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Abstract - The 2-methoxy derivatives 5 and 7 of 3- and l-benszoxepine (4 and 6
respectively) have been fnvestigated by 3¢ and ‘B dyoaaic MMR methods. The
results reveal the presence of two couformer, C, and C, (94:6), for 5 due
to a strong endo-anomeric effect while for J, the Co:Cq population (5:95)
is opposite. Besed on UV res® gpectral characteristice, 1t {s deduced that
delocalization of the n electrons of oxygen into the aromatic ring e not the
msjor factor governing this behavior. A large departure from coplanarity for
the n-o* orbitals, revealed by the 1-0-C-OMe torsional angle calculated for 1,
explains the weaskening of the sndo-anomeric effect in 7. Pinally, a stronger
exo-anomeric effect {s expected to contridute to the stability of the C, form
of 7.
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The anomeric effect {e & well—known sterecelectronic phenomsnon docusented extensively by bdoth

experimental and theoretical ltudtul.

Io six-membered cyclic molecules such as 2-msthoxytetra-

hydropyran (l)z, 1t 1e usually expressed in terms of the preferential stabilizatfon of the axisl

chair conformation (Cq; la) relative to the equatorial chalr form (Ce: 1b), while from a wore

general point of vicv’, in systems such as R-0-C-0-R', {t counsists i{n the preferential stadilize-

tion of the l+l‘ arrangement (g = gauche) about the acetal molety.

Recently, Praly and La-ioux“

stressed the fmportence of considering both C-0 bonds of the acetal function in 1, for which a
preferred gauche arrsngesment asbout the O(1)—C(2) bond s termed the endo-anomeric effect and a

gauche disposition sabout the C(2)-0(3) dond is called the exo-anomeric effect.

OCH,
& M
E L7
1 fa 1
s ’ R s R
> ] [
LI, e K W,
" "
" " "
R= M 4 R=H ¢ R=n
R = OCH, § R= OCH, 7 R = OCH,

7027



7028 S. Désners and M. St-JAOQUES

The use of six—memdered cyclic molecules as probes for the anomeric effect has certain limic-
ations because the renge of gecastric dispoeitions available is norsally restricted to those of
conformecs la and 1b because the conformstions of the boat and twiet~boat family (B and 1B respec-
tively) are virtuslly abeent owing to their high conformational ecergies relative to the chair
forms. hc.ntlys. it vas observed that seveo—membered rings derived from benzocycloheptens (namely
2 and 3) provide & more flexible model to investigate the snomeric effect. Dynamic MR results
shoved that 3 exists ss & wmixture of three conformstions, C,» C, and TB while the parent cow
pound 2 exists solely in the C form. The stabilization of the TB form by the single mathoxy sud-
stituent i{s & manifestation of the snomeric effect not odbserved in the six-meabered analog 1.

In order to characterize wore completely the snomsric effect in seven—memdered rings, 3-ben-
zozepin (4), l-bensoxepin (6) and their 2-methoxy derivatives (5 and 7) vere prepared snd {nves-
tigated by varlable tempersture high fleld !H and 13¢ MMR methods. In both 5 and 7, the methoxy
substituent is located st the same position on the seven-membered ring so that .contomtioul asf-
ferences ought to reflect largely on the difference in the nature of the ring oxygean atom sand
therefore oo the poseible effect of conjugstion between the ring oxygen and the aromstic ring in 7.

RESULTS AND DISCUSSION

Spectral and Conforsational imalyees

All four compounds setudied (4 to 7) showed spectral modifications on lowering the temperature:
for the methoxy derivatives 5 and 7 both the LI and ”C spectra revealed changes while for the
parent molecules 4 and 6 only the 17 spectrs showsd a spectral modification.

The proton decoupled 100.62 ”c MR epectrum of 4 was recorded iro two solvents (CHP,CL and
‘CK,OCK;) at high and low temperatures. WMo dynamic spectrel change was observed and the results of
the snalyeis are- given in Tadle 1. The sesignments were made readily ueing the known cheamical
shifts of beazocycloheptene as reference®. This observation indicates that 4 exists as » single
conformation.

In contrast, the 400.13 Miz 'H MMR of 4 showed a dynamic spectrs) modification characteristic
of the ring faversion of the chair conformetfon identified cnrlhr’ from a varisble temparature
study of this msolecule at 100 MHz.

Pigure | 1llustrates the 100.62 MH: proton decoupled l3(2 NMR spectral changes odeerved for the
methoxy derivative 5 in CHP,CL. Assigument of the signals at -20°C is etraighforvard using the
knowa chodcul‘ shifte of 2-methoxybenzocycloheptens as model. All signale eplit iato two linee as
the temperature is reduced such that the intensities are in the ratio $4:6 at =120°C. The results
are {llustrated in Pigure | and summerized in Table 1.

The nature of the two conforwstions thus identified for 5 i{s best deduced froe the chemical
ehift difference of C-4 at ~-120°C. The large difference of 7.4 ppm 1is {ndicative of the gauche
effect ss would exist in the axial chair conformation®. Therefore Cq 1s the major conformation
vhile C, i¢ the minor one as shown in Pigure 1. The chemicsl shift differences bdetween 4 and 3
yields the so—called a, B and Y sudstituent ehift c!hc:-'. These parameters, given in Table 1,
are cowparadle to those publhh.ds for 3 (Ce: a = +34.1; B = +4.3; Yo * =5.7 and C;: o *25.1;
8 = +3.5, vyo = =~13.1).

A solvent change to the less polar CHyOCH, changes the C,:C, ratio to 84:16. Kinetic and
thermodynamic parsseters obtained? from the spectra of 5 are summarized in Table 3.

The 400.13 MHe 'H NG spectrum of 3 in CHF,CL aleo reveale & spectrsl change charactericed by
line broadening sesar -70° and line narrowing st lower temperatures together with a ehift in some
of the signals. This behavior is im accord with the slowing down of the C,v==> Cq inversion for
which cthe signals of oanly the major C, form are clearly resolved at ~120°C. The results of the
epectral analysis at ~20°C and of the signale of the msjor cooformstion at -120°C are susmarized in
Table 2.

The 13C WMR spectrum of 6 has recently been rcportodm to ehow no changes down to -120°C while
the lﬂ espectrum showed splitting characteristic of chair ioversion. This compound therefore existe
solely ss the C form. The pertinent NMR psrameters are summarised in Table 1.
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TABLE 1. Carbon-ll'cm-uul shifts of coapounds 4-7 st high and lov temperatures.

Comr Solvent t* Conlor c-1 c-2 c-3 Cc-4 c-3 c-¢ c-7 c-3 c-9 c-10 C-11 OCH 3 a L} Y [P
pouand sstioo
CHF,ct® -p%° 41.00 71.37 - 71.37 &LL00 143,21 18).21 130,46  127.43 127.4) 130,46 -
s -120° C>98x® 40.37 70.89 - 70.89 40.37 14318 143,18  130.%1 127.43 127.43 130.51 -
CiljoCuy -135° 40.88 71.01 - 7:.01 40.88 142.72 142.72 129.98 127.00 127,00 129.98 -
-120* C>981° 40.30 70.40 - 70.60 40,30 142,89 142,65 130,00 127.04 127.04 130.00 -
cdrpct® -20° 44.2% 101.90? - 62.56  39.68  142.39 138.03 131,47 127.62 127.88 130.02  35.84
3 -120° G (8X)€ 45.95 105.17 - 67.85 39,38 l42.92 137.63 13l.7e 127.98 130.81 56.8% +34.4 45,86 -30 -1.0
c‘(!u) 43.18 98.98 - 60.68 9.1l 142.87 137.98 131.24 127,73 128.10 129.92 53,72 *28.1  +2.3 -10.2 -1.2
cujoQly  -20° 44,19 101.13 - 62.70 )9.47 142.01 137.84 131,20 126.96 127.14 129.42  35.10
-120° c.(léh‘ 45.71 104.97 - $7.37  39.2% 142,43 137.58 131,13  127.40 127.50 130.2¢  35.89 L2 PR 3 PY NS N 4 -1.0
C.(M!l 43.03 98.40 - 0,54 39.10 142.18 138.03 131.29  12¢4.9¢ 127,16 129.13  s4.92 +28.1 2.7 -l10.1 -1.2
cur,cts -35° - 74.88 33,75 21.4) 35.54 137.64 161.86 122,37 128.)? 124,62 131.54 -
[ -120* C>981* - 715.04 33,42 26.9) 15,01 138.12 161.38 122,81 128,40 124.82 131.66 -
CHy0CHy -28° - 74013 33.74  27.46  35.38 136.74 161.78 122.08 128.03% 124.12 131.08 -
-120* Ccr981* - 74,03 33.%0 27.10 3%.07 136.88 161.37 122.13 128.09 128,30 1J1.08 -
Qirct* -20° - 108.46 38.06 24,59  J4.12 138.44 156,32 122,75 128.68 125.32 131.27 $6.74
-12%° c‘(”!)‘ - 108.85 37.8%  24.72  )).32  139.06 155.97 122,71 128.74 125.58 131.41 34.99 +3).8 b4 2.2 -
1 c.()!) - 103.29 37.29  20.09 )5.59 137.82 155.97¢ 124,39 128,48 125.32 131.50 7.3 €28.)  +39  -b.8 -
cajociy  -20° - 107,69 37.91 24,53 34,02 137.79 156.38 122,36 128.)3 124.70 130.82 56.07
-120° C‘(”)‘ - 108,35 38,06  25.13  33.30 138.18 156.3¢ 122.32 128.52 125.0) 130.86  35.91 4.3 e -2.0 -
C.(Sl) - 102.30 3r.61 20,22 )5.77 136.80 156.36f 124,25 127.81 131.26  36.30 +28,.3  +4.) -6.9 -

(a) Chemical ehifts iz CRyOCH; are similar.
(b) hstr conformstion determined 1o ref. 7.

(c) Conformer populstioss are determined by inregration of C-2 snd C-4 in the

(d) S4gual superposed with solvent.

(a) Conformstional snalysis and sesignment of

iy has bees obtained from ref. 10.

13
C spectrs.

(f) Signal C-7 of the wizor conformer s superposed vith the ssme sigoal of che major conformer.
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i
TABLE 2. Proton Ii chemical shifts® of compounds 5, 7 in CHP,CL at high and low tempecstures.
R
on- Seivest Conlor -i ) - >3 o,
reved ~estive
3 o et =10°C  ).08 (4a, B-1") .08 (44, 1) — 1.70 (44, B-4') 1L.83 (4, »)") 331 (o)
e e wm TN L'ar il Tigp -13.1 M
e i .Jlll [ ] 'J.'u “lms 'Jg'.l “im
New i m
3.8 (4, 1) 318 (4ad, B-3)
T RTETY R Y IR IT ) st =150
::::J"I:'“ L Yt 100w
i lem Ut 110 .
-190°C  3.98 (44, B-10) 89 (6, 1) — 3.77 (2, Taa) 1.76 (84, B-%0) 3.3 (o)
¢ ) LTIV B 9 Yieie! M1 e Yiat 110 TRt W Y 9
Yiet! N1 M ee-set 114 i ete! P
1.00 (4, *1a) 3.0 (44, B-de) 1.3 (%)
'-ﬁ,.‘.t [P N ) 'J..hu =114 (o operpens)
Yiete’ 39
1 anet -3 - .43 (0 .10 {a, 0 1,33 (pd, D4*) 101 (ed, ¥3%) 3.3 (&)
NUgger 19 130 G-3°) Leer il m Ny -lae
(aperpass) ek 110w Hew b m
Hyw 1L m ey Lem
Lew nem
L=1.9 (rd) .83 (6, &0
(raperyese) .Jn'- it ™
st ML) 3e
'J..n 1.
-le°e _ .38 (e, L) 193 (q, ) 147 (g, P4e) L1 (44, B30) 3.04 (o}
& (D) Vit Y1 e Ysa-dgt 10188 Yieta! “10E W Vge-tat “134 ™

() AlL orvmatices sigasis ware superpasat vith selvem.

Teble 3.

Vgte? 1M1
Ssetet 1M1 M
1.13 (4, 2)

Ye-3e! 131

Yie-3e' NI
Mie-3a! 131N
1.01 (¢, 2e)

Nde?! 10108

)
Y se-te! (SR}
1.03 (¢, %)

Yo' =124 B
I R )

Thermodynsmic, kinetic and geometrical data for compounds 2 to 7 and 9.

Compovad Solweat Cenfor-  Populstiscs ~6C* (Keal/mel) «° (Real/wel) [N [
wsties reat -l
(hesl/mal)
anc ¢, sz 0,23 (C /G, -120°)% 0.8 (T3 « Co,-90°Y , §° IR
2 & m 0.18 (C,/T8, -130)  11.1 (Ca o T3,-80°)
1 m 0.03 (T8/C,, -120)
ooy €, 1t 0.4) (6 /¢, -110)
¢ 158 0.28 (C /T8, -110)
™ 21 o4 (T8/C,, -1X0)
3 - NI 93 0.84 (G, /C,, ~120°)® ¢ 5.8 (Co - Co, -83°) &° IRNTYY
(8 33
oty €, nug 0.30 (C, /Gy, ~120%)
[N 163
1 @, cs ¢, 2 0.89 (C,/C,, =113")¥ 8.4 (Co o Ca, =90°)[ 33° 131 8
< ”:
cagocy €, L1 0.87 (G /¢y, -118%)
o ”
2 —_ - - » -

(a) Pacometer fres vel. 3.

(b) Deteruiastion of these paremsters &se¢ given 1n Luperissabsl Seetien.
(e) Pihedrel angle § and aByy.c caleslated vith wasst? progron obteloed fore QS (Be. I¥3).
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Pigure 2 1llustrates the 100.62 Mis prorton decoupled e omiz spectral change odeerved for 7.
Most of the signsls split into two lines of imteneity 95:5 {n CHP,Ct at -123°C. Chemical shifts
are sssigued through s comparison with sudetituent effects relative to the parent cospound 6 and by
selective proton irradistion of the R-da snd H-la at -120°C. Substitusnt effect parameters for the
two conformsrs are given io Table 1 and the vy effect clearly shows that the msjor conformar, which
has the smaller v effact, is the C, fors. This result {s a complete reversal from the situation
observed for the other methoxy derivative 5. Kinetic and thermodynamic parsmeters obtained from
the spectra of ] sre eummarized in Teble 3.

The 400.13 Mz 'R R spectrum observed for 7 in CHF2CL also change st low temperature. At
=120°C, the signals detected belong to the msjor C, form wheress those of the minor C, form are
oot well resolved. The H-2 doublet at 4.32 ppm shows a eplitting of 9.2 Bz due to & large ’Jm;
coupling with ooe of the R-] protons. This large vicinsl coupling indicates that the two coupled
protons are axislly oriented as in Ce+ The pertineat g parasaters are summerised in Tadle 2.

The Ancuuric Kffect ia 3, 5 and 7

The currently sccepted viewv of the anomeric effect {s that it results from a cosbination of
tvo factors: a sterecelectronic orbitsl lnt.cuction“ and an electrostactic or dipole-dipole inter—
action.!? However, the relstive countribution of each factor has not been quantified, although it
is believed that the orbital contribution say bde wore i-pornnt“b- Recently, Praly and l.c-!.oux~
stressed the importance of considering electron pairs from both oxygen atoms of the acetal function
(endo- and exo—snomeric effects) to explain conformer stabilizstion by such sterecelectronic {nter-
actions. In particular, these suthors pointed out that, for the axial-ancmer la, cospetition
existe betveen ths endo- snd sxo-snomsric effects for the electron deficiency st the acomeric
carbon and consequently, that the exo effect is stronger in 1b than ino la.

An example of seven-membered cyclic molecules exhibiting the anoutlcs effect is 3 for which
both the C, #nd TB forms are stabilized by the msthoxy group s seen from Table ). In both of
these conformations an endo n < o* {nteraction is possible geomstrically snd is deemed to impart
stability. The behavior of compounds 5 and 7 observed in this work is markedly different from that
of 3 in that they do oot revesl the presence of the TB form. Furthermore 5 ahows & much grester
amount of C, than 3 wheress, for 7, the C; form {e predominant. Why do 5 and 7 show opposite
conformational preference and why {s the TB form not observed for both compounds?

Detection of the TB form for compounds of the bdenszocycloheptene family resulte in large part
from two besic factors, namely the cooforsstional ecergy difference batween C apd TB in the basic
ring skeleton of each heterocycle and the magnitude of stabilizstion caused by sterecelectronic
snd elactrostatic intersctions {nvolving polar bonds. The experimental determination of the energy
difference between the C and TB forms of the unsubstituted compounds 2, & and & 1s ot possidle dy
the MR msthod and calculated values will be used. Conformetionsl energies obtained from molecular
machanics calculations using the MM28%5 prolru”
calculsted energy difference betwvean TB and C (&frp_c) decreases in the order & > 2 > 6. 1In
other words, ss the oxygen atom is displaced sway fros the sromatic ring, the TB-C energy differ-

are reported in Table 3. It is seen that the

ence Lfocreases.

Bacause more epergy must be overcomed for the TB form of & to becoms detectable by MMR, this
form is less likely to be detected for 3 because the energy difference might not ba compenssted by
the snomeric stabilization evergy arizing from the presence of the methoxy group. This explains
the cbeservation that é_ existe a8 8 c.;-_-' C. equilidbrium without any TB form being preseant. Such
is not the case in 3} for which the anomaric stabilizatfon e sufficient to overcoms the &Eyp
terw. Io contrast, molecular models of the TB form for 7 show s serious nou-bonded repulsive
{ateraction between the wmethoxy group and the C(5)-H proton so that spomeric stabilization {n TB s
aot suffictlent,

The larger smount of C, form for 5 relative to 1 or ) csn be sttriduted largely to & rte~
duced eteric intersction fa C, owing to the replacemsat of a _.2—1,3 axial proton by the s-cloud
of ths benzo ring. This kind of steric interaction has been shown to favor the axial poeition in
the reference compound A-nthoxybouocyclohopnno.‘
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In the case of 7, a cowplete reversal in conformstions) preference relative to 3 is observed
whereby the C, form has becoms highly dominant. The eimiler steric eavironmesnt of the msthoxy
group in both 5 and 7 suggests that non-bonding repulsive interactions ought not to be respoosibdle
for the change in conformstion stadility. On the othsr hand, the structursl difference between the
tvo seven-msabared rings 1is euch thac, im 7, the ring oxygen might conjugste with the aromatic
ring. Could delocalization of an oxygen lone pair with the aromatic ring modify the conforwstion
stadbility in favor of the C, foram?

A UV spectroscopic study carried out by Mandolin! and Masci!® on a eeries of cyclic phemolie
ethers 8 has shown significant differences between the seven-membered 6 and the other cyclic ethers
&8 messured by the Ag,, 8Rd ¢ . Of the 1 <« ¢* transition. Our results for 7 are essentially
i{dentical to those teported for 6. The parameters observed for 6 and 7 suggest that there is less
oxygen lons pair conjugation than in the corresponding six—membered snzlog 8 (n = 1). This conclu-
sion {s supported by calculsted anglee (using the MM28S progru”) betveen the v orbitals of the
aromstic ring and the adjacent oxygen lome pairs of electrons treated as localized op’ orbitals in
both 7 and 3 as ehown by structures 10 and 11 respectively. Thus the angle of 5° calculated for 9
iodicates near perfect overlap and strong delocalization whereas the angle of 40° for ] (see 10)
indicates poorer overlap and less delocalizacfon. This calculated 35° differemce is similar to an

experimental difference of angle of twiet deduced from UV mourountuls.

1o addition, the MMR data for 7 and 9 reveal strikingly different conformstiocnsl preferences
for the two riag sises whersby 7 fs predomtnantly C vhile 9 is predominantly C,'. 1t would
appear that delocslization of ths oxygen lons pair in 9 does not alter the axisal preference ssso—
clated with the endo-snomeric effect. The conformational specificity of 7 therefors ceanot be
attridbuted directly to lone pair conjugation with the sromstic ring.

Because the b + 0% sterecelectronic orbital interaction at the origin of the anomeric effect
is mximus vheo the lone pair is anti-coplanar to the C-0 bdond, it is useful to determine the
1=0-C-OMe dihedral angles (12) for compounds 3, 3, 7 and 9 as 1t has been shown that there exiete
an sngular dependence for the anomeric effect!’., The observatioa that the calculated dihedral
sngles (eee Tadle 3) are very eimilar for 3, 5 and 9 indicates that near snti-coplanarity exists
for these three cowpounds while there {e sppreciable departure from coplanarity for 7. This fact
ought to weaken the p ¢+ 0* loteraction in ] and atteouate its stabilising effect oo the C, form.
Thie corresponds to s weskening of the emdo contridution which should shift the Cu=>C, equi-
librium towards the C. fors. Purtherwpre, resulte® for 13 show that the smount of C. is larger
for 7 than 13. It {e poseidle that the dithedral sngular difference could slso elightly modify the
dipole—dipole contribution to conformationsl stebiifty im 7, but the fact that thé conformer popu-
lations of ! are similar in doth CHF,C: snd CHyOCH, suggests that this contribution {s not over—
riding.



7034 S. Désiters and M. Sr-Jacques

025
= CH == “0®p
W Luw \ o

14 15

—

1n addiction to the attenustion of the u -» c* {nteraction, the work of Praly and l.«cuhux~ sug~
geote that it Ls also necessary to sesess the exo interaction term for 7 relative to 3 and 3.

Prom the examination of structures 14 and 15, the rotsmers of the Cq end C, forms of 7
exhiditing anti~coplanarity between a lone pair of electrons and the ring C-0 bood, indicates that
15 1s less favored than 14 due to greater steric intersction ilnvolving the mathyl group. As &
consequence, back—dooatfoan of electrons s stronger {m Cg Cthea in C,. Purthermore, eves though
it was shown above that delocaliszation of the ring oxygen lose pair with the aromstic ring s not
stroong, it msy etill be sufficient to impart & slightly larger partial positive charge in 7 than in
3 snd 5. Such s sftustion would increase back—donation in 14 (C,), further stresgthen the exo
interaction term and stabilize the C, conformation.

1a coaclusion, it appears that the strong equatorial preference for 7 is due mainly to s cow
binat{on of two factors: Pirstly, poor overlap batween the n and o® orbitals because of the non-co-
planarity of the two orbitals resulting in a weakening of the endo contributlon end secondly, a
strengthening of the axo contribution term due to lone~pair back donstion from the methoxy substi-
tuent. Both of these factors stabdbilisze the Cq form.

KXPERIMERTAL SECTION

The variadle temperatures 1R W spectra were obtained using & Bruker WH-400 spectromster
equipped with a B~VT-1000 variable tespersture unit. Calibration using a copper-constantan therwo-
couple {nslde a sclvent containing WMR tude indicates that the tempersture reported are precise
within 23°C. The proton ssmples ware prepared as solution ip chlorodiflucrossthanse (15-20 mg in
0.55 wl of solutfon) containing 18X of CD,Ct; (for lod.tfg purpose) and s small quantity of Me St
ic 5 mm tubes which were then degsssed and sealed. The ‘H NMR spectra vere recorded at 400.13 Hs
and the following instrumental parameters are typical: flip angle = 10°: SW = 5000 Re; data size 16
K data points; scquisition time = 1.64 s. Gsuselan multiplicetion was applied. The nusber of ecan
varied from 200-100Q.

The variladble “°C NMR epectra ware recorded at 100,62 MHs. The samples wvere studied as solu-
tion in chlorodifluoromsthane and ic dimechyl ecther (120-150 mg in 2.2 al of solution) containing
181 of CDyCt; (for lockicg purpose) and a small quantity of Me,S! f{o 10 wm tubes which were de-
gasoed snd sealed. The following instrumentsl parameter are typical: f1ip angle = 60-90°; BV =
20 000 Rx; data eisze = 16 K; scquisition time = 0.4]) 8; nuadbar of o = 500-2000; powsr decoupler
(sttenuation 5 dB on high rank of the standard decoupler). The ~C NMR data were :“.r.od by s
exponential multiplication with LB varying from 3-8. @Rslfable {utegrations from the C epectra
vere obdtsined using & 0.1-0.2 o delay batween pulees and by comparing results for st least two
other set of carbon resonances of the sama compound.

The values of 4G° for 5 eud 7 were calculated from the equation 4G° Co/Cq = K 1o K where
K {s the populstion ratlo ['C.]I[C:] at -120°C. The rate constants for 5 and 7 were determined
by 3¢ WX at coalescence temperature using the .q\utlon’ for two unequal population %k, =
2rppd, where pop is the population of conforwsr B and &y the differeace in Hz Ddetween the
two cardons of conforwers A and B. The free ensrgy hrdof.!or these compounds was calculated from
standard equations using & tranemission coefficient of one .

The UV epectrum of ? was recorded In methanol using a Perkin—Elmar model 552 spectropboto-
aster.

Tetrekydro--bessomepin (4)

1,2-Bantened{ethancl was prepared by a LiAtR, (8.0 g, 0.2! wol) reduction of 1,2-benzened!-
acetic acid (Aldrich) (10 g, 0.05 mol) ip 100 sl of anhydrous THF at reflux for l4 h and using s
standard procedure and rt.up“. The #0114 was crystallized from a mixture of dichloromethane~
hexane to give 6.0 go B M0 (90 WHz) & = 7.21 (s, 4B, aromatics), 3.87 (t, &R, 'J = 6.6 Hs,
C"l?)’ 2,94 (t, AR, ) = 6 R, Ay CH20), 2.04 (s, 2, 0B), IR 3500-32 ca = (OR), 3020 and 3070
¢ (CR aromatic), 2980-2860 ca™  (CH aliphatic) 1040 ca™" (CO), 740 ca™ . 20

The 1,2-bentenediethanol (0.5 g, 3.0l wmol) was tosyleted by s standard msthod  ueing the
equivalent of p-toluens sulfonyl chloride. Monotoeyl snod ditosyl (2:1) derivatives were separsted
with flash chrorr.o;nphy on silics gel 230-400 mash to give 0.4 g of 1,2-denzenedlethancl
monotosylate. H R (90 MRz): & 7.71 ard 7.30 (AB spectra, 4B, sromatics), 7.2 (=, &4H,
aromatice), 4.20 (¢, 2H, ') = 7.3 Hz, CH,0807), 3.80 (z, 2, °R = 7.2 He, CWp0) 3.03 (t, 2H, Ar
CHz) 2.82 (t, 2H, ar CH;) 2.44 (s, 3R, CHjAr).
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The sdove wmonotosylats (0.8 g, 2.5 wmol) was cyclised n THF by the sddition of WNaB (6.3
amol). After 14 days, a mixzture of 1,2,4,5tetrahydro-I-dencoxzepin and 1,2-dihydro-I-densoxepin
(75:25) was obtain and purified with gae chrougo'uphy (column SX-30X on chromesord P) to yield
0,21 ;701 1,2,4,5-tetrahydro-I-bensoxepin vhose ‘A MR spectrum fs {dentical to that slready pud-
1{shed .

2-Mathoxy-1,2,4,5tetrabydro-Y-bemmomepin (3)

The 1,2-bacsenediethancl (2.9 g, 17.5 mmol) descrided above was monoacetylated with 972 acetic
anhydride (1.8 g, 17.5 mmol) {n 30 wl of pyridine. After 48 h, the mixture was coevaporated twice-
1y with 50 ul of toluene (wonoacetate:diacetate = 6:1) aud the wmixture was purified with Flash
chromatography using silics gel 230-400 mesh to give 1.5 g of liquid corresponding to t?so ®0no-
acetate of l,2-benzenediechanol. 'R NMR (90 Miz): & 7.2 (s, 4R, aromatics), 4.27 (¢, ZH, “J = 1.3
Hz, CH0Ac), 3.85 (t, 2R, °J = 6.8 Hz, CH,0), 3.78 to 2.88 (2t, &H, 2 X Ar CH,), 2.05 (s, 3H, CHj3),
1.6 (s, 1H, OB).

The above -ononcetlt$l(\.5 g, 7.2 mmol) wvas oxydized with pyridintum chlorochromate using the
mothod developed by Corey“ . The 1iquid was rapidly passed through flash chromatography on eilica
gel 330-&00 mesh to give 1.2 g of 2(2-scetoxyethyl)phenylacetaldehyde. NMR (90 MRz) & 9.76 (¢,
M, “J: 2.0 Hg, CHO), 7.26 (s, &K, aromatics, 4.23 (t, 2H, CH20), 3.80 (4, 2H, CH; aldehyde), 2.92
(t, ZH, J: 1.2 Az, Ar C“z). 2.04 (l. 3“. CH,).

Cyclization of thioucowound (1.0 g, 4.85 mmol) and purification was cerried cut using the
same method as published”“ for s -l.inlhr methoxy compound to 15““ 0.5 g of liquid 1,2,4,5-tetra-
hydro-2-methoxy-3-benzoxepin (5). H NMR (400 MHz, Table 2) "C NMR (100.62 MHz, Tabdle 1, Pig. 1).
Maes spectra EI, calcd for C; W}, 0,: 178.100. Pound: 178.103.

2,3,4,5Tetradydro-1-bemsoxapia (6) 10
This compound vas gynthetized and characterized by A. Lachapelle and M. St-Jacques .

2-Mathoxy-2, 3,4, 5—tetrahydro-1-bensoxspia (7) ‘0

The starting product 2,3,4,5-tetrahydro—1-dbensoxepin-3-ol (1.0 g, 6.09 mmol) was tosylated
ueing 1 equivalent of p~toluene sulfooylchloride. TFlash chroutoqnphy on silica gel 230400 mesh
gave 1.5 of esolid 2,3,4,5-tetrshydro-3-tosyloxy-l-benzoxepin. H MMR (90 MHz) & 7.9 end 7.3 (AB
spectra, aromatice), 7.1-7.0 (w, 4H, aromatics), 4.8 (m, 1lH, CR), 3.95 (w, 2R, OCHp), 3.0-2.5
(m, 2H, Ar CH;) 2.47 (s, I, CHjAr), 2.2-1.8 (=, 2H, CCH,).

The adove compound (1.35 g, 4.4 mmol) was left etanding overnight with potassfius-t-butoxyde
(1.5 g, 13.4 wmol) 1o anhydrous THP under a flow of Argon. After vater—ether extraction and drying
with MgSO,, the orgenic compound was purified with flash chromatography using silics gel 230-400
wesh to give O. ¥ of 4,5-dihydro-l-benzoxepin liquid whose ‘H NMR spectrum {s identfcal to that
already reported .

2-Methoxy-2,13,4,5-tetrahydro—1-benzoxepin (7) (0.2 g, 1.36 mmol) was nygghotind using 4,5-
dihydro-1-benzoxepin and mercuric acetate in methanol using a published method” . The product
purified with flash chromatography oo silice gel 230-400 mesh to give 0.12 g of 7. The ‘51 and C
NMR dats are listed in Tables I, II. HNass epectra EI caled for C;;R,,0;: 178.100. Pound: 178.099.

The UV spectrum of 7 in methanol (10734) gave Agax = 266.9 nm and t = 583,

Acknowledgmente: We acknowledge the assistance of Dr. Phan Viet Minh Tan, manager of the "Labora-
totire agtoul de RN ) haut champ™ in Mootréal. We are thankful for fi{nancial aseletscce from the
Natural Sciences and Engineering Research Council of Canads.

References

. A.J. Kirdy, "The Anomeric Effect and Related Sterecelectronic Effecte st Oxygen™; Springer—
Verlag, Berlin, Heidelberg, New York (1983).

2. (a) R. Booth, K.A. Khedhair, S.A. Readshew, Tetrahedrom, 43, 4699 (1987). (b) H. Booth, T.B.
Grindley, K.A. Khedhair, J. Chem. Soc. Chem. Commun. 1047 (1982). (c) A. Ade, J. Am. Chenm.
Soc. 98, 6477 (1976).

3. A.C. Barbi, J.E, Dudbois, J. Am. Chem. Soc. 109, 1503 (1987).

4. J.P, Praly, R.U. Lemieux, Can. J. Chem. 65, 213 (1987).

5. S. Désilets, M. St-Jacques, J. Am. Chem. Soc. 109, 1641 (1987).

6. D. Mfnard, M. St-Jacques, Tetrahedron _59 , 1041 (1983).

7. L. Capuel, M. St-Jacquee, Tan. J. Ches. 52, 3581 (1974).

8., (a) D.K. Dalling, D.M. Crant, J. Am. Chem. Soc. 94, 5318 (1972). (b) H.J. Schnetder, V.
Hoppen, Tetrahedron 379 (1974), Tc) J.X. Whitesell, M.A. Mfnton, J. Am. Chems. Soc., 109, 225
(1987).

9. (a) J. Sandetrim, Dynsmic NMR SFectroocou Academic Press, 1982, p. 8l. (b)) F.A.L. Aset,
V.J. Basus, J. Magn. Res. » 1 .

10. A. Lachapelle, M. St-Jacques, Can. J. Chem. §3, 2575 (1987).

11, {(a) 8. David, O. Eisenstein, W.J. Rehre, L. Salem, J. Am. Chem. Soc. 95, 3806 (1973). <(b) S.
Wolfe, M.H. Whangbo, D.J. Mitchell, Carbohydr. Res. _,‘5 | “”55.

12. (a) J.T. Edvard, Chem. Ind. 1102 (1955)., (b) C. Romers and coll., "Topics in Btereochemis-
try”, E.L. Bilel and L. Allinger, editors, John Wiley aod Sons, Toronto, Vol. 4, 39 (1969).

13. L.N, Lesuriteen, N.L. Allinger, J. t. Chem. 5, 326 (1984).

14. L. Mandolfni, B. Masct, J. oq.‘ccr""b—mv... LY N T917).

15. A.¥. Azcher, P.A. Claret, D.P, Hayman, J. Chem. 8Soc. (B) 1231 (1971).

16. (a) G. Descotes, J.C. Martin, N. Mathicolonis, Scil. Soc. Chim. Fr. 3, 1077 (1972). (v) J.
Badin, G. Descotes, Bull. Soc. Chim. Pr. 3, 1949 (1970).

17. (a) D.G. Gorenstein, D. T, Je . em. Soc. 99, 672 (1977). (b) C.A. Jeffrey and coll. J.
An. Chem. Soc. 100, 373 (1978). (<) G.A. Jeffrey, J.A. Pople, L. Radom, Carbobydr. Res. 23,
TTr (15725, 22,




7036

18,
19.

20.
21,
22,
23.
24,

S. DésnrTs and M. St-JACQUES

(a) G. Binsch, "Topics iv Stereochemistry”, B.L. Eliel sud N.L. Allinger, editors, Joha Wiley
and Soas, Toronto, vol. 3, 97 (1968). (b) B. Byring, Ches. Rev. 17, 65 (1935).

(a) R.7. Wystrom, W.G. Brown, J. Am. Chem. Soc. 69, 2538 (1947).” (b) R.G. Gaylor, "Raduction
with Cosplex Matal Hydrides", lcterscience, Mew York, pp. 322-370 (19%6).

J.J. Baldwin, A.VW. Rassd, K. Mensler, B.A. Arfson, D.B. McClure, J. Org. Chem. 43, 4876 (1978).
B.J. Corey, J.W. Sugge, Tetrahedron Lett. 31, 2647 (1973).

D.G. Telekar, A.S. Reo, Synthasis 595 Imﬁﬁ

C. Ponteine, Ann. Chim. ;E:z:i 3, 469 (1968).

(a) V.L. Vaters, Yetrshedron Lett. 43, 3769 (1969). (b) R. Mohan, J.A. Katzensllenbogen, 3.
Org. Chem. 49, 12 .



