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A variety of 3",5"-diaryl-3"H.4'H-dispiro[cyclohexane-1,2'-chromene-3',2"-[1,3,4]thiadiazol]-4'-ones
3a-c were synthesized regioselectively through the reaction of 4'H,5H-trispiro[cyclohexane-1,2'-chromene-
3',2"-[1,3,4]oxadithiino[5,6-c]chromene-5",1""-cyclohexan]-4'-one (1) with nitrilimines (generated in situ
via triethylamine dehydrohalogenation of the corresponding hydrazonoyl chlorides 2a-c¢) in refluxing dry
toluene. Single crystal X-ray diffraction studies of 3a,b add support for the established structure.
Similarly, 3',5'-diaryl-2,2-dimethyl-3'H,4H-spiro[chromene-3,2'-[1,3,4]thiadiazol]-4-ones Sa-c were
obtained in a regioselective manner through the reaction of 2,2,5',5'-tetramethyl-4H,5'H-spiro[chromene-
3,2'-[1,3,4]oxadithiino[5,6-c]chromen]-4-one (4a) with nitrilimines under similar reaction conditions. On
the other hand, reaction of 2,5'-diethyl-2,5'-dimethyl-4H,5'H-spiro[chromene-3,2'-[1,3,4]oxadithiino-
[5,6-c]chromen]-4-one (4b) with nitrilimines in refluxing dry toluene afforded the corresponding
3',5'-diaryl-2-ethyl-2-methyl-3'H 4 H-spiro[chromene-3,2'-[1,3,4]thiadiazol]-4-ones 5d-f as two

unisolable diastereoisomeric forms.
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Introduction.

The 1,3-dipolar cycloaddition reaction is one of the
most versatile methods for the construction of five-
membered heterocycles [1]. The interest in the field of
1,3-dipolar cycloaddition is due to its ability for providing
a wide variety of heterocyclic systems in enantiopure
forms [2-7]. Nitrilimines represent an important class of
highly reactive 1,3-dipoles wused intensively for
cycloaddition reactions with numerous unsaturated
functional groups (e.g. alkenes [6-9], alkynes [10,11],
azomethines [12], allenes [13,14]) as well as heterocyclic
residues [5,15].

In the present work, it is intended to investigate the
reaction of nitrilimines as a highly reactive 1,3-dipole
system with a variety of 1,3,4-oxadithiin containing
compounds 1,4 in an attempt to isolate the corresponding
3'H,AH-spiro[chromene-3,2'-[1,3,4]thiadiazol]-4-one
compounds 3,5. As far as we are aware, 1,3-dipolar
cycloaddition reactions at the mentioned ring systems
have not been reported. Regioselectivity of the reactions
as well as stereochemical structure of the isolated
products will be also taken into considerations.

The interest for construction of 1,3,4-thiadiazole ring
system containing compounds is due to biological
properties associated with its structure. Where many
publications reported that different 1,3,4-thiadiazole
derivatives exhibit anticonvulsant [16,17], anti-
tuberculosis [18,19] and leishmanicidal [20] activities. In
addition to cytotoxic effects (on human non-small cell
lung cancer A549) [21] as well as potent and selective
PDE7 inhibitors [22,23]. Moreover, chromanones
constitute an important class of naturally occuring
substances [24-26] and draw the attention of many
researchers due to their well known properties as anti-
human immunodeficiency virus (HIV-1) that causes the
acquired immuno deficiency syndrome (AIDS) [27-30]
and anti-tuberculosis [31] activity. The present work is
also prompted by the previously well-established results
describing the regioselective behaviour of various 1,3-
dipole systems with thione-containing compounds.
Where, nitrones (azomethine oxides) were reported to
react with many thioketones affording 1,4,2-
oxathiazolidines [32]. Similarly, diazomethane interacted
with thiobenzophenone at -78 °C in THF giving
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thiadiazoline derivative [33]. Also, regiospecific dipolar
cycloaddition reactions of nitrilimine derivatives with
thiobenzophenone have been described [34].

Results and Discussion.

Reaction of 4'H,5H-trispiro[cyclohexane-1,2'-chromene-
3',2"-[1,3 4]oxadithiino[5,6-c]chromene-5",1""-cyclohexan]-
4'-one (1) with a variety of nitrilimines (generated in
situ via triethylamine dehydrohalogenation of the
corresponding hydrazonoyl chlorides 2) in refluxing dry
toluene afforded only one regioisomeric product as
indicated by TLC. The structure of the isolated product
was established to be 3",5"-diaryl-3"H,4'H-dispiro[cyclo-
hexane-1,2'-chromene-3',2"-[1,3,4]thiadiazol]-4'-ones 3a-
¢ based on spectroscopic (IR, 'H, “C-NMR, MS) and
elemental analyses data.

The IR spectra of 3a-c reveal a strong band at v = 1683-
1708 cm™ region assignable for the carbonyl stretching
vibration band. "H-NMR spectra of 3a-c exhibit the cyclo-
hexyl protons as multiplet signals at 6 = 1.06-2.45 region
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beside the expected aromatic protons. “C-NMR spectrum of
3a (on-resonance and APT) adds a good support for the
established structure. Where, the five cyclohexyl methylene
carbons "C-3, C-5, C-4, C-2, C-6" appear at § =20.90, 21.00,
25.07,29.72, 30.28 respectively. The spiro-carbons "C-2', C-
3" are recognized at & = 85.63, 95.37 respectively. In
addition, the imino and carbonyl carbons are exhibited at § =
157.60, 185.66. Mass spectra (EI) of 3a-c reveal the parent
molecular ion peaks as base peaks (Scheme 1).

Single crystal X-ray diffraction studies of 3a,b (Figure
1,2) add support for the established structure [35]. It has
been noticed that, the cyclohexyl moiety adopts the chair
configuration. The reaction presumably, takes place via
cycloreversion of the oxadithiin ring system 1, under the
applying refluxing toluene reaction conditions, giving two
molecules of the chromanone-3-thiones. The latter due to
dipolar cycloaddition across its C=S unit with nitrilimines
furnished finally dispiro analogues 3a-c.

Similarly, reaction of 2,2,5'5'-tetramethyl-4H,5'H-
spiro[chromene-3,2'-[1,3,4]oxadithiino[5,6-c]chromen]-

Scheme 1
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4-one (4a) with nitrilimines afforded the corresponding
3'5'-diaryl-2,2-dimethyl-3'H,4H-spiro[chromene-3,2'-
[1,3,4]thiadiazol]-4-ones Sa-c. The spectral (IR, 'H,
BC-NMR, MS) as well as elemental analyses data
support the established structure. Where the IR spectra
of Sa-c exhibit the carbonyl stretching vibration band
at v = 1696 cm'. The 'H-NMR spectra reveal the two
methyl groups as two singlet signals at 6 = 1.57-1.81
region. Moreover, the mass spectral data are consistent
with the established structure exhibiting the parent
molecular ion peaks either as a base peak (as in case of
5b) or in high relative intensity values (as in case of
5a,c). ""C-NMR spectrum of 5b adds sharp evidence
for the regiochemical assumed structure, which reveals
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the two methyl carbons at 6 = 23.36, 23.77. In addition
to the C-2 and spiro-carbon "C-3" at § = 84.73, 94.45
respectively (Scheme 2).

On the other hand, reaction of 2,5-diethyl-2,5'-
dimethyl-4H,5'H-spiro[chromene-3,2'-[1,3,4]oxadithiino-
[5,6-c]chromen]-4-one (4b) with a variety of nitrilimines
under the same previously described reaction conditions
"as in the case of 4a" afforded only one product which
purified on silica gel column chromatography and
identified as 3'5'-diaryl-2-ethyl-2-methyl-3'H,4H-spiro-
[chromene-3,2'-[1,3,4]thiadiazol]-4-ones Sd-f. The
structure of the isolated products was established to be
two unisolable diastereoisomeric forms based on the fact
that, "H-NMR spectra of 5d-f reveal two methyl signals at

Figure 1. Single crystal X-ray diffraction of 3a.

Selected intramolecular bond lengths (A) and bond angles (°) of 3a.

S(1)-C(4) = 1.8562(15), S(1)-C(9) = 1.758(2), O(2)-C(5) = 1.469(2), O(2)-C(7) = 1.367(2), N(3)-N(6) = 1.367(2), N(3)-C(9) = 1.285(2), C(4)-C(5) =
1.562(2), C(4)-N(6) = 1.471(2), C(4)-C(13) = 1.537(2), C(5)-C(8) = 1.540(2), C(5)-C(19) = 1.510(2), N(6)-C(14) = 1.436(2), C(7)-C(15) = 1.391(2), C(7)-
C(17) = 1.396(2), C(8)-C(16) = 1.524(2), C(9)-C(11) = 1.465(2), O(10)-C(13) = 1.213(2), C(11)-C(22) = 1.381(2), C(11)-C(30) = 1.383(2), C(12)-C(19) =
1.527(2), C(12)-C(26) = 1.519(2), C(13)-C(17) = 1.474(2), C(14)-C(18) = 1.381(2), C(14)-C(24) = 1.373(2), C(15)-C(20) = 1.366(3), C(16)-C(26) =
1.515(2), C(17)-C(21) = 1.400(2), C(18)-C(25) = 1.378(2), C(20)-C(27) = 1.383(2), C(21)-C(27) = 1.359(2), C(22)-C(31) = 1.387(3), C(23)-C(25)
1.365(3), C(23)-C(28) = 1.363(3), C(24)-C(28) = 1.385(3), C(29)-C(31) = 1.364(3), C(29)-C(32) = 1.374(3), C(30)-C(32) = 1.385(3), C(4)-S(1)-C(9)
90.42(7), C(5)-0(2)-C(7) = 116.82(10), N(6)-N(3)-C(9) = 113.77(12), S(1)-C(4)-C(5) = 109.84(9), S(1)-C(4)-N(6) = 102.63(9), S(1)-C(4)-C(13)
102.90(10), C(5)-C(4)-N(6) = 116.58(12), C(5)-C(4)-C(13) = 109.50(12), N(6)-C(4)-C(13) = 114.19(12), O(2)-C(5)-C(4) = 104.99(11), O(2)-C(5)-C(8) =
107.91(11), O(2)-C(5)-C(19) = 105.53(11), C(4)-C(5)-C(8) = 114.60(11), C(4)-C(5)-C(19) = 113.09(12), C(8)-C(5)-C(19) = 110.05(12), N(3)-N(6)-C(4) =
117.14(11), N(3)-N(6)-C(14) = 115.84(12), C(4)-N(6)-C(14) = 124.65(12), O(2)-C(7)-C(15) = 117.56(13), O(2)-C(7)-C(17) = 122.45(13), C(15)-C(7)-
C(17) = 120.0(2), C(5)-C(8)-C(16) = 111.43(12), S(1)-C(9)-N(3) = 115.23(12), S(1)-C(9)-C(11) = 121.40(12), N(3)-C(9)-C(11) = 123.16(14), C(9)-C(11)-
C(22) = 121.0(2), C(9)-C(11)-C(30) = 120.2(2), C(22)-C(11)-C(30) = 118.7(2), C(19)-C(12)-C(26) = 111.45(13), C(4)-C(13)-O(10) = 122.68(14), C(4)-
C(13)-C(17) = 113.89(13), O(10)-C(13)-C(17) = 123.4(2), N(6)-C(14)-C(18) = 119.31(14), N(6)-C(14)-C(24) = 121.1(2), C(18)-C(14)-C(24) = 119.5(2),
C(7)-C(15)-C(20) = 118.9(2), C(8)-C(16)-C(26) = 111.79(14), C(7)-C(17)-C(13) = 119.95(14), C(7)-C(17)-C(21) = 119.37(14), C(13)-C(17)-C(21) =
120.67(15), C(14), C(18)-C(25) = 120.1(2), C(5)-C(19)-C(12) = 112.29(13), C(15)-C(20)-C(27) = 121.8(2), C(17)-C(21)-C(27) = 120.1(2), C(11)-C(22)-
C(31) = 120.4(2), C(25)-C(23)-C(28) = 119.6(2), C(14)-C(24)-C(28) = 119.4(2), C(18)-C(25)-C(23) = 120.3(2), C(12)-C(26)-C(16) = 111.46(14), C(20)-
C(27)-C(21) = 119.8(2), C(23)-C(28)-C(24) = 121.0(2), C(31)-C(29)-C(32) = 119.8(2), C(11)-C(30)-C(32) = 120.5(2), C(22)-C(31)-C(29) = 120.5(2),
C(29)-C(32)-C(30) = 120.1(2), C(5)-C(8)-H(8A) = 109.99(13), C(5)-C(8)-H(8B) = 109.14(14), C(19)-C(12)-H(12A) = 108.0(2), C(19)-C(12)-H(12B) =
109.9(2), C(8)-C(16)-H(16A) = 108.97(14), C(8)-C(16)-C(16B) = 109.36(15), C(5)-C(19)-H(19A) = 109.70(15), C(5)-C(19)-H(19B) = 109.08(13), C(12)-
C(26)-H(26A) = 109.8(2), C(12)-C(26)-H(26B) = 107.7(2).
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Figure 2. Single crystal X-ray diffraction of 3b.

Selected intramolecular bond lengths (A) and bond angles (°) of 3b.

S(1)-C(7) = 1.826(2), S(1)-C(12) = 1.755(2), C1(2)-C(23) = 1.740(3), O(3)-C(9) = 1.366(2), O(3)-C(11) = 1.460(2), N(4)-N(6) = 1.389(2), N(4)-
C(7) = 1.517(2), N(4)-C(19) = 1.441(2), O(5)-C(15) = 1.214(2), N(6)-C(12) = 1.273(2), C(7)-C(11) = 1.546(2), C(7)-C(15) = 1.555(2), C(8)-C(9)
=1.393(2), C(8)-C(15) = 1.465(2), C(8)-C(16) = 1.395(3), C(9)-C(24) = 1.380(3), C(10)-C(11) = 1.525(2), C(10)-C(26) = 1.505(3), C(11)-C(13)
= 1.523(2), C(12)-C(18) = 1.474(3), C(13)-C(20) = 1.531(3), C(14)-C(19) = 1.393(3), C(14)-C(23) = 1.381(3), C(16)-C(17) = 1.364(3), C(17)-
C(25) = 1.385(3), C(18)-C(21) = 1.388(3), C(18)-C(28) = 1.381(3), C(19)-C(22) = 1.367(3), C(20)-C(27) = 1.515(3), C(21)-C(33) = 1.384(3),
C(22)-C(32) = 1.395(3), C(23)-C(29) = 1.367(4), C(24)-C(25) = 1.376(3), C(26)-C(27) = 1.524(3), C(28)-C(30) = 1.385(3), C(29)-C(32) =
1.366(4), C(30)-C(31) = 1.380(3), C(31)-C(33) = 1.357(4), C(7)-S(1)-C(12) = 90.81(8), C(9)-O(3)-C(11) = 118.12(13), N(6)-N(4)-C(7) =
114.20(12), N(6)-N(4)-C(19) = 111.69(14), C(7)-N(4)-C(19) = 119.35(13), N(4)-N(6)-C(12) = 113.72(14), S(1)-C(7)-N(4) = 103.06(10), S(1)-
C(7)-C(11) = 110.57(12), S(1)-C(7)-C(15) = 110.58(11), N(4)-C(7)-C(11) = 113.06(13), N(4)-C(7)-C(15) = 109.29(14), C(11)-C(7)-C(15) =
110.09(14), C(9)-C(8)-C(15) = 120.5(2), C(9)-C(8)-C(16) = 118.5(2), C(15)-C(8)-C(16) = 120.9(2), 0(3)-C(9)-C(8) = 122.2(2), O(3)-C(9)-C(24) =
117.1(2), C(8)-C(9)-C(24) = 120.6(2), C(11)-C(10)-C(26) = 112.4(2), O(3)-C(11)-C(7) = 108.87(13), O(3)-C(11)-C(10) = 104.56(13), O(3)-
C(11)-C(13) = 108.28(13), C(7)-C(11)-C(10) = 113.96(14), C(7)-C(11)-C(13) = 110.40(14), C(10)-C(11)-C(13) = 110.46(15), S(1)-C(12)-N(6) =
116.11(14), S(1)-C(12)-C(18) = 121.15(14), N(6)-C(12)-C(18) = 122.7(2), C(11)-C(13)-C(20) = 112.18(15), C(19)-C(14)-C(23) = 118.5(2), O(5)-
C(15)-C(7) = 121.0(2), O(5)-C(15)-C(8) = 123.3(2), C(7)-C(15)-C(8) = 115.6(2), C(8)-C(16)-C(17) = 120.9(2), C(16)-C(17)-C(25) = 119.6(2),
C(12)-C(18)-C(21) = 120.8(2), C(12)-C(18)-C(28) = 120.1(2), C(21)-C(18)-C(28) = 119.1(2), N(4)-C(19)-C(14) = 118.2(2), N(4)-C(19)-C(22) =
121.5(2), C(14)-C(19)-C(22) = 120.3(2), C(13)-C(20)-C(27) = 110.7(2), C(18)-C(21)-C(33) = 120.2(2), C(19)-C(22)-C(32) = 119.6(2), CI(2)-
C(23)-C(14) = 118.5(2), CI(2)-C(23)-C(29) = 119.6(2), C(14)-C(23)-C(29) = 121.9(2), C(9)-C(24)-C(25) = 119.4(2), C(17)-C(25)-C(24) =
120.8(2), C(10)-C(26)-C(27) = 112.4(2), C(20)-C(27)-C(26) = 111.2(2), C(18)-C(28)-C(30) = 120.2(2), C(23)-C(29)-C(32) = 118.9(2), C(28)-
C(30)-C(31) = 119.9(2), C(30)-C(31)-C(33) = 120.3(2), C(22)-C(32)-C(29) = 120.8(2), C(21)-C(33)-C(31) = 120.3(2).

0 = 1.67-1.68 and 1.53-1.54 corresponding to the major
and minor isomers, respectively.

Single Crystal X-ray Crystallographic Data of 3a,b.

The crystallographic data were collected at 7 = 298 K
on a Kappa CCD Enraf Nonius FR 590 diffractometer
using a graphite monochromator with Mo-K,, radiation (A
=0.71073 A).

Compound 3a.

The crystal structure was determined by SIR97 [36] and
refined by maXus [37] (Bruker Nonius, Delft and
MacScience, Japan). Chemical formula C,,H,,N,0,S, M,
= 440.565, orthorhombic, crystallizes in space group
Pbca, Cell lengths "a = 13.3842(4), b = 12.5325(3), ¢ =
27.1484(7) A", Cell angles "o = 90.00, § = 90.00, y =

90.00°", V = 4553.8(2) A°’, Z = 8, D, = 1.285 g/em’, 0
values 2.910-27.485°, absorption coefficient u (Mo-K,) =
0.17 mm", F(000) = 1855. The unique reflections
measured 6038 of which 2184 reflections with threshold
expression I>30(I) were used in the structural analysis.
Convergence for 289 variable parameters by least-squares
refinement on F* with w = 1/[0*(F,?)+0.10000 F?]. The
final agreement factors were R = 0.041 and wR = 0.065
with a goodness-of-fit of 1.715.

Compound 3b.

The crystal structure was determined by SIR92 [38] and
refined by maXus [37] (Bruker Nonius, Delft and
MacScience, Japan). Chemical formula C,;H,;CIN,O,S, M,
=475.010, monoclinic, crystallizes in space group P2,/c, Cell
lengths "a = 12.7242(6), b = 12.4407(6), c = 18.2181(10) A",
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Cell angles "o = 90.00, g = 13.0(18), y = 90.00°", V =
23240(Q2) A, Z = 4, D, = 1.358 g/cm’, 6 values 2.910-
21.491°, absorption coefficient u (Mo-K,) = 0.28 mm’,
F(000) = 992. The unique reflections measured 2846 of
which 1910 reflections with threshold expression I>307I)
were used in the structural analysis. Convergence for 298
variable parameters by least-squares refinement on F” with w
= I/[{0%(F,?)+0.10000 F?]. The final agreement factors were
R =0.036 and wR =0.067 with a goodness-of-fit of 1.526.

EXPERIMENTAL

Melting points are uncorrected and recorded on a digital
Electrothermal 9100 melting point apparatus. IR spectra (KBr)
were recorded on a Bruker Vector 22 spectrophotometer. NMR
spectra were recorded on a Varian MERCURY 300 ('H: 300
MHz; '*C: 75 MHz) spectrometer. Mass spectra were recorded
on Schimadzu GCMS-QP 1000EX (EI, 70 eV) and Hewlett-
Packard (EL 70 eV) spectrometers. The starting compounds 1
[39], 2a-c [40,41] and 4a,b [42] were prepared according to
previously reported procedures.

Synthesis of 3",5"-Diaryl-3"H,4'H-dispiro[cyclohexane-1,2'-
chromene-3',2"-[1,3,4]thiadiazol]-4'-ones 3a-c¢ (General
Procedure).

A mixture of 1 (1.5 mmol) and the appropriate hydrazonoyl
chloride 2a-¢ (3 mmol) in dry toluene (20 ml) containing
triethylamine (3 mmol) was boiled under reflux for 6 h. The
formed triethylamine hydrochloride was separated by filtration
and the clear reaction mixture was evaporated till dryness under
reduced pressure. The formed solid upon triturating the residue
with methanol (5 ml), was collected and crystallized from
ethanol affording the corresponding 3a-c as yellow crystals.

3",5"-Diphenyl-3"H,4'H-dispiro[cyclohexane-1,2'-chromene-
3',2"-[1,3,4]thiadiazol]-4'-one (3a).

M.p. 148-151°C, yield 45%. IR: v 1708, 1602, 1490 cm™.
'H-NMR (CDCl,): 8 1.15-1.22 (m, 1H, cyclohexyl H), 1.55-1.74
(m, 7H, 7 cyclohexyl H), 2.22 (br. s, 1H, cyclohexyl H), 2.41-
2.45 (br. d, 1H, cyclohexyl H), 6.89-7.72 (m, 14H, arom. H).
BC-NMR "on-resonance & APT" (CDCL): & 20.90, 21.00
(cyclohexyl C-3, C-5), 25.07 (cyclohexyl C-4), 29.72, 30.28
(cyclohexyl C-2, C-6), 85.63 (cyclohexyl C-1 "spiro C-2'),
95.37 (spiro C-3"), 118.22, 121.53, 125.75, 126.63, 127.57,
128.07, 128.47, 129.50, 136.58 (arom. CH), 121.06 (C-4'a),
130.60 (quaternary Ph-C), 143.57 (C-8'a), 157.60 (C-5" "C=N"),
185.66 (C-4' "C=0"). MS m/z (%): 441 [(M+1), 37], 440 (M,
100), 320 (46), 239 (20).

Anal. Calcd. for C,;H,,N,0,S: C, 73.61; H, 5.49; N, 6.36.
Found: C, 73.72; H, 5.58; N, 6.50.

3"-(3-Chlorophenyl)-5"-phenyl-3"H,4'H-dispiro[cyclohexane-
1,2'-chromene-3',2"-[1,3,4]thiadiazol]-4'-one (3b).

M.p. 169-171°C, yield 64%. IR: v 1683, 1591, 1464 cm™.
'H-NMR (CDCl,): 8§ 1.06-1.18 (m, 1H, cyclohexyl H), 1.46-1.68
(m, 7H, 7 cyclohexyl H), 2.17-2.20 (br. d, 1H, cyclohexyl H),
2.29-2.32 (br. d, 1H, cyclohexyl H), 6.86-7.70 (m, 13H, arom.
H). MS m/z (%): 475 [(M+1), 31], 474 (M, 100), 354 (48), 273
(22).
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Anal. Calcd. for C,,H,;CIN,0O,S: C, 68.27; H, 4.88; N, 5.90.
Found: C, 68.13; H, 4.74; N, 5.98.

3"-(4-Methylphenyl)-5"-phenyl-3"H,4'H-dispiro[cyclohexane-
1,2'-chromene-3',2"-[1,3,4]thiadiazol]-4'-one (3¢).

M.p. 79-81°C, yield 38%. IR: v 1694, 1604, 1507 cm”. 'H-NMR
(CDCLy): & 1.15-1.25 (m, 1H, cyclohexyl H), 1.53-1.73 (m, 7H, 7
cyclohexyl H), 2.18 (s, 3H, CH,), 2.25-2.27 (m, 1H, cyclohexyl H),
2.39-2.43 (br. d, 1H, cyclohexyl H), 6.85-7.69 (m, 13H, arom. H).
MS m/z (%): 455 [(M+1), 39], 454 (M, 100), 334 (67), 253 (30).

Anal. Calcd. for C,H,N,0,S: C, 73.98; H, 5.77; N, 6.16.
Found: C, 73.78; H, 5.60; N, 6.11.

Synthesis of 2,2-Dialkyl-3',5'-diaryl-3'H ,4H-spiro[chromene-
3,2'-[1,3,4]thiadiazol]-4-ones Sa-f (General Procedure).

A mixture of 4a,b (2.5 mmol) and the appropriate hydrazo-
noyl chloride 2a-c¢ (5 mmol) in dry toluene (20 ml) containing
triethylamine (5 mmol) was boiled under reflux for 6 h. The
formed triethylamine hydrochloride was separated by filtration
and the clear reaction mixture was evaporated till dryness under
reduced pressure. Then, purified over column chromatography
(silica gel 60, particle size 0.06-0.20 mm) using diethyl ether —
light petroleum (40-60°C) as 1:10 v/v for elution, affording Sa-f
as pale yellow oils.

2,2-Dimethyl-3',5'-diphenyl-3'H ,4H-spiro[chromene-3,2'-[1,3,4]-
thiadiazol]-4-one (5a).

Yield 56%. IR: v 1696, 1600, 1487 cm’'. 'H-NMR
(CDCl,): 6 1.79 (s, 3H, CH,;), 1.81 (s, 3H, CH,;), 7.06-7.96
(m, 14H, arom. H). MS m/z (%): 401 [(M+1), 22], 400 (M,
83), 313 (19), 280 (77).

Anal. Calcd. for C,,H,,N,0,S: C, 71.97; H, 5.03; N, 7.00.
Found: C, 72.06; H, 5.11; N, 6.89.

3'-(3-Chlorophenyl)-2,2-dimethyl-5'-phenyl-3'H,4H-spiro-
[chromene-3,2'-[1,3,4]thiadiazol]-4-one (5b).

Yield 92%. IR: v 1696, 1602, 1462 cm™. 'H-NMR (CDCI,):
0 1.58 (s, 3H, CH;), 1.61 (s, 3H, CH;), 6.89-7.79 (m, 13H, arom.
H). *C-NMR "APT" (CDCL,): § 23.36, 23.77 (2 CH,), 84.73 (C-
2); 94.45 (spiro C-3); 118.36, 121.85, 122.86, 124.94, 125.42,
126.67, 127.79, 128.57, 129.06, 129.86, 137.03 (arom. CH),
120.37 (C-4a), 130.22, 133.85 (quaternary Ph-C), 144.67 (C-8a),
158.21 (C-5' "C=N"), 185.36 (C=0). MS m/z (%): 435 [(M+1),
331,434 (M, 100), 347 (11), 314 (78).

Anal. Calcd. for C,,H,,CIN,0O,S: C, 66.27; H, 4.40; N, 6.44.
Found: C, 66.32; H, 4.46; N, 6.57.

2,2-Dimethyl-3'-(4-methylphenyl)-5'-phenyl-3'H,4H-spiro-
[chromene-3,2'-[1,3,4]thiadiazol]-4-one (5c¢).

Yield 88%. IR: v 1696, 1602, 1461 cm™. 'H-NMR (CDCI,):
0 1.57 (s, 3H, CH,), 1.59 (s, 3H, CH,), 2.20 (s, 3H, ArCH,),
6.84-7.73 (m, 13H, arom. H). MS m/z (%): 415 [(M+1), 31], 414
M, 94), 327 (6), 294 (100).

Anal. Calcd. for C,sH,,N,0,S: C, 72.43; H, 5.35; N, 6.76.
Found: C, 72.24; H, 5.21; N, 6.88.

3',5'-Diphenyl-2-ethyl-2-methyl-3'H,4H-spiro[chromene-3,2'-
[1,3,4]thiadiazol]-4-one (5d).

Yield 77%. IR: v 1699, 1604, 1462 cm™. 'H-NMR (CDCl,):
0 (The ratio of the isolated isomers are 7:3 based on integrations
of the observed methyl group signals) "The major
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diastereoisomer" 0.93 (t, 3H, CH;CH,, J = 7.5 Hz), 1.68 (s, 3H,
CH,), 2.02 (q, 2H, CH,, J = 7.5 Hz), 6.82-7.69 (m, 14H, arom.
H), "The minor diastereoisomer" 0.88 (t, 3H, CH;,CH,, J = 7.5
Hz), 1.53 (s, 3H, CH,), 2.25 (q, 2H, CH,, J = 7.5 Hz), 6.82-7.69
(m, 14H, arom. H). MS m/z (%): 414 (M, 0.6), 279 (1.6), 263
(1.2). Anal. Calcd. for C,;H,,N,0,S: C, 72.43; H, 5.35; N, 6.76.
Found: C, 72.50; H, 5.46; N, 6.90.

3'-(3-Chlorophenyl)-2-ethyl-2-methyl-5'-phenyl-3'H 4 H-spiro-
[chromene-3,2'-[1,3,4]thiadiazol]-4-one (5e).

Yield 66%. IR: v 1697, 1587, 1465 cm™. 'H-NMR (CDCl,):
0 (The ratio of the isolated isomers are 7:3 based on integrations
of the observed methyl group signals) "The major diastereo-
isomer" 0.94 (t, 3H, CH;CH,, J = 7.2 Hz), 1.67 (s, 3H, CH,),
2.05 (q, 2H, CH,, J = 7.2 Hz), 6.88-7.70 (m, 13H, arom. H),
"The minor diastereoisomer" 0.94 (t, 3H, CH,CH,, J = 7.2 Hz),
1.54 (s, 3H, CH,), 2.20 (q, 2H, CH,, J = 7.2 Hz), 6.88-7.70 (m,
13H, arom. H). MS m/z (%): 448 (M, 1.1), 313 (4.2), 297 (1.5).

Anal. Caled. for C,sH,,CIN,O,S: C, 66.88; H, 4.72; N, 6.24.
Found: C, 67.03; H, 4.80; N, 6.12.

2-Ethyl-2-methyl-3'-(4-methylphenyl)-5'-phenyl-3'H 4 H-spiro-
[chromene-3,2'-[1,3,4]thiadiazol]-4-one (5f).

Yield 52%. IR: v 1699, 1605, 1464 cm™. 'H-NMR (CDCl,):
0 (The ratio of the isolated isomers are 2:1 based on integrations
of the observed methyl group signals) "The major diastereo-
isomer" 0.93 (t, 3H, CH;CH,, J = 7.2 Hz), 1.67 (s, 3H, CH,),
1.71 (q, 2H, CH,, J = 7.2 Hz), 2.15 (s, 3H, ArCH;), 6.81-7.68
(m, 13H, arom. H), "The minor diastereoisomer" 0.93 (t, 3H,
CH,CH,, J = 7.2 Hz), 1.53 (s, 3H, CH,), 2.00 (q, 2H, CH,, J =
7.2 Hz), 2.21 (s, 3H, ArCH;), 6.81-7.68 (m, 13H, arom. H). MS
m/z (%): 428 (M, 3), 293 (14), 277 (5).

Anal. Calcd. for C,H,,N,0,S: C, 72.87; H, 5.64; N, 6.54.
Found: C, 72.69; H, 5.51; N, 6.35.
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