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Abrtrect - 2,3-Dihydro-l,4-baruodioxepin (1) and itr 3-rubrtitutcd drrivetivcr 

6-9 have been studied by l3 _- C and ‘11 dynric NW in two solvent ryrtar of dif- 

frrrat polrrity. The aromatic iignels we?c found to be quite l eneitive to the 

nature of the revenacmbarcd cyclic gawtries and wore wed aa “conformational 

prober”. The rcaultr @how that the chair CC) conformation ir the only form 

detected et -12O’C for the parent capound 2 and itr 3lcthyl derivative 5 

whattar the tvirt-boat (TBI conforration becomas predaeinant for three dariva- 

tivcr, 3,3-dioethyl I, 3wthoxy 2 and 3,3mtthylrcthoxy 2. as I conaequcnce of 

both stcric and rtercoelactronic interact ions. Furthermore, in the case of 2, 

the deteiicd pmetry of the TB foms detected reflects on the relative impor- 

tance of carpeting nttreoelectronic (momeric and gauche) cffectr. 

Introduct ion 

Confornational analysis of aix-bercd htttrocyclic compounds has proXrsased tremendously 

during the lort thirty yaarrl to a point where attempts at defining the very fine datailr of coo- 

plcx phenomena such WI the l nomeric’ and the gauche I*3 effects are being made, a# illustrated 

recently by the work of Fuchs end to-worker8 on substituted 1,4-dioxancs’. 

Wovevet, conformational studier in six-membered ring compounds are normally restrictad to l 

ainglc ring Ecometry, the chair (C) form, because the cneruy of the other porrible conforwr, the 

twist-boat (TB) form, ir superior by about 5 kcal/nol-1 so that it is therefore not detected in 

solution by the usual techniques. 

Calculations by Favini and Nav.’ have indicated that benxocyclohsptcne (L) rhovr a reduced 

energy difference bctwean the C and TB conformers. Although TB signals were not detected in the 

low temperature ‘I! NKR l pectrlv of banxocycloheptenc itself,’ other rtudico’-9 on l me haterocy- 

clic derivatives shoved that TB signals l ?e indeed obrarved in the lov-teepetaturt NRR spactra of 

l,S-bcnxodioxepin (2) l d of 2,4-benxodioxepin (11. 

Considering thcee rcrults end the wealth of data recently published on the 1,4-dioxane deriva- 

civas,l” . rt Y‘S decided to investigetc, by a combination of dynaic NRR apeccroscopy and molecular 

mechanics calculationa, the conformational propartier of 2,3-dihydro-1,4-bcnxodiorcpin (11 and ita 

3-rubrtitutad derivative8 6-9 - -* The charactcrirticr of thie eerie8 of coapoundr is expected to pro- 

vide insight into the competition between the momeric and the gauche effects which cannot be re- 

solved through rtudits of 1,4-dioxane and its derivatives. 
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1 -I>’ - 74.60 Tb.bd 75.61 134.11 Ibl.&l 121.91 IJ0.H 124.61 110.&b - - 

-120’ Cd 16.23 14.22 lS.24 12l.Ib lbo.I? 122.12 110.10 124.M 120.51 - - 

I -25’ - 19.50 ?9.12 12.91 114.~2 161.16 lll.I> 120.41 12~.11 110.10 17.b) - 

-110’ C. 79.23 19.14 72.69 134.)) 1bo.b) 121.04 lJo.~b IJ4.93 130.49 Il.49 - 

1 -25’ - 19.32 17.22 0.70 121.17 1bO.19 120.12 129.79 122.bI 129.19 2l.S) - 

-120’ TI lb.40 11.11 (4.14 128.24 151.44 119.62 129.u) 122.61 129.>2 Il.64 _ 
13.bb 

C 11.52 lb.60 0.1) 13b.r* 161.01 Ill.74 120.41 124.91 120.42 19.lb 
lb.15 

L -25' - 12.44 102.21 b2.61 III.69 160.26 121.07 130.01 124.01 129.71 - 35.0 

-120’ 21.. 10.54 101.41 (2.25 121.11 15I.7b 120.21 129.30 121.I9 129.30 - 35.11 

C. 1s.w 100.01 62.31 lJ2.72 lbo.9b 121.71 II.69 123.¶4 120.69 - 53.9’ 

I -15’ - lb.92 102.20 0.19 120.61 160.11 120.12 129.Ib lll.lS 129.66 20.b4 41.0 

II” 11.01 102.12 6l.W llI.lI 151.71 120.01 129.bl 122.M 129.5s 20.12 &I.19 

-120’ C, 19.00 lW.5S bl.21 124.01 1W.M Ill.lb 124.11 I2S.W 120.32 20.09 41.9. 
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Rcrul C6 

Proton (‘H) snd csrbon-13 (“C) KM spectrs of coopoundo 5-9 vere obtsiaed st different tam- -- 

per.tures between -5’C sad -14O.C. Three solvaat 6yster vere used: 6 polsr one consistin& of 

CHP2Cf:CD2CL2 f80:2D) for both f3C snd ‘it NNR rpectrs snd tvo lass polsr ritturce, CBg3CH~:CO$t2 

(80:20) snd W2Ct:ecetone-d( f94:6f. for “C and ‘Ii JiHR spectts respectively, All pertinent psrr 

meters for CHP2Cf 6olutioas sre susrixed in tsble6 L-2. 

The 100.62 Wit “C proton decoupled 6p6Ctru of 1 at -lS’C, in CHP2Cf:CD2Cf2 (80:20), COft- 

6ist6, for 666.pl6, Of nine t#eff-re6olVed signSlS. The sromstic sign616 sre sssigncd by compsrison 

vith simiisr signs16 obrcrvcd l1 for 2.3,4,5-tetrshydrwl-benxoxepin 10; relective hcteronuclcsr 

i?rBdiBCiOn of the bensylic 5-protons resdily identifier the C-5 sign61 in the coupled spcctru, 

6nd the presence of sull couplings f3JCH) in the 74.32 ppa rignal idencifiao it 66 the C-3 rero- 

n6ncc. Lowering the Ccrpersture to -12O’C only rerults in s slight brosdeninp of the signals, 

which suggests the existence of l single chsir conformstion, ss vi11 be discussed in the next sec- 

t ion. The chcricsl 6hift d6te 6re s-rized in tsble 1. 

The 400.13 NH6 ‘H HnR spectra of the 66me compound (2) in CHF2Ct doe6 however l hor come dynr 

mic fescuces on going from -5’C co -14O‘C. The spectrum st -5-C conteias sn A2 prtccrn for the 

benrylic S-protons snd s M’BB’ psttern for the -O-CH2-CH2-0- frsgment; these rignslr split 6t 

lover tempersturer co give, st -135’C, 6n M psttcrn for the bcnrylic I-protoas snd s group con- 

sisting of two brosdenad doublet6 6nd two brosdened triplets for the -OCHt_CH2-@ frsg#nt. The 

psrsmetcrs given in Tsble 2 result from 6 spectral snslysis involving selective irrsdiscion expcri- 

merits. 

Sieilsr to the psrenc compound 1, the 100.62 WI6 13C WhR spectrum of the conorthyl6Ccd deri- 

vstive 5 do66 not rhov sny significsnt chsng66 fin both solvent systems) ss the tcopersture is 

lovered co -12O’C. All signsls st -12O’C sr6 sttributcd to 6 single conformscion, the C, form, 

‘6 vilk be discussed fster. 

Contr86tingly. compound6 7-9 exhibit more complex chSnge6 in their f3C snd ‘H NHR 6pectrs 6s -- 

the tcmpersture i6 detresred, wing to the pr66ence of e mixture of conformstions SC lov cempere- 

turer. In addition co the chsir form, esch of these compounds ahour the presence of signsls s0’ 

signed to s TB form vhosc NWR psrsmetcrr sre suMrired in Tsbler 1 snd 2. me 6pectrsl fa6tures 

of the l echoxy dcrivstives E sre illurtrsted s6 m l xsmple. 

Fig. 1 show the 100.63 !Mx 13C NM epectwt of 8 fin CHP2C&:CD#2 (80:20)f sc -2S’C. XC 

conrirc6 of ten well-resolved siRn616, of which the eromstic resonsnces sre rtsdily s66igned by 

compsrsiron vich those of psrcot compound 2. The mechyna (C-3) snd octhyl (CHa) reson6nces sre 

clesrly identified by sn off-resownce experiment, while the C-S reronsnce st 63.62 pp is distin- 

guished from the C-2 resonsnce SC 73.44 ppm by selective irrrdistion of one of the benrylic (H-5) 

protons in the ‘H NhR 6pectrum. All signsls split ‘6 the teopersture is lovercd to give, st 

-12O’C. two 8etd of signs16 of unequsl intensities (55:45), which ere sttributed to TB,, (major 

form), rcthoxy group “snti” to the 01-C2 bond) snd C, (minor form, methoxy ftroup in sxisl pori- 

tion) a6 described lstsr. Chsnging the solvent ry6tem to CH30CHj sltcrs only the relstive propor- 

tion of the two sets of signs16 in f6vor of the TB,, conformation (see f6ble 3). 

DiSCuBBiOn 

Coafocutioox of the 66ve‘WW&e red riq io caqmuod* 5-9 -- 

The low temperscure NHR rpcccrs of compounds 5-9 - -* described in the pravioue section, contsin 

rignrlr for the chsir snd twist-host forma; the idcntificstion of the sppropriste ring geometric6 

for l ech ccwpound c6n be deduced from spectr61 snslysis 6s explsincd next snd s-rired in febla 

3. 

As reported earlier”* * the 1,5-(z) snd Z,4-f~Ibenrodioxapin6 were shown to exist in rolution 

‘6 mixtures of C sad TB forms for which C is w6t sbundsat (29% in CHP2Cf for both 2 6nd 2, at 
-13O.C). Since only one set of rignslr ir observed in both the lov t6mpersture “C snd ‘!I NI(R 

rpeccr6 of the psrent compound 1, ic csn rerronsbly be sctributsd to 6 chsir (C) cooforrstion, in 
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Conformauons of subsuru~td-2.3dihydro-l.4-benzod~oxep~ns 5037 

accord with the obrerved activation berrier of 7.6 f 0.3 tcel/mol-’ , which ir uch gore in line 

with l C * C* inversion process (AC’ - 7.7 3 0.5 kcrllrol-’ in 3 Ee) then l TB C TB* preudorcr _ 

tat ion procerr. 

The l evenqembered rina aeowtries for the l ubetituted derivatirer 6-9 l re detsrrined through -- 

l nelyaie of their l routic carbon rigoelr et low tsrpcretures, es l hcun in Pi& 2. Kerlicr work on 

veriour benroxapinr”“2 end btnzodioxcpinr’l” rrveeled that the chmicel l bifte of the 13 c .r01.- 

tic signals l re very rcnritive to the nature of chat maven-membered ring geometry while, et the came 

time, being rether independent of the nature of the l ubstituents et the 3-position. rneae rignals 

can then be used es conforutionel prober, vhsreby l ignels for the their form generally l ppeer 

downfield from there of the tvist-beet form for a given system. 

The chemical shift differences between the aromatic “C rigoelr of the two conformetionr are 

observed to be erpecielly lerge when l phenolic type oxygen atom ir prerent in the raven-merbersd 

ring cycle, since they reflect the differcot effects of conjugation in erch of the two form: the 

smaller C 
SP2 

-C,p2-O-C,pj torrion angle in the TB form producer a greeter release of electrOnl 

fruD the oxygen eta to the w-syrtcm then in the C form, end therefore contributes to the accrued 

chenicel shift difference betvaen araetic 13C rignelr of those two forma. 

HenCe, in Fig. 2, the idrntificetion of the I3 C l roaetic signals corresponding to their 8eome- 

tries of compounds 6-9 - -@ ir oedc by direct comperiwn with signale for the ringle C conforaetion of 

the parent compound 1, used as reference. The more shielded set of rignelr for each of corpounde 

7-9 is then attributed to l TB gaoaetry. Conformetionel dependence of the l roaetic 13C resonencee -- 

is quite large for C-6 (ortho to Ol), whore cheoicel shift changes by l e much aa 6 ppm on going 

from C to TB. 

Substitueat orientation ia coqoueddr 2, 9 sod 2 

The preccdin8 l nelyrir of the l roretic NliIt aignelr of compounda a, g end 2 proved to be en ef- 

ficient method of establishing the revcn-merbered ring geometric* of these rubrtituted compounds in 

rolut ion. H0w*vcr, the aromatic signals are helpleas in defining the orientation of the rubrti- 

tuents at the 3-position because of the remotenese of the l ubstituents From the l raetic nucleus. 

Uore cleericel argumenta, based on general NHR percrrrters. muat therefore be “red, ee described 

next. 

For example, the orientation of the methyl end sethoxy groups in the C forms of compounds 6 

end 8 is deduced frcw the multiplicity of the 2e-prot<w signel, in the low-temperetura 1H Nl4R .pec- 

tr.a of these compounds. Hence, the triplet observed for the 2e-C proton of a l riree frca strong 

coupling with the 2e (‘5) end 3. c3J) protons, which points to en equetoriel wthyl group et the 

3-position of C, conforat ion. On the other bend, the feet that the 2e-C proton of coqound 5 

l xirtr l e a doublet rugsestr the presence of en equatorial proton et position 3, end so the methoxy 

group met teke en trial orientation in the chair form of 8. 

For ccapounds 2. the l b8ence of the )-proton rules out such en l pproech end cooforutionel 

information from the III WWL rpectru ir provided indirectly throah l consideration of the cherec- 

terirtic enisotropy l ffectr of the wthoxy end methyl group. on the l djecent l xiel proton (in this 

ceee, 2a), es meerured previously” in the methyluthoxy derivative l2, taken here es l model. 

It is found thet this rubatitucnt enisotropy effect ia quite similar in the C, form of 12 - 

(A6 - -0.16 ppm)” end in the C form of 2 (A6 - -0.17 ppo), implying tbet the methyl group is in- 

deed in an equatorial position in the C form of P_, end therefore, that the wthoxy group is l xielly 

oriented (C, conformet ion). 

I” contr.*t, the orientation of the wthoxy rubrtitucot io the twist-boat conforutionr of 8 

end 0 ie more difficult to determine, since oo raf..rence TB l ignele l re detected in the lov-teaper- 

eture NlUt rpectce of the parent compound 1. 

For both compounds 8 and 2, two tuirt-boat forv are poraible l priori, nemely T8,, (13) end - 
fBg (E,, where “an” end “8” refer respectively to the & end seuchc oricntetioar of the ester- 

nal C-O bond relative to the intcrnel 01-C) bond. The l in8le set of aharp rignels l srigned to the 

twist-boa conformerion in the low-terpereture NlSR l pectre of 0 end 2 mmt refer either to l l in8le 
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TB.” or TBg form, or to l mixture of chore LYO TB foru rtill underBoin9 . rapid preudorotetion 

at -1ZO’C. Howver , l ince this Imt proportd dynamic procesr ir expected to be wignificsntl7 

rlowd down at -12O’C (U ir the came for the dimeth71 derivative Lvhich show tvo distinct methyl 

signela at -12S*C), the rharpnsrr of the TB signals l t -120*C point. to l ringlo TB conforwr in 

l olutlon for 2, cithor TB,, or TB 
0’ Koch of there two foru (13 and 14) l xhibitr k particular - - 

orientation of the wtboxy group relative LO the benrylic C-S cerbon ata. Previous l tudier8e on 

the Fwthoxy-2,4-bcnxodioxapin molecule 4 revealed that the “C chemicel shift of the C-S #igncll 

reflect on the orientation of the wthox7 group in the TB form, .a there chemical rhifta wre 

indood found to be urkedly different &tether the methox7 group ir z fd~_S - 62.57 ppm in 

structure 11) or w (6C_S - 67.84 ppm in structure 16) to the C-S bent7lic carbon ata. - 

These “C chemical rhifta l re l lro valid prober for the TB foru, either TB., (13a) or TBX - 

(14a) in compound 2, in rpite of the minor rtructural differencer betwnn the latter end 2. 

studier on bcntoxcpinr ,11,12e 

Recent 

rhou that the dieplrcemeat of the oxygen *ta from the 2- to the 

I-porition in the chair fom of there compoundr, changea the 13C NKR chemical rhift of the C-S 

reronence by only 0.84 ppm. One can thur rearoneb37 l .#- that within . 1 pp urBin, the valuer 

62.6 ppm end 67.8 ppm for i reprerent reference *‘C NNR C-S cbemic@l l hifto for the TB,, and 

TAB conformationa of ,. Therefore, the obrarvation that the C-S TB rmonance is et 62.3s ppm for 

,, at -12O’C, ir rtrongly indicative of . TBen conformetion for thir compound. 

linal ly, the chemical shift of 63.60 pp for C-S of tba TB form of 2, in CHP2CL f-120*C), cot 

peras uell with the reference value (62.6 ppm), thuo indicating 4n anti orientation of the methoxy 

group in 2, in accord uith the role TB,, form (13b) in rolution. - 

13a x,r-0; 2’cLL2; - R-H. R”(3CH,(TfI,n) 

13b X,Y-O; Z-CiI2; it-Cif3, fl’-CCtl~(TBen) - 

14a x,~-o; z-cu2; it-octi3. ~‘4 (TB,) - 

14b X,Y-0; Z-CP~; R-CCH~, R’-CCH~ (TBB) - 

1s - X~CH2 ; Y,Z-oo; IL-H, R’QCiij 

16 - x*cil2 ; Y ,ZQO; R-OCH) ( R’ -II 

Conforut iomnl oarlie* fra alocoler -tunic cnlcolntiomo 

The irrue of the relative rtabilicisr of TB,, VI TBg for capoundr g and 2, dircurred in 

the previour rscrion, together with the need for l predictive tool io the conforutional l natyrir 

of l evsn-membsrsd ring heterocycler, eventually led us to crlcul~te the conforretionel energies of 

the capoundn rtudisd in thir vork by publirhed molecular mechenicr methodr. 

The IW mrhod13-1s bar been developed conriderably over the lart two decade* end ruccerrful 

rxtsnrion of the method to hererocycler 
16 end co conjugated l yateu 17 l uggeorad that ruch . method 

could indeed be utilized to predict the relative rtabilitieo of the variour C end Tll form of cow 

poundr S-9. -_ 

The rerulta, urinB the M28S progra vhich include* the peraetriration of the l nomeric cf- 

fectlA , are ruarired in Table 3. Comparison between calculated l nthalpy (All*) rnd experimental 

free snerg7 (AC’) velues must be mede with caution since the entrop7 differeocer (AS’) betwen the 

C and TB conformer* l re not knovn precisely in tneae raven-merbersd ring compoundr. Neverrhelsor, 

the reaulta l uccansfully predict the global conformationrl preferences of the compound. rtudied. 

Particularly interesting fra this study ir the large enera difference (2 kcal/mol-f) calcu- 

laced between the TBan end TBX foru of both the mechoxy 0 and the wthylmethoxy 2 derivative*; 

thir result rtrongly rupporta the concluriono reached fra the previour l nal7rir of NW. data, thet 

in, the l riotence in rolution of only one TB fom, nael7 Tit,,, for both capoundr 0 end 2. 
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a CN$l 4) tc,) 3) (TB,,) -0.Ob 

C”loQI 11 tc,) 87 ml,,) -0.18 -1.1 W,/lB_) 

(-2.1 trap,,)) 

1 CW*Cl u CC,) 62 trl,,) -0.15 

Cb~l 5 (C,) 9, trl”) -0.0 -I ,o tc,nr,,) 

(-?.a (TB‘/fI,,)) 

a) A0 l olr*nl* cm1aln . d.“l*rDl*d co-.o,r..t tco,c1* (201 (r/r)) lo, bolb cn,*c. ad CSfJcoca, 

snd .<.t.w-d‘ (4X (r/r)) lor CV,Cl~) for IocLla~ prpo.... 

bl AI I intrarec ions were carrhd out Ior “C mm apccr. ot coqocd. L-1 .I -11O’C (151 K). 

Sterqoelectroaic contributiooe to tbe coeforutioael prefereoceo 

As stated earlier, bentocyclohsptaae (I) existr es l single C forr in solution. nn celculr 

tionr’g reveal that the introduction of en oxygen l tcm next to the benrcoe ring of 1 rtebilires the 

tvirt-boat form relative CO the chair forp (AKC/TB: 2.42 kcel/wl -’ io 1 end 1.14 kcel/rol-’ in 

E) through better conjugation of the phenolic oxygen eta with the bcorene v-system in the ‘CD coo- 

for-et ion. 

The introduction of l second oxygen atom at the 4-position of fi, leading to 2,3-dihydrcrl,b- 

benrodioxapin (1) creates novel dipole-dipole interactions which result in the TB form beins much 

.orC polar (UTl,: 1.91 D)19 then the C form (UC - 0.46 D). 
19 Dipolar interactions should rhere- 

fore destabilized rhc TB form relatively to the C form. a phenownon quite opporite to that occur- 

ring in l ll other bentodiorepins rtudied.‘-9*20 

Hovewr , the presence of this second oxygen l tca in the seven-sabered ring also changer 

structural forces (such es van der Weals or torrional intsrectionr), es veil as creating novel 

orbital interectionr between the ioternal C-O bonds (oC_O-oC_O* “gauche effect “2’3); the latter 

rtereoelectronic contribution ir expected CO depend on the value of the Ol-C2-C3-O~ torrion in the 

C cod TB conformations. Unforrunetely, l quentitetive dateminetion of this effect is not porrible 

because no TB signals are observed in the low temperature spectra of 1; the C/T0 energy difference 

in that cwpound ir therefore not available experimentally. 

Another consequence of the replacemeat of the aethylene group at the 4-porition of E by en 

oxygen atoo is to increase unfavorable steric interactions betvceo the trial bentylic proton end l 

potential axis1 group at the Sposition, since C-O bonds are known to be shorter then C-C bonds 
21 . 

This phenomenon is quite apparent in the methyl derivative 2, for which only the C, form is 

detected in solution, whereas the C, form ..as detected in smell munts (3X) for the 3uthyl 

derivet ivc of 10.” 

A similar riruetion arises with the eirathyl derivative 1, where the unfavorable 1,3di- 

axial inrarectioo of the axial methyl group in the C form is relieved by a coaforutiooel change to 

l TB form whereby it is observed to be the major conformatioa io solution for 1, ea else confirmed 

by the results of wlecular mechanics calculations in Tablea. 
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Oo the ocher head, the observed coaforrrtionel dere in rolutioa for the rthory derivetive 8 

ten be rerionalited through electronic end elsctrostetic contributioao. Firstly, the l nc iper ipl l - 

ner reletionrhip betveen one lone peir of the bcnsylic oxyRen l tol end the l xternel C-O bond, in 

both the C, form _l7_ end the TBen form 13e ie expected to raoult in wre l rebilirinp %- - 

oc-0’ orbitel interectione (the so-celled endo-enowrie l ffectl) in chore coaforutione then in 

the C, (El or TBS (&) forme, in which much l fevoreblc oriantetion ir not porrible. fhir 

fector clone rhould thur fwour the Ce/tS,, peir over the Ce/TBS peir. Other interectionr 

batveen the Ol-C2 and the C3”o (methoxy) (I orbitetr ere else operetive, end rhould be more etebi- 

iiring for the C, end TBg forw, where the two C-O bond8 in question are “Reuche” to one 

onother (the so-celled l ctractive seuche effect3bf; howwar, 8ince the latter ac_~-o~_~f 

iotcrecc ions l re weeker 22 then the praviourly mentioned n,-uC_o* orbitel iatsrrctions l $ooci- 

rtcd vith the l noawric effect, they l re not expected CO contribute ripnificently Co the conforu- 

tional l nerRieo for compound S. the orbicel incerectiono rhould therefore Rlobelly frvor the 

TB,, end C, form over the TBR and C, form. 

_l& RIoCH3, R’-M (C,) 

Dipoler incerrctionr for their pert l re not expected to ehengs chir order of cooforucional 

rtebiliticr, since 101 celculetionr raveetl’ thet dipole moments are of eirilrr regnitude in the 

Ce (II - 1.32 D), C, fu - 1.68 D) end TBR (Y - 1.09 D) confomationr of 2. Hovsvsr, those 

*me crlculetions alto indicate that the highly unfavorebla dipolar intsrectioas in the TBR con- 

formet ion (II - 2.80 Df should deetebilited this form further reletive to the tl,, end the C, 

forma, therefore axpleining the eboence of 8ignelx for thir form in the low-rtmpereture NI(p l pactr8 

of s. 

One cm rlro rationalize the population chengar of the TB,, end Ce forma in compound 8 

ceured by the solvent ChenRae, by means of l rimpte formelism23 beeed oo e cabinet ion of dipoier 

l nd solverion effecte. Thus, in paler rolvent*, the more paler coaformetion in rolution i8 ex- 

pected to be rtebilired reletively to the leer paler one, ehrouph better l olvrtion end prewar 

l tctouation of the unfevoreblc dipoler interectionr. Thor8 phenomena should be quite important in 

& end 2 l ince the prerence of the paler methoxy group et the 3-poeicion of theta compounds in- 

creasea their l ccesribility to solvent oolecule*. AlthouRh l recent study by Laieux end Pre1$’ 

end by Rooth, thadheir end ReedrheJ5 on rnelogou* *ix-rcabared ring ccapoundr ehoutd the impor- 

tents of entropy factor*, the cvo-term l pproech described l bove is wfficitnt to retionelire” the 

populerion increeoe of tha C, forr in 2 on Roing from CH30CMj 113%) co CRP2Ct (45X1, bemuse the 

C, form c ie celculrtsd’9 to be slightly lore polrr (u * 1.32 D) then the TB,, form fu 0 1.09 

0). 

Similrr ergwent ten be invoked for the conformrtionrl preferencei of the rwthyloathory deri- 

vecive 2 in rotution, l ince intsrections between the polet bonds of thet molecule ere of the l eme 

neture l 8 ia j,. AccordinRIy. the inr:oducrioa of the *ethyl group et the 3-position doer not 

change rignificently the C,/TS,, retio8 in the two eolutionm, oince chat Rroup occupiem rimiler 

environment8 in those two forms. 

Finally, it ir noteworthy to ccnpere the conforrational preference of the S-methoxy deriverive 

11 with th8t of Z-rechoxy-1,4-dioxrne. The 8:x-owbsred l neloS ie restricted to their foralOf in 

cDCt3 et l 25’c (C,:C, - 70:301 while 3 exist in two different ring leometrics (C,:TB,, _ 

4f:55 in CHP2CL et -12O’CI, in which both rethoxy oritatrtione nexirise the sodo-•noaeric effect. 

The absence of the C, form for 2 therefore shows thet, in tha reverrmembtred ring, 

rtcreoelectronic affcctr rrrbilira the TBe, form sufficiently to make it l viable l lternetive to 

the C, conformet ion. 



Conformaoons of substitutcd-Z.~dih~dro-l,4_bmzodioxep~nr 5041 

txperimental Section 

All rynthom!6requiring l hydroua conditionr were perforud under ergon with tachaiqusr der- 
cribed elrwho~. Anbydrour l olveote were obteined by dietilliog over veriour drying l gente: 
P2Os for Cll2Cg2, CeO for dioerhylforuide l od di~thylrulforide, CeCg2 for beneeoe end rylene, end 
Hg for retheool. Plerh chraetogrephy wee perfomed of, 230400 web ailice gel (Merck) under 
rtenderd cooditiooe es described by Still end co-vorkerr. Preperecive vepor phue chroutogrephy 
vas performed on l Verien rode1 920 l pperetue urinp l S’x3/g” l teinleee l tul celun conteiaing 30X 
SB-3O(P-II1881 on Chrowrorb-P. The rrple to be purified ie reporired et 2OO’C in the injection 
port, peered through the repereting calm on l l crem of holiu gee (cerrior gee), detected et 
2W’C by therrel conductivity end coodonred in en l cetone-dry ice beth. Column t~srecursr end 
retention tiwr era l peeified utwn necserery. 

Melting point* vero determined on l Thaer-Hoover (Uniaelt) l pperetue end vere oat corrected. 
8oiling pointr were dotemined by either rirple or bulb-to-bulb (Krugelhohr) dietilletion for vhich 
the temperature reported reprercnte the lovest one et rhicb the vapor. condenrad on the receiving 
bulbs. Infrercd l peetre were teken on l Perkin-81-r (Hodel 783) rpectroaeter. Lou reeolut ion 
me.8 spectra vere recorded et 70 eV in the chemicel ioniretioo wda, on l V.C. Hicrcaerr (Model 
12-12) opectromter, while thore at high reeolution vere recorded et 70 l V, in the electron irpect 
mode, on l modified W-9 rpectracter. Routine ‘II WK rpectre vere teksn oo l Bruksr WI-90 rpec- 
troaetcr; solution* were cypicelly 58 (v/v) CDCLJ conteiniog MobSi l e internel reference. nle fol- 
lowing l bbrevietione l re urad to dercribed the rignel multiplicity: l : ringlet; d: doublet; I: tri- 
plet; q: quertet; m: l ultiplet; br: broed. 

The verirbls rempereture ‘II NM8 rpcctre et 400.13 MHz end the “C NH8 rpectre et 100.62 MHz 
were obtained using l Eruker W-400 rpectrwtcr equipped with l B-VT-1000 rerieble teaPereture 
unit. Celibretion uring l copper-conrtenten therwcouple inride l rolveot conteioing M tube 
indicerer thet the tempereturer reported l re precise within 23-C. 

Proton rmpler in l teaderd I - tuber (dogeared end reeled) wore rtudied l e 0.2CW l olutionr in 
either CHF2CL:CD2Ct2 (80:20) or CF2CL2:ecetone-d6 (94:6) rolvent ryetmr conteining l sell munt 
of TMS. The following inrtrwentel peremetere l re typicel: flip l ngle: IS’; SW: 4500 Ha; oubor of 
scene: 100-1000. Ceuerien wit iplicetion vee l pplied on l ll FID’r. Data rise we 8K (AQ:0.910) 
for lov te9pereture rpectre (-100.C to -125’C). end 16 end 32K (AQ:l.gl end 3.64e) for l ll otherr 
(*lO’C to -1OO’C). All 8 end 161: FID’r were zero-filled to 3211 prior to the Fourier trenrformetion. 

Carbon-13 remplse in rtenderd 10 o tuber (degerred end eeeled) uere rtudied l o O.&WI rolu- 
tions in either CHt2CL:CD2CL2 (80:20) or CH~OCHJ:CD~CL~ (80:20) rolvent eyetar, conteining l sell 
munt of R(s. ha folloving iortrumentel permetera l re typicel: flip l ngle: 60-70’; SW: 18000 
Hz; releretion deley: 0.201; nuber of rcenr: 100-3000. Ceuesien multiplicetioo wee epplied on l ll 
~10’8; dete mire: 161: tAQ: 0.46e), zero filled to 32K prior to Fourier trenrforution. 

Relieblc integretiona fra carbon-13 l pectre were obteined uriog l 0.1-0.2 l delay batveeo 
pulrar end by capering rerultr with at leeet two other aeta of cerbon rwonencor of the #ema cow 
pound. All integretion figurer l re therefore precise vithin 28. 

The re$e con c nt for 1 ves determined by NMK et the coelerceoce tapsreturs uring the sque- 
tion ~((Av) l 63 1; ) //2 for ringlet to A8 epect l l chenga. 
pound ves celculeted frm rtenderd equetionr 26 

The free-aosrgy berrier for this cow 
using l trenrmirrion coefficient of one (vide 

infre). 
Celculetionr by molecular wchenicr wthodr were perforwd oo l VAK-ll/?gO caputer, rituated 

et the Centre de Celcul of the Univerritg de Montrdel. Structure1 perrsterr for the conformerr 
rtudied l re genereted by the interective progrem HO08L,29 which l hour the ueer 
turee grephicelly, to modify them at vi11 end to refine their gecmetrier by H?Q 1 ,_t”s f:;;:;,:;f;:- 

l generated through this procedure l re then ured es input structure1 filer for the WragS 
obteined from QCPE (No. 395). 

Compounds 5-9 acre obtained by ultietrp step 
drich), l e derczcd in the following Schers. 

ryntherir free 2-hydroxybenrenewthenol (Al- 

2- hydroxybenrene- 
methanol 

19 - 

20 - 

II 

23 - 

R’CH2CH2CL + 

R-X3 CH-CH2 

R-CH2C (Ct13bCH2 ---, 

RICH~Cw(ocH, )2 + 

R-CH3 COCl43 

r 

23 - 

! 

R,R’-H 

R-H, R’ -.X2SaPh --, 2 It-H, R’<Rj 

R-CH3. R’<H2!3sPh + I R,R’-CH3 

R-H, R’-XH3 

R+R3. R’+CHJ 
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~2-~2-Cblorortbox~~b~~~th~l 19 
Thir compound YJI preperrd following l procedure described by Kulke. 30 Dirtilletioa of the 

prude product under vecum (114-llS’C/O.l3 - N8; litt. (28): 166-167*C/l2 w ll8) yielded puce 19. 
H NM8 (CDCIg): 2.79 (la, br, -0Y (.xchen&eeble with DzO)), 3.80 (28, t, -CH2-C4)114.23 (28.1, 

-OCR -), 4.68 (2H, e, -CH~-O-,), 6.76-7.33 (48, I, .ro.. protone); IiI(aeet): Y(CI ): 3600-3100 
t-oll , 3 1610, 1590 (C-Cc). 

2,3-Dlbydr~l,4-~~i~Pio 1 

T 
o l rolutioo coateiniog 598 ~8 (12 -1) of l 50X (r/w) dirperrioa of We8 in miaerel oil in 

70 cm of l nhydrour Dw, wee l dded dropwire, under l r8on, l rolution of 1.74 C (9 ml) of thm 
chloroelcohol 19 in 10 cm’ of l nhydroue DW. The reeultiog l olucioa wee rtirred end hoeted et 40-C 
durin8 7 h, th= et room tempereture during 24 h; it wee then neutrelixed by the rlov ddition of 
2.0 cm’ of gleciel l cetic l cid cod filtered on l iatered 81err. 

end then dirrolred io 20 cm’ of ether; 
The filcrete wee eveporeted to dry; 

DC.. , thin or8enic phere wee then werhed with 3 x SO cm 
brine, dried on MS%, filtered on rintered (leer end ereporeted under reduced preeeure to yield 
1.63 8 of l yellow oil which coateinr both the derired 1 cod 2-vinyloxybenxeoswthemol clH NM 
(CDCt;); 4.39, 4.65 (21, A8 pert of an AD2 pettera, -0-CWCHCH), 4.66 (28, I, -C82-0-1, 5.03 (lU, 
br, -OH (erchen8eeble with D20)), 6.59 (III, X pert of en ABX pettern, +=<82), 6.86-7.42 (QH, I, 
l raet ic proton*)). 

C-pound 2 r aa iroleted by preperetive vepor pheee c 
flcu rete: 53 cm mm-‘; retention rime for 1: 6.0 min). 

~joutoqqhy (coluo temp.: 1SO’C; He 
c and B M)(P epectre l re dercribed in 

teblee 1-3. !~arr l pectru for 1: encl. celcd. for CgHl&: m/e: 150.0681; found m/e: 150,0644. 

2-(?ropa~lox~)bens~~t~l 20 
This compound YU prepered?ollouing l procedure dercribed by vkherd, Schmitx end lurnett. 11 

A mixture of 20.00 8 (201 mol) of 2-hydroxybenxeoawtJIeoo1, 13.9 cm (201 rol) of 3-brooopropeae 
end 22.27 8 (201 -1) of potueium cerbooete in 50 cm of acetone rhur yielded 19.03 8 (72X yield) 
ff pure 20 ee l cleer, deaee liquid. 

H NKR a&g): 
Bp. 83-85’C/O.O2 - N8 (litt. (29): 97.5-98.O’Cl 1 I H8). 

2.82 (IH, t, -OH (erchengeeble with D20)), 4.53 (28, dxt, -O-C&-). 4.67 (211, d, 
-CM -OH), 5.23_? 5.38 (28, I, - ClI2), 6.03 (lH, l , -CR-), 6.78-7.32 (4H, m, arom. protone). 
II1 fleet): v(cm T’ ): 3600-3100 (all), 1660 (eliph. C-C). 1610, 1600 (era. C-CC). 

IcP’bemyleelemepbt l l Lide tU-PSP) 
Thir compound YU prepared urin8 l procedure previously deecribed by Nicoleou 3fi.” A mix- 

ture of 43.00 8 (225 -1) of phenyleeleoylchloride end 45.00 8 (243 -1) of the potueiu l elt of 
phtelimide thur 8eve 43.12 8 (63X yield) of l #lightly yellcu l olid, whore meltin point (l71- 
l75’C) end ‘H NMP rpectrra in CDCL) l re identicel to those dercribed in reference 32 for II-PSP. 

3-mmoPleel -thPl)-2,3-dihPdrwl,4-bensodioupim 11 
A mixture of 8.79 8 (54 1~01) of l lcohol 24.34 8 (80 -1) of N-phenylreleaopbtelimidr lo, 

0.40 8 (1 -1) of dl-cmphorrulfonic l cid end 400 cm’ of l nhydrouo CNzCL2 ir l tirred under l r8on. 
et O*C during 10 min. then et room tempereture for 72 h: l white, fluffy solid 8reduelly precipi- 
teteo fra the l olutioo during thie period. 
glare end eveporeted under reduced preeeure; 

The rrrulteot rolution is then f$ltored on riatered 
the reridue ir dirrolved in 200 cm of hexene end the 

rerultiog rolution ir l gein filtered end l veporeced to drynear, y ieldinp l rlowly cryetellixin8 red 
oil. Thir oil wee purified through flerh chrometogrophy on rilice gel, wing CPZCL2/hexene (40:60) 
.e eluent. The firrt frecrione 8eve diphenyldieelenide (PhSeSePh), while l ubeequent 
yielded pure 21 l e white cryrtele. 
(CDCf3): 2.9972H, m, <A-SePh), 

itp: 0.24 (CH2CL2/bexene: 40:60). Np.: 77.0-78.5-C. 
freftioae 

H NKll 
3.66 (IH, dxd, H-21, 4.05 (IH, I, H-3). 4.43 (II, dxd, H-2’)) 

4.71 (2H, 8, H-l), 6.99-7.61 (9H, m. l rem. protons). Here rpectru for 21: (Cl): 320 (M**) (681, 
120(100), 91(60). Anal. celcd. for C1681602Se: m/a: 320.0315; found: m/e: 320.0336. 

A l rirred solution of 2.24 8 (7 -1) of coPQound 
100 cm3 of luthenol ie heeted to reflux durin8 72 h; 

21 end 30.00 8 of l ctiveted Reney nickel in 
thT resulting mixture ie then filtered on 

celite pad, end the filrrete eveporeted under reduced prerrure. lhe reeidue ie dirrolved in 50 cm 
9 

CH2CL2. end the rerulting rolution ie l 8ein filtered end eveporeted, yieldin 1.00 8 (871 yield) of 
l cleer liquid with l strong l nireed-like odor, end identified l e 2. An l oelyticelly pure l apJe 
wes pbteined by preperetive vepor phero ch,rfmetogrfphy (calmn temp.: 15O’C; He flow rata: 50 cm , 
nin- ; retention time for 99: 7.0 l in). C end H NHR l pectre of a l re described in tebler l-3. 
Herr rpectru for a: encl. xlcd. for C10H1202: m/e: 164.0837; found: m/e: 164.0845. 

2-((2-l(sth~l)propso~lox~)kuaoeatbMol 22 
T%ir capound “es prepered from 2-hy~oxybenrenemethenol, 3-chloro-2-methyl propene end poter- 

rim iodide urin8 the l - procedure l e for g. Dirtilletion of the crude product uoder recut 
yielded l cleer oil (13.57 8: 94X yield) identified l e 12. By.: 90.0-92.O’C/O.35 I Hg. H NM8 
(CDCLj): 1.81 (3H, l , CHJ), 2.82 (11, t, -OH (exchengeeble with ho)), 4.43 (2N, a, 49-j, 4.68 
(2H, d, -a-OH), 5.02 (2H, d, -CH2), 6.78-7.32 (4H, m, l rem. protona). 

33(ethyl-3-~aylrelea~thyl-2,3-dib~r~l,4-h:r~i~pio 23 
This capound wee prepered from 22 urin8 Lhe #me relexm dieted cyclitetion method l e for 

21. Chraerogrephy of the crude pr=t on l ilice gel yielded 53X of 23 l e l dare yellow oil. 
-. 0.30 (CH2CL2/hexene: 40:60). Bp. 195-2OO’C/O.50 = H8. RF. IN NMR 6X3): 1.37 (31, ., CHS, 
3.13, 3.49 t2H, AS petcern, -CC-Se-). 4.09, 4.04 (2H. AR pertaro, -O-a-), 4.71 (28, e, -CN -0-j. 
6.90-7.61 (9H, m, l rca. protone). Hesr rpectruo for 2: tC1): 334 (!I**) (401, 163%*.- 
PhSeCH2) (100). 



Conformations of sutmruta&2,3d~hydro- 1.4-~ioxcpins SC43 

3,3-Diatbyl-2,3-dibydr~l,4-beozodioxepio 7 
fhi. capound i8 prepared by 8 Itmay zckel-radilted drseieaitetioa of compound 23, follouial; 

l procedure previously da.cribed for the eynthseie of compound f?. A 8Sf yiatd of the &aired 7 ~8 
obt8in.d 88 8 clear oil 8ft.r dirtillation. lurchar puriftceticm of the rnple YU fchTevrd 
through preparative v.por phers chraatogrrpby (calarn tap.: 14O.C; lie flov r.t.: 41.0 cm min’ ; 
retention time for 2; 6.1 rin). Spootmwmu. cry.t.llieJt$op occulred in tk roreivins fluk et 
-78’C. yieidiag pure .?_ a. 8 uhite rolid. Xp. 44.0-46,0’~. 
Table. l-3. 

C 8ad R WI rpctre me dercribed in 
Ha.8 8pectru for _7_: ‘aal. cslcd. for C11H1,,02: m/a: 178.0993; farad: m/a: 178.0981. 

Z-(2,2-Diathoxyatb~y)~ -tbmol r 

1 
o J stirred mixture of 2.01 5 (42 ~1) of 8 SO% (u/v) rurpenrioo of N.H in mineral oil 8nd 

30 cm of wthydrou. RWO, under ergon, is added in sm.11 portion8 S.00 g (40 mol) of 2-hyddroxy- 
benrenemethenol; the rarulting rolutioa ir heated l t 3 l C until it become. clear (5 rin).To rhir 
clear eolution i. .dded, dropvioa, J 8olution of 4.6 cm 3 

(Aldrich) in I5 cm3 of tiydrou. MM); 
(40 -01) of 1 ,l-dimethoxy-2-chloroethane 

the rwultiog mixture i. heated at 1lO’C during SO h, then 
brought beck to room tapereture l d evaporated to drfM.8 under VWUU. 
with 100 cm’ of water, 

l%e reridue YJ. treated 
then extr.ctsd by 3 x 100 cm of l thyletber: the cabined orlaaic ph8.w 

w8r-c then dried on Xa2CO3 filtered and erapor.ted under reduced prewure to yield a 8lichtly yellow 
oil which, upon dvtillation, gave pure 14 (4.78 g: 56X yield) ~8 8 clear l d deare liquid. Bp. 
80-82’Cil - Hg. H NM.R (CD0.3): 3.38 (611, 8, IX-OCHJ), 3.60 (lH, br, -OR (.xch~nga.bls with D20), 
3.99 (ZH, d, -O-CH -1, 
proton.). 1Rcne.t : v(c~-’ -t 

4.63 (2H, S, -c_tl~-OH), 4.67 (2H, t, <A(OCH3)2), 6.76-7.30 (OH, m, 8rom. 
): 3600-3100 (+I%), 1600 (era. C-C). 

A mixture of 1.S3 g (7 -1) of 24, SO mg (0.2 ~rol), of paretolueasrulfooic acid ‘ad 121 cm3 
of 8nhydrour benzene WI. hs.ted to reflux during 3 h; the clear, yellairh solution ~88 
brought back to room tempererure 8nd ev.porated to dryne.8. The residue 0.8 t&en up in 150 cm 

Shea 
of 

rthylcther rnd the resulting 8oIution ~‘8 dried on K2CO3: it ~88 than filtered oo sintercd gi~8r 

end avJpor.ted to dryne.., yielding J yellow oil which, upoo di8tillation on l Krupelbohr l ppar.tuo 
(llO’C/l PI Hg), 88ve 0.80 g (62X yield) of pure 8 ~8 8 clear oil. lurthar purific.t ioo ~8s po.. i- 

24 cj nin-’ 
blc t rough the u.e of prepar.tive v.pour ph... chra.tography (column temp. 15O’C; Ia flew rate: 

; retention time lo 1: 14.5 oin 
ceiving fleck at -78’C. klp: 48.5-49.5.C. 1s C 

Spon18n.o~. cry.t~llir.tioo occurred in the r.- 
8nd H NHR rpactre arm dsrcribed in Table. l-3. 

X.88 8pactrra for 5: l n.1. calcd. for CI.X~~OJ: m/c: 180.0786; found: mle: 180.0791. 

2_(~topao.-2-ome oay)bem.- thaw1 IS 
This compound ~88 prepared frc2-hydroxybenrenemechwol I-chloro-2-propenone rod pot...ium 

iodide uring the 8-e procedure JI for 20: thio procedure g~vs 3.86 8 (53% yield) of 25 l a l thick, 
yellow oil; any attempt to distill chiTcompound r rulted in polymeri.ation end in xe production 
of minor quentitie. of )-methyl-1,4-btnrodioxepfn f 

1,2H3f, -CM>). 5.06 t2H, 8, 
( H X)(R (CDCt3):.1.63 ffR, d (8llylic coupling: 

-CX2-O-1, S-73 (lH, br. 8 = 6.79-7.26 (4H, l , .ra)); the yella 
oil YJS therefore utilized 88 ruch in the next 

. “9-n 
rtep. Ii ma tcDcr,) of 2s: 2.20 (ut, ., -cH3), 

4.58 (ZH, 8, -O-a-), 4.67 (2H, s, -C&-OH), 6,88-7.36 (48, I, l rem. proto;). 

3~etbyl-3ltboxy2,3dib~r~l,4~~iorrpio 9 
To 1.36 8 i?.S mmolf of the ktto-alcohol 25 Tn II 200 cm3 round-bottomed f1a.k. we 8ddad 15 rg 

(0.1 mol) of p~r~toluenerulfonic acid 8nd 125 --i cm of l nhydrou. methanol: the rerulting mixture YJS 

then stirred end heated to rcflux during 4 h. It 
!! 
JI then cooled to roo1 temparaturc 8nd av.pa 

r.ted to dryne..; the reridue ~88 diarolved in 30 cm of ethylethcr and the rerultinp organic ph8.c 
~88 dried on enhydrous K.$Oj, filtered on sintered gl... end sveporeted under reduced prer.ura to 
8ive J yetlow oil which ~8 purified by fl8.h chrom.togr8phy on 8ilic8 gel, uting CHtCt2 8. eluent, 
Ev.poracion of the fir.t fr.ction. produced 0.41 8 (30% yield) of the de.ired 2 ~8 

lou oil, vhich cryrtrllired on rt.nding 8t O’C. Hp.: 54.0-56.O.C (white rolid). 13 
alight1 yel- 
C and I II NMR 

spectra of 9 l re dercribed in Table. l-3. 
GgHi003: l Je= 166,063O; found: r/e: 

Mr. rpectrur for 2: l n.1. calcd. for (H-C2H,,*): 
166,0617 (no molecular ion w.8 detected in the 8pectrun). 
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