This article was downloaded by:

On: 28 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

1
4
g

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

i S-;'!-‘!f“rs and http://www.informaworld.com/smpp/title~content=t713618290
¢ Silicon
i and the Helated Elements
? | SYNTHESIS AND CONFORMATIONAL ANALYSIS OF 16H-
ESE DINAPHTHO AND 12 H-DIBENZO [D,G][1,3,2]DIOXASILOCINE
: 1 Parviz Rashidi-Ranjbar®; Ahmad Khoramabadi-zad? Mahmood Roohi?
* Department of Chemistry, Faculty of Science, Tehran University, Tehran, IRAN
;
t
|

To cite this Article Rashidi-Ranjbar, Parviz , Khoramabadi-zad, Ahmad and Roohi, Mahmood(2000) 'SYNTHESIS AND
CONFORMATIONAL ANALYSIS OF 16 H-DINAPHTHO AND 12 H-DIBENZO [D,G][1,3,2]DIOXASILOCINE,
Phosphorus, Sulfur, and Silicon and the Related Elements, 159: 1, 229 — 238

To link to this Article: DOI: 10.1080/10426500008043664
URL: http://dx.doi.org/10.1080/10426500008043664

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww informaworld.coniterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iiable for any | oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426500008043664
http://www.informaworld.com/terms-and-conditions-of-access.pdf

13: 42 28 January 2011

Downl oaded At:

Phosphorus, Sulfur and Siticon, 2000, Vol. 159, pp. 229-238 © 2000 OPA (Overseas Publishers Association)
Reprints available directly from the publisher Amsterdam N.V. Published under license by
Photocopying permitted by license only the Gordon and Breach Science Publishers imprint.

Printed in Malaysia

SYNTHESIS AND CONFORMATIONAL
ANALYSIS OF 16H-DINAPHTHO AND 12
H-DIBENZO [D,G][1,3,2]DIOXASILOCINE

PARVIZ RASHIDI-RANJBAR®, AHMAD KHORAMABADI-ZAD and
MAHMOOD ROOHI

Deptartment of Chemistry, Faculty of Science, Tehran University, Tehran-IRAN
(Received March 23, 1999, In final form June 8, 1999,)

The conformation of the heterocyclic eight-membered ring in 16H-dinaphtho and
12H-dibenzo [d,g][1,3,2]dioxasilocine was investigated in solution by 'H NMR spectros-
copy. The barrier to ring inversion in the 16H-dinaphtho compound 3a was found to be
8.6+0.2 Kcal/mol and for the 12 H-dibenzo compound 4a, 8+0.2 Kcal/mol. Molecular
mechanics calculations show three energy minima conformations for both compounds, boat
chair(BC), twist boat(TB) and twist boat boat(TBB). Twist boat form is estimated to be the
global minimum for the dibenzo compounds while TBB is the global conformation of the
dinaphtho compounds. The result of molecular mechanics calculations are supported by anal-
ysis of the 'H-NMR spectra.

Keywords: Eight-membered rings; heterocyclic rings; dynamic NMR; silicon compounds;
conformations; conformational analysis

INTRODUCTION

The conformational analysis of eight-membered rings with two torsional
constraints has been the subject of a number of investigationsl‘é. The par-
ent hydrocarbon, i.e. 1,4-cyclooctadiene adopts the TB and BC conforma-
tions in solution with the BC form being 0.1 Kcal/mol higher in steric
energy’.

Although less is known about the oxygen containing 1,4-cyclooctadiene
heterocycles, conformations of a number of nitrogen containing ones have
been determined both in solution and in the solid state. X-ray structure
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analysis of the lZH-dibenzo[d,g][1,3,2]N-methylazocine7 shows that this
compound exists in the solid state as the rigid boat-chair which in solution
is populated to 95.5% with the B form as the very minor form. On the
other hand the N-t-butylazocine exists in the solid state as well as in solu-
tion as enantiomeric pairs of twist-boats®.

Variable temperature 'H NMR studies of 3,4,6,7-diazothia-cyclooctane
shows the compound to interconvert rapidly at room temperatures. At
lower temperatures, the '"H NMR is consistent with a rigid boat-chair con-

formation and rapidly equilibrating boat-boat or twist-boat forms”.

For the phosphorus containing 1,4-cyclooctadiene, the X-ray analysis of
the dibenzo derivative of the 1,3,2-dioxaphosphocane ring system proved
that the boat chair conformation with Cg symmetry is adopted in the solid
state'®. For the compounds containing four-coordinated phosphorus,
dynamic NMR measurements show the presence of two conformations, a

major boat form and a minor boat-chair form'!.

The conformation of 12H-dibenzo[d,g}dioxathiocines in the solid state
is shown to be BC by X-ray crystallography. The sulfinyldioxy compound

exists as the asymmetric axial boat form!2,

For the eight membered ring in 12 H-dibenzo[d,g][1,3,2]dioxasilocine
derivatives, boat chair, twist boat and boat conformations are found in the
solid state and in solution!>'4. These compounds have two bulky t-Bu
groups at the 4 and 8 positions, and in those with a boat conformation in
the solid state, methyl groups in 1 and 2 positions are present. It is
expected that the conformations of these compounds are affected by the
presence of the bulky t-Bu groups. To see the effect of the absence of t-Bu
groups on the conformation and conformational barriers, synthesis and
conformational analysis of 16H-dinaphtho and 12H-dibenzo [d,g][1,3,2]
dioxasilocines with different substitution at C-16 or C-12 positions are
reported (scheme 1).

RESULTS AND DISCUSSION

The reaction of alkylidene bisnaphthols (1a-1e) or bisphenol (2a-2f) deriv-
atives (Scheme 1) with dichlorodimethylsilane using triethylamine or hex-
amethylenetetramine as acid acceptor gave the dioxasilocine (3a-3e) and
(4a-4f) in moderate yeilds. TH NMR spectra of 3a and 4a show sharp sin-



13: 42 28 January 2011

Downl oaded At:

DIOXASILOCINE 231

i
OH '\HC OH c

a:H a:H

\(,,,o

b: Ph b: CH,
¢ 4-CH,;0-Ph c:Ph
d: 4-Br-Ph d: 4-(CHy),N-Ph
e:4-CHy-Ph
f: 4Br-Ph
SCHEME 1

glet signals at § 0.45 and 0.25 respectively for the two equivalent methyl
groups bonded to silicon and at § 4.76 (3a) and 3.87 (4a) for the two
equivalent protons of the bridging methylenes. The variable temperature
'H NMR spectra of 3a and 4a were recorded down to —100°C and
—108°C, respectively.

For 3a, the decoalesence of CH, protons was achieved at —93°C, but
down to -100°C no evidence of decoalescence of the methyl protons
bound to silicon was observed; the signals remained quite sharp at this
temperature which might be due to the very small difference in their chem-
ical shifts as well. A barrier of 8.6+0.2 Kcal/mol to ring inversion could be
derived by spectra simulation. At —100°C the signals due to aromatic pro-
tons remained sharp and unchanged compared to the ones at ambient tem-
peratures. This requires that either a 6 plane of symmetry be present in the
molecule like in BC or BB forms, or an average ¢ plane of symmetry be
adopted due to a rapid conformational interconversion like TB € TB* via
BB as either an intermediate or a transition state, at —100°C.

The use of 2J magnitude as well as the difference in chemical shifts of
CH, protons and methyl protons connected to silicon is believed to be
indicative of conformations in solution'. A coupling constant of 15 +
1 Hz could be drown out from the spectrum at —100°C. Efforts to record
the spectra lower than —100°C was not successful due to the precipitation
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of 3a in the NMR tube. The difference in chemical shifts of CH, protons in
3a is about 0.4 ppm. This value is between the values reported for the B
and TB conformations in similar compounds 10, The difference in chemi-
cal shifts of the methyl protons connected to the silicon atom was found to
be 0.18 for 3b and 0.16 for 3d. For 3¢ and 3e both methyls appear at the
same chemical shift. The values for 3b and 3d are very similar to the
reported value for a B conformation'C.

For 4a, decoalescence occurs at —103°C for the methylene and at
—108°C for the methyl protons bound to silicon, whereas at —108°C, the
protons of the two methyl groups connected to the benzene rings appear as
a sharp singlet. The barrier to ring inversion was estimated to be 8.7+0.2
Kcal/mol by spectra simulation. A barrier of 13.9 Kcal/mol for a dibenzo
analogue with two t-Bu groups at the 4 and 8 positions has been
reported”. The difference of ~5 Kcal/mol between the barrier to ring
inversion in these compounds could be attributed to the presence of the
t-Bu groups in the second one.

The '"H NMR spectra of 4a below T requires that the ring conformation
possesses a O plane of symmetry passing through the silicon atom and the
bridging methylene carbon atom, such as found in the BB or BC confor-
mations or an average plane of symmetry like in 3a is adopted. The differ-
ence in chemical shifts of CH,protons of 4e below T was found to be
about 1 ppm. A coupling constant of about ~15 Hz could be derived from
the spectrum at —108°C. These values suggest that TB is the dominant
form in solution. The chemical shift difference between the anisochronous
methyl groups connected to the silicon atom in 4b-4f is found to be about
0.5 ppm. This is close to the one found for the TB form, therefore a TB
conformation for the compounds 4a-4f in solution is supported.

The conformational space of the dibenzo and dinaphtho[a,d]cyclooctene
was explored by molecular mechanics caculations. Three energy minima
conformations were found for each i.e. boat chair(BC), twist boat(TB),
and twist boat boat(TBB). For the dibenzo compound, BC is the global
minimum while in the dinaphtho compound, TBB is the global minimum
form. Molecular mechanics calculations on the dibenzo and dinaphtho
silocine compounds show that the TB form is the global form for the
dibenzo and TBB is the global minimum for the dinaphtho compound. The
optimized structures of the energy minima for 3a and 4a are depicted in
Figures 1 and 2 and the relative steric energies and the torsion angles are
given in Tables I and II.
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FIGURE 1 The opimized structure of the three energy minima conformations of 3a

BC

TB

FIGURE 2 The three energy minima conformations of 4a

TBB

TABLE I The relative steric energies (Kcal/mol) and torsional angles (in degree) of different

conformations of the dinaphto silocine 3a. For the numbering see Figure 1

Conformation: BC TB TBB
S.EE. 0.8 143 0.0
0]
1234 -82 —42 -105
2345 -11 0.6 5
3456 75 =70 70
4567 =77 88 -15
5678 84 22 -88
6781 -78 —-80 57
7812 -3 =7 2
8123 98 98 47
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TABLE II The relative steric energies (Kcal/mol) and torsional angles (in degree) of different
conformations of the dibenzo silocine 4a. For the numbering see Figure 1

Conformation: BC TB TBB
S.E. 1.1 0.0 0.9
o]
1234 95 -34 -101
2345 1 2 2
3456 72 -74 68
4567 -78 85 -10
5678 78 26 -83
6781 ~-72 -84 50
7812 -1 -4 0.1
8123 95 86 52
EXPERIMENTAL SECTION

Melting points were determined in capillary tubes on an Electrothermal
9100 melting point apparatus and are uncorrected. 'H NMR and 13C NMR
spectra as well as the temperature dependent 'H NMR spectra of 3a and 4a
were recorded on a Bruker FT-80 spectrometer. The 'H and !3C chemical
shifts are reported in ppm relative to tetramethylsilane. The dynamic NMR
spectra were analysed by coalesence approximation 135 as well as line shape
analysis which was performed by DNMR-3 program 16 The errors in the
computed free-energy barriers are mainly due to errors in the temperature
measurements and are estimated to be less than +0.2 Kcal/mol. Mass spectra
were recorded on a Finnigan MAT spectometer at 70 ev. Elemental analyses
were performed by the Analytical group at the Department of Chemistry,
Tarbiat Moddarres University, Teheran. Reagents and solvents were pur-
chased from Merck and used without further purification. Bisnaphtols and
bisphenols were prepared according to the published procedures 17-21 The
typical procedure outlined below was used for the preparation of 3a-3d and
4a-4e. In a modified procedure, for preparation of 3b and 3d, hexamethyl-
enetetramine was used instead of triethylamine, in other cases side reactions
take place. Molecular mechanics calculations were performed by MMP2-87
program 2.1 using the parameters reported by Burke et al 14
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GENERAL PROCEDURE

To a solution of 5Smmol of the appropriate bisnaphthol 1 or bisphenol 2 and
15 mmol of triethylamine in 20ml of dichloromethane or toluene at room
temperature 7mmol of dichlorodimethylsilane was injected slowly. The
reaction mixture was stirred at room temperature for several hours and
then worked up. The work up procedure was first removing the precipitate
by filtration followed by removal of the solvent by rotary evaporation. The
residue was purified by flash chromatography except for the dinaphtho
compounds which were found to decompose on the column. For dinaphtho
compounds fractional crystallization was found usefull.

8,8-Dimethtyl-16H-dinaphtho[2,1-d::1,2 -g][1,3,2] dioxasilocine (3a)

Recrystallized from hexane/CH,Cl,; (white crystals, mp 131.5-133.5°C);
'"H NMR (CDCly) 8: 0.45 (6H, s), 4.76 (2H, s), 7.04-8.25 (12H, m); *C
NMR (CDCly) &: -1.7, 23.9, 122.6, 123.4, 123.7, 126.7, 127.5, 127.8,
130.6, 133.4, 138.0, 151.1; MS m/z: 433(M+1, 34%), 432(M*, 100%),
281(24%), 270(81%), 241(17%)

8,8-Dimethtyl-16-phenyl-16H-dinaphtho[2,1-d::1,2-g](1,3,2]
dioxasilocine (3b)

Recrystallized from hexane/CH,Cl,; (white crystals, mp: 227-228 °C); 'y
NMR (CDCl3) & 0.6(3H, s), 0.24(3H, s), 6.91-8.89(m, 18H); 3¢ NMR
(CDCly) &: -3.2, -1.6, 42.2, 123.0, 123.4, 123.9, 125.2, 125.7, 127.2,
127.5, 127.8, 128.9, 129.4, 130.6, 134.5, 143.6, 151.2; MS m/z: 357(M+1,
22%), 356(M™, 100%), 281(15%).

16-(4-Methoxyphenyl)-8,8-dimethtyl-16H- dinaphtho[2,1-d::1,2-g]
[1,3,2] dioxasilocine (3c)

Recrystallized from hexane/CH,Cly; (white crystals, decomposed
at>100°C); 'H NMR (CDCl,) &: 0.11 (3H, s), 0.27 (3H, s), 8 3.73(3H, s),
6.72-7.96 (17H, m); '3C NMR (CDCly) &: -3.2, -1.7, 41.5, 55.0, 113.1,
123.1, 123.4, 123.9, 1254, 127.1, 128.3, 128.8, 129.3, 130.5, 134.4, 135.7,
151.2, 157.5. Anal. Calcd for C33H,¢0,Si: C, 77.9; H, 5.7. Found: C,
77.1: H,5.6.
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16-(4-Bromophenyl)-8,8-dimethtyl-16
H-dinaphtho[2,1-d::1,2-g][1,3,2] dioxasilocine (3d)

Recrystallized from hexane/CH,Cl,; (white crystals, decomposed
at>147°C); 'HNMR (CDCl,) 8: 0.11 (6H, s), 6.94-7.92 (17H, m); 13C
NMR (CDCl;) &: 1.0, 42.1, 119.6, 122.9, 123.4, 123.6, 124.1, 127.3,
128.2, 129.3, 129.7, 129.9, 130.1, 130.9, 132.3, 152.6. Anal. Calcd for
CogH,30,8iBr: C, 68.1; H, 4.5. Found: C, 67.6; H, 4.4.

2,6,6, 10-Tetramethyl-12 H-dibenzo[d,g][1,3,2]dioxasilocine (4a)

White solid, mp 110°C; '"H NMR (CDCly) &: 0.25(6H, s), 2.27(6H, s),
3.87(2H, s), 6.64-7.12(6H, m); 13C NMR (CDCly) &: —2.8, 21.3, 33.6,
121.5, 129.0, 131.4, 132.9, 133.3, 150.0. Anal. Calcd for C,7H,50,Si: C,
71.7; H, 7.1. Found: C, 71.1; H, 7.1.

2,6,6,10,12-Pentamethyl-12 H-dibenzo[d,g][1,3,2]dioxasilocine (4b)

Recrystallized from acetone (white crystals, mp 125°C); 'H NMR
(CDCly) &: -0.06(3H, s), 0.53(3H, s), 1.67(3H, d, J=7.2 Hz), 2.28(6H, s),
4.95(1H, q, J=7.2 Hz), 6.62-7.19(6H, m); 3Cc NMR (CDCly) 6: —4.5,
-2.2, 18.4, 21.2, 30.1, 120.9, 126.8, 127.9, 1324, 137.4, 149.1. Anal.
Calcd for C,gH»,0,Si: C, 72.4; H, 7.4. Found: C, 69.5; H, 7.4.

2,6,6,10-Tetramethyl-12-phenyl-12 H-dibenzo[d,g][1,3,2]dioxasilocine
(40)

Recrystallized from acetone; (white crystals, mp 154°C); 'H NMR
(CDCl3) &: -0.04(3H, s), 0.46(3H, s), 2.24(6H, s), 6.25(1H, s), 6.68—
7.24(6H, m), 7.28(5H, s); 1*C NMR (CDCly) &: -3.8, -1.9, 21.6, 43.8,
121.7, 126.7, 128.52, 129.0, 129.8, 130.8, 133.1, 136.3, 142.8, 150.5.
Anal. Caled for Cy3H,40,S8i: C, 76.6; H, 6.7. Found: C, 75.9; H, 6.6.

2,6,6,10-Tetramethyl-12-(4-N,N-dimethylaminophenyl)-12 H-dibenzo
[d,gl[1,3,2] dioxasilocine (4d)

Recrystallized from acetone; (white crystals, mp 122°C); 'H NMR
(CDCly) 8: 0.29(3H, s), 0.80(3H, s), 2.55(6H, s), 3.25(6H, s), 6.53(1H, ),
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6.95-7.54(10H, m); '>C NMR (CDCl,) &: —4.1, 2.0, 21.5, 41.3, 42.0,
112.6, 121.3, 128.5, 130.5, 130.6, 132.7, 136.8, 149.4, 150.4. Anal. Calcd
for C;5H,9NO,Si: C, 74.4; H, 7.2, N,3.5. Found: C, 74.1; H, 7.2, N, 3 4.

2,6,6,10-Tetramethyl-12-(4-methylphenyl)-12 H-dibenzo[d,g](1,3,2]
dioxasilocine (4e)

Recrystallized from acetone; (white crystals, mp 105°C); 'H NMR
(CDCls) &: 0.20(3H, s), 0.69(3H, s), 2.45(6H, s), 2.57(3H, s), 6.47(1H, s),
6.82-7.5(10H, m); '3C NMR (CDCly) &: -3.9, -2.0, 21.5, 43.1, 121.5,
128.8, 129.2, 129.7, 130.7, 132.9, 135.8, 136.5, 139.7, 150.5. Anal. Calcd
for Cy4H,40,5i: C, 77.0; H, 7.0. Found: C, 76.3; H, 6.9.

12-(4-Bromophenyl)-2,6,6,10-tetramethyl-12 H-dibenzo[d,g][1,3,2]
dioxasilocine (4f)

Recrystallized from acetone; (white crystals, mp 173°C); 'H NMR
(CDCl3) &: -0.06(3H, s), 0.43(3H, s), 0.43(3H, 5), 2.22(6H, s), 6.11(1H, s),
6.66-7.44(10H, m); *C NMR (CDCl3) &: -3.8, 2.1, 21.5, 43.9, 120.4,
121.8, 129.2, 130.7, 131.5, 131.6, 133.2, 135.7, 141.8, 150.4. Anal. Caled
for C53H,30,SiBr: C, 62.9; H, 5.3. Found: C, 62.3; H, 5.4.
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