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Ab stract
In this work, thio sub sti tu ted ni tro diene com pounds (3, 4a, 5a,b, 6c, 7a, 7c, 9) we re ob tai ned from the reac tions of so me
thiols with 2-nitro pen tach lo ro-1,3-bu ta die ne. N,S-Sub sti tu ted ni tro diene com pounds (11a–g, 13, 15) we re ob tai ned
from 2-nitropen tach lo ro-1,3-bu tadie ne and so me ami nes (morp ho li ne and pi pe ra zi ne de ri va ti ves). The com pound 4a
was cry stal li zed in the tric li nic cry stal system (spa ce group P-1) with the unit cell pa ra me ters a = 6.6525(7) Å, b =
10.7906(5) Å, c = 10.8339(4) Å, α = 72.57(3)°, β = 84.23(4)°, γ = 75.81(3)°, V = 719.03(9) Å3, Z = 2. The no vel com -
pounds we re cha rac te ri zed by ele men tal analy sis, UV-VIS, FT-IR, 1H-NMR, NMR (13C or APT) and mass spec tros -
copy.

Key words: 1,3-Buta die ne, thi oet hers, N,S-sub sti tu ted ni tro die nes, cry stal struc tu re.

1. In tro duc tion

Due to the SN reac ti vity pat terns, ni tro sub sti tu ted poly -
ha lo ge no-1,3-bu ta die nes ha ve pro ven to be va luab le
synthe tic pre cur sors for the for ma tion of a va riety of
poly func tio na li zed bi oactive he te rocyc les.1–2 The thio -
sub sti tu ted com pounds ac ting as fun gi ci des, her bi ci des
and in sec ticides are of ten used in dif fe rent bio lo gi cal ap -
pli ca tions.3 It has been re por ted be fo re that S-, S,S-,
S,S,S-, S,O-sub sti tu ted ni tro die nes could be synthe si zed
via the reac tions of thiols.4–9 From our pre vi ous stu dies it
has been known that treat ment of so me mo no(thio)sub -
sti tu ted com pounds with so me ami nes (pi pera zi ne,
morp ho li ne, pi pe ri di ne etc.) leads to so me new N,S-sub -
sti tu ted die ne com pounds.10–11 Mo reo ver, sin gle cry stal
struc tu res of so me N,S-sub sti tu ted ni tro die nes we re de -
ter mi ned be fo re.12–13 In this study, we ha ve de ter mi ned
the sin gle cry stal struc tu re of 4a. Furt her mo re, pipe ra zi -
ne com pounds are im por tant sub stan ces in cli ni cal che -
mi stry.14–15 As a li gand the 2-mer cap top he nol has been
shown to be highly ver sa ti le, which li ga tes as well as
che la tes and brid ges to me tal atoms in at least eight dif -
fe rent coor di na tion mo des.16 The goal of this study was
to synthe si ze and cha rac te ri ze new thio sub sti tuted 1,3-
bu tadie ne com pounds. 

2. Ex pe ri men tal Sec tion

2. 1. Ge ne ral

Mel ting points we re mea su red on a Buc hi B-540 mel ting
point ap pa ra tus and are un cor rec ted. In fra red (FT-IR)
spec tra we re re cor ded using Shi mad zu FTIR-8101 spec -
tro meter. The sam ples we re pres sed in KB r pel lets. Ele -
men tal analy ses we re per for med with Car lo Er ba 1106
Ele men tal analy ser. UV spec tra we re re cor ded with UV-
VIS Spec trop ho to me ter TU-1901. 1H and 13C or APT
NMR spec tra we re re cor ded on Va rian UNITY INOVA
ope ra ting at 500 MHz. Mass spec trum we re ob tai ned on a
Ther mo Ad van ta ge MAX LC/MS/MS spec tro me ter ac -
cor ding to APCI or ESI. Cry stal struc tu re of 4a was de ter -
mi ned on Ri ga ku R-Axis Ra pid-S X-Ray Sin gle Cry stal
Dif frac to me ter. Pro ducts we re iso la ted by co lumn chro -
ma to graphy on sili ca gel (Flu ka Si li ka gel 60, par tic le si ze
63–200 μm). TLC pla tes we re of si li ca 60F254 (Merck,
Darm stadt), de tec tion with ul tra vio let light (254 nm). 

2. 2. Synthe sis 

S,O-Sub sti tu ted ni tro die ne com pound 3 was ob tai ned from
the reac tions of 2-nitro pen tach lo ro-1,3-bu ta die ne with 2-
mer cap top he nol. The reac tion of 2-nitropen tach lo ro-1,3-bu -
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ta die ne with 2-methyl ben ze net hiol yiel ded 4a. The cry stal
struc tu re of this no vel compound was cha rac te ri zed by using
X-ray dif frac tion. Di sub sti tu ted ni tro diene compounds 5a,b
we re ob tai ned from the reac tions of 2-nitro pen tach lo ro-1,3-

bu ta die ne with thiols. Al so, the com pounds 6c, 7a and 7c
we re synthe si zed in the pre sen ce of Na OH and Et OH from
the reac tions of 2-nitro pen tach lo ro-1,3-bu ta die ne with thi-
ols. The se reac tions are sho wed in Sche me 1. 

Sche me 1. Synthe sis of com pounds 3, 4a, 5a,b, 6c, 7a, 7c, 9

Sche me 2. Synthe sis of com pounds 11a–g, 13, 15



296 Acta Chim. Slov. 2012, 59, 294–301

Ibis and Oz kok:  The Synthe sis of Novel S-, S,S-, S,S,S-, S,O-, N,S-Sub sti tu ted Halogeno bu ta-1,3-die nes

N,S-Sub sti tu ted die ne com pounds 11a–g, 13 and 15 we re
pre pa red by the reac tions of 4a with ami nes (pi pe ra zi ne,
morp ho li ne, etc.) in the pre sen ce of dich lo ro met ha ne. The
no vel N,S-sub sti tu ted com pounds are sho wed in Sche me
2. These no vel com pounds we re for med by an ad di tion-
eli mi na tion reac tion sequen ce and all pro ducts ob tai ned
we re found to be stab le. The struc tu res of the new ni tro di -
ne com pounds are in ac cor dan ce with the analy ti cal and
spec tros co pic da ta as gi ven in the ex pe ri men tal part.

2. 3. Pre pa ra tion of S-, S,S-, S,S,S-, S,O-
Sub sti tu ted Nitro bu ta die ne Com pounds

2. 3. 1. Ge ne ral Pro ce du re for 1 

Equi mo lar amounts of 2-nitro-1,1,3,4,4-pen tach lo ro-1,3-
bu ta die ne and va ri ous thiols we re stir red for 24 h at room
tem pe ra tu re. Chlo ro form was ad ded to the reac tion mix tu -
re and the or ga nic la yer was was hed with wa ter (4 × 30
mL) and dried with Na2SO4. Af ter fil te ring, the sol vent
was eva po ra ted and the re si due was pu ri fied by co lumn
cho ro ma to graphy on si li ca gel. (Sche me 1)

2. 3. 2. Ge ne ral Pro ce du re for 2

Equi mo lar amounts of 2-nitro-1,1,3,4,4-pen tach lo ro-1,3-
bu ta die ne and thiols we re stir red in a mix tu re of Et OH (30
mL) and aqu e ous so lu tion of Na OH (1.2 g Na OH and 8
mL wa ter) for 2 h at room tem pe ra tu re. Chlo ro form was
ad ded to the reac tion mix tu re to form the or ga nic la yer.
Then, the or ga nic la yer was was hed with wa ter (4 × 30
mL) and dried with Na2SO4. Af ter fil te ring, the sol vent
was eva po ra ted and the re si due was pu ri fied by co lumn
cho ro ma to graphy on si li ca gel. (Sche me 1)

2. 4. Pre pa ra tion of N,S-Sub sti tu ted 
Nitro bu ta die ne Com pounds

2. 4. 1. Ge ne ral Pro ce du re for 3 

Equi mo lar amounts of S-sub sti tu ted poly ha lo ni tro die nes
and ami ne de ri va ti ves we re stir red in CH2Cl2 for 2 h at
room tem pe ra tu re. Ad di tio nal chlo ro form was ad ded to
the reac tion mix tu re and the or ga nic la yer was was hed
with wa ter (4 × 30 mL) and dried with Na2SO4. Af ter fil te -
ring, the sol vent was eva po ra ted and the re si due was pu ri -
fied by co lumn cho ro ma to graphy on si li ca gel. (Sche me 2) 

2. 5. Ex pe ri men tal

Synthe sis of 3,4,4-Trich lo ro-1-[en zo(1,3-oxat hia)]-2-
ni tro-1,3-bu ta die ne (3). Com pound 3 was synthe si zed
from the reac tion of 2-nitro-1,1,3,4,4-pen tach lo ro-1,3-bu -
ta die ne (1) (2.00 g, 7.37 mmol) with 2-mer cap top he nol
(2) (0.93 g, 7.37 mmol) accor ding to the ge ne ral pro ce -
dure 1. 

3: Yel low cry stals, mp: 132–133 °C. Yield: 1.06 g (45%).
Rf (petro leum et her): 0.35. IR (KB r, cm-1): ν 3096
(C–Harom), 1600, 1618 (C=C), 1294, 1547 (C–NO2). 
UV-VIS (CHC l3): λmax (log ε) 240.88 (4.76), 374.52
(4.77) nm; 1H NMR (499.74 MHz, CDC l3, ppm): δ 7.42
(t, J = 7.5 Hz, H, Harom), 7.50 (t, J = 8.1 Hz, H, Harom), 7.56
(d, J = 7.8 Hz, H, Harom), 7.66 (d, J = 7.5 Hz, H, Harom). 13C
NMR (125.66 MHz, CDC l3, ppm): δ 110.82, 111.95,
121.44, 122.54, 125.43, 126.74, 127.67, 132.23, 152.11,
160.87. MS [ESI+]: m/z 326 [M+H]+. Anal. Calcd for
C10H4Cl3NO3S (M = 324.57 g/mol): C, 37.01; H, 1.24; N,
4.32; S, 9.88. Found: C, 36.74; H, 1.35; N, 4.13; S, 9.65.

Synthe sis of 2-Ni tro-1,3,4,4-te trach lo ro-1-(2-methylp -
henylt hio)-1,3-bu ta die ne (4a). Com pound 4a was
synthe si zed from the reac tion of 2-nitro-1,1,3,4,4-pen -
tach lo ro-1,3-bu ta die ne (1) (2.00 g, 7.37 mmol) with 
2-methylt hiop he nol (0.91 g, 7.36 mmol) ac cor ding to the
ge ne ral pro ce dure 1.
4a: Yel low cry stals, mp: 119–120 °C. Yield: 1.28 g (49%).
Rf [pe tro leum et her/CHC l3 (1:1)]: 0.46. IR (KB r, cm-1): ν
3056 (C–Harom), 2921, 2986 (C–H), 1599 (C=C), 1304,
1533 (C–NO2). UV-VIS (CHC l3): λmax (log ε) 240.88
(4.1), 344.27 (4.2) nm; 1H NMR (499.74 MHz, CDC l3,
ppm): δ 2.43 (t, 3H, CH3), 7.29–7.36 (m, 2H, Harom),
7.44–7.52 (m, 2H, Harom). APT NMR (125.66 MHz, 
CDC l3, ppm): δ 19.5 (CH3), 120.35, 127.36, 127.37,
127.76, 142.35, 156.81 (Cbu tad, Carom), 126.26, 130.26,
131.04, 135.87 (CHarom). MS [APCI+]: m/z 277
[M–Cl–NO2]

+, 278 [M+H]+. Anal. Calcd for C11H7Cl4NO2S
(M = 359.06 g/mol): C, 36.80; H, 1.97; N, 3.90; S, 8.93.
Found: C, 36.49; H, 1.72; N, 3.63; S, 9.14. 

Synthe sis of 1,1-Bis(2-methylp henylt hio)-3,4,4-trich lo -
ro-2-ni tro-1,3-bu ta die ne (5a). Com pound 5a was
synthe si zed from the reac tion of 2-nitro-1,1,3,4,4-pen -
tach lo ro-1,3-bu ta die ne (1) (2.00 g, 7.37 mmol) with 
2-methylt hiop he nol (0.91 g, 7.36 mmol) ac cor ding to the
ge ne ral pro ce dure 1.
5a: Oran ge so lid, mp: 124–125 °C. Yield: 0.72 g (23%).
Rf [pe tro leum et her/CHC l3 (1:1)]: 0.51. IR (KB r, cm-1): ν
3061 (C–Harom), 2854, 2925 (C–H), 1296, 1518 (C–NO2).
UV-VIS (CHC l3): λmax (log ε) 239.35 (4.1), 259.92 (4.1),
366.70 (3.8) nm; 1H NMR (499.74 MHz, CDC l3, ppm): δ
2.48 (s, 6H,CH3), 6.97–7.56 (m, 8H, Harom). 13C NMR
(125.66 MHz, CDC l3, ppm): δ 19.86, 19.94, 125.39,
125.77, 125.88, 126.67, 128.06, 128.14, 129.45, 129.51,
129.68, 129.82, 130.21, 130.56, 130.88, 131.53, 154.78,
159.0. MS [ESI+]: m/z 448 [M+H]+. Anal. Calcd for
C18H14Cl3NO2S2 (M = 446.80 g/mol): C, 48.39; H, 3.16;
N, 3.13; S, 14.35. Found: C, 48.21; H, 3.34; N, 2.87; S,
14.09.

Synthe sis of 1,1-Bis(2-car boxyp henylt hio)-3,4,4-trich -
lo ro-2-ni tro-1,3-bu ta die ne (5b). Com pound 5b was
synthe si zed from the reac tion of 2-nitro-1,1,3,4,4-pen -
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tach lo ro-1,3-bu ta die ne (1) (2.00 g, 7.37 mmol) with 
2-mer cap to sa licy li ca cid (1.13 g, 7.36 mmol) ac cor ding to
the ge ne ral pro ce dure 1.
5b: Yel low so lid, mp: 206–207 °C. Yield: 1.89 g (51%).
Rf (CHC l3): 0.50. IR (KB r, cm-1): ν 2871, 2975, 3064
(C–Harom), 3384 (COOH), 1681 (C=O), 1269, 1416
(C–NO2). UV-VIS (CHC l3): λmax (log ε) 239.16 (3),
262.64 (2.8) nm; 1H NMR (499.74 MHz, CDC l3, ppm): δ
7.30–7.33 (t, J = 8.0 Hz, 2H, Harom), 7.51–7.54 (t, J = 8.2
Hz, 2H, Harom), 7.61 (d, J = 8.3 Hz, 2H, Harom), 8.01 (d, J =
7.8 Hz, 2H, Harom). 13C NMR (125.66 MHz, CDC l3, ppm):
δ 125.63, 126.53, 129.60, 132.15, 133.60, 139.60, 168.52.
MS [ESI+]: m/z 507 [M+H]+. Anal. Calcd for
C18H10Cl3NO6S2 (M = 506.77 g/mol): C, 42.66; H, 1.99;
N, 2.76; S, 12.65. Found: C, 42.41; H, 1.72; N, 2.47; S,
12.96.

Synthe sis of 1,1-Bis(2,4-dimethylp henylt hio)-3,4,4-
trich lo ro-2-ni tro-1,3-bu ta die ne (6c). Com pound 6c was
synthe si zed from the reac tion of 2-nitro-1,1,3,4,4-pen -
tach lo ro-1,3-bu ta die ne (1) (2.00 g, 7.37 mmol) with 
2,4-dimethylt hiop he nol (1.01 g, 7.36 mmol) ac cor ding to
the ge ne ral pro ce dure 2.
6c: Yel low cry stal, mp: 132–133 °C. Yield: 2.01 g (58%).
Rf [pe tro leum et her/CHC l3 (1:1)]: 0.54. IR (KB r, cm-1): ν
3005 (C–Harom), 2730, 2920, 2954 (C–H), 1564, 1595
(C=C), 1281, 1512 (C–NO2). UV-VIS (CHC l3): λmax (log
ε) 239.51 (4.2), 263.32 (3.9), 384.38 (3.7) nm; 1H NMR
(499.74 MHz, CDC l3, ppm): δ 2.48 (s, 12H, CH3),
6.79–7.00 (m, 6H, Harom). 13C NMR (125.66 MHz, 
CDC l3, ppm): δ 19.01, 19.35, 20.06, 20.19 (CH3), 121.66,
125.21, 126.23, 126.25, 126.46, 126.64, 127.13, 130.17,
130.26, 130.47, 131.98, 134.87, 138.64, 139.23, 140.04,
141.32. MS [ESI+]: m/z 476 [M+H]+. Anal. Calcd for
C20H18Cl3NO2S2 (M = 474.85 g/mol): C, 50.59; H, 3.82;
N, 2.95; S, 13.51. Found: C, 50.35; H, 4.11; N, 2.68; S,
13.32.

Synthe sis of 1,1,4-Tris(2-methylp henylt hio)-3,4-dich -
lo ro-2-ni tro-1,3-bu ta die ne (7a). Com pound 7a was
synthe si zed from the reac tion of 2-nitro-1,1,3,4,4-pen -
tach lo ro-1,3-bu ta die ne (1) (2.00 g, 7.37 mmol) with 
2-methylt hiop he nol (1.37 g, 11.0 mmol) accor ding to the
ge ne ral pro ce dure 2.
7a: Oran ge so lid, mp: 124–125 °C. Yield: 2.26 g (58%).
Rf (CHC l3): 0.51. IR (KB r, cm-1): ν 3049, 2974, 2937
(C–Harom), 2738, 2676, 2491 (C–H), 1593 (C=C), 1286,
1537 (C–NO2). UV-VIS (CHC l3): λmax (log ε) 241.18
(3.1), 260.76 (3), 362.43 (2.9) nm; 1H NMR (499.74
MHz, CDC l3, ppm): δ 1.79 (s, 3H, CH3), 2.13 (s, 3H,
CH3), 6.82–7.20 (m, 10H, Harom). APT NMR (125.66
MHz, CDC l3, ppm): δ 20.28, 20.69 (CH3), 122.64,
128.62, 129.76, 131.06, 140.29, 142.72 (Cbu tad, Carom),
126.64, 127.12, 129.31, 130.68, 130.76, 130.93, 132.75,
136.04 (CHarom). MS [ESI–]: m/z 533 [M–H]+. Anal.
Calcd for C25H21Cl2NO2S3 (M = 534.54 g/mol): C, 56.17;

H, 3.96; N, 2.62; S, 18.0. Found: C, 55.86 ; H, 3.68; N,
2.86; S, 18.29. 

Synthe sis of 1,1,4-Tris(2,4-dimethylp henylt hio)-3,4-
dich lo ro-2-ni tro-1,3-bu ta die ne (7c). Com pound 7c was
synthe si zed from the reac tion of 2-nitro-1,1,3,4,4-pen -
tach lo ro-1,3-bu ta die ne (1) (2.00 g, 7.37 mmol) with 
2,4-di methylt hiop he nol (1.52 g, 11 mmol) ac cor ding to
the ge ne ral pro ce dure 2.
7c: Yel low so lid, mp: 133–134 °C. Yield: 2.44 g (58%). Rf
[pe tro leum et her/CHC l3 (1:1)]: 0.38. IR (KB r, cm-1): ν
3005 (C–Harom), 2730, 2920, 2954 (C–H), 1564, 1595
(C=C), 1281, 1512 (C–NO2). UV-VIS (CHC l3): λmax (log
ε) 244.58 (2.8), 272.75 (2.6), 372.9 (2.8) nm; 1H NMR
(499.74 MHz, CDC l3, ppm): δ 1.81 (s, 3H, CH3), 2.10 (s,
3H, CH3), 2.21 (s, 6H, CH3), 2.23 (s, 6H, CH3), 6.72–6.92
(m, 9H, Harom). 13C NMR (125.66 MHz, CDC l3, ppm): δ
20.27, 20.61, 21.35, 21.48 (CH3), 122.88, 126.38, 127.44,
127.51, 127.89, 128.36, 129.04, 131.5, 131.72, 133.19,
136.11, 139.81, 139.89, 140.45, 141.32, 142.56. MS
[ESI+]: m/z 576 [M–H]+. Anal. Calcd for C28H27Cl2NO2S3
(M = 576.62 g/mol): C, 58.32; H, 4.72; N, 2.43; S, 16.68.
Found: C, 58.06; H, 4.42; N, 2.26; S, 16.94.

Synthe sis of 1-[(1,3,4,4-te trach lo ro-2-ni tro bu ta-1,3-di-
en-1-yl)sul fanyl]-4-([4-[(1,3,4,4-te trach lo ro-2-ni tro bu -
ta-1,3-dien-1-yl)sul fanyl]phenyl}sul fanyl)ben ze ne (9).
Compound 9 was synthe si zed from the reac tion of 2-ni-
tro-1,1,3,4,4-pen tach lo ro-1,3-bu ta die ne (1) (2.00 g, 7.37
mmol) with 4,4’-thio bis ben zent hiol (8) (1.84 g, 7.37
mmol) ac cor ding to the ge ne ral pro ce dure 1.
9: Yel low so lid, mp: 105–106 °C. Yield: 2.26 g (43%). Rf
[pe tro leum et her/CHC l3 (1:1)]: 0.47. IR (KB r, cm-1): ν
3050 , 3069 (C–Harom), 1639 (C=C), 1472, 1565 (C–NO2).
UV-VIS (CHC l3): λmax (log ε) 255 (4.3) nm; 1H NMR
(499.74 MHz, CDC l3, ppm): δ 7.04–7.06 (d, 4H, Harom),
7.17–7.19 (d, 4H, Harom). 13C NMR (125.66 MHz, CDC l3,
ppm): δ 127.49, 129.50, 130.54, 131.13, 134.67, 135.3.
MS [ESI+]: m/z 721 [M+H]+. Anal. Calcd for
C20H8Cl8N2O4S3 (M = 720.11 g/mol): C, 33.36; H, 1.12;
N, 3.89; S, 13.36. Found: C, 33.12; H, 1.41; N, 3.63; S,
13.15.

Synthe sis of 1-[2-Nitro-3,4,4-trich lo ro-1-(2-methylp -
henylt hio)-1,3-bu ta dienyl]-4-(2-flourop henyl)pi pe ra zi -
ne (11a). Com pound 11a was synthe si zed from the 
reac tion of 2-methylp henyl-1,3,4,4-te trach lo ro-2-ni tro bu -
ta-1,3-dien-1-yl sul fi de (4a) (0.5 g, 1.39 mmol) with 
1-(2-flourop henyl)pi pe ra zi ne (0.25 g, 1.38 mmol) ac cor -
ding to the ge ne ral pro ce du re 3.
11a: Yel low cry stals, mp: 181–182 °C. Yield: 0.39 g
(55%). Rf (CHC l3): 0.37. IR (KB r, cm-1): ν 3066
(C–Harom), 2827, 2922 (C–H), 1595, 1610 (C=C), 1271,
1542 (C–NO2). UV-VIS (CHC l3): λmax (log ε) 242.24
(2.9), 282.37 (2.5), 389.39 (2.8) nm; 1H NMR (499.74
MHz, CDC l3, ppm): δ 2.37 (s, H, CH3), 2.85 (brs, 4H, 
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Hpi per), 3.34–3.74 (m, 4H, Hpi per), 6.71–7.34 (m, 9H,
Harom). 13C NMR (125.66 MHz, CDC l3, ppm): δ 19.72,
48.49, 52.23, 115.31, 115.48, 118.28, 122.69, 123.60,
126.68, 128.87, 129.07, 130.55, 133.15, 134.80, 137.49,
137.56, 153.73, 155.69, 165.99. MS [ESI+]: m/z 526
[M+Na]+. Anal. Calcd for C21H19Cl3FN3O2S (M = 502.82
g/mol): C, 50.16; H, 3.81; N, 8.36; S, 6.38. Found: C,
49.93; H, 3.51; N, 8.09; S, 6.12.

Synthe sis of 1-[2-Ni tro-3,4,4-trich lo ro-1-(2-methylp -
henylthio)-1,3-bu ta dienyl]-4-(4-flourop henyl)pi pe ra zi -
ne (11b). Com pound 11b was synthe si zed from the reac -
tion of 2-methylp henyl-1,3,4,4-te trach lo ro-2-ni tro bu ta-
1,3-dien-1-yl sul fi de (4a) (0.5 g, 1.39 mmol) with 
1-(4-flourop henyl)pi pe ra zi ne (0.25 g, 1.38 mmol) ac cor -
ding to the ge ne ral pro ce du re 3.
11b: Yel low cry stals, mp: 146–147 °C. Yield: 0.42 g
(60%). Rf (Et Ac): 0.39. IR (KB r, cm-1): ν 3066 (C–Harom),
2827, 2922 (C–H), 1595, 1610 (C=C), 1271, 1542
(C–NO2). UV-VIS (CHC l3): λmax (log ε) 245.89 (3.4),
293.05 (2.7), 389.13 (3.2) nm; 1H NMR (499.74 MHz,
CDC l3, ppm): δ 2.36 (s, 3H, CH3), 2.84 (brs, 4H, Hpi per),
3.48–3.72 (m, 4H, Hpi per), 6.69–7.32 (m, 8H, Harom). APT
NMR (125.66 MHz, CDC l3, ppm): δ 19.73 (CH3), 48.56,
51.98 (Cpi per), 118.77, 124.2, 125.67, 139.04, 145.66,
155.89, 157.80, 166.07 (Cbu tad, Carom.), 114.72, 114.90,
117.64, 117.70, 126.69, 129.12, 130.56, 133.16 (CHarom.).
MS [ESI+]: m/z 504 [M+H]+. Anal. Calcd for
C21H19Cl3FN3O2S (M = 502.82 g/mol): C, 50.16; H, 3.81;
N, 8.36; S, 6.38. Found: C, 49.93; H, 3.63; N, 8.12; S, 6.15.

Synthe sis of 1-[2-Ni tro-3,4,4-trich lo ro-1-(2-methylp -
henylt hio)-1,3-bu ta dienyl]-4-(1-phenyl)pi pe ra zi ne
(11c). Com pound 11c was synthe si zed from the reac tion
of 2-methylp henyl-1,3,4,4-te trach lo ro-2-ni tro bu ta-1,3-di-
en-1-yl sul fi de (4a) (0.5 g, 1.39 mmol) with 1-phenyl pi pe -
ra zi ne (0.22 g, 1.39 mmol) ac cor ding to the ge ne ral pro ce -
du re 3.
11c: Red so lid, mp: 146–147 °C. Yield: 0.28 g (41%). Rf
[CHC l3/Et Ac (1:1)]: 0.42. IR (KB r, cm-1): ν 3062, 3042
(C–Harom.), 2971, 2915, 2842 (C–H), 1581, 1618 (C=C),
1272, 1524 (C–NO2). UV-VIS (CHC l3): λmax (log ε)
243.17 (1.7), 387.14 (1.7) nm; 1H NMR (499.74 MHz,
CDC l3, ppm): δ 2.37 (s, 3H, CH3), 2.95 (brs, 4H, Hpi per),
3.50–3.74 (m, 4H, Hpi per), 6.70–7.33 (m, 9H, Harom). APT
NMR (125.66 MHz, CDC l3, ppm): δ 19.74 (CH3), 47.61,
51.95 (Cpi per), 116.22, 124.91, 126.40, 128.27, 139.01,
141.85, 148.98 (Cbu tad, Carom), 115.63, 120.03, 126.69,
128.33, 129.12, 130.54, 133.14 (CHarom). MS [ESI+]: m/z
508 [M+Na]+. Anal. Calcd for C21H20Cl3N3O2S (M =
484.83 g/mol): C, 52.02; H, 4.16; N, 8.67; S, 6.61. Found:
C, 51.83; H, 3.89; N, 8.82; S, 6.82.

Synthe sis of 1-[2-Ni tro-3,4,4-trich lo ro-1-(2-methylp -
henylt hio)-1,3-bu ta dienyl]-4-(2-me toxyp henyl)pi pe ra -
zi ne (11d). Com pound 11d was synthe si zed from the

reac tion of 2-methylp henyl-1,3,4,4-te trach lo ro-2-ni tro bu -
ta-1,3-dien-1-yl sul fi de (4a) (0.5 g, 1.39 mmol) with 1-(2-
me toxyp henyl)pi pe ra zi ne (0.26 g, 1.39 mmol) ac cor ding
to the ge ne ral pro ce du re 3.
11d: Yel low cry stals, mp: 174–175 °C. Yield: 0.44 g
(61%). Rf (Et Ac): 0.43. IR (KB r, cm-1): ν 3011, 3062
(C–Harom.), 2823, 2928, 2967, (C–H), 1580 (C=C), 1268,
1531 (C–NO2). UV-VIS (CHC l3): λmax (log ε) 246.87
(3.1), 285.84 (2.8), 389.56 (3) nm; 1H NMR (499.74
MHz, CDC l3, ppm): δ 2.37 (s, 3H, CH3), 2.90 (brs, 4H,
Hpi per), 3.53 (brs, 4H, Hpi per), 3.82 (s, 3H, OCH3),
6.66–6.67 (d, J = 7.3, H, Harom), 6.78–6.84 (m, 2H, Harom),
6.94–6.97 (t, J = 7.8, H, Harom), 7.14–7.25 (m, 3H, Harom),
7.33–7.34 (d, J = 7.8, H, Harom). 13C NMR (125.66 MHz,
CDC l3, ppm): δ 20.98, 49.78, 53.77, 55.72, 122.0, 126.1,
130.2, 133.6, 135.3, 139.94, 140.25, 152.48. MS [ESI+]:
m/z 516 [M+H]+. Anal. Calcd for C22H22Cl3N3O3S (M =
514.86 g/mol): C, 51.32; H, 4.31; N, 8.16; S, 6.23. Found:
C, 51.14; H, 4.54; N, 7.92; S, 6.45.

Synthe sis of 1-[2-Ni tro-3,4,4-trich lo ro-1-(2-methyl -
pheny lt hio)-1,3-bu ta dienyl]-4-(1-dip henyl methyl)pi -
pe ra zi ne (11e). Com pound 11e was synthesized from the
reac tion of 2-methylp henyl-1,3,4,4-te trach lo ro-2-ni tro bu -
ta-1,3-dien-1-yl sul fi de (4a) (0.5 g, 1.39 mmol) with 
1-(di methylp henyl)pi pe ra zi ne (0.35 g, 1.39 mmol) ac cor -
ding to the ge ne ral pro ce du re 3.
11e: Yel low cry stals, mp: 181–182 °C. Yield: 0.44 g
(55%). Rf (CHC l3): 0.38. IR (KB r, cm-1): ν 3019, 3059
(C–Harom.), 2821, 2911, 2972 (C–H), 1586 (C=C), 1282,
1530 (C–NO2). UV-VIS (CHC l3): λmax (log ε) 245.24
(3.5), 296.98 (3.1), 389.59 (3.6) nm; 1H NMR (499.74
MHz, CDC l3, ppm): δ 2.29 (s, 3H, CH3), 3.36 (brs, 4H,
Hpi per), 3.63 (brs, 4H, Hpi per), 4.09 (s, H, CH), 7.08–7.27
(m, 14H, Harom). 13C NMR (125.66 MHz, CDC l3, ppm): δ
19.66, 49.8 74.33, 126.3, 126.7, 128.91, 131.5, 138.9,
140.37, 142. MS [ESI+]: m/z 576 [M+H]+. Anal. Calcd for
C28H26Cl3N3O2S (M = 574.95 g/mol): C, 58.49; H, 4.56; N,
7.31; S, 5.58. Found: C, 58.28; H, 4.27; N, 7.05; S, 5.81.

Synthe sis of 1-[2-Ni tro-3,4,4-trich lo ro-1-(2-methyl -
phenylt hio)-1,3-bu ta dienyl]-4-(4-nitrop henyl)pi pe ra -
zi ne (11f). Compound 11f was synthe si zed from the reac -
tion of 2-methylp henyl-1,3,4,4-te trach lo ro-2-ni tro bu ta-
1,3-dien-1-yl sul fi de (4a) (0.5 g, 1.39 mmol) with 1-(4-ni -
trop henyl)pi pe ra zi ne (0.28 g, 1.39 mmol) ac cor ding to the
ge ne ral pro ce du re 3.
11f: Red so lid, mp: 189–190 °C. Yield: 0.39 g (53%). Rf
[CHC l3/Et Ac (1:1)]: 0.45. IR (KB r, cm-1): ν 3436
(C–Harom), 2870 (C–H), 1598 (Ar–NO2), 1285, 1513
(C–NO2). UV-VIS (CHC l3): λmax (log ε) 245.5 (2.4),
377.08 (3.1) nm; 1H NMR (499.74 MHz, CDC l3, ppm): δ
2.49 (s, 3H, CH3), 3.21 (brs, 4H, Hpi per), 3.53–3.69 (m,
4H, Hpi per), 6.67–6.69 (d, J = 7.32, H, Harom), 7.15–7.33
(m, 5H, Harom), 8.05–8.08 (m, 2H, Harom). APT NMR
(125.66 MHz, CDC l3, ppm): δ 20.97 (CH3), 46.31, 52.10
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(Cpi per), 113.44, 126.16, 128.0, 130.5, 131.91, 134.10,
134.84 (CHarom), 126.58, 129.84, 139.96, 140.23, 153.87,
184.30, 191.09 (Cbu tad, Carom). MS [ESI+]: m/z 553
[M+Na]+. Anal. Calcd for C21H19Cl3N4O4S (M = 529.82
g/mol): C, 47.61; H, 3.61; N, 10.57; S, 6.05. Found: C,
47.42; H, 3.83; N, 10.31; S, 5.87.

Synthe sis of 1-[2-Ni tro-3,4,4-trich lo ro-1-(2-methylp -
henylthio)-1,3-bu ta dienyl]-4-(4-hidroxyp henyl)pi pe ra -
zi ne (11g). Com pound 11g was synthe si zed from the
reac tion of 2-methylp henyl-1,3,4,4-te trach lo ro-2-ni tro bu -
ta-1,3-dien-1-yl sul fi de (4a) (0.5 g, 1.39 mmol) with 1-(4-
hidroxyp henyl)pi pe ra zi ne (0.24 g, 1.39 mmol) ac cor ding
to the ge ne ral pro ce du re 3.
11g: Yel low so lid, mp: 203–204 °C. Yield: 0.31 g (44%).
Rf [CHC l3/Et Ac (1:1)]: 0.41. IR (KB r, cm-1): ν 3344
(O–H), 2918 (CHarom.), 2815 (C–H) 1214, 1511 (C–NO2).
UV-VIS (CHC l3): λmax (log ε) 246.83 (2.5), 274.06 (2),
388.72 (2.5) nm; 1H NMR (499.74 MHz, CDC l3, ppm): δ
2.37 (s, 3H, CH3), 3.50 (brs, 4H, Hpi per), 3.75 (brs, 4H, 
Hpi per), 6.68 (s, H, OH), 7.15–7.33 (m, 8H, Harom). 13C
NMR (125.66 MHz, CDC l3, ppm): δ 19.73, 49.21, 52.17,
108.78, 115.04, 118.28, 126.68, 128.72, 128.82, 129.02,
129.08, 133.18, 139.02. MS [ESI+]: m/z 500 [M–H]+.
Anal. Calcd for C21H20Cl3N3O3S (M = 500.83 g/mol): C,
50.36; H, 4.03 ; N, 8.39; S, 6.40. Found: C, 50.13; H,
3.87; N, 8.13; S, 6.15. 

Synthe sis of 1-[2-Ni tro-3,4,4-trich lo ro-1-(2-methylp -
henylt hio)-1,3-bu ta dienyl]-4-morp ho li ne (13). Com -
pound 13 was synthe si zed from the reac tion of 2-methylp -
henyl-1,3,4,4-te trach lo ro-2-ni tro bu ta-1,3-dien-1-yl sul fi -
de (4a) (0.5 g, 1.39 mmol) with N-morp ho li ne (12) (0.12
g, 1.39 mmol) ac cor ding to the ge ne ral pro ce du re 3.
13: Yel low cry stals, mp: 138–139 °C. Yield: 0.36 g (63%).
Rf (Et Ac): 0.53. IR (KB r, cm-1): ν 3061 (Ar–CH), 2966,
2856, 2923 (C–H), 1275, 1538 (C–NO2). UV-VIS 
(CHC l3): λmax (log ε) 245.84 (3.6), 293.38 (3.1), 389.26
(3.6) nm; 1H NMR (499.74 MHz, CDC l3, ppm): δ 2.35 (s,
3H, CH3), 3.20–3.42 (m, 4H, Hmorp), 3.55–3.71 (m, 4H,
Hmorp), 7.17–7.33 (m, 4H, Harom). APT NMR (125.66
MHz, CDC l3, ppm): δ 19.69 (CH3), 52.40, 64.52 (Cmorp),
119.35, 126.80, 128.85, 130.01, 134.01, 140.16 (Cbu tad,
Carom), 126.70, 129.14, 130.58, 133 (CHarom). MS: [ESI+]:
m/z 411 [M+H]+. Anal. Calcd for C15H15Cl3N2O3S (M =
409.72 g/mol): C, 43.97; H, 3.69; N, 6.84; S, 7.83. Found:
C, 43.83; H, 3.45; N, 6.59; S, 8.01. 

Synthe sis of 1-[2-Ni tro-3,4,4-trich lo ro-1-(2-methylp -
henylt hio)-1,3-bu ta dienyl]-4-(2-ami noethyl)morp ho li -
ne (15). Com pound 15 was synthe si zed from the reac tion
of 2-methylp henyl-1,3,4,4-te trach lo ro-2-ni tro bu ta-1,3-di-
en-1-yl sul fi de (4a) (0.5 g, 1.39 mmol) with 1-(2-ami -
noethyl)morp ho li ne (14) (0.18 g, 1.39 mmol) ac cor ding to
the ge ne ral pro ce du re 3.
15: Yel low cry stals, mp: 121–122 °C. Yield: 0.32 g (52%).

Rf (Et Ac): 0.43. IR (KB r, cm-1): ν 2923 (Ar–CH), 3335
(N–H), 2853 (C–H), 1539, 1588 (C=C), 1275, 1465
(C–NO2). UV-VIS (CHC l3): λmax (log ε) 243.93 (3),
345.41 (3.2) nm; 1H NMR (499.74 MHz, CDC l3, ppm): δ
1.18 (s, 3H, CH3), 2.35 (s, 2H, CH2), 3.35 (brs, H, NH),
3.37–3.48 (m, 4H, Hmorp), 3.52–3.66 (m, 4H, Hmorp),
7.01–7.46 (m, 4H, Harom). APT NMR (125.66 MHz, 
CDC l3, ppm): δ 18.98 (CH2), 28.69 (CH3), 52.37, 64.54
(Cmorp), 125.66, 126.70, 130.58, 131.83, 133.01, 137.04
(Cbu tad, Carom), 134.44, 136.46, 138.93 (CHarom). MS
[ESI+]: m/z 393 [M–NO2]

+. Anal. Calcd for
C16H18Cl3N3O3S (M = 438.76 g/mol): C, 43.80; H, 4.14; N,
9.58; S, 7.31. Found: C, 43.65; H, 3.91; N, 9.41; S, 7.12. 

3. X-Ray Cry stal Struc tu re 
De ter mi na tion

All mea su re ments we re ma de on a Ri ga ku RAXIS
RAPID ima ging pla te area de tec tor with grap hi te mo noc -
hro ma ted Mo-Kα ra dia tion λ = 0.71073 Å. The da ta we re
col lec ted at a tem pe ra tu re of 20 °C to a ma ximum 2è va -
lue of 60.2°. Cry stal lo grap hic da ta for 4a ha ve been de po -
si ted with the Cam brid ge Cry stal lo grap hic Da ta Cen tre as
sup ple men tary pub li ca tion no. CCDC-No 821368.17 Yel -
low cry stals of 4a sui tab le for X-ray dif frac tion analy sis
we re ob tai ned by slow eva po ra tion of et ha nol at room
tem pe ra tu re. Struc tu re so lu tion was by di rect met hods
SIR9218 and re fi ne ment was by full-ma trix least-squa res
on F using the CRYSTALS19 pro gram pac ka ge. All non-
hydro gen atoms we re re fi ned using the ri ding mo del. All
cal cu la tions we re per for med using the Cry stal Struc tu re
Cry stal lo grap hic Soft wa re Pac ka ge.20 The dia gram of 4a
by using ORTEP III21 pro gram with 30% pro ba bi lity dis -
pla ce ment el lip soide is gi ven in Fig.1. The mo le cu le pac -
king dia gram for 4a is shown in Fig. 2 as a pro jec tion
along the b axis. The mo le cu lar struc tu re of the tit le com -
pound is shown in Tab le 1 and se lec ted atom di stan ces
and an gles of 4a are gi ven in Tab le 2. 

4. Re sults and Dis cus sion

In the IR spec trum of 3 the re we re no typi cal ab -
sorp tion bands at about 3200–3400 cm-1 (as a broad peak)
and 2550–2560 cm-1 re gions cor res pon ding to OH and SH
groups, res pec ti vely. Mo reo ver, the mass spec trum of 3
sho wed the pro to na ted mo le cu lar ion peak at m/z 326
[M+H]+. Spec tros co pic evi den ce for the com pound 3 pro -
ved the pro ducts to be of cyclyc thi oet her struc tu re. In the
APT-NMR spec trum of 4a, methyl car bon atom sig nals
have ap pea red at δ 19.5 ppm and the pro tons of methyl
group ha ve been ob ser ved as a tri plet at δ 2.43 ppm. The
FT-IR spec trum of 5b sho wed cha rac te ri stic ab sorp tion as
a broad peak at 3384 cm-1. In the mass spec trum of 5b a
pro to na ted mo le cu lar ion peak has been no ti ced at m/z



300 Acta Chim. Slov. 2012, 59, 294–301

Ibis and Oz kok:  The Synthe sis of Novel S-, S,S-, S,S,S-, S,O-, N,S-Sub sti tu ted Halogeno bu ta-1,3-die nes

507 [M+H]. The pro to na ted mo le cu lar ion peak of 6c was
ob ser ved at m/z 476 in the mass spec trum. In the 1H-NMR
spec trum of tris thio sub sti tu ted ni tro die ne com pound 7a
was aro ma tic pro tons at δ 6.82–7.20 ppm we re ob ser ved
as a mul ti plet. In UV-VIS spec trum of 9 ma xi mum ab -
sorp tion was ob ser ved at 255 nm. In the 1H-NMR spec -
trum of com pound 9 of the aro ma tic pro tons two dub lets
lo ca ted at δ 7.04–7.06 and 7.17–7.19 ppm we re ob ser ved.
In the 13C-NMR of the com pound 11d met hoxy group ap -
pea red at δ 55.72 ppm. The sa me met hoxy group in the
1H-NMR spec trum of 11d was ob ser ved at δ 3.82 ppm as
a sin glet. In the 1H-NMR spec trum of the com pound 11e
CH group pro ton ap pea red at δ 4.09 ppm as a sin glet; ac -
cor dingly in the 13C-NMR the sa me group sho wed a sig -
nal at δ 74.33 ppm. The FT-IR spec trum of the com pound
11g sho wed a cha rac te ri stic band at 3344 cm-1.

Whi le NH group was ob ser ved in the 1H-NMR spec -
trum of com pound 15 as a broad sin glet at δ 3.35 ppm, the
IR band was at 3335 cm–1 sup porting the ac curacy of the
struc tu re 15. Mo reo ver, the mo le cu lar ion peak in ESI+
MS for 15 was ob tai ned at m/z 439. The loss of ni tro
group frag ment from the struc tu re of 15 was sho wed by
the mass peak at m/z 393.

The no vel com pounds which we re synthe si zed ha ve
been pu ri fied with co lumn chro ma to graphy and their
struc tu res cla ri fied by mi croa naly sis and spec tros co pic
met hods (IR, 1H-NMR, 13C or APT NMR, MS and
UV/VIS).

In our pre vi ous study the mo not hio sub sti tu ted ni tro -
die ne com pound 1,3,4,4-tetrach lo ro-4-(4-chlo rop henyl -
sul fanyl)-2-ni tro bu ta-1,3-die ne cry stal li zed in the tric li nic
cry stal system.22 In this study the no vel com pound 4a al so
cry stal li zed in the tric li nic cry stal system (spa ce group 
P-1) with the unit cell pa ra me ters a = 6.6525(7) Å, 
b = 10.7906(5) Å , c = 10.8339(4) Å , α = 72.57(3)°, 
β = 84.23(4)°, γ = 75.81(3)°, V = 719.03(9) Å3, Z = 2.

The tor sion an gles and geo me tric struc tu re of com -
pounds 1,3,4,4-tetrach lo ro-4-(4-chlo rop henyl sul fanyl)-2-
ni tro bu ta-1,3-die ne22 and the no vel com pound 4a are si -
mi lar to each ot hers (in ORTEP III). The cry stal lo grap hic
and struc tu re re fi ne ment da ta for 4a are sum ma ri zed in
Tab le 1. In the bu ta dien ske le ton, bond lenght C1–C2 is
1.305(4) Å, C2–C3 1.467(3) Å and C3–C4 1.356(3) Å,

Fi gu re 1. The mo le cu lar struc tu re of com pound 4a (ORTEP III).
Dis pla ce ment el lip soids are shown at the 30% pro ba bi lity le vel.

Fi gu re 2. Pac king dia gram of 4a; mo le cu lar over lap view from the
b axis.

Tab le 1. Cry stal lo grap hic da ta and struc tu re re fi ne ment for 4a

For mu la C11H7Cl4NO2S
For mu la Weight 359.05
Cry stal system Tric li nic
Spa ce Group P-1 
Lat ti ce Pa ra me ters a = 6.6525(7) Å, b =10.7906(5) Å, 

c =10.8339(4) Å, α = 72.57(3)°,

β = 84.23(4)°, γ = 75.81(3)°

V [Å3] 719.03(9)
Z 2
D

calc
(g/cm3) 1.658 g/cm

3

μ [mm–1] 0.961 
F000 360.00
In dex ran ges –7 ≤ h ≤ 7, -12 ≤ k ≤ 12, -12 

≤ l ≤ 12
Ref lec tions col lec ted 39062
In de pen dent ref lec tions 2547 (Rint = 0.029)
Good ness-of-fit on F 1.014
Fi nal R in di ces [I > 3σ(I)] R = 0.039, wR = 0.053
Lar gest diff. peak and ho le 0.57 and –0.31 e.Å–3

Tab le 2. Se lec ted bond lengths [Å] and an gles [°] with e.s.d in pa -
rent he ses for 4a 

Atom Di stan ce [Å] Atom An gle [°]
Cl(4)–C(4) 1.720(3) C(5)–S(1)–C(4) 104.2(1)
Cl(2)–C(1) 1.727(2) C(3)–N(1)–O(1) 119.3(2)
S(1)–C(4) 1.731(2) C(4)–C(3)–N(1) 113.9(2)
O(2)–N(1) 1.228(3) C(10)–C(5)–S(1) 121.3(2)
O(1)–N(1) 1.217(3) Cl(3)–C(2)–C(3) 117.0(2)
C(1)–C(2) 1.305(4) C(6)–C(5)–S(1) 116.7(2)
C(8)–C(9) 1.355(5) O(2)–N(1)–O(1) 123.2(3)
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res pec ti vely, typi cal of C–C bonds. The tor sion an gles of
4a we re 92.6(2)° for C4–S1–C5–C10, 7.5(2)° for
C5–S1–C4–Cl4, 82.1(4)° for C4–C3–C2–C1 and 4.1(3)°
for O2–N1–C3–C2, res pec ti vely. 

5. Conc lu sions

In sum mary, no vel S-, S,S-, S,S,S-, S,O- and N,S-
sub sti tu ted com pounds ha ve been synthe si zed un der dif -
fe rent reac tion con di tions and their struc tu res were
characte ri zed by spec tros co pic met hods. In ad di tion, the
cry stal struc tu re of 4a was firmly se cu red by X-ray cry -
stal lo graphy. 
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Povzetek
Z reak ci jo ne ka te rih tio lov in 2-ni tro pen ta klo ro-1,3-bu ta die na smo pri pra vi li raz li~ne tio sub sti tui ra ne ni tro dien ske spo -
ji ne (3, 4a, 5a,b, 6c, 7a, 7c, 9). N,S-Sub sti tui ra ne ni tro die ne (11a–g, 13, 15) smo pri pra vi li iz 2-ni tro pen ta klo ro-1,3-bu -
ta die na z iz bra ni mi ami ni (mor fo lin in de ri va ti pi pe ra zi na). Spo ji na 4a je kri sta li zi ra la v tri klin ski sin go ni ji (pro stor ska
sku pi na P-1) s pa ra me tri os nov ne ce li ce: a = 6.6525(7) Å, b = 10.7906(5) Å, c = 10.8339(4) Å, α = 72.57(3)°, β =
84.23(4)°, γ = 75.81(3)°, V = 719.03(9) Å3, Z = 2. No ve spo ji ne smo ka rak te ri zi ra li z ele ment no ana li zo, UV-VIS, FT-
IR, 1H-NMR, NMR (13C ali APT) in ma sno spek tro sko pi jo.


