). CI-MS: 371 (8), 370 (17),

369 (100, [M+1]
+
).

(4R,5R)-4,8-Dibenzyl-4-methyl-2-phenyl-1,6-dithia-3,8-diazaspiro[4.4]non-2-ene (15d). From

149 mg (0.50 mmol) of (R)-4-benzyl-4-methyl-2-phenyl-1,3-thiazole-5(4H)-thione (14d): 163 mg

(76%); colorless oil. IR (film): 2931s , 1708s, 1592s , 1493s, 1446s , 1365m, 1309m , 1242m, 1173m,

1121m, 1076m, 1027m , 1015m, 1000s, 953s , 847m, 765m, 735m , 691m, 672m.
1
H-NMR: 7.83–7.81 (m, 2

arom. H); 7.48–7.20 (m , 13 arom. H); 4.21, 4.11 (AB, J = 8.7, H2C(7)); 3.91, 3.83 (AB, J = 13.1, PhCH2);

3.75, 2.86 (AB, J = 13.4, PhCH2); 3.53, 3.26 (AB, J = 12.3, H2C(9)); 1.22 (s , Me).
13

C-NMR: 165.9 (s,

C=N); 138.2, 137.9, 133.4 (3s, 3 arom. C); 131.1, 128.8, 128.4, 128.3, 128.2, 127.6, 127.5, 126.2 (8d , 15

arom. CH); 87.8 (s, C(5)); 83.2 (s, C(4)); 66.6 (t, C(7)); 61.4, 58.0 (2t, 2 PhCH2); 43.6 (t, C(9)); 25.2 (q,

Me). CI-MS: 432 (23), 431 (100, [M+1]+). Suitable crystals for the crystal-structure determination were

grown from i-PrOH/MeOH. [�]D = +40.7 (c = 1.6, CHCl3).

Reactions of N-benzyl-N-(methoxymethyl)-N-[1-(trimethylsilyl)ethyl]amin (5b) with 1,3-thia-
zole-5(4H)-thiones. The reactions were carried out according to the General procedure described above.

Chromatography (SiO2, hexane/AcOEt) gave a pure adduct 16 (more polar fraction) and a mixture of dia-

stereoisomers 17 (less polar fraction).

(5RS,9RS)-8-Benzyl-4,4,9-trimethyl-2-phenyl-1,6-dithia-3,8-diazaspiro[4.4]non-2-ene (16a).

From 111 mg (0.50 mmol) of 14a; more polar fraction: 37 mg (20%); yellowish oil. IR (film): 2963m,

2871s , 1708s , 1589s, 1572m, 1491m, 1439m , 1376m, 1320m, 1257m , 1141s, 1079m , 1025m, 990s , 931m,

849m.
1
H-NMR: 7.84–7.81 (m, 2 arom. H); 7.47–7.26 (m , 8 arom. H); 3.95, 3.78 (AB, J = 8.2, H2C(7));

3.92, 3.70 (AB, J = 13.4, PhCH2); 3.33 (q , J = 6.4, HC(9)); 1.59 (s , Me2C); 1.44 (d, J = 6.4, MeC(9)).
13

C-NMR: 163.9 (s , C=N); 138.6, 133.1 (2s, 2 arom. C); 130.4, 127.7, 127.5, 127.4, 126.9, 126.3 (6d , 10

arom. CH); 88.8, 79.6 (2s , C(4), C(5)); 67.0 (d, C(9)); 55.9, 52.3 (2t, C(7), PhCH2); 26.2, 20.9, 12.3 (3q, 3

Me). CI-MS: 371 (12), 370 (24), 369 (100, [M+1]
+
).
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(5RS,7RS )- and (5 RS,7SR)-8-Benzyl-4,4,7-trimethyl-2-phenyl-1,6-dithia-3,8-diazaspiro-

[4.4]non-2-ene (17a). From 111 mg (0.50 mmol) of 14a ; less polar fraction; 1:2-mixture of diastereoiso-

mers: 72 mg (39%); yellowish oil. IR (film): 2965m, 2870s , 1703m, 1591s, 1570m, 1490s , 1441s , 1376m,

1324s , 1312m, 1256s , 1141s, 1075m, 1027s, 997m , 930m , 694m . 1H-NMR (2 diastereoisomers):

7.81–7.75 (m, 2 arom. H); 7.74–7.22 (m , 8 arom. H); 4.50 (q, J = 6.4, HC(7)); 4.27 (q, J = 6.0, HC(7));

3.98, 3.60 (AB, J = 13.7, PhCH2); 3.97, 3.69 (AB,J = 13.4, PhCH2); 3.66, 3.38 (AB, J = 12.8, H2C(9)); 3.40,

3.00 (AB, J = 11.0, H2C(9)); 1.62, 1.57 (2s , Me2C); 1.53 (d , J = 6.0, MeC(7)); 1.42 (d, J = 6.4, MeC(7));

1.35 (s, Me2C).
13

C-NMR (2 diastereoisomers): 165.6, 164.9 (2s, C=N); 138.9, 137.5, 132.4, 132.3 (4s, 2

arom. C); 130.3, 130.1, 128.9, 128.6, 128.5, 128.4, 128.3, 128.2, 128.0, 127.7, 127.3, 126.8 (12d , 10

arom. CH); 86.1, 83.9 (2s , C(4)); 80.0, 78.6 (2s , C(5)); 71.4, 68.0 (2d , C(7)); 65.1, 63.6 (2t, PhCH2); 58.4,

54.3 (2t, C(9)); 25.6, 25.1, 23.3, 22.6, 22.4, 19.9 (6q , 6 Me). CI-MS: 383 (11), 371 (11), 370 (26), 369

(100, [M+1]
+
).

(4RS,5RS)-3-Benzyl-4-methyl-12-phenyl-1,13-dithia-3,11-diazadispiro[4.0.4.3]non-11-ene

(16b). From 124 mg (0.50 mmol) of 15b; more polar fraction: 37 mg (19%); yellow oil. IR (film): 2965s,

2872s , 1666m, 1593s, 1574s, 1494s, 1447s , 1377m, 1312s, 1255s, 1116s, 1075m, 1027s , 1001s , 950s,

909s, 830m, 613m .
1
H-NMR: 7.73 (d, J = 6.3, 2 arom. H); 7.37–7.13 (m, 8 arom. H); 3.86, 3.73 (AB, J =

8.4, H2C(2)); 3.79, 3.64 (AB,J = 13.4, PhCH2); 3.17 (q , J= 6.4, HC(4)); 2.05–1.62 (m , 4 CH2); 1.34 (d, J =

6.4, Me). 13C-NMR: 164.7 (s , C=N); 138.0, 132.7 (2s , 2 arom. C); 131.0, 128.6, 128.4, 128.3, 127.8, 127.1

(6d, 10 arom. CH); 89.7, 86.7 (2s , C(5), C(6)); 68.0 (d , C(4)); 56.7, 51.9 (2t, C(2), PhCH2); 40.3, 31.2,

23.8, 22.5 (4t, 4 CH2); 12.5 (q, Me). CI-MS: 397 (10), 396 (25), 395 (100, [M+1]
+
), 242 (5), 184 (26). Suit-

able crystals for the crystal-structure determination were grown from i-PrOH/CHCl3.

(2RS,5 RS)- and (2RS,5 SR)-3-Benzyl-2-methyl-12-phenyl-1,13-dithia-3,11-diazadispiro-

[4.0.4.3]non-11-ene (17b). From 124 mg (0.50 mmol) of 14b; less polar fraction; 1:2-mixture of

diastereoisomers: 84 mg (43%); yellow oil. IR (film): 2967s , 2871s , 1701m, 1591s, 1573s, 1493s, 1441s,

1376s , 1325s, 1312m, 1255s, 1175m, 1140s, 1075m, 1027s, 1000s , 952s , 908s, 828m, 693s.
1
H-NMR (2

diastereoisomers): 7.71–7.66 (m, 2 arom. H); 7.34–7.11 (m, 8 arom. H); 4.39 (q, J = 6.4, HC(2)); 4.22 (q , J

= 6.0, HC(2)); 3.92, 3.65 (AB,J = 13.4, PhCH2); 3.89, 3.50 (AB,J = 13.7, PhCH2); 3.55, 3.30 (AB,J = 12.8,

H2C(4)); 3.36, 2.89 (AB, J = 11.2, H2C(4)); 2.03–1.62 (m, 8 H); 1.44 (d, J = 6.0, Me); 1.33 (d, J = 6.4, Me).
13C-NMR (2 diastereoisomers): 164.5, 164.1 (2s, C=N); 137.8, 137.3, 132.9, 132.8 (4s, 2 arom. C); 131.0,

130.2, 128.6, 128.5, 128.4, 128.3, 128.0, 127.9, 127.8, 127.3, 127.2, 126.9 (12d , 10 arom. CH); 91.0, 89.7,

88.2, 84.7 (4s, C(5), C(6)); 70.3, 67.4 (2d , C(2)); 66.9, 65.8 (2t, PhCH2); 63.9, 57.8 (2t, C(4)); 33.1, 32.6,

24.2, 24.1, 23.4, 23.3, 22.9, 18.8 (8t, 4 CH2). CI-MS: 397 (11), 396 (26), 395 (100, [M+1]
+
), 323 (10), 208 (5).

Crystal structure determination of 9a, 15d, and 16b
*
. All measurements were made on a Rigaku

AFC5R diffractometer using graphite-monochromated MoK� radiation (� = 0.71069 Å) and a 12 kW ro-

tating anode generator. The intensities were corrected for Lorentz and polarization effects, but not for ab-

sorption. Data collection and refinement parameters are given in the Table, views of the molecules are

shown in Figures 1–3. The structures were solved by direct methods using SHELXS86 [45] in the case of

9a and16b and SIR92 [46] in the case of15d, which, in each case, revealed the positions of all non-hydro-

gen atoms. The non-hydrogen atoms were refined anisotropically. In the case of 9a and 16b, all of the

H-atoms were located in a difference electron density map and their positions were allowed to refine to-

gether with individual isotropic displacement parameters. In the case of 15d, all of the H-atoms were

fixed in geometrically calculated positions (d(C–H) = 0.95 Å) and each was assigned a fixed isotropic dis-
placement parameter with a value equal to 1.2Ueq of its parent C-atom. Refinement of each structure was

carried out onF using full-matrix least-squares procedures, which minimised the function�w(|Fo| – |F c|)
2
,

where w = [�2
(Fo) + (0.005Fo)

2
]

–1
. A correction for secondary extinction was applied in the case of 15d.

For 15d, refinement of the absolute structure parameter [47] yielded a value of 0.03(6), which confirms

that the refined coordinates represent the true enantiomorph. This is in accordance with the expected

(R)-configuration at C(9). Neutral atom scattering factors for the non-hydrogen atoms were taken from
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[48a], and the scattering factors for H-atoms were taken from [49]. Anomalous dispersion effects were in-

cluded in Fcalc [50]; the values for f � and f ��were those of [48b]. The values of the mass attenuation coeffi-

cients are those of [48c]. All calculations were performed using the TEXSAN [51] (for 9a and 16b) or

teXsan [52] (for 15d) crystallographic software package.

Table. Crystallographic data for compounds 9a, 15d , and 16b.

9a 15d 16b

Crystallized from i-PrOH/CH2Cl2 i-PrOH/MeOH i-PrOH/CHCl3

Empirical formula C19H25NS C26H26N2S2 C23H26N2S2

Formula weight [g/mol] 299.47 430.62 394.59

Crystal color, habit colorless, prism colorless, needle colorless, prism

Crystal dimensions [mm] 0.18�0.33�0.40 0.18�0.25�0.43 0.28�0.40�0.45

Temperature [K] 173(1) 173(1) 173(1)

Crystal system monoclinic orthorhombic monoclinic

Space group P21/n P21212 P21/c

Z 4 4 4

Reflections for cell determination 25 24 25

2	 range for cell determination [�] 37–40 33–40 38–40

Unit cell parameters a [Å] 11.966(3) 15.127(4) 8.100(2)

b [Å] 7.183(2) 21.617(3) 14.083(2)

c [Å] 18.479(2) 6.930(2) 17.964(2)


 [�] 93.79(1) 90 98.14(1)

V [Å
3
] 1584.7(5) 2266.1(9) 2028.5(6)

Dx [g cm
–3

] 1.255 1.262 1.292

�(MoK�) [mm–1] 0.198 0.250 0.273

Scan type �/2	 �/2	 �/2	

2	 (max) [�] 55 55 60

Total reflections measured 4123 5707 6528

Symmetry independent reflections 3645 4980 5908

Reflections used [I > 2�(I)] 2892 4266 4078

Parameters refined 290 273 348

Final R 0.0393 0.0381 0.0451

wR (w = [�2
(Fo) + (0.005Fo)

2
]

–1
) 0.0379 0.0352 0.0376

Goodness of fit 1.823 1.465 1.761

Secondary extinction coefficient – 3.9(3)�10
–7

–

Final 
max/� 0.0006 0.0005 0.0006


� (max; min) [e/Å
3
] 0.27; –0.24 0.21; –0.17 0.37; –0.29
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