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Abstract - 181(3,6)Azepinophane (methyvl 3,6-octanc-lH-azepine-l-carboxy-
late) and 181i{3,6)oxepinophane (3.6-octancoxepin) were syathesized from
bicvelol8.2.2lundecadiene, and structural features of them were alsco
studied on the basis of their spectral data. The effect of the substi-
tuents at 3 and 6 positions on the structure of lH-azepine ring was
elucidated by cowmparison of several 3,6-dialkvl-1H-azepine derivatives

with the title azepinophane.

Results and Discussion

2 3

In a series of 3,6-disubstituted 1H-azepines lg.l 1d,” 1e and Li.4 the charac-
teristic reaction of nitrene leading directly to correspoanding bicyclic hetero-
cycles, pyrrelic(3,2-blpyrrole derivatives has recently been reported. A corre-
lation between the reactivityv of nitrene and substituents on lH-arzepine ring is
particularly interesting. The (3,6)azepinophane system is the first to be suc-

cessfully synthesized,

RQR ® ()

: , o]
CO;Me cone
fad 2 Ja-b
aR=H d:R="Ru
b: R=Mc c: R=8iMe; a:R=H
c:R=Pr f:R=C0,Me b: R=CO,Me

— 163 —

1, 1990




Svnthesis of [8]p-¢yclophane (5] from (i,ol-bicycloi{8.2.2]tetradecadiene (4) by
means of dehvdrogenation using 2,3-dichloro-5,6-~dicyvanc-1,4-benzogquinone was rep-
orted by Gassman et al.5 However, though the mechanism is unknown seo far, the
present auwthors achieved a direct conversion from the diene 4 to [8]p-cvclophane
by treating with equimolar methyl N,N-dichlorourethane (DCU} in benzene at 5°C in
83% vield. Owing to the thermal instability of p-cyclephane 53, the ordinary
thermal decomposition reaction of methyl azidoformate as a nitrene source could
not be applied to the formation of 1H-azepine ring. The reaction of nitrene,
generated by a base-promoted a -elimination of methyl N-{p-nitrobenzenesulfonoxy)-
carbamate using triethylamine at 5°C in diecbloromethane, with [8|p~cyclophane (5)
resulted in Lhe formation of {81(3,6lazepinophane {methyl 3,6-octanc-1lH-azepine~1-
carboxvlate}{2) and methyl N-{2,5-octanophenvl lcarbamate {(6) in 5.9% and 3.9%
vield, respectively. The former may be formed by the expected valence tauto-
merization via intermediate 7, and the latter from a C-N bond cleavage of inter-
mediate B,

A temperature-dependence behavior on the basis of restricted rotation of —-CO,Me
group on the IH-arzepine ring was observed in the 1H—nmr (500 MHz} spectrum of the

arepinophane. The activation enthalpy ( AH=12.2 kecal/mol) of this restricted

rotation was determined by means of DNMR method. Similar dynamic behaviors were
R H also observed feor all
H, ==
| NE E=C02Mc of the other azepines
Ho N
r 5 Ha Hy Hao {la-f). The chemical
la R= H T
1b R= Me : \ shifts of ring protons
1c R= iPr : of la-d and 2, which
1d R= tBu "’,’,27’ E /// were measured above
1
le R=—(CH2)§- ‘\\\\\‘ H \_ each coalescence temp-
6.5 6.0 5.5 erature, were shown in
§ (ppm)
Figure 1 Chemical shift of ¢ - and ¥ -protons of 1H- Figure 1. There exis-

azepine derivatives
ted a marked relation

between the chemical shift of ¥ -proton of the azepine ring and bulkiness of the
alkyl substituents in the series of 3,6-disubstituted azepines, that is to say,
the more the bulkiness of the substituents increases, the more the shielding of
¥ —proton decreases. In addition, the electronic spectra of la and 1ld, shown in
Figure 2 together with spectirum of 2, displaved a similar tendency, that is, an

obvious hypsochromic shift was observed in the case of 1d compared to that of la.
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These data suggest that the bulky alkvl substituents at 3,6-positions of the
azepine ring delorm the seven-membered structure effectively. TIn the case of 2,
the effect of the octanco-bridge on the seven-membered ring structure is apparently

6 calcula-

similar to that of bulky alkyl substituents. The fully cptimized MNDO
ticn {Table 1) shows that the angles of # 1 and 7} 94 which are defined by Figure
3, increased as the bulkiness of the substituents increased,. In particular, @ 1

~
.

Table 1 Selected angles {(degrees) of

- S _ COzMe
l1H-azepine derivatives based on ‘C4
MNDO optimized structures 8
1 \\\
Compound 2] 1 g9 £€C3 or £C6 TTETE T o TTTTTTTTt

1a 41,2 20.4 127.8 C6 C7

1b 46,8 26.2 123.4

1d 50.2 35.3 118.5 Figure 3 GSide view of agepine rin

== g,

2 47.8 33.6 121.4 f ; are dihedral angles of I
planes C3-C6-C4 and C2-C7-N and
plane C2-C7-C3, respectively

shows a remarkable variation. The increasing in the angle 6 is due to decreas-
ing in Lhe internal angles of Cha and Cgp compared to those of la. Meanwhile, in

the case of azepinovhane 2. we expect that the angles €, and 6 5, become wider by

a mechanical tension between Cy and CE which is inferred from phane-structure.
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Figure 2 Electronic spectra of 1la,ld Figure 4 Electronic spectra of 3a, 2,7-
and 2 in cyclohexane dimethyloxepin and 3a,7a-indan-
oxide in cyclohexane

Inli{3.6)10xepinophanes (n=5,6 and 10¢) have heen svnthesized as the precursors of
corresponding p-cyclophanes., However, they have one or more substituents on the
ring inevitably.T We report here the first synthesis of [8](3,6)oxepinophane
which has no substituents on the ring. Epoxidation reaction of bicyclodiene 4

using m-chloroperhenzoic acid {MCPBA) gave 12—oxatricyclo[8-3.2.011’lslpentadec-
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li-ene (10} as a colovless oil in 98% yield.5 This epoxide was brominated with an
equivalent of bromine at 0°C in dichloromethane and the product Il was utilized
without purification for the next step. A dehydrobromination and consequent
spontaneous ring expansion of the dibromide was accomplished by refluxing in
pyridine with four equivalents of 1.,8-diazabicycle[3.2.0lundec-7-ene (DBUI for 100
min. [81(36)uxepinophane {3a) was Lhus obtained as colorless needles in 50%
viwld from Lthe epoxide 18,

Dimethsl bicyelol8.2.2tetradeca-11,13-diene-11,12-dicarboxyvlate {12}, which was
obtained by the Diels-Alder reaction of cis,trans-1,3-cyclododecadiene 19) with
dimethyl acetvlienedicarboxylate {DMAD) in 23% vield, was epoxidized to 13 in 58%
vield using MCPBA, When this epoxide 13 was trealed with an eguivalent of bromine
in dichloromethane at ~78°C, an epoxy-ring opening and consequent aromatization
securtred to give unexpecled dimelhyl 2,5-gctancphthalate (141 1n 7.8% vield in-
stead of au erdinary bromine adduct. Next, the usual allylic bromination and
subseguent debydrobraeminat ion were attempted Lo the epoxide 13, vielding finally
dicarboxvliate of [8](3,6)oxepinephanse (3b) as a colorless oil in 5.3% vield
throagh valence isowmerization,

A interesting guestion is that what kingd of tautomeric character shows it the
[8]13,6loxepinophane svstem. In the 1H—nmr spectrum. the upfield shift of the a -
protons of oxepin compared to these of 1,i-dihvdrooxepin has been explained on
account of the rapid valence isomerizatlion between oxepin and benzene oxide al
room LemperaLuru.S The chemical shift of o -pretons of 3a, 3b and related conm-

pounds are listed in the Table 2, The chemical shifts of ¢ -protons of ocxepino-

E:jj)u — [::::[::0 [::i::%;jj}’ __w—;:: [::i:%;;::[::o
e o
3a

Oxepin , Benzene oxide

Table 2 Chemical shifts of a -protons on oxepin ring
and related compounds

Compounds ©° Oxepin Ja 3b co

H, (ppm) 33 52 6.0 6.2 6.1
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phanes 3a and 3b were close to that in 4,3-dihvdrooxepin rather than in oxepin,
tautomeric character of which was confirmed from Table 2. This clearly indicated
that the oxepinophane 3a and 3b favorably maintained a triene structure in con-

trast to oxepin’s features. The electronic spectra of 3a, 3a,Ta-indanoxide and

2,T-dimethyloxepin which inhibited the tenzene oxide structure by the steric
effect of two methyl groups (Figure 4} showed a similarity both in figure and
intensity for 3a and 2,7-dimethyloxepin. It has been known that the electronic

spectrum of oxepin was influenced by the polarity of sclvents used owing to the

valence isomerization. In the case of oxepinophane 3a, no such significant change
in the spectrum was observed. Even in methanol-water {(1:1 v/v}, the triene struc-
ture of 3a was confirmed cobviously from the spectrum. Further, a hypscochromic

shift by 25 nm compared to the absorption maximum of 2,7-dimethyloxepin was obser-
ved in it. We consider that this shift is attributable to deformation of the
triene system by octamethyvlene bridsge.
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EXPERIMENTAL SECTION

General Information. Melting points were determined on a Yanadimoto micre melting
point apparatus and were uncorrected. Infrared spectra were recorded on a Jasco
IRA-1 spectrophotometer. Electronic spectra were measured on a HITACHI Model 200-
10 or on a HITACHI 228 spectrophotometer. Nmr spectra were recorded in CDClS
{unless otherwise indicated) on a JEOL PMX-60 (for 14) or on a Varian VXR-500 {for

1 13C). Elemental analysis was carried out on a Yanagimoto MTZ CHN Corder.

H or
MNDO calculation was performed on a NEC ACOS1000 computer. Bicvyvclei8.2.2]tetra-
deca-11,13~diene and 12—oxatricyclol8.3.2.011‘13]pentade0‘14-ene were prepared
according to Gassman’s report.5

[8]Paracyclophane. To a solution of 4 (2.08 g, 10.9% mmol) in dry benzene (50 ml)
was added a solution of DCU (1.57 €, 10.9 mmol} in dry benzene {20 ml) gradually
under nitrogen at a rate to maintain the reaction temperature at 5-10°C. The
reaction mixture was stirred at the same temperature for 10 h and then at room
temperature for 3 h. A 20 % agq. NaHSOa {200 ml) was added at 5-10°C, and the
mixture was stirred for 1 h. The organic layer was separated and the agqueous

phase was extracted with ether. Chromatography on a silica gel column [hexane

ethyl acetate = 9:1 v/v) of the ether solution gave 1.70 ¢ (83 % vield) of 35,
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which was identical in all respects with the literature Ccmpound.9

Reaction of [8|paracyclophane with nitrene. To a stirred suspension of N-{p-
nitrosulfonoxylurethane (604 mg, 2.19 mmol} and 5 (2.06 g, 7.89 mmol) in dichlro-
methane {1.4 ml) was added slowly a scliution of triethylamine (240 mg) in dichlo-
romethane {0.5 ml) at 0°C. After 0.5 h at 0°C and 2 h at room temperature, hexane
{50 ml) was added to the reaction mixture, The resulting precipitate was filtered
and the filtrate was concentrated in vacue and chromatographed on a silica gel
column. Elution with a mixed scolvent (hexane : ethyl acetate = 9 : 1 v/v) gave
methyl 3,6-octano-1H-azepine-l-carboxylate {2) in 5.9 % vield, methyl 2,5-octa-
nophenylcarbamate (6) in 3.9 % vield and unreacted 3 (1.94 g).

! (c=01; lH-nmriccl,) §0.70-2.40(m, 16H),

2 : pale yellow oil; Irineat) 1715 cm
3.70 ts, 3H), 5.76 (s, 2H), 6.10 {s, Z2H); 13C"nmr d21.74 (t), 26.05 (t), 26.57
{ty, 31.99 (t), 52.94 {q}, 127.48 (d), 133.49 (s,d) 154.64 {s); Amax {cvelo-
hexane) 216 (loge = 4.30), 246 (3.43) 300 (3.90) 330 nm (2.73): Anal. Calcd for
C15H23N02: c, 73.53; H, 8.87; N, 5.39. Found: C, 73.12; H, 8.95; N, 5.21; ms Calcd

for CqygHggNOg, 261.1723: Found 261.1716.

1 1

6 : pale vellow oil; Irineat) 3330 {N-H), 1713 cm ~ (C=0); H-nmr(CCl ) & 0.60-
1.80 {(m, 12H), 2.47 {(m, 4H}, 3.66 (s, 3H), 6.26 (br, 1H}, 6.86{dd, J=8.0, 2.0 Hgz,
1H), 7.25(d, J=8.0 Hz, 1H), 7.59 (d, J=2.0 Hz, 1H): Anal, Calcd for C16H23N02: C,
73.53:; H, 8.87; N, 5.39. Found: C, 73.68; H, 8.72; N, 5.26.
12—0xatricyclo[8.3.2.011’13Ipentadec—14-ene (10). To a solution of 4 (0.537 g,
2.83 mmol) in dryv dichloromethane (5 ml) was added graduallv a solution of MCPBA
(0.54 g, 3.i3 mmol} in dry dichloromethane {5 ml} under nitrogen at 0°C. After
stirring for an additional hour at the same temperature, the mixture was stirred
at room temperature for 1 h., The resulting sclution was washed successively with
aqg. Na2803 and satd. NaHCOg4, and dried over anhyvdrous MgSO,. The epoxide 10 was
obtained as a colerless nil (0.579 ) in 98 % vield.

10: Iri{neat) 1680, 870, 765 cm—l; lH—nmr §1.0-1.9 (18H), 2.67 (m, 2H), 3.09 {(m,
1H), 3.25 (m, lH), 5.48{(m, 2ZH); 3¢onmr 4 23.19 (t)y, 24.66 {t), 25.29 (t), 25.71
{t), 25.97 (t), 28.37 {t), 28.76 (t), 31.22 (t), 31.97 (dy, 37.34 (d), 55.17 (d)
58.14 (d), 127.56 (d), 130.43 (d): anal. Calcd for Cy Hy,0: €, 81.50; H, 10.75.
Found: C, 81.23; H, 10.81.

{B]({3,6)0xepinophane {3,6-Octancoxepin) (3a) To a solution of epoxide 106 (0.490
g, 2,37 mmol) in dry dichloromethane (7 ml) was added slowly a solution of dist-

ilied bromine (0.380 g, 2.37 mmol) in dryv dichloromethane (3 ml}) under nitrogen in

— 169 —

1990




a dry ice-acetone bath. The reaction mixture was stirred for 6 h at rocm tempera-

ture and evaporated under reduced pressure, leaving a light brown oil. Chromato-
graphy on an alumina column and elution with a mixed solvent [hexane : ethvl ace-
tate = 4 : 1 (v/v}} gave 0.558 g (64 % yvield} of dibromide as a pale vellow oil.
Without further purification, the dibromide was dissclved in a mixture of drv
pyridine (10 ml) and DBU (0.%3 g, 6.1 mmol) and heated to a reflux for 100 min
under nitrogen. After cooling, the reaction mixture was poured into 2.4N hydro-
chloric acid (500 ml} and extracted with dichloromethane. The organic layer was
washed with satd. NaHCO3 and dried over anhvdrous HgSO4 and evapcorated under
reduced pressure. The residue was chromatcographed on a silica gel column {(hexane)

to obtain 3a as colorless needles in 78 % vield.

3a: mp 47°C: Irineat) 1610, 1570, 705 cm 1; H-nmr &0.85-1.70 (i2H). 1.85 (m.
°H), 2.20 (m, 2H), 5.96 (s. 2H}, B6.26 (s,2H): 13C-nmr &21.63 (t), 26.05 (L),
26.75 (t), 29.43 (t), 129.22 (s), 132.43 (d}, 138.72 (d); A, fcvclohexane) 214

(log &£ =3.801), 271 {3.33}) nm: Anal. Calcd for Cy4Hop0: G 82.30; H, $.87. Found: C,
82.17; #H, 9.92

Dimethyl bicyclo{8.2.2]tetradeca-11,13-diene-11,12-dicarboxylate (12} A mixture
of diene 9 {7.26 g, 44.2 mmeoli} and dimethyl acetylenedicarboxviate (6.40 g, 45.1
mmol) was heated in a sealed Pyrex tube at 200°C for 3 h. Chromatosgraphy on a

silica gel column (ethyl acefate : hexane = 1:9 v/v) gave 3.12 g {23 % vield) of

12 as colorless ueedles.

12: mp 56-38°C; Ir{neat) 1710, 1640, 1605 cm™': lH-nmr(cCl,) 40.90-2.20 (16H),
3.08 {m, 1H}), 3.49 (m, 1H}, 3.65 (s, 3H), 3.68 (s, 3H), 5.59-5.95 (m, 2H); 21
(cvyciohexane) 224 nm (loge , 3.64): Anal. Calcd for C18H2504: ¢, 76.56; H, B8.55.
Found: €, 70.38; H, 8.51,

Dimethyl 12—oxatricyclo[8.3.2.011'13]pentadecf14Aeneﬁ14,lS—dicarboxylate {13) A
solution of 12 (1.15 g, 3.75 mmcl) and MCPBA (795 mg, 4.60 mmol) in dry dichloro-
methane (20 ml) was stirred at room temperature for 14 h. The solution was washed
successively with 10 % aq. Na,50;, satd. NaHCO; and water, and dried over anhvd-
rous Mg504. The solution was evaporated under reduced pressure and iLhe residue
was chromatographed on a silica gel column {ethyl acetate : hexane = 2:8 v/v}),
giving epoxide 13 as colorless needles in B8 % yield.

13: mp 72-73°C; Irtnujol) 1750, 1622 cm™}; lH-nmr 61.10-1.63 {13H). 2.01 (m, 1H),
3.19 (t, J=3.3 H=z, 1lH}, 3.22 {br t, J=5.7 Hz, iH}, 3.31 {dd, J=4.2, 1.0 Hz, 1H},

3.93 (br, 1H), 3.69 (s, 3H), 3.80 (s, 3H}; lsc—nmr 4 22.64 (t), 23.99 (t}, 24.80
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{t), 24.89 (t), 26.00 (t), 27.85 (t, two carbons}, 28.44 (t), 33.61 (d), 37.26
(d}, 5:1.97 (g}, 52.19 (g}, 53.98 (d), 57.30 (dy, 127,14 {(s), 144.96 (s), 165.39
{s], 168.26 (s); Amax(cyclchexanE) 226 nm {logs£ =3,66): Anal. Calcd for CigHsg05:
c, 67.06; H, 8.13. Found: C, 67.133 H, 8.04.

Reaction of epoxide 13 with bromine. To a stirred sclution of epoxide 13 (1537 mg,
0.487 mmel) in dry dichlorcmethane (3 ml) was added gradually a solutien of
Lromine (8C mg, 0.50 mmol)in dry dichloromethane (5 ml) under nitrogen in a dry
ice-acetone bath. The reaction mixture was stirred for 4 h at room temperature and
evaporated under reduced pressure. A brown residue was chromatographed on an
alumina column {ethyl acetate : hexane = 3:7 v/v) and then on a reverse-phase
siliza gel column {FUJI GEL ODS-Q water : methyl alcohol = 3:17 v/v). The forma-
tion of usual bromine adducts could not be observed and dimethyl 2,5-octanophtha-
late (141} was oblained instead as a coloriess oil in 7.8 % yield.

14; Irineat) 1720 cm_l; ]H—nmr 4§ -0.05 {br, 2H), 0.47 (m, 2H}, 0.81 (m, 2H}, 1.04
{m, 2H), 1.40 {(m, 2H), 1.61 (m, 2H), 2.49 (ddd, J=13.2, 9.1, 5.2 Hez, 2H), 3.12(dt,

i3

J=13.2, 5.5 Hz, 2H), 3.83 (s, 6H}, T7.26 (s, 2H]; C-nmr & 25.46 (t), 29.24 (t},

30.34 (t), 33.90 (t), 52.33 (q), 132.08 (s}, 132.88 (d), 140.686 (s}, 168.43 isi
Anal., Calcd for 018H2404: ¢, 71.035 #H, 7.95. Found: ¢, 70.78&; H, 7.88.

Pimethyl 3,6-octanooxepin-4,5-dicarboxylate (3b). A stirred solution of epoxide
13 {3.86 g, 12.0 mmol), finelvy granulated N*bromoshccinimide (2.42 g, 13.6 mmol)
and a catalytic amount of benzovl peroxide in dry benzene (60 ml), was refluxed
for 17 h under nitrogen stream. After cocling and evaporation of solveni, the
residue was chromatographed on an alumina column {ethyvl acetate : hexane = 1:8
v/v) for the purpose of dehvdrobromination. The eluent was concentrated and
chromatographed on a reverse-phase silica gel ceolumn [FUJI GEL ODS-g, water
methanol = 1:8 v/v), giving 3h as a colorless oil in 5.5 % vield.

3b: Irineat} 1715, 1620, 1600 cm_]; 1H—nm]:‘ 50.97-1.35 (10H), 1.48 (m, 2H), 1.81
{ddd, J=14.%, 11.4, 2.6Hz, 2H), 2.43 {(m, 2H), 3.73 (s, BH), 6.17 (d, J=1.6Hz, 2H);
V3conme §22.21 (t), 25.28 {t), 25.87 (t}, 28.42 (t), 52.27 (q), 126.7% {(s),

138.41 (s), 145.07 {d), 166.62 (s); R.max(cyclohexane) 282 nm (log g =3.361: Anal.

Caled for 018H24D5: c, 67.48; H, 7.54, Found: C, 67.23; H, 7.43.
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