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Abstrsct - 2,3-Dihydro-1,4-benzodioxepin (5) and ite 3~substituted derivatives
6-9 have been studied by 13¢ and 'u dynsmic NMR in two solvent systems of dif-
ferent polarity. The aromsatic signals were found to be quite sensitive to the
nature of the seven-membered cyclic geometries and wvere used as "conformational
probes”. The results show that the chair (C) conformation is the oaly form
detected at -120°C for the parent compound 5 and its 3-methyl derivative &
wheress the twist-boat (TB) conformation becowes predominant for three deriva-
tives, 3,3~dimethyl 7, 3-methoxy 8 and 3,3-methylmethoxy 9, as a consequence of
both steric and sterecelectronic interactions. Furthermore, in the case of 8,
the detailed geometry of the TB forms detected reflects on the relative impor-

tance of competing stereoelectronic {anoweric and gauche) effects,

Introduction
Conformational analysis of six—wembered heterocyclic compounds has progressed tremendously
during the last thirty yeanl to a point where attempts at defining the very fine details of comr

plex phenomena esuch as the anoweric? and the gauche“"3

effects are being mede, as illustrated
recently by the work of Fuchs snd co-workers on substituted l,b-diounet“.

However, conformational studies in six-wmembered ring compounds are normally restricted to a
single ring geometry, the chair (C) form, because the energy of the other possible conformer, the
twist-boat (TB) form, is superior by about $ kcal/mol™' so that it is therefore not detected in
solution by the usual techniques.

Calculations by Favini and Hava® have indicated that benzocycloheptene (1) shows a reduced
energy difference between the C and TB conformers. Although TB signals were not detected in the
low temperature 1y wur spectrum of benzocycloheptene itsel!," other studies’™9 on somwe heterocy~
clic derivatives showed that TB signals are indeed observed in the low-tempersture NMR spectra of
1,5-benzodioxepin (2) and of 2,4-benzodioxepin (3).

Considering these results snd the wealth of data recently published on the 1,4-dioxane deriva-

tive:,w

it was decided to investigate, by & combination of dynamic NMR spectroscopy and molecular
mechanics calculations, the conformational properties of 2,3-dihydro-1,4-benzodioxepin (5) and its
3-substituted derivatives 6-9. The characteristics of this series of compounds is expected to pro-
vide insight into the competition between the anomeric and the gauche effects which cannot be re-

solved through studies of 1,4-dioxsne snd its derivatives.

. \ . 1 W,X,Y,C=CHy; B,R'=H 7 ¥,2%0; X,Y=CHj; R,R'=CRj
. Wy 2 W,Y=0; X,ZeCHz; R,B"H 8 W,2%0; X,Y=CHp; R*H, R'=OCH;
? s R 3w vechy; x,270; R,2'm 9 W,Z70; X,Y=CHz; R=CHy, R'=OCHj
. RY L MYTCl2i X,Z05 (M, R'-OCHy 10 WeO; X,Y,Z~CHa; R, Kol
10 y—5 S W,2=0; X,Y=CHz; R,R'=H 1l We0; X,Y,Z=CHp; R*R'=CHj
" s 6 W,2%0; X,Y=CHp; ReH, R'=CH, 12 w=0; X,Y,2=CHy; R=CHj, R'=OCH;
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Results

Proton ('H) and carbon-13 (*¥c) wim spectra of compounds 5-9 were obtained at different tewm
peratures between -5°C and -140°C. Three solvent systems were used: & polar one consisting of
CHF3CL:CDaCty (80:20) for both 13¢ and '8 MMR spectra and two less polar mixtures, CH30CH3:CD,Ct,
(80:20) and CFzCl:acetone-dg (94:6), for 13¢ and ' spectrs respectively. All pertinent parse
weters for CHF;Ct solutions are summarized in Tables 1-2.

The 100.62 MHz '3¢ proton decoupled spectrum of 5 at ~-15°C, in CHFP2CL:CDpCR; (80:20), com
sists, for exsmple, of nine well-resolved signals. The arceatic signals are assigned by comparison
with similar signals observed'! for 2,3,4,5-tetrahydro-1-benzoxepin 10; selective heteronuclear
irradistion of the benzylic S-protons readily identifies the C-5 signal in the coupled spectrum,
and the presence of smail couplings (3JCH) in the 74.32 ppw signal identifies it as the C-3 reso-
nance. Lowering the temperature to -120°C only results in a slight broadening of the signals,
vwhich suggests the existence of a single chair conformation, as will be discussed in the next sec-
tion. The chemical shift data sre svamarized in Table I,

The 400.13 MHz 'H NMR spectrum of the same coapound (5) in CHFCt does however shov some dyna-
mic festures on going from -5°C to -140°C. The spectrum st -5°C contaias an A; pattern for the
benzylic S-protons and a AA'BB' pattern for the -O-CHz-CHz-0- fragment; these signals split at
lower temperatures to give, at -135°C, an AB pattern for the benzylic S-protons and a group com
sisting of two brosdened doublets and two broadened triplets for the -OCHz~CHy-0- fragwent. The
parameters given in Table 2 result from a spectral analysis involving selective irradiation experi-
ments.

Similar to the parent compound 5, the 100,62 MHz 3c mmr spectrus of the monomethylated deri-
vative 6 does not shov any significant changes (in both solvent systews) as the tewmperature is
lovered to -120°C. All signals st -120°C are attridbuted to a single conformation, the C, form,
ss will be discussed later,

13¢ and 'H MR spectrs as

Contrastingly, compounds J-9 exhibit more coamplex changes in their
the tempersture is decreased, owing to the presence of & mixture of conformations st lov tempers-
tures. In addition to the chair form, each of these compounds shows the presence of signals as-
signed to a TB form whose NMR parameters are summerized in Tables 1 and 2. The spectral features
of the methoxy derivatives 8 are illustrated as an example.

Fig, 1 shows the 100.63 MH:z 3¢ nur spectrun of 8 (in CHFCL:CDCE; (80:20)) at -25°C. It
consists of ten well-resolved signals, of which the aromatic resonances sre readily assigned by
comparsison with those of parent coupound 5. The methyne (C-3) snd methyl (CH3) resonances are
clearly identified by an of f~resonance experiment, while the C-5 resonance at 63,62 ppm is distin~
guished from the C-2 resonance st 73.44 ppa by selective irradiation of one of the benzylic (R-5)
protons in the TN spectrum., All signals split as the temperature is lovered to give, at
-120°C, two sets of signals of unequal intensities (55:45), which are attridbuted to TB,, (major
form), methoxy group “anti" to the 01-C2 bond) and C, (minor form, wethoxy group in axial posi-
tion) as described later. Changing the solvent system to CHyOCH; alters only the relative propor-

tion of the two sets of signals in favor of the TB,, conformation (see Table 3),

Discussion
Conformatious of the seveo-wewbered ring ia compounds 5-9

The low temperature NMR spectra of compounds 5-9, described in the previous section, contain
signals for the chair and twist-bost forms; the identification of the appropriaste ring geometries
for each compound cen be deduced from spectral analysis as explained next and summarized in Table
3.

As rteported earliec'®?

, the 1,5-(2) and 2,4-(3)benzodioxepins were shovn to exist in solution
as mixtures of C and TB forms for which C is most sbundsat (79% in CHF,CL for both 2 and 3, at
13 and ' NMR

spectra of the parent compound 5, it can resasonably be attributed to a chair (C) coaforwation, in

~130°C). Since only one set of signals is observed in both the lov tewperaturs
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accord with the observed activation barrier of 7.6 % 0.3 tc.l/.ol'l, which is muych more in line
with & C 3 C* inversion process (AG* = 7.7 t 0,5 kcal/mol™! in 3 8a) than a TB & TB* pseudoro-
tation process.

The seven-—membered ring geometries for the substituted derivatives 6-9 are determined through
analysis of their aromatic carbon signsls at low temperatures, ss shown in Fig. 2. Earlier work oo

various ban:oxepin.“'“ 7.8 13,

aad beazodioxepins revealed that the chemical shifts of the aroma-
tic signals are very sensitive to the nacure of the seven-membered ring geometry while, at the same
time, being rather ind2pendent of the nature of the substitueats at the 3-position. These signals
can then be used as coanformationsl probes, whereby signals for the chsir form generally appeasr
downfield from those of the twist-boat form for a given system.

The chemical shift differences between the aromstic '3 signals of the two conformations are
observed to be especially large when a phenolic type oxygen atom is present in the seven—membered
ring cycle, since they reflect the differeat effects of conjugation in each of the two forms: the
-0-C

smaller c,pz-c torsion angle in the TB form produces a greater release of electroas

8p2 ap3
from the oxygen atom to the x-system thea in the C form, and therefore contributes to the accrued

chemical shift difference between aromatic 13¢ signals of those two forws.

Hence, in Fig. 2, the identification of the 13

C sromatic signals corresponding to chair geome-
tries of compounds 6-9, is made by direct comparison with signals for the single C conformstion of
the pareat compound 5, used as reference. The more shielded set of signals for each of cowpounds
7-9 is then attributed to a TB geometry. Conformational dependence of the aromatic 13¢ resonances
is quite large for C-6 (ortho to Ol), whose chemical shift changes by as much as 6 ppm on going

from C to TB.

Substituent orientation in compounds 6, 8 avd 3

The preceding analysis of the aromatic NMR signals of compounds 6, 8 and 9 proved to be an ef-
ficient method of establishing the seven-meabered ring geomatries of these substituted compounds in
solution, However, the acomatic signals are helpless in defining the orientation of the substi-
tuents at the 3-position because of the remoteness of the substituents from the aromatic nucleus.
More classicsl arguments, based on general NMR parascters, must therefore be ueed, as described
next.

For exanple, the orientation of the methyl and methoxy groups in the C forms of compounds 6
and 8 is deduced from the multiplicity of the 2a-protcn signal, in the low-temperature T4 mur spec-
tra of these compounds. Hence, the triplet observed for the 2a-C proton of 6 arises from strong
coupling with the 2e (21) and 3a (3D) protons, which points to an equatorial wmethyl group at the
J-position of C, conformation. On the other hand, the fact that the 2a-C proton of compound 8§
exists as a doublet suggests the presence of an equatorial proton at position 3, and so the methoxy
group must take an axial orientation in the chair form of 8.

For compounds 9, the absence of the 3-proton rules out such an approach and coaformational
information from the ‘H MR spectrum is provided indirectly through & consideration of the charac-
teristic anisotropy effects of the methoxy snd methyl groups oan the adjacent axial proton (in this
case, 2a), as measured previously“ in the methylmethoxy derivative 12, taken here as a model.

It is found that this substitueat anisotrupy effect is quite similar in the C, form of 12
(88 = -0.14 ppn)“ and in the C form of 9 (38 = -0.17 ppa), implying that the methyl group is in-
deed in an equatorial position in the C form of 9, and therefore, that the wethoxy group is axially
oriented (C, conformation).

In contrast, the orientation of the methoxy substitueant im the twist-boat conformations of 8
and 9 is wore difficult to determine, since no rel.-rence TB signals are dutected in the lov-teaper—
ature NMR spectra of the parent compound 5.

For both compounds 8 and 9, two twist-bost forms are possible a priori, nemely TB,, (13) and

T8y (14), where "an" and "g" refer respectively to the anti and gauche orientations of the exter-
nal C-0 bood relative to the internal 0;-Cy bond. The siagle set of sharp signals assigoned to the

tvist-bdoat conformation in the low-temperature NMR spectrs of 8 and 9 must refer either to a single
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TB,n OF 'I'Bs form, or to & mixture of those two TB forms still undergoing a rapid pseudorotation
st -120°C. However, since this last proposed dynsmic process is expected to be significantly
sloved down at -120°C (as is the case for the dimethyl derivative 1 which shows two distinct methyl
signals at -125°C), the sharpaess of the TB signals at -120°C points to a single TB conformer in
solution for 9, either TB,, or TBg. Bach of these two forms (13 and 14) exhibits a particular
orientation of the wmethoxy group relative to the beazylic C-5 carbon atom. Previous studies®® on
the 3-methoxy-2,4-bensodioxepin molecule 4 revealed that the 13c chemical shift of the C-5 signal
reflect on the orfentation of the wethoxy group in the TB forw, as these chemical shifts were
indeed found to be markedly differeat whether the wethoxy group is sya {8c-5 = 62.57 ppm ia
structure 15) or sati (8¢-5 = 67.84 ppm in structure 16) to the C-5 benzylic carbon atoa.

These '3C chemical shifts are also valid probes for the TB forms, either TBy, (13a) or T8,
(14a) in compound 8, in spite of the minor structural differences between the latter and 4. Recent
studies on benzoxepins,!l:128 ghow that the displacewmeat of the oxygen atom from the 2- to the
l-position in the chair forms of these comwpounds, changes the 13c NMR chemical shift of the C-$
resonance by only 0.84 ppm. One can thus reasonably assume that wvithin a 1 ppm margin, the values
62.6 ppm and 67.8 ppa for 4 represent reference 13¢ MR C-5 chemical shifts for the TBgen and
TBg conformations of 8. Therefore, the observation that the C-5 TB resonance is at 62.35 ppm for
8, at -120°C, is strongly indicative of a TBan conformation for this compound.

Finally, the chemical shift of 63.60 ppm for C-5 of the TB form of 9, in CHF2CL (-120°C), cow-
pares well wvith the reference value (62.6 ppm), thus indicating an anti orientation of the methoxy

group in 9, in accord with the sole TB,, form (13b) in solution.
13a X,Y=0; Z=CHy; ReH, R'=OCH;(TB,,)

13b X,Y=0; 2Z=CHp; R=CHy, R'=OCH;(TB,,)

[ [
X Yo R
7‘\ 14 X,Y=0; Z=CHp; R=OCHy, R'=H (TB;)
R'
s ?

14b  X,Y=0; Z=CHz; R=OCH3, R'=CHj (TBg)
15 XeCHp; Y,2=0; R=H, R'=OCHj
16 X»CHz; Y,Z=0; R=OCHy, R'=H

Couformatiosal evergies from solecular mechsaic calculaticas

The issue of the relative stabilities of TB,, vs TB8 for compounds 8 and 9, discussed in
the previous section, together with the need for a predictive tool in the conformational analysis
of seven-membered ring heterocycles, eventually led us to calculate the conformational energies of
the compounds studied in this work by published molecular mechanics wethods.

The MM method!3-13 hay been developed considerably over the last two decades and successful

¢ and to conjugated cyntm” suggested that such a method

extension of the method to hete\'ocyt:lell
could indeed be utilized to predict the relative stabilities of the varioue C and TB forms of com
pounds 5-9.

The resulte, using the MM285 program which includes the parspetrization of the anomeric ef-
Eect", are summatized in Table 3. Cowoparison between calculated enthalpy (8H°) and experimental
free energy (AG’) values must be made with caution since the eatropy differeaces (4S°) detween the
C and TB conforwers are not known precisely in tnese seven-membered ring compounds. Nevertheless,
the results successfully predict the global conformational preferences of the compounds studied.

Particularly interesting from this study is the large energy difference (2 xcal/mol™) calcu-
lated between the TB,, and TBy forms of both the methoxy 8 and the methylmethoxy 9 derivatives;
this result strongly supports the conclusions reached from the previous snalysis of NMR data, that

is, the existence in solution of only one TB forw, nsmely TB,,, for both compounds 8 and 9.



Conformations of substituted-2,3-dihydro- 1 ,4-benzodioxepins 5039

TABRE 3. Relstive populetions of the coafommetiocas of compounds 3-9 in ditfereat solvents asnd
compacrisca with calculeted (1N283) values.

Coaformatioca's popelations®

Coapound Solveat® z -4c*(c/1m) Relative enthalpies of
c ™ (xcal/mol) formatice (a{an)),
keal/mol~}) (ufe-lnod)
[T 1 )]
3 [= 1714} >98 {2 > 1.18 -
CFyCly )98 <2 > 118 1,1 (¢/T®
s [« ] 2143 > 98 (c,) <1 > 1.18
CHyOCH, > 98 (c,) <1 >tLas 1,1 (cq/T8g)
(2,0 (Cg/T8,,D
1 Cnryct 40 60 -0.12 -
CH}OCH) 40 ©0 -0.12 -0,5 (¢/T9)
s CuF,Ct 43 (c,) 35 (18,,) -0.08 -
CHyoCH, 13 (c,) 87 (13,,) -0.58 -1,1 (C /T8,,)
(-2,3 (T8,/T8,,))
9 Curyct 38 (c,) 62 (18,,) -0.1% -
CHyOCH,y s (cy) 95 (18,,) -0.89 -1,0 (C /18,,)

(-2,8 (105/78,,)

8) All solvents contain o deutersted co-solveat (CDyCty (20X (v/v)) for both CHF;CL sad CRyOCH,

and scetone-d¢ (62 (v/v)) for CPyCL;) for locking purposes.
B) All integrations vere cacried out for 27C MR epectra of compownds 3-9 st -120°C (1%) K).

Sterqoelectroaic contributious to the coaformational prefereoces

As stated earlier, benzocycloheptene (1) exists as a single C form in solution. MM calculs
tions!® reveal that the introduction of an oxygen stom next to the benzene ring of 1 stabilizes the
tvist-boat form relative to the chair form (8Ec/rp: 2.42 kcal/ewol™! in 1 and 1.14 kcal/mol™! in
10) through better conjugation of the phenolic oxygen atom with the benzene s-systea in the TB con-
formation.

The introduction of s second oxygen atom at the 4-position of 10, leading to 2,3-dihydro-1,4-
benzodioxepin (5) creates novel dipole-dipole interactions which result in the TB form being much
woce polar (upy: 1.91 D)'? than the C form (uc = 0.46 0.9 Dipolar interactions should there-
fore destsbilized the TB fora relatively to the C form, a phenowenon quite opposite to that occur-
ring in all other benzodioxepins studied,’-9,20

Howvever, the presence of this second oxygen atom in the seven-membered ring also changes
structural forces (such as van der Waals or torsional interactions), as well as cresting novel

"243). the latter

orbital intersctions between the internal C-0 bonds (0g-g-0c-o* "gauche effect
sterecelectronic contribution is expected to depend on the value of the 0)-C2-C3-0Oy torsion in the
C and TB conformations. Unfortunately, a quantitative determination of this effect is not possible
because no TB signals are observed in the low temperature spectra of 5; the C/TB energy difference
in that compound is therefore not available experimentally.

Another consequence of the replacement of the methylene group at the 4-position of 10 by an
oxygen atom is to increase unfavorable steric interactions between the axial benzylic proton and a
potential axiasl group at the 3-position, since C-O bonds are known to be shorter than C-C bonds?},
This phenomenon is quite apparent in the methyl derivative 6, for which only the Cq form is
detected in solution, whereas the C, form .as detected in small amounts (3X) for the 3-methyl
derivative of _l_O_.n

A similer situation arises with the gem-dimethyl derivative 7, where the unfavorable 1,3-di-
axial interaction of the axisl methyl group in the C form is relieved by a conformatiooal change to
a TB form whereby it is observed to be the major conformation in solution for 7, as also confirmed

by the results of molecular mechanics calculations in Tadble3d,
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On the other haod, the observed conformstional date in solution for the methoxy derivative 8
can be rationalited through electronic sud electroststic contributions. Pirstly, the antiperipla-
nar relationship between one lone pair of the benszylic oxygen atom and the external C-0 bond, in
both the C, form 17 and the TB,, form 13a is expected to result in wore stabilizing n,-
9g-p* orbital interactions (the so-called endo-snomeric effect?) in those conformations than in
the C, (18) or TBg (i4s) forms, in which such s favorsble orientation is not possible. This
factor alone should thus favour the C,/TB,, pair over the Ce/TBg pair. Other interactions
between the 0;-C, snd the C3-0 (methoxy) ¢ orbitals are also operstive, and should be more stabi-
lizing for the C, and TB; forws, where the two C-O bonds in question are “gauche” to one
snother (the so-called attractive gauche effect3d); hovever, since the latter oc-0-oc-0*

ioteractions are weaker??

than the previously mentioned ny-oc.g* orbitsl interactions associ-
sted with the asnomeric effect, they are not expected to contribute significantly to the conforma-
tional energies for compound 8. The orbitsal interactions should therefore globally fsvor the

TByn and Cy forms over the Tbs and C, forms.

17 ReH, R'=OCHy (C,.)

o R 18 ReOCHy, R'=# (C4)
Ri

Dipolar interactions for their part are not expected to change this order of conformational
stabilities, siace MM calculations reveat!? that dipole moments are of similsr magnitude in the
Co fu = 1.32 D), C (v = 1.68 D) and TBy (u = 1.09 D) conformations of B. However, those
same calculations slso indicate that the highly unfavorable dipolar interactions in the T8g con-
formation (u = 2.80 D) should destabilized this form further relative to the TB,, and the C,
forms, therefore explaining the absence of signals for this form in the low-temperature NMR spectrs
of 8,

One can also rcationalize the population changes of the TB,, and C4 forms in cospound 8
caused by the solvent changes, by meaas of o simple formalisa?® based on s combination of dipolar
and solvation effects. Thus, in polar solveats, rthe more polar conformation in eolution is ex-
pected to be stabilized relatively to the less polar one, through better solvation and greater
attenustion of the unfavoreble dipolar interactions. Those phenomena should de quite important in
8 and 9 since the presence of the polar methoxy group at the I-position of these compounds in
creases their accessibility to solveat wolecules. Although a recent study by Lemieux sad Prlly“
sad by Booth, Khedhsair and Readshav?® on analogous six-meabdbered ring compounds shoved the impor-

i7

tance of entropy factors, the tvo-term approach descrided above is sufficient to rationalize’’ the

population incresse of the C, form in 8 on going from CH3O0CHy (13X) to CHPCE (45%), because the
Cq form 17 is calculated!?

D).

to be slightly more polar (y = 1.32 D) than the TB,, form {uy » 1.09

Similer srgusents can be invoked for the conformational preferences of the methylmethoxy deri~-
vative 9 in solution, since interactions between the polar bonds of that wolecule are of the sene
nature as in 8. Accordingly, the introduction of the methyl group at the 3-position does not
change wignificantly the C,/TB,, ratios in the two solutions, since that group occupies similar
eavironsents in those two foras.

Finally, it is noteworthy to coepare the conformational prefereace of the 3-methoxy derivative
8 with that of 2-methoxy-1,4-dioxsne. The s.x-wembered analog is restricted to chair formlOf g
CDCLy st *25°C (CuiCqy = 70:30) while 8 exist in two different ring geowetcries (C,o:TB,, *
45:55 in CHP,Ct at =120°C)}, in which both methoxy orientstions maximise the endo-anomeric effect.
The absence of the C, tform for 8 therefore shows that, ia the sevec-membered ring,
stercoelectronic effects stadbilize the TB,, form sufficiently to make it a viable alternative to

the C, conformation.
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Experiwental Section

All syntheseg requiring anhydrous conditions were perforwed under argon with techaniques des-
cribed elsevhere.® Anhydrous solveats were obtained by distilling over various drying ageats:
P,0g for CHyCLl2, Ca0 for dimethylformsmide and dimethylsulfoxide, CaCfz for beasene and xylene, and
Mg for methamol. Plash chromatography was performed op_ 230-400 mesh silica gel (Merck) under
standard conditions as described by Still and co-workers. Preparative vapor phase chromatography
wvas performed on a Varian model 920 apparstus using & 5'x3/8" stainless steel column containing 302X
SE-30(P-HMDS) on Chrowosorb-P. The sample to be purified is veporized at 200°C in the injection
port, passed through the separating column on a etream of helium gas (carrier gas), detected at
200°C by thermal conductivity and condensed in an acetone-dry ice bath. Column temperatures and
retention tiwes are specified vhen necessary.

Melting points were determined on s Thomas-Hoover (Unimelt) apparatus sod were not corrected,
Boiling points were deterwmined by either simple or bulb-to-bulb (Rrugelhohr) dietillation for which
the temperature reported represents the lowest one at which the vapors condensed on the receiving
bulbs. Infrared spectra were taken on & Perkin-Elmer (Model 783) spectrometer. Low resolution
mass spectra were recorded at 70 eV in the chemical ionisation wode, on a V.G. Micromass (Model
12-12) spectrometer, wvhile those at high resolution were recorded st 70 eV, in the electron impact
aode, on a modified MS-9 spectrometer. Routine "H NMR spectra were taken on a Bruker WH-90 spec-
trometer; solutions were typically 5% (w/v) CDCtj containing Me,Si ae internal reference. The fol-
lowing abbreviations are used to described the signal multiplicity: s: singlet; d: doublet; t: tri-
plet; q: quartet; m: wultiplet; br: broad.

The variable temperature 'y mw spectra st 400.13 MHz and the 3¢ nur spectra at 100.62 MHz
were obtained using a Bruker WH-400 spectrometer equipped with a B-VT-1000 variable temperature
unit, Calibration using a copper-constantan thermocouple inside a solvent containing NMR tube
indicates that the temperatures reported are precise within 13°C.

Proton samples in standard 5 mm tubes (degassed and sesled) were studied as 0,.20M solutions in
either CHF,CR:CD3Ct; (80:20) or CPaCLj:acetone-dg (94:6) solvent systems contsining a small smount
of THS. The following instrumental parsmeters are typical: flip angle: 15°; SW: 4500 Hs; aumber of
scans: 100-1000. Gaussian aultiplication was aspplied on all FID's. Data size wvas 8K (AQ:0.91ls)
for low tempersture spectrs (-100°C to -125°C), and 16 and 32K (AQ:1.81 aend 3.64s) for all others
(+10°C to -100°C). All 8 and 16K FID's vere zero-filled to 32K prior to the Fourier traneformation.

Carbon-13 eamples in standard 10 wm tubes (degassed and sealed) were studied as 0.40M solu-
tions in either CHFaCL:CDyCt; (80:20) or CH3OCH3:CD2CL; (80:20) solvent systems, contnnm; a saall
swount of TMS. The following instrusental psremeters are typical: flip angle: 60-70°; SW: 18000
Hz; relexation delay: 0.20s; number of scans: 100-3000. Gaussian multiplication was applied on all
FID's; data size: 16K (AQ: 0.468), zero filled to 32K prior to Fourier transformation.

Reliable integrstions from carbon-13 spectrs were obtained using a 0.1-0.2 s delay between
pulses and by comparing results with at least two other sets of carbon resonances of the same com
pound. All integration figures are therefore precise within 2X.

The rage con,txnt for 5 was deterwined by NMR at the coalescence temperature using the eque-
tion -((Av) + 6J°)¥//2 for singlet to AB opectsul change. The free-energy barrier for this com-
pound was calculated from standard equlnon. using a transmission coefficient of one (vide
infra).

Calculations by moleculsr mechanices wmethods were performed on a VAX-11/780 computer, situated
at the Centre de Calcul of the Université de Montréal. _Structural parsmeters for the conformers
studied are generated by the interactive program MODEL, which allows the user to creste struc-
tures graphically, to modify them at will and to refine their geometries by MM2 """’ calculations.
Structun. generated through this procedure are then used as input structural files for the MM285
progrem’' " obtained from QCPE (No. 39S5).

Coapounds 3-9 were obtained by multistep step syathesis from 2-hydroxybenzenemethanol (Al-
drich), as described in the following Scheme.

R
2-hydroxybenzene- R
methanol —» on ~* R’
o

19 R=CH,CH,Ct —p 5 R,R'=
20 R=CH,CH=CH, —P 21 R=H, R'=CH;SePh —» 6 &=H, R'=CH;
21 R=CH,C (CHy)=CH; —3P 23 R=CHy, R'*CH;8ePh — 7 R,R'=CH;
22 R"CH;CW(OCHy); —3 8 R=H, R'=OCH3
2 R=CH, COCH4 — 2 R=CH,, l"OCH:,
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(2-(2-Chloroethoxy)benzenenethasol 19 s

This compound was prepared following & procedure described by Kulka. ® Distillation of the
frodo product under vacuum (114-115°C/0.13 wm Hg; litt. (28): 166-167°C/12 mm Hg) yielded pure 19.
H NMR (CDCly): 2.79 (1K, br, -OH (exchangeable with Dz0)), 3.80 (2H, ¢, ~CHa=CL), 4.23 (24, ¢,
-OCHz-), 4.68 (2H, s, —CH2-0-), 6.76-7.33 (4H, =, arom. protons); IR(aeat): view!): 3600-3100
(-od), 1610, 1590 (C=C).

2,3-Dibydro-1,4-beasodioxepin 5
‘So a solution coataining 598 mg (12 wmol) of a 50I (w/w) dispersion of NaB in mineral oil im
70 ca’ of anhydrous DMF, vas added dropwvise, under argon, a solution of 1.74 g (9 wmol) of the
chloroalcohol 19 in 10 cn’ of snhydrous DMF. The resulting solution was stirred and heated st 40°C
during_ 7 h, then at room tempersture during 24 h; it wee then neutralized by the slow addition of
2.0 cm’ of glacial acetic scid and filtered on sintered glass. The filtrate was evaporsted to dry;
nees, and then dissolved in 20 cm’ of ether; this orgenic phase was then washed with 3 x 50 cw
brine, dried on MgSO,, filtered on sintered glass and evaporated under reduced pressure to yield
1.63 g of a yellow oil which contains both the desired 5 ead 2-vinyloxybenzenemethanol (s e
(CDCL3); 4.39, 4.65 (2H, AB part of an ABK pattern, -O-CH=CHz), 4.66 (24, s, -CHp-0-), 3.03 (18,
br, ~OH (exchangeable with D20)), 6.59 (1H, X part of an ABX pattern, -O-CH=CH2), 6.86-7.4A2 (&H, =,
aromatic protons)).

Compound 5 yas icxolued by preparstive vapor phase crsmtoqlphy (columa temp.: 150°C; He
flow rate: 53 cm’ min™'; retention time for 5: 6.0 min). C and 'H NMR spectra are deecribed in
Tables 1-3. Mass spectrum for 5: anal. calcd. for CgH;¢02: mw/e: 150,0681; found w/e: 150,0664.

2~(Propenyloxzy)beasasemsthanol 20 ’n

This compound was prepared following 8 procedure descridbed by Bsrkhud, Schmitsz and Buraett,
A mixture of 20.00 g (201 wmol) of 2-hydcoxybenzenemethanol, 13.9 cm® (201 wmmol) of )-bromopropene
and 22.27 g (201 wmol) of potassium carbonate in 50 cm® of acetone thus yielded 19.03 g (72% yield)
?f pure 20 as a clear, dense liquid. Bp. 83-85°C/0.02 =m Hg (lite. (29): 97.5-98.0°C/ | wa Kg).
H NMR (CDCL3): 2.82 (1H, t, -OH (exchangeable with Dz0)), 4.53 (28, dxt, -0-CHp-), 4.67 (2H, d,
-CH, -OH), 5.231 $.38 (2H, m, = CHz), 6.03 (1R, =m, =-CH=), 6.78-7.32 (4H, =, arom. protons).
IR{neat): v(cm™"): 3600-3100 (-OH), 1660 (aliph. C=C). 1610, 1600 (arom. C=C).

#-Phenylselenaphtalimide (W-PSP) ’2

This compound was prepared using a procedure previously described by Nicolaou et al. A mix-
ture of 43.00 g (225 wmol) of phenylselenylchloride and 45.00 g (243 mmol) of the potsseium salt of
phtalimide thus gave 43.12 g (63X yield) of a slightly yellow eolid, whose melting poiat ar1-
175°C) and "H WNMR spectrum in CDCty are identical to those described in reference 32 for N-PSP.

3-(Pheoylselevomethyl)-2,3-dibhydro-1,4-densodioxepin 21

A mixture of 8.79 g (54 mmol) of alcohol 24.34 g (80 mmol) of N-phenylselenophtelimide 20,
0.40 g (1 mmol) of dt-cemphorsulfonic acid and 400 cn? of anhydrous CH;Ct; ie stirred under argon,
at 0°C during 10 min, then st room tewperature for 72 h: & white, fluffy solid graduslly precipi-
tates from the solution during this period. The resultant solution is then filtered on sintered
glass and evaporated under reduced pressure; the residue is dissolved in 200 cm” of hexane and the
resulting solution is again filtered and evaporated to dryness, yielding a slowly crystallizing ved
0il. This oil was purified through flash chromatography on silica gel, using CHzClz/hexaane (40:60)
as eluent. The first fractions gave diphenyldiselenide (PhSeSePh), while eubsequent fraftiono
yielded pure 21 as white crystals. Rp: 0.24 (CH;Ctz/hexane: 40:60). Mp.: 77.0-78.5°C. H NMR
(cocey): 2.99 (2H, =, —CHp-SePh), 3.66 (1H, dxd, H-2), 4.05 (1M, m, H-3), 4.43 (lH, dxd, W-2'),
4.71 (24, s, H-5), 6.99-7.61 (9H, m. srom. protons). Maes spectrum for 21: (EL): 320 (X*:) (68),
120(100), 91(60). Anal. calcd. for CjgH;g025e: m/e: 320.0315; found: w/e: 320,0336.

3Methyl-2,3-dihydro-1,4-benzodioxepia 6

A_stirred solution of 2.24 g (7 wmol) of compound 21 and 30,00 g of sctivated Raney nickel in
100 cm’ of methanol is heated to reflux during 72 h; the resulting mixture is then filtered on ]
celite pad, and the filtrate evaporated under reduced pressure. The residue is dissolved in 50 cm
CHzCL;, and the resulting solution is again filtered and evaporsted, yielding 1.00 g (87% yield) of
a clear liquid with a strong aniseed-like odor, and identified as 6. An sonalytically pure eample
vas fbtained by preparative vapor phase chlr togrrphy (column teamp.: 150°C; He flow rate: 50 ca’,
sin™'; retention time for 99: 7.0 min). C and 'H NMR spectra of 6 are described in Tables !-3.
Hass spectrum for 6: anal. calcd. for C oH;202: w/e: 164.0837; found: m/e: 164.0845.

2-((2-Methyl)propenyloxy)beazecemethanol 22

This compound was prepsred from 2-hydroxybenzenemethanol, 3-chloro-2-methyl propene and potas-
sium iodide using the ssme procedure as for 20. Distillation of the crude product uvader yecuum
yielded a clear oil (13.57 g: 94X yield) identified as 22. Bp.: 90.0-92.0°C/0.35 wam Hg. 'H NMR
(cpcty): 1.81 (3H, s, CHy), 2.82 (1H, t, -OH (exchangeable with D;0)), 4.43 (2H, e, -0-CH,-), 4.68
(24, d, -CHp-OH), 5.02 (2H, d, =CH2), 6.78-7.32 (4H, o, arom. protons).

3-Methyl-3-phenylselenomethyl-2,3-dihydro~1,A-h::azodioxepin 23

This compound was prepared from 22 using Lhe same selenium mediated cyclization wethod as for
2l. Chromatography of the crude product on silica gel yielded 53 of 23 as & dense yellow oil.
Rp: 0.30 (CHpCtz/hexane: 40:60). Bp. 195-200°C/0.50 mm Hg. g amr (CDCty): 1.37 (3H, s, CHj,
3.13, 3.49 (24, AB pattern, -CHp-Se-), 4.09, 4,04 (2H, AB pattera, -0-CHp-), 4.71 (24, s, ~CRy-0-),
6.90-7.61 (94, w, arom. protoas). Mass spectrum for 23: (CI): 336 (M*:) (40), 1672(!"-
PhSeCHy) (100).

1
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3,3-Dimethyl-2,3~dihydro-1,4-benzodioxepin 7

This compound is prepared by a Raney nickel-mediared deselenization of compound 23, following
a procedure pceviously described for the synthesis of compound 6. A 835X yield of the desired 7 was
obtained as & clesr oil after distillation. Purther purification of the semple wvas thvrd
through preparative vapor phase chromatograpby (colamn temp.: 140°C; He flow rate: 41.0 cm’ min™';
retention time for J; 6.1 min). Spontaneous cryu.lliu:&oao occusud in the receiving flask st
-18°C, yielding pure ] as a white solid. Mp. 44.0-46.0°C. C and "R BMR spectra sre described in
Tables 1-3, Mass spectrum for 7: asnal. calcd. for Cy1Hy0y: wmie: 178.0993; found: m/e: 178.0981.

2-(2,2-Dimethoxyethoxy) bensenemethanol 24

o a stirred mixture of 2.0l g (42 wmol) of a 50% (w/w) suspension of NaH in minersl oil and
30 cm” of snhydrous DMSO, under argon, is sdded in small portions 5.00 g (40 smol) of 2-hydroxy-
benzenemethanol; the resulting solution is heated at 35°C until it becowes clear (5 win).To this
clear solution is sdded, dropwise, a solution of 4.6 cm” (40 wmol) of 1,l-dimethoxy-2-chloroethane
(Aldrich) in 15 cm® of achydrous DMSO; the resulting mixture is heated at 110°C during 50 h, then
brought back to room temperature and evaporated to dr;ncn under vacuum. The residue wvas treated
with 100 cw® of vater, then extracted by 3 x 100 cm’ of ethylether: the combiaed organic phases
vere then dried on NaC03 filtered and evaporsted under reduced pressure to yield = slightly yellow
oil which, upon distillation, gave pure 24 (4.78 g: 56X yield) as & clear and dease liquid. Bp.
80-82°C/1 mm Hg. 'H WMR (CDCty): 3.38 (6H, s, 2X~OCH3y), 3.60 (1H, br, -OR (exchangeadble with D30),
3.99 (2H, d, -0-CHp-), 4.63 (2H, 8, -CHp;-OHW), 4.67 (2H, t, -CH(OCH3)2), 6.76-7.30 (4H, =, srom.
protoas). ll(nu# vicm™l): 3600-3100 (-0H), 1600 (arom. C=C).

3-Methozy-2,3-dihydro-1,4-beazodioxepin 8

A mixture of 1.53 g (7 wmol) of 24, 50 wg (0.2 mwol), of parstoluenesulfoanic acid and 125 en?
of anhydrous benzene was heated to reflux during 3 h; the clear, yellowish solution was shcu
brought back to room temperature and evaporsted to drynees. The residue vas taken up in 150 cm” of
ethylether and the resulting solution was dried on X,C03: it was then filtered oo sintered glass
and evaporated to dryness, yielding a yellow oil which, upon distillation on a Krugelhohr apparatus
(116°C/1 am Hg), gave 0.80 g (622 yield) of pure B as a clear oil, Purther purification was possi-
ble tgfough the use of preparative vapour phase chromstography (column teep. 150°C; He flow rata:
24 cm” nmin”"; retention time fo 8: 14.5 'in“ Sponfmeout crystallization occurred in the re-
ceiving flask at -78°C. |Mp: 48.5-49.5°C. C and 'H KMR spectra are described in Tables 1-3,
Mass spectrum for 8: anal. calcd. for C;gH;203: w/e: 180.0786; found: w/e: 180.0791.

2-{Propane-2-oae oxy)beczenemethanol 25

This compound was prepared from 2-hydroxybenzenemethanol l-chloro-2-propancne and potassium
iodide using the seme procedure as for 20: this procedure gave 3.86 g (53X yisgld) of 23 as & thick,
yellow oil; any attempt to distill this compound rswltcd in polymerization and in the production
of minor quantities of 3-methyl-1,4-beazodioxepia ('H MMR (CDC2Ly): 1.63 (3H, d {(allylic coupling:
1,243), -CHyJ), 5.06 (2H, s, -CHp-0-), 5.73 (IH, br, s, —Q-CH = 6.79-7.26 (4H, =m, arom)); the yellow
oil was therefore utilized as such in the next step. H NMR (CDCL3) of 25: 2.20 (34, s, —CHjy),
4,58 (2H, 8, -0-CH,-), 4.67 (2H, s, -CH,-OH), 6,88-7.36 (4, w, arom. protons).

3-Methyl-3-wethoxy-2,3-dibydro-1,A-beasodioxepin 9

To 1.36 g (7.5 mmol) of the keto-slcohol _2_5_’-n 2 200 cm’ round-bottomed flask, are sdded 15 wg
(0.1 omol) of paratoluenesulfonic acid and 125 cm’ of anhydrous methanol: the resulting mixture vas
then stirred and heated to reflux during 4 h. It was then cooled to room tesperature and evapo-
rated to dryness; the residue was dissolved in 30 ca” of ethylether and the resulting organic phase
vwas dried on anhydrous K3COy, filtered on sintered glass and evaporated under reduced pressure to
give & yellow oil which was purified by flash chromatography on silica gel, using CHzCl; as eluent.
Evaporation of the first fractions produced 0.41 g (30X yield) of the desired 9 as 1 olightl{ yel~
lov oil, which crystallized on standing at 0*C, Mp.: 54.0-56.0°C (white solid). '3C and 'H WMR
spectra of 9 are described in Tables 1-3, Mass spectrum for 9: anal. calcd. for (M-CoH,*):
CgHj003: w/e: 166,0630; found: w/e: 166,0617 (no molecular ion was detected in the spectrum).
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