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By condensation of arylamines and formaldehyde in
equimolar ratio, using formic acid as catalyst and acetonitrile
asasolvent at roomtemperature, 3,5, 7-triaryl-1,3,5,7-oxatriazo-
canes (2-5) wereformed. The composition and structural formula
of al compounds were confirmed by elemental analysis, IR,
MS and NMR spectroscopy methods. Theoretical calculation
were used for conformational analysis of 3,5,7-tri(4-chloro-
phenyl)-1,3,5,7-oxatriazocane in the gas phase at HF/3-21+
g(d,p) level of computational study. Results show that stability
of various structures are in the order: crown > saddle > boat
chair family.

Key Words: 3,5,7-Triaryl-1,3,5,7-oxatriazocane, ab initio
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INTRODUCTION

Cyclooctanes have been studied by numerous methods such as dipole
moment and electron diffraction measurements, infrared, Raman, nuclear
magnetic resonance (NMR) and X-ray diffraction™®. Cyclooctane could
exist in some conformations, in which boat-chair and crown are usually
known as the most stable conformation. Compounds with specia substitution
patterns or with heteroatoms often exist partially or mainly in crown confor-
mation®*°. Replacement of CH, group in cyclooctane by heteroatomes such as
N, O and Sleadsto different conformational structures™**. In our proceeding
paper, we reported the synthesis, conformation analysis, X-ray structural
determination and anomeric effect of 3,7-diaryl-1,5-dioxa-3,7-diazacyclo-
octane (1)™°. In the present work, we report the synthesis of 3,5,7-triaryl-
1,3,5,7-oxatriazocane along with theoretical cal culation and conformational
analysisof 3,5,7-tri(4-chlorophenyl)-1,3,5,7-oxatriazocane in the gas phase
at HF/3-21+g(d,p) computational level.
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EXPERIMENTAL

All commercially available chemical reagentswere used without further
purification. Melting points were determined with an electrothermal 9200
apparatus and are uncorrected. Elemental analyses were carried out using
aC, H, N Rapid-Heraeus apparatus. Mass data was obtained on aFISONS
TRIO 1000 GC-Mass instrument. Infrared spectrum was recorded on a
Shimadzu 4300 spectrometer. The NMR spectrum wasrecorded on aBrucker
DRX-500 Avance spectrometer.

Synthesisof 3,5,7-tri(4-chlorophenyl)-1,3,5,7-oxatriazocane (2): To
adtirred solution of 4-chloroaniline (1.91 g, 15 mmol) and formic acid (0.1 g,
of 98 % aqueous solution, 2.2 mmol) in acetonitrile (75 mL) at 25 °C,
formaldehyde (1.62 g, of 37 % aqueous solution, 20 mmol) was added
slowly. The solution was stirred at room temperature for 24 h until awhite
precipitate was formed. The mixture was filtered, the precipitate washed
with cold acetonitrile and recrystallized from THF. Yield: 0.90 g (84 %),
m.p. 240 °C. IR (KBr, Vima, cm™): 1595, 1490 (C=C), 1409, 1363 (CH,),
1257, 1165 (C-N), 1022 (C-0O), 962, 927 C-Cl). 'H NMR (Acetone-ds, 30
°C) ppm: 6.66, 6.68, 7.33, 7.35 (dd, 8H, J=8.98 Hz), 7.06, 7.07, 7.29, 7.30
(dd, 4H, J = 8.61 Hz), 4.99 (s, 4H, CH,), 4.95 (s, 4H, CH,). '"H NMR
(Pyridine-ds, 25 °C) ppm: 6.68, 6.69. 7.28, 7.29 (dd, 8H, J = 7.65 Hz),
6.70, 6.71, 7.23, 7.24 (dd, 4H, J = 7.34 Hz), 4.94 (s, 4H, CH,), 4.83 (s, 4H,
CH,). ®C NMR (Pyridine-ds, 25 °C) ppm: 146.54, 146.37, 136.76, 136.67,
130.71, 130.29, 116.46, 116.29, 67.41, 62.73. The EI-MS, m/z: 454 (m"),
368, 183, 155, 77. Elemental analysiscalculated for C,HxN3;OCls: C, 58.66;
H, 4.44; N, 9.33; Cl, 23.66. Found: C, 58.64; H, 4.41; N, 9.36; Cl, 23.68.
Condensation of 4-bromo-, 4-cyano- and 3-nitroaniline with formaldehyde
under similar condition leads to 3-5.

3: Yield: 1.75 g (60 %), m.p. 242 °C. IR (K BT, Vi, cm™): 1585, 1492
(C=C), 1253, 1163 (C-N), 1016 (C-0), 927 (C-Br). *H NMR (Acetone-ds,
25 °C) ppm: 6.67, 6.68, 7.34, 7.35 (dd, 8H, J = 8.97 Hz), 7.04, 7.06, 7.30,
7.31(dd, 4H, J = 8.64 Hz), 5.00 (s, 4H, CHy), 4.95 (s, 4H, CH,). ®*C NMR
(Acetone-ds, 25 °C) ppm: 145.93, 145.86, 136.64, 136.51, 130.58, 130.17,
116.33, 116.16, 68.79, 63.03. The EI-MS, m/z: 584 (m"), 368, 183, 155,
77. Elemental analysis calculated for CH2oN3;OBrs: C, 45.28; H, 3.43; N,
7.20; Br, 41.16. Found: C, 45.27; H, 3.41; N, 7.21; Br, 41.17.

4: Yidd: 0.75 g (38.4 %), m.p. 266 °C. IR (KBTI, Vi, CM™): 2224
(C=N), 1596, 1494 (C=C), 1313, 1217, 1161 (C-N), 995 (C-0). '"H NMR
(Acetone-ds, 25 °C) ppm: 7.11, 7.12, 7.49, 7.48 (dd, 8H, J = 8.46 Hz),
7.27,7.25,7.46, 7.47 (dd, 4H, J = 7.45 Hz), 5.32 (s, 4H, CH,), 5.20 (s, 4H,
CH,). The EI-MS, m/z: 423 (m"), 146, 130, 104, 77. Elemental analysis
calculated for CxsH2N6O: C, 71.43; H, 4.76; N, 20.00. Found: C, 71.38; H,
4.74; N, 20.03.
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5. Yield: 0.26 g (28.8 %), m.p. 290 °C. IR (KBr, v, cm™): 1618,
1537 (C=C), 1528, 1346 (NO2), 1450, 1408 (CH,), 1274, 1205, 1164 (C-N),
1102 (C-0), 962, 927 (C-Cl). *H NMR (Acetone-ds, 25 °C) ppm: 7.82-7.27
(m, 12H), 5.19 (s, 4H, CH,), 5.16 (s, 4H, CH,). The EI-MS, m/z: 484 (m"),
166, 150, 138, 77. Elemental analysis cal culated for C,H20NsO7: C, 55.00;
H, 4.16; N, 17.50. Found: C, 55.97; H, 4.17; N, 17.39.

RESULTSAND DISCUSSION

Condensation was performed with formaldehyde and arylaminesvia a
direct, one pot synthesisof 3,5, 7-triphenyl-1,3,5,7-oxatriazocane derivatives
(2-5). Substituents are including 4-chloro, 4-bromo, 4-cyano and 3-nitro

, X= 4-Cl

phenyl (Scheme-1).
Scheme 1 @X
X= 4-Br

2
HCOOH N7 3
NH2 + CHZO R ——— N N 4, X= 4-CN
CH,CN LAl
; (0] 5, X= 4-NO,
X X X

-

9

In the case of 2, the El mass spectrum, showed amolecular ion peak at
m/z 454 and elemental analysisis consistent for C,HxNsOCls. In the IR
spectrum of 2 bath amine and carbonyl absorptionsdid not observe. Characte-
ristics of the proton spectrum are two singlet at 5 4.83 and 4.94 ppm for
CH, and two doublet of doublet at 6.70, 6.71 and 7.23, 7.24 for CH aromatic
rings protons. In *C NMR spectrum of 2 the carbon resonance of CH,
groups is found to be at the 67.41 and 62.73 ppm. The aromatic carbons
appeared at 116.29-146.54 ppm. TheR, *H and *C NMR datafor compounds
3-5aresimilar to thosefound for 2. These previously unreported compounds
were obtained from reaction mixture in a highly pure crystalline form in
30-60 % yield. Reactions are fast and completein afew hours. Best yields
are obtained at pH = 8-9 but drastically reduced under highly basic
or acidic conditions. The composition and structural formula of 2-5 were
confirmed by a combination of elemental anaysis, IR, MS and NMR
methods.

abinitio Calculationswere applied for conformational analysisof 3,5,7-
tri(4-chlorophenyl)-1,3,5,7-oxatriazocane in the gas phase at HF/3-
21+g(d,p) computational levels. For these calculations crown, saddle and
boat-chair were considered as possible conformers of 3,5,7-tri(4-
chlorophenyl)-1,3,5,7-oxatriazocanes (Fig. 1).

Theoretical calculations show global minimumsfor crown, saddle and
boat-chair conformers with differences in total energy -7.21, -5.82 and 0
relative to boat-chair as the less stable conformer, respectively. The calcul ated
energy for different conformationsis given in Table 1.
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Fig. 1. Possible conformers of 2

TABLE-1
CALCULATED TOTAL ENERGY, DIFFERENCE IN TOTAL
ENERGY (AE) AND ZPVE for 2

Conformer Total energy (aU)  AE (kcal mol™) ZPVE (au)
Crown -2449.36787 -7.21 0.445726
Saddle -2449.36565 -5.82 0.445029
Boat chair -2449.356382 0 0.445580

The calculated energies correctly predict that the crown conformation
ispreferred over the saddle and boat-chair conformations (Fig. 2). Harmonic
vibrational frequency calculations at HF/3-21+g(d,p) level confirmed the
structures as minima and enabled the evaluation of zero-point vibrational
energies (ZPVE). Thetorsond angles (w) aswell as other structura properties,
bond length and bond angleswere measured for previously optimized confor-
mers crown, saddle and boat-chair (Tables 2-4).

Saddle Family

Boat Chair

Fig. 2. Optimized Crown conformers of 2
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TABLE-2
CALCULATED GEOMETRICAL PROPERTIES FOR
CROWN CONFORMER OF 2 AT HF/3-21+G(d,p)

Bond length (A)

Bond angles (°)

Torsion angles (9)

O(1)-C(2) 1.45765 O(1)-C(2)-N(4) 113.4 O(1)-C(2)-N(4)-C(6) 65.3
O(D)-C(3) 1.43185 C(2)-N(4)-C(6) 117.7 O(1)-C(3)-N(5)-C(7) -20.5
C(2-N(4)  1.44040 O(46)-C(2)-N(7) 115.1 O(46)-C(2)-N(7)-C(1) 87.9
0O(46)-C(10) 1.45600 C(2)-N(7)-C(1) 118.8 O(46)-C(10)-N(15)-C(9) -82.2
0O(46)-C(2) 1.45500 O(46)-C(10)-N(15) 115.4 C(10)-N(15)-C(9)-N(8) 88.7
C(10)-N(15) 1.43600 C(10)-O(46)-C(2)  119.9 N(15)-C(9)-N(8)-C(1) -85.2
C(2-N(7)  1.44200 N(15)-C(9)-N(8) 116.2 C(9)-N(8)-C(1)- N(7) 775
N(15-C(9) 1.47100 C(10)-N(15)-C(9)  118.7 N(8)- C(1)-N(7)-C(2) -79.5
N(7)-C(1)  1.47300 C(9)-N(8)-C(2) 120.1 O(46)-C(2)-N(7)-C(16) -77.0
C(9)-N(8)  1.46100 N(7)-C(1)-N(8) 118.1 O(46)-C(10)-N(15)-C(36) 76.2
C(1)-N(8)  1.45800 C(10)-N(15)-C(36) 119.0 N(8)-C(1)- N(7)-C(16) 84.9
C(2-H(6) 1.08200 (9)-N(15)-C(36) 118.7 N(8)-C(9)-N(15)-C(36) -69.8
C(2-H(3) 1.07600 C(9)-N(8)-C(26) 117.7 C(2)-O(46)-C(10)-H(12) -395
C(10)-H(11) 1.07500 C(1)-N(8)-C(26) 121.2 C(2)-O(46)-C(10)-H(11)  -156.9
C(10)-H(12) 1.08200 C(1)-N(7)-C(16) 121.1 C(10)-O(46)-C(2)-H(3) 150.1
C(9)-H(13) 1.08100 C(2)-N(7)-C(16) 118.2 C(10)-O(46)-C(2)-H(6) 326
C(9)-H(14) 1.07600 O(46)-C(2)-H(3) 104.4 H(12)-C(10)-N(15)-C(36) -161.7
C(D-H() 1.07500 O(46)-C(2)-H(6) 108.7 H(11)-C(10)-N(15)-C(36) -41.1
C(1)-H(4) 1.08200 O(46)-C(10)-H(11) 104.3 C(10)-N(15)-C(9)-H(13) -32.9
N(15)-C(36) 1.42200 O(46)-C(10)-H(12) 108.3 C(10)-N(15)-C(9)-H(14)  -149.6
N(7)-C(16) 1.41800 N(7)-C(2)-H(3) 109.4 C(26)-N(8)-C(9)-H(13) -155.9
N(8)-C(26) 1.43400 N(7)-C(2)-H(6) 109.0 C(26)-N(8)-C(9)-H(14) -38.9

N(7)-C(1)-H(4) 6.4 C(26)-N(8)-C(2)-H(5) 329

06.4 N(7)-C(1)-H(5) 108.8 C(26)-N(8)-C(1)-H(4) 149.3

N(8)-C(1)-H(4) 107.5 C(16)-N(7)-C(1)-H(5) -37.9

N(8)-C(1)-H(5) 107.5 C(16)-N(7)-C(1)-H(4) -154.3

N(8)-C(9)-H(13) 108.6 C(16)-N(7)-C(2)-H(3) 40.2

N(8)-C(9)-H(14) 107.8 C(16)-N(7)-C(2)-H(6) 160.6

N(15)-C(9)-H(13) 107.2

N(15)-C(9)-H(14) 108.6

N(15)-C(10)-H(11) 109.6

N(15)-C(10)-H(12) 108.9

TABLE-3
CALCULATED GEOMETRICAL PROPERTIES FOR
ADDLE CONFORMER OF 2 AT HF/3-21+G(d,p)

Bond length (A) Bond angles (9) Torsion angles (9)
0O(46)-C(10) 1.455 0O(46)-C(2)-N(7) 115.1 O(46)-C(2)-N(7)-C(1) 105.1
0O(46)-C(2) 1455 C(2-N(7)-C(1) 1181 O(46)-C(10)-N(15)-C(9) 105.1
C(10)-N(15) 1.442 0O(46)-C(10)-N(15) 115.1 C(10)-N(15)-C(9)-N(8) -113.6
C(2)-N(7) 1442 C(10)-0(46)-C(2) 121.1 N(15)-C(9)-N(8)-C(2) 36.7
N(15)-C(9) 1458 N(15)-C(9)-N(8) 1121 C(9)-N(8)-C(1)-N(7) 36.6
N(7)-C(1) 1458 C(10)-N(15-C(9) 1181 N(8)-C(1)-N(7)-C(2) -113.6
C(9)-N(8) 1466 C(9)-N(8)-C(1) 118.3 0O(46)-C(2)-N(7)-C(16) -73.1
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Bond length (A)

Bond angles (%)

Torsion angles (%)

C()N@E 1466 N(7)-C()-N@E 1121 O(46)-C(10)-N(15-C(36) -732
C(2-H(®) 1076 C(10)-N(15-C(36) 1210 N(8)-C(1)- N(7)-C(16) 64.63
C)-H@B 1077 C(9-N(I5-C(36) 1208 N(8)-C(9)-N(15)-C(36) 64.6
C(10)-H(11) 1076 C(9)-N(8)-C(26) 1208 C(2)-O(46)-C(10)-H(12) -153.0
C(10)-H(12) 1077 C(1)}-N(8}-C(26) 1208 C(2)-O(46)-C(10)-H(11) 902
CO-H(13) 1080 C(1)-N(7)-C(16) 1208 C(10)-0(46)-C(2-H(3)  -153.1
C(9)-H(14) 1079 C(2-N(7)-C(16) 1210 C(10)-O(46)-C(2)-H(6) 9.1
C(1)-H(B) 1080 O(46)-C(2-H@E) 1040 H(12)-C(10)-N(15-C(36) 447
C(1)-H(4) 1079 O@46)-C(2-H(6) 1081 H(11)-C(10)}-N(15)-C(36) 165.6
N(15)-C(36) 1405 O(46)-C(10)}-H(11) 1081 C(10)-N(15)-C(9-H(13) 1263
N(7)-C(16) 1405 O(46)-C(10)-H(12) 104.0 C(10)-N(15)-C(9)-H(14) 8.7
N(8)-C(26) 1398 N(7)-CQ-H(3) 1111 C(26)-N(8)-C(9)-H(13) 218
N(7)-C(2-H(6) 1085 C(26)-N(8)-C(9)-H(14) 9.7
N(7)-C(1-H(@4)  107.2 C(26)-N(8)-C(1)-H(5) -218
IN(7)-C()-H(E) 1105 C(26)-N(8)-C(1)-H(4) 96.7
N©-C)-H@) 1112 C(16)-N(7)-C(1)-H(5) 554
N(8)-C(1-H(5)  107.7 C(16)-N(7)-C(1)-H(4) -173.1
N(8)-C(9-H(13)  107.7 C(16)-N(7)-C(2)-H(3) 44.7
N(8)-C(9-H(14) 1112 C(16)-N(7)-C(2)-H(6) 1656

N(15)-C(9)-H(13) 1104

N(15)-C(9)-H(14) 107.2

N(15)-C(10)-H(11) 1085

N(15)-C(10)-H(12) 1111

TABLE-4

CALCULATED GEOMETRICAL PROPERTIES FOR
BOAT CHAIR CONFORMER OF 2 AT HF/3-21+G(d,p)

Bond length (A) Bond angles (9) Torsion angles (9)
O(1)-C(2) 145765 O(1)-C(2-N(@) 1134 O(1)-C(2)-N(4)-C(6) 65.3
O(1)-C(3) 143185 C(2-N(4)-C6) 117.7 O(1)-C(3)-N(5)-C(7) 205
C()-N@4) 144040 O(1)-C-N() 1151 C(10)-N(4)-C(6)-N(8) 753
CO-N(B) 146652 C(3-0(1)-C() 1211 C(10)-N@4)-C()-O(1)  -105.2
N(4)-C(6) 145455 N(5)-C(7)-N(8) 1121 C(10)-N(4)-C(2)-H(35) 16.1
N(5)-C(7) 145613 C(3}N(5)-C(7) 1181 C(10}-N(4-C(2-H(36) 1390
C(6)-N(8) 148580 C(9)-N(8)-C(1) 1183 C(10)-N(4)-C(6)-H(38) -162.6
C(7)-N(8) 147668 N(4)-C(6)-N(8) 1150 C(10)-N(4)-C(6)-H(37)  -452
C(2)-H(35) 107647 C(6)}-N(8)}-C(7) 1174 C(21)-N(8)-C(7)-H(39)  -101.9
C(2-H(36) 107616 N(®-C(7)-N(B) 1123 C(21-N(®)-C(7)-H(40)  17.7
C(6)-H(37) 107783 N(5)-C(3-O(1) 1102 C(21)-N(8)-C(6)-H(38) 828
C(6)-H(38) 108553 C(2)-N(4)-C(10) 1208 C(21)-N(8-C(6)-H(37)  -352
C(-H(41) 107961 C(6)-N(4)-C(10) 1208 N(4)-C(6)-N(8)-C(7) 55.7
C(3-H(46) 108141 C(6)-N(8-C(21) 1156 C(6)-N(8)-C(7)- N(5) 759
C(7)-H(39) 1.07789 C(7)-N(8)-C(21) 1189 N(8)- C(7)-N(5)-C(3) 103.0
C(7)-H(40) 1.07781 C(7)-N(5)-C(9) 1208 O(1)-C(3)-N(5)-C(9) 1616
N(4)-C(10) 142080 C(3}-N(5-C(9) 1203 C(9-N(5-C(7)-H(39)  157.9
N(5)-C(9) 139204 O(1)-C(2)-H(35) 1084 C(9)-N(5)-C(7)-H(40) 398
N(8)-C(21) 1.42490 O(1)-C(2)-H(36) 1030 C(9)-N(5)-C(3)-H(41) -814

O(1)-C(3-H(4l) 1054 C(9)-N(5)-C(3)-H(46) 405
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Bond length (A) Bond angles (9) Torsion angles (%)

O(1)-C(3)-H(46) 110.2
N(4)-C(2)-H(35)  109.7
N(4)-C(2)-H(36) 1115
N(4)-C(6)-H(37)  109.1
N(4)-C(6)-H(38)  106.9
N(8)-C(6)-H(37)  107.2
N(8)-C(6)-H(38)  109.8
N(8)-C(7)-H(39) 1114
N(8)-C(7)-H(40)  107.6
N(5)-C(7)-H(39) 1075
N(5)-C(7)-H(40) 1088
N(5)-C(3-H(41) 1119
N(5)-C(3)-H(46)  109.1

ONO AWM

11.
12.

13.
14.
15.

16.
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