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Abdrad-The confofmtion of 3GSabicyclo[3.3.lloonalN aod of some of its 7u- aad 7jhlkyl sub&u&d 
derivatives has been studied with the use of “C aad ‘H NMR spectnncopy.ACXXUpUhi.SmUkwithtbe 
carbocyclic anhgues; it turns out that the replacement of the 3-methykw group by oxygen baa w substantial 
inhence on the conf0rmath11I preferences. Wti t&e aid of ‘1~” couplin6 constants it is shown that the geometry 
ofthecyckbe~~is~ttbesameosinthecorn~ndingurbocycliccompoaads.Tbcresaltsof 
calculationsonthelanthanidein~sha~iadiatcthattbcMPhydropynnrialisaotfUttmedbutprobrMy 
somewhat puckered. The wkuhted locath of &@I) in compkxea of Eu@pmh with tbs 3-oxabicy- 
clo(3.3.l]mmnnes is compared with that in tbc complexes of the rekted compounds 2oxaadammta1~ aal 
+methyttetrehydropy. The data iodkate that the la~~thauide ion cuordhtes “axhtly” to the latter compoumi. 

Bicyclo[3.3.lJnonane has been shown to exist 
predominantly in the doublechair (ee) conformation. ” 
In this conformation a strong repulsion occurs between 
Hk and H,_,, which is reflected in a substantial flattening 
of both wings of the system. An akyl group at the 3/J- or 
Ig-position enhances the preference of the substituted 
ring for the chair conformation. Substitution of Hx_ or 
HTm by an alkyl group, however, forces the substituted 
ring into the boat conformation. In the boatchair (be) 
and the chair-boat (cb) conformers both wings are 
flattened, due to HW-HP (or H,,-H,) and H,_-H&L,, 
(or Hx&L&,) interactions. 

Replacement of the 3.methylene unit in bicy- 
clo[3.3.l]nonane by ether oxygen changes the 3,7 and 39 
interactions in the ec and be conformation respectively. 
It has been suggested that the gauchwche 1 ,5-O-CH2 
interaction is non-repulsive.a Therefore, the introduction 
of oxygen might have implications on the geometry of 
the wings in the various conformers and also on the 
relative stabilities of these conformations. 

The conformation of 3-oxabicycJo[3.3.l]nonane (1) has 
been investigated by Stapp and Ram&U’ and by Zetirov 
and Rogoxina.’ These authors demonstrated with the use 
of ‘H NMR spectroscopy that this compound 
predominantly occurs in the ec conformation. Un- 
fortunately, the separation of the signals in the ‘H NMR 
spectrum was not large enough to allow a determination 

cc cb 

1 R,-Rz=H 
2 RI-H;Rz=Me 
3 R,=H;&=i-Pr 
4 R,-H;Rz=t-Bu 

of vicinal coupling constants. So no conclusions 
concerning any ftattening could be drawn. 

The present investigation deals with a conformational 
analysis of compound 1 as well as its 71x- and ~/&MC, 
i-Pr and t-Bu derivatives (27).6 From the results of 
previous investigations’ as well as from an inspection of 
Dreiding models it can be concluded that for compounds 
14 the contribution of the eb and the hb conformers to 
the conformational equilibrium can be neglected; for 
compounds g-7, the cb, be and bb conformations should be 
taken into consideration. 

The conformations of the compounds mentioned were 
investigated with the use of ‘H and “C NMR spectros- 
copy.’ Lanthanide shift reagents (LSR) were used to 
obtain a separation of the signals in the ‘H NMR spec- 
trum. From the 31~H coupling constants information 
about the extent of flattening was obtained. The magni- 
tudes of these coupling constants are compared with 
those of related carbocyclic derivatives and with the 
dihedral angles in these compounds obtained from 
empirical force field calculations.’ 

The ‘IHH coupling constants, however, do not give 
information concerning the geometry of the tetrahydro- 
pyran ring. Therefore, the agreement between calculated 
and experimental lanthanide induced shifts of compound 
1 as a function of the extent of flattening of this ring was 
investigated. The results were compared with those of 

bc bb 

5 RI-Me;Rz-H 
6 RI-i-Pr;R2=H 
7 R,=t-Bu;Rz=H 
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compound 6. For comparison, calculations on the mode 
of coordination of shift reagents with the somewhat 
related compounds 4-methyltetrahydropyran (8) and 
2+~~hummtane (9) were included. 
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‘“C NMR specrlvscopy 
The “C! chemical shift data of the 3-oxabicy- 

clo[3.3.1]norta1tes are collected in Table 1. Peak assigu- 
ments were made with the use of the off-resonance 
technique, the relative intensities, and intercomparisoo 
of the chemical shifts within families of derivatives, 
taking into account sub&tent effects. 

In order to reveal conformational factors in the “C 
chemical shifts of compounds 1-7, it is primarily neces- 
sary to correct for substituent infhteaces. Previously, we 
have shown that the sub&treat inllucnces iu cyclo- 
hexane and bicyclo[3.3.l]nonane are about the same aud 
independent of the ring conformation.’ Therefore, it is 

assumed that the same substituent effects cao be applied 
for 3-oxabicyc10[3.3.l]nane too. 

After correcting for the ‘I-substituent (only a, fl and 7 
sub&tent infhrences were taken into account), the 
chemical shifts of corresponding carbon atoms, within a 
series of analogously substituted compounds turn out to 
agree closely (standard deviation less than 1 ppm). The 
average values for the corrected “C chemical shifts arc 
given in Table 2. 

For comparison the average 13C chemical shifts for the 
various established conformations of the carkyclic 
system’ arc included. The ‘“C chemical shifts clearly 
demonstrate that 3-oxabicyclo[3.3.1]nonane (1) and its 
‘I/3-substituted derivatives (24) occur predominantly in 
the ee conformation, whereas the Ia-substituted deriva- 
tives (g-7) prefer the eb conformation. In particular the 
“C chemical shifts of Cs and C7 agree very well with 
those of the parent system. Obviously, the shifts of the 
other C atoms are subject to the influence of the 
hetcroatom, but the conformational influences on these 
shifts observed in the carbocyclic compounds can still be 
recoguixed here. 

Vicinal pfuton-proton coupling constunts 
‘H NM61 spectra (100 MHz) of compounds l-7 were 

recorded with increasing amounts of Eu(dpmJl or 

Tabk 1. “C ctmicd shifts of 7-sobstiMcd 3-oxabicyck[3.3.l]s 

conQound 

c1 c2 

chmmical shift.8 (ppnl 

% c? 5 slkyl fgaup 

1 30.0 73.4 31.2 22.5 33.3 

2 30.7 73.0 40.4 28.1 33.2 24.2 

3 30.6 73.2 35.4 3e.e 33.2 18.9 35.0 

4 30.5 73.2 31.8 41.8 32.9 27.0 32.0 

5 27.9 74.7 35.0 24.8 26.6 22.0 

8 27.7 75.2 30.1 38.2 26.5 20.4 33.2 

7 28.4 74.0 27.5 39.4 26.8 27.8 

Table 2. Average “C cbemicd shifts for 3-oxabkyck[3.3.l]no~ne and bicyclo[3.3.l~c’ 

cmqmund 
13C chmlcsl shifts (man) 

5 c2 C 3 5 c7 c9 

3-oxablcyclo[3.3.l~nDnanee 

q-4 30.4 73.2 -- 31.1 22.0 33.7 

5-7 27.9 74.9 -- 26.1 18.1 26.7 

bicyclo[3.3.l~m'Ianaa 

cc 28.1 31.5 22.3 31.5 22.3 34.4 

cb 25.9 33.3 16:4 26.7 19.0 28.6 

bb 28.3 31.4 20.7 31.4 20.7 23.7 

a Substitusnt otfmctr - deduced Wan 13C chmicsl shi+tm in blcyclo[3.3.1]- 

n0nanm.r tlmst D 5.8. 0 9.2, -f 0.71 1-k: a 17.6, B 3.4. y -0.51 t-b: m 20.0, 

B 1.7. .f 0.0 will. 
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on the geometry of the substrate. Therefore, the 
lanthanide induced shift data of tbe lox&icy- 
clo[3.3.l)nonanes (se-e Table 4) may be useful for obtain- 
ing information about the tetrahydropyran ring in these 
compounds. So computer searches for the location of the 
La-ion in compkxes of shift reagents with these 
compounds were made. The agreement between cal- 
culated and observed induced shifts was expressed, as 
usual, in the crystalkgraphic agreement factor? 

An inspection of molecular models showed that only 
the tzo lone pair of the 0 atom in the 3-oxabiiy- 
clo[3.3.l]nonanes investigated is available for coordina- 
tion with Eu(dpmh. Therefore, the LIS calculations on 
these compounds were performed with the assumption 
of a unique position of the Ln-ion. 

Since the ‘I”” coupling constants demonstrated that 
thecarbocyclicringincompound1hasaboutthesame 
geometry as that in biiyclo[3.3.l)nonane, we started our 
calculations witb a model with both wings fiattenal to 
the same extent. Althou& the agreement factor obtained 
is satisfactory, the results seem not realistic (Table 5): 
the angk between J&O and the positive X-axis is much 
too small and the Eu-0 distance is outside the range of 
probabk values.’ Therefore, the CA&plane was 
rotated stepwise around C& into the direction of H7_ 
and the cakulations were repeated after each step. It 

appeared that the agreement factor improved slightly: a 
minimum was reached when the angle between the 
planes mentioned is NV. More signhkantly the cal- 
culated position of tbe Ln-ion for this situation (Table 5) 
compares well with that in some related complexes. 
Ahhough the results of these calculations must be inter- 
preted with care, it seems safe to assume that in 3- 
oxabicyclo[3.3.l]none, the tetrahydropyran ring is kss 
Uattened than the corresponding ring in the carbocyclic 
system. The former ring may even be somewhat 
puckered. Perhaps an a&active interaction between the 
ether oxygen and H,. is involved.’ The two syn inter- 
actions between H,- and the tetrahydropyran ring may 
be responsibk for the tkttening of the cyclohexane part 
of the 3-oxabicyclo[3.3.llnonane system. 

In the calculations on the coordinatkn of shift 
reagents with compound 6, a model for the substrate, 
analogous to that of the related carbocyclic compound, 
atiorded an optimal M between experimental aml cal- 
culated induced shifts. This shows that the complexatkn 
has probably no substantial intIuenc.e on the geometry of 
the tetrahydropyran ring. The cakulated lantlumide 
location is in agreement with that in the other 
compounds investigated. Apparently, the geometry of 
the eb conformation of 3-oxabicyclo[3.3.l]nonanes is 
analogous to that of the carbocyclic compounds. 

Table 4. Relative lanthanide idwed shifta 

1 Eu(dpnl3 

1 PrCdml3 

4 Eu[dfml3 

6 Eutdml3 

6 Eu(dml3 

8 Prtdpml3 

B EuCdpnl3 

e Prtdml3 

1.00ni_&l 

0.37w Bsy”l’ 0.2B[H,.H6a.HBa”tl)I 

0.22UiB81~ O.l6(H,,l 

l.OOIHZol “c, 0.80[H2BlbDC, 0.55Ui7m); 

0.31(H 
Bsyll 

II 0.31Ui,,H6p,HBantiI~ 

0.24[Hgeh 0.20CH7gl 

l.OOUi~lb’C, 0.83[H2elb’c, 0.72fH7al~ 

0.37CH g.ynl~ 0.30[H,.H8p.H9,,ntil’ 

0.25[H6~1 

l.00(H2Blb, 0.81[HZalb, 0.51tHhl~ 

0.38[H gmynl~ 0.30(HQanti,ti,11 

0.22[H6Bl, 0.21(H781 

1.00[H2sql, 0.82[H2sxl: 0.48Ri~xlr 

0.38(Hqaxl~ 0.31[H _I’ o.17mBlc 

l.OOui 2eql’ 0.81(H2axl~ 0.451H3~J, 

0.38(H4axl~ 0.32tH 
3w 

II O.lEulolC 

l.OO(H,l, 0.46CH 4sy,,l~ 0.29[H4antil~ 

0.27[H51a 0.24tHgl 

l.O0(H,l1 0.47tH 
4,yn” O-J2(“4a”ti)’ 

0.2’31H331 0.25fH81 

’ Tha emslymsntm ara giwn in parmnthsea. Of a smt of chmically 

oqulvalmt atae only tha 1-d nudawd on. is qlvm. 

b The smmi&rw#nt(: # H2,, and H2e msy bo intorchan~ed. 

’ Not lnoludad In $Q c))lwlstions. 



Analysis of 7-dkyM-oxabicych43.3.lloonmea xDd lxdmide shift fwgcnts 

Txbk5. The-ofEu(dpmhwitbcyclkethm 

carpound method of dlatance eb 180-e= population sg-nt 

a"Wagi"ga Eu-0 (Xl PI PI I\) fsctor 

,d.e 1 4.06 90 2.4 

,d.f 1 3.09 270 43.5 

6 1 2.57 270 63.7 

ag 1 3.20 90 48.0 

Eig 2 3.27 DO 54.8 

270 54.6 

8 2 3.00 80 39.0 

270 39.0 

100 0.07 

100 0.06 

100 0.04 

100 0.03 

84 
1 0.02 

6 

50 
I 0.03 

50 

a1 . uniqus pm1t1on. 2 - two-sits averaging. 

b 
The s".@o bmtuoa" the XY-plane and tha plano fonnod by Eu-0 and the X-exia. 

' Ttm anpls bstumsn Eu-0 and tha poeitiw X-aria. 

d "2cAa a"d "28/4fl 
not included in ths calculations. 

' Angls bstwsen C20C4- and C,C2C4C5-planes 145'. 

' Angle bmtwss" C20C4- and C,C2C4C5-planes 107q. 

' flmthyl group not included 1" thm calculations. 

1 6 6 ’ 9 

Fii 1. Poxitiom of the sllbxbatcs ill tbc coordiMtc system. 

Eu EU 
. 

6 6 9 
Fig. 2. CplcuLted E-I@) kcxtkm in Eu@pm~ compkxcs. 

For comparisoo, the LIS calculations were also per- 
formed oo 4-methyltetrahydropy (8) and 2- 
0-m (9). In these cakulatioos coordhtion at 
hvo sites was considered, hated symmetricany with 
nspecttothcplanethrou8htbeoxy8caatomandthe 
two oe@wuing C atoms (XY-plane. see Fig. 1). For 
compound 8 the populaths of the L&on at these sites 
were optimix8d:Tbe cahhtai cooldhatioo sites 
resemble those of the 3oxabicyclo[3.3.I@manes. 

The complexation of 24 -talle was studied 
earlier by H&k d ul. with the use of the rehxatioo 
reagent Gd(dpmb.” From line broadeniqs of ‘H NMR 
signals these authors concluded that &i(m) has a unique 

coordhatioo site oo the X-axis (Fw 1). The discrepancy 
between that study and our LIS cakulations may be due 
to the relative inaccuracy of the ‘H line broadening data 
with respect to LIS data 

!3uQrishgly, the calculated preferred coordinath site 
of 4-methyhetrahydropy (8) is the axial position in the 
&membered ring. This conch&m is supported by the 
relative strong broadeaing of HUkx and H- with 
respect to those of H-M and H- in the Eu(dpmh 
expanded spwtrum after the addition of a small amount 
of Gd(dpmb. An inspection of hiding models of the 
“axial” and %quatorW complexes of 8 with Eu(dpm), 
shows that it is rather unlikely that the preference for the 
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axial position is .caused by stcric effects. Possibly, the 
stabiin of the “axial” complex may be due to a 
favourabk proximity of the CX& part of the substrate 
to the t-butyl groups of Eu(dpmh. 

Purther investigations are in progress with the aim to 
obtain additional proof for the conformation of 3-oxabi- 
cyclo[3.3.l]nonanes and for the unexpected way of 
caordiin of Eu(dpmh with 4+ncthyltctrahydropyran. 

The60MHz’HNMKspece~ wmreco&dooaVarianTUl 
sppurtus.ThclOOMHz HNMBspectrawenoMaincdwitbr 
Varkn XLIOMS NMB spectrometer rystem. The 20bfHz ‘%Z 
NMR spectra were recorded with a Varian Cm-20 apparatus. M 
specba were obbiQcd from CDCI, solas. nc 8 flectra were 
meas& at 39’. chemical shifb of both the H and “C 
resoM%es are givell in ppm rcktive to TMS (6). 

Thekntki&k&iftreagcnbwmobtaMfromMerck.Ttyr 
were sublimed at IsCr/tl.l mm and after that bandkd in a glove 
box, lhuhed with dry nitrogen. The K?lveat u8ed ia LIS cxpeti- 
q enb was &id ova mokahf sieve 3A. 

FoTthe&ltaLtionoftlM’HNMK~pwZtlathcplUgML4- 
OCOON~ WBI uced. 

Ih the LIS c&Mona rektive values of AVI were used (Table 
4).Tbcsewmobtaincdfrompbbof~vsv~atvarbusamounb 
Ofthatreyent~~byK~ytbedoperofthneltser 
give AdAv,. “*‘* Forcompounda1and9tbe’HNMBLIS 
experimenb were performed with both Bu(dpm)~ aad Pr(dpmh. 
ThenktivcAnvahusappcartokalmoati&eudeatoftbc 
shiftrcagcntuacd,~thattllecontributioosof~ 
and complex forma& shift may be nqkctcd.” In the “C NMB 
expcrimenb the values of Av, were depend& on the shift 

the conespond@ c&ocyclk compounda as obbbai froot 
empbical force &Id cakuMms~ 

The LIS caIalbtblla were performed with wmpubr programs, 
bWdonthmcofhmitageeral.efUldw~daLWInulclattcl 
plDpIUltbCC4JOddC~~WllS~. 

Drciding mod& of Eu(dmph compkxexec were consorted 

usillgstnrtunl pammetm of some other compkxes, obbinal 
by X-ray my.” 

TIM syll&len of 3-oxabkydo(3.3.&oaaBea (l-7) have bcell 
described prcvkusll’ cMethyttetrahydropyran (8)” and 2- 
OM (9)’ were synthcsii accord@ to procc&M 
described in the literature. 
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