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SUBST~ENT EFFECTS IN 13C NMR SPECTRA OF ~~~~ 
SUBSTITUTED %TI-HABICYCL0[3.3.1 JNON-2-ENES 

J. W. DE HM*, I.+. J. M. v~ly DE VW, H. VLEMs, M. I& E. SC-M’, H. C&-U- and 
8. M BUCK 

f&oratories of Ias~~ Analysis and Qrganic Chemistry, Eindhovcn U~vc~ity of Technology, ~v~,~ 
N&f&al&. 

(Rcckcai in UK 24 My W9) 

Abstwt-A number of new ~arrlo-X-pthiabicyclo[3.3.l]aon-2cnes have bwo syntbesii (X = cyano, carbEno 
- methoxy, ca&omethoxy, carboxylic acid, aminomethyl, tosylmcthyl and methyl). The “C NMR spectra of six of 
these compounds were measured along with those of several known a&ogues with X = chloro, hydroxy. hydrogen 
and deutcrium. Assignments were can&l out with the aid of hctcro (‘VH) sod how, (‘H-Q) nuclear dccoupb 
ttihniques. For the compounds with X = H and X = Cl our assiguncnts d&r from those published previously and 
hence result in d&rent vales of the substituent-induced chemical shifb (SISwbs) in the 9-thiiyclol3.3.llm 
-2cae skckta 

Some yeas ago it WBS shown that during solvolysis of 
atdo-2, a& - 6 - dichloro - 9 - thiabicyclo[3.3.l]nonane 
in H!KbF/S(X one of the Cl atoms is released whereas 
no comparable reaction is known for corresponding (bi-) 
cycloalkanes.’ It was concluded that the S atom is 
essential in stab%&g the intermediate cations duringthe 
solvolysis process, by electron dooation to Ct and/or 
G.’ A logical coasequence would he to test the presence 
of interaction between the e&o C-X bonds and the S 
atom by spectroscopic means. 

In the present case, “C NMR seems to be the method 
of choice since it has been shown recently that the 
presence of interaction between hvo substituents in a 
molecule may be detected in some cases from the 
nonadditivity of substituent-induced shifts (SIS- 
vBJues).5b”’ For the original 2,6 - dihalo - 9 - thiabicyclo 
- [3.3.ll~manes no anomalies could be observed in the 
“C NMR spectra so far, mainly because of the com- 
plexity of the simultaneous interactions between three 
centers and the lack of suitable model compounds. 

The obvious importance of ehicidating some of the 
adds of satiety in ‘T SIS-vtdues, a recent 
article concerning special “sulfur effects” in ‘% NMR’” 
as well as the pubti~~n of 13C NMR data of some 9 - 
~yc~o[3.3.llno~~ and unsatumted derivatives* 
prompted us to report our own results on a number of 6 - 
mdo - subtilty 9 - thiabicyclo[3.3.1] - non - 2 - enes 
which differ in several aspects from those, published 
previously? 
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at 0’ for 100 hr. The product was colkcted by tiltration, washed 
with dry cttmr and dried, yielding 1.2g of 13 (84.8%). An analy- 
tical sampk was prepared by dissolving the iminoetber in warm 
&OH, followed by precipitation with diisopropylether. (Found: 
C, 51.28; H, 6.74; N, 6.23. Calcd. for C,&.ClNOS: C. 51.38; H, 
690; N, 5.9946). 

6 - Carbomerhoxy - 9 - thiabicyclo[3.3.l]non - 2 - arc (8). 
Comp t3 (10.15 g; 43.5 nunol) was refhtxed with 50 ml water for 
5 min. The product was extracted into ether. The ether layer was 
washed with water and dried with MgSO,. Stripping off the 
solvent yieided 8.1 g of 8 (94.1%), m.p. 36uP. 

9 - 7Kabicycfo[3.3.l]r - 2 - enc - 6 - cat+oxyfic acid (7). A 
sdnof8(0.5g;2lmmo~in25ml~.HcIand25ml~~ 
AcOH was retluxed for 3 hr. Then the solvent was stripped off. 
Theppt.waswashedwithwateraodEH)H,yieldipg0~1of7 
(71%). m.p. 155-lw. Rrfnntnniratirm from aqueous EtOH raised 
the q .p. to ls7-158’. (Found: C, 58.70, H. 6.69. Cakd. for 
C&&S: C, 58.57; H, 6.56%). 

6 - Aminom&H - 9 - thiabicyc&[3.3.1]mm - 2 - are (11). To a 
stirred mixture of LAH (0.55 g; 145 mmol) in 5 ml dry ether was 
added dro~wisc a sobt. of 18 (1 R: 6.1 mtool) in 5 nd dry ether. 
After refh&g for 3 hr. the reaction was q~ueoched by adding 
0.55 ml water. 0.83ml 10% NaOH au and 0.83 ml water. The 
mixture was &rated aod the ether layer was dried with Mg!?O,. 
Strippii off the ether yiekkd 0.83g of 11 (83%). (Found: C, 
5232; H, 7.78; N. 674. C&d. for C&ClNS as HCI salt: C, 
52.53; H, 7.84; N, 6.8%). 

6 - Hydroxynudhyl -9 -thi&qclo[3.3.l]n - 2 - m (6). To a 
stirred mixture of LAH (0.5 B: 14 mnml) in 10 ml dry ether was 
added dropwise a soht of 8 (40; Zonunol) in 10 ml dry ether. 
After retluxi~ for 2hr the reacbon was quenched by adding 
0.5 ml water, 0.75ml 10% NaOH aq atul 0.75ml water. The 
mixturewas8hratedandthcetherlayerwasdriedwithMgSO~ 
After stripping off the solvent the residue was chromatographed 
on silica with CHCl15% MeOH. vicldine 2.78R of 6 (81%). 

6 - Tosylmdhgl -‘4 - thiabicy&[3.3.l~non --2 - & (14). To a 
soln of 6 (1 g; 5.9 mml) in 10 mt dry pyridine at -5” was added 
recrystallised tosylchloride (1.23g; 1.1 eq). The mixture was kept 
at 0” for one night. Then 11 ml water was added and the product 
extmcted into ether. The combined ether layers were washed 
with cold 3 N H&, water, NaHC4 aq and water and dried 
with MgSO+ Evaporating the solvent yielded 1.8~ of 14 (94461, 
m.p. 54-55”. RecrystaBixatioo from ether raised the m.p. to 
55-56” (Fouruk C, 58.74; H, 6.02. C&d. for C&&&: C, 
59.22; H, 621%). 

6 - Methyl- 9 - thiabicyclo[3.3.l]non - 2 - au (5). To a stirred 
mixtureof14(1.8g;5.6mmol)in2OmldryetherwasaddedLAH 
(0.11 g, 2.9mmol). After refiuxing for 3 hr the reaction was 
quenched by adding 0.1 ml water, 0.15 ml 1096 NaOH aq and 
O.lSml water. The tihrated ether laver was dried with MaSOb 
Evaporating of the solvent followed by chromatography if the 
residue oo silica gel with chloroform yielded 0.59~ of 5 (69%). 
M.ps were measured with a Mettkr FPl m.p. apparstus. Mien+ 
analysis were carried out in our laboratories by Messrs. P. van 
denBoschatuiH.Eding. 

B. @e&ml assignments 
Asstatedintheiotroduction,the’CNMRspectraofland4 

have been published previously,’ based oo analogy with bicy- 
clo[3.2.1)ocl-2eaes and on estimated values of substituent in- 
duced shifts (SISvalues). Since some of our results differ con- 
siderably. the spectral assigmoent procedure will be outlii in 
sow detail for -these compounds. ;. 

For compouod 1, the relative posrttons of ‘H NMR absorptions 
were determined by a series of homoouckar decoupli experi- 
ments at 90 MHz, inch& INDOR-measurementS. (Btuker HX- 
9OR ambient temperature). cDCls-solutions with internal TMS 
were used to measure ‘H.NMR chemical shifts. The same sam- 
ukswerrusedafterwardstomeasmethe’)CNMRspec~aa 
&ian HA-100 instrument interfaced with a Digilab F@NMR-3 
Putsina aod Data &stem. isCNMR chemical shifts were 
measu;edrelativetoTMSdissolvedin1,2-dibromo-1,1.22- 
tetraftuotoethane which also served to provide an external ‘PF 
lock signal (see below). 

Irradiation of the olefinic protoo signals of 1 yielded &,, S, 
and bHi (Mw=0.63ppm, see Table 1). The oklink signal 
merged into a smgle line upoo imuBabo0 at &,, provitqt that 
&,,~&,, and that ]J,tJ,tJwtJ~=O. This is in mnt 
with an~abnost plan& fragment CiiC2-Cs-C, as seen io a 
Dmidinx model. Further decou&z and INDOR experiments 
indicate; the following order form low to high tkkk H;, Hr. H,, 
H*tHs,Hr,HstHkH,+H,.Theprotoaspl~6Pnd8 
form a complex multiplet at 9oMHx and were only as&red 
tentatively. 

The noise decoupled “C NMR spectrum of I yielded 
two oletinic signals at 130.88 and 129.82ppm. The other 
signals were found at 36.2 34.2, 33.5(2x), 31.5 and 
19.2ppm. Retain-J spectra yielded doublets for the 
olefinic signals and at 34.2 and 33.5 ppm and triplets 
elsewhere. The signals were subsequently observed with 
CWdecoupling at reduced power and intermittent re- 
adjustments of the frequency in steps of co 5 Hz Inadia- 
tion at & = 3.17 8rn and at 299 ppm yielded sharpening 
of one of the CNMR signals at 33.5ppm and at 
34.2ppm, respectively. These signals were therefore 
assignedtoC,andCJ,inthisorder.Thesecondsignalat 
33.5ppm remained sharpened over a relatively large 
range (&=2.8-2.1) and was bence a.ssigtuXl to c* 
Decoupling at high field (& = 1.7) yielded the assignment 
of the 19.2ppm signal to G. No absolute certainty was 
achieved in this way regar&g tbe remaining two signals 
at 36.2ppm and 31.5 ppm. This point was solved by 
comparison of tbe spectra of 1 and 2. The proton NhIR 
spectrum showed tbe same features as that of 1 with the 
exception of the region between 6 = 1.5 and S = 20 
which was simplii considerably. The H&nal was 
also narrower. The proton noisedecoupled ?NMR 
spectrum showed Dsplitting at 36.2ppm, thus allowing 
an unambiguous assignment of this signal to C6 and, 
consequently the signal at 31.5 ppm to G in 1 nnd 2. The 
chemical shift difference between the olefinic protons 
was too small to allow the assignments of tbe olefinic 
carbon NMR signals to G and Ca by specilk decoupling. 
Therefore, solvent effects were taken into consideration 
together with expected values of the SISvalues of the 
kndo substituents (see end of discussion). 

The proton NMR spectra of compounds 3 and 4 are 
relatively simple compared with 1 and 2: & is shifted 
downlfeld, the pattern of the protons at C, and Ca is 
considerably simplified in 3 and can now be distinguished 
into two sets: IL HW at 6 = 2.1 and Hr, Hr at 6 = 1.7. 
The other changes can be read from Table 1. Assignment 
of the “CNMR spectrum of 3 was straightforward, 
using selective decoupling of the proton signals. Upon 
irradiation of the signal of H,, tbe signal of Cr showed a 
clearly resolved triplet line structure, probably caused by 
(residual) coupling of Cr with Hs and Hr. Since &x = 
SHjr tbe carbon spectrum of Cr will show the reduced 
value of IJC,Hr+ JC,Hl 1 in the triplet. A similar obser- 
vation was made with the C, signal upon kuhation of 
l& and I&. This useful feature enabled the distinction of 
thesignalsofC*andC~incompouod4whm~,~6H~ 
and served also to substantiate the assignment of the 
signal at 27.lMppm to G. The other assignments in 4 
were based partially upon comparison with the spectra Of 
compounds 1,2 and 3. It seems reasonable, however, to 
expect simihu SISvalues at CT and G in compounds 3 
and 4. The ahmative assignment would yield consider- 
able incongruence io these v&tea in view of the rela- 
tively large differences in shifts of CT and CI in the 
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carbon NMR spectra of 1 (and 2). Compared with the 
assignment by Wisemann et al! we interchanged tbe 
assignments of C, and CS in 1 and reassigned the signals 

of Cc C& and C8 in the following way: C*-,8; in 

compound 4 the reassignments are CZZ& while 
the assignments of C, and CS were left unchanged. 

The assignments in 5.6 and 11 were all straightfor- 
ward, based on retain-J experiments and specific proton 
decoupling in conjunction with homonuclau proton- 
proton decoupling, In most cases triplet fine structures 
were observed for the signals of C, and CC In 8 the 
signals of c, and c* coldd not be distinguished with 
absolute certainty due to the small AS between H,, &, 
I& and I&. On the other hand, a clear distinction was 
possible in the spectrum of 7. The final assignments for 
C, and C8 in 8 were therefore based on those in 7. The 
proton NMR spectnun of 9 was of relatively poor qual- 
ity, probably due to exchange of the amide protons 
and/or quadrupolar broadening by nitrogen. The 
‘TNMR spectnun of 9 was assigned by comparison 
with 7 and (I, resulting in quite consistent sets of chem- 
ical shifts. Assignments in 12 are straightforward due to 
relatively large chemical shift di&rences in the proton 
spectrum and easy comparison with 3. The proton spec- 
trum of 10 is complicated by overlap of the signals of HI, 
HS and I& The signals of C1 and C1 were assigned based 
on the triplet fine stru&ure. The other assignments were 
obtained by comparison with 1 and should be considered 
parMy as tentative. 

(a) sp3 - Hybrid catim atoms in compounds l-4 
The substituent induced chemical shifts (“SISvalues’? 

tThestericintenlc&betwecllthesllbatituentsaodc,in3 
dBa8am&rablyfromtlmseinthemodelk&mc,ascanbe 
j~fromDlolecularmodels.They~~atC~ia3aad4ere, 
however, not in acco&ouwithla&yditl~stericpertur- 
bations. see also Ref. s. 

presented in this paper for 3 and 4 will first he compared 
with those, published recently in 2-auf0 substituted 
bicyclo[3.3.l]nonan-9+ness and 4-h substituted 
adamantanones.6 The a-effects in 3 and 4 diier from 
those in bicyclo[3.3.l]nonanones by only - 1.5 ppm and 
+22ppm, respectively. This is probably not sign&ant. 
The same is true for B-effects at CT. The #?-&e&s at G 
are smaller in 3 and 4 than in the comparable bicyclic 
ketones: A((B)= -2.5ppm for OH in 3 and A@)= 
-1.4ppm for Cl in 4. Although these dizrepan&s 
amount to a reduction of 25-3546 of the original Bcffect, 
the origin is not clear at this time.’ The “steric” 7- 
go&c effects (7,), exerted by C&o OH or Cl on Cd in 
3 and 4 are similar, as in the bi- and tricyclic ketones 
(with the possible exception of 2-end0 substituted bicy- 
clo[3.3.llnonanones’) and in monofunctional derivatives, 
such as cyclohexanes” and adamantane~.~ 

A completely d&rent situation pertains to 7- 
antiperiphumr effects (73 caused by 2cquatorial (aufo) 
OH or Cl on C8. In the afore-mentioned ketones 7, at C* 
deviates by co -5ppm from those in cyclohexanes or 
adamantanes. Effects on the carbonyl carbon depend on 
the substituent but have no counterpart in 3 and 4. On 
the other hand, y.cffects at C,, in 3 and 4 amount to 
+3.0 ppm and +4.1 ppm, respectively. These numbers 
deviate from those in mono-functional cyclohexanes and 
adamantanes by cu +4.5.ppm and +4.2ppm, respec- 
tively. 

These results are at variance with those of 4, published 
recently by Wiseman d al.’ Their assignments would 
have led to the following changes in SISvalues in 4 wM 
mpcct to the bicydo[3.3.1] mum -7-one skdeton: a 
+6.3 ppm, B(G): -1.3ppm, /3(G): -3.3ppm, 7,: 
+4.3 ppm and 7.: +0.4 ppm, whereas our results point to 
relatively small differences in Q, /? and 7effect.s corn- 
bined with a sizable change in the 7.-parameter. The 
discrepancies between our results and those cited above 
may serve as a warning against the use of SISvalUes 
derived from mono-functional molecules in systems with 
two, possibly interacting substituents. Similar warnings 
have been sounded recently by Sothers and can be 

Table 2. ‘T NMR chemical shifts of compounds l-Et 

Ioo. x Cl C2 C3 CI CS CC Cl c0 c9 Cl0 

CIY 

CR2@=2 

33.66 129.82 130.88 33.44 34.19 36.22 19.10 31.50 

32.69 131.15 129.29 26.20 39.57 13.89 27.66 34.50 

32.69 131.01 128.81 27.00 40.19 65.90 30.26 35.64 

33.26 130.70 129.51 27.66 39.40 39.88 27.48 33.26 

34.01 131.01 129.69 27.42 34.94 47.55 22.10 32.60 

32.58 130.74 129.59 29.13 39.95 50.05 20.87 32.58 

33.07 130.84 129.41 29.83 35.20 SO.28 20.04 32.61 

32.14 131.16 129.48 29.31 36.05 50.48 20.96 32.14 

32.51 130.66 129.12 29.60 37.05 35.11 22.94 31.41 

34.04 130.92 129.77 27.91 35.79 40.53 23.04 33.00 

32.86 131.01 129.07 26.29 35.70 82.71 34.50 25.32 

22.90 

67.23 

775.50 

174.90 52.74 

176.55 

122.32 

40.41 

56.51 

t mo1ut1ons in CDC13, unlom indiaed otharui8o 

l wlut.loa inCC14 

l * SOhkiOB in Dc180d6 



derived from recent work of Robinson et at.” In these 
cases, however, geminal disunion was always in- 
volved in contrast with the present systems, concerned 
with substituents at least two single bonds apart andnot 
involved in mutual steric interactions. More recently, 
Duddeck presented non-additiv~es of two suspend 
in 1,3di~~~~~, di-axial or ~~~~-~ pOSi- 

tions,” Although the ~~iti~ties as such are com- 
parable with those presented here, the expl~tions are 
meant (aide h/M). 

An approximative and tentative expl~tion of the 
large uptield y.-effects of OH and halogens at G-e&o in 
bi~yclo~3.3.llno~ - 9 -ones has been presented? In 
fact, three d~e~nt expla~tions are presented. In 6+x01 
suits compounds a thirst charge transfer 
from the su~~nt lone pair to the CP = 0 moiety is 
mentioned, resulting in an upfield shii for G and a 
relatively huge do~eld shit of CS. In de&* deriva- 
tives, an electronic ~u~-u-~nd ~smission along 
X-C&& is proposed whereas, at the same time, a 
“W-~-intention” is held responsibk for upfield 
effects at anti-ycarbons in both exe- and a&o-sub 
stituted ~m~unds. The fact that the same rn~~rn is 
inactive in systems liking the CO group is explained by 
“changed electronic properties of the bonds and hiir 
steric strain in the system”. This “W-type inte~~n“ 
involves overlap of back-lobe orbiis of the binding 
orbitals at Cj and either Cd or Ca.” An ~ogous 
~ch~srn has also been used recently to otiose 
‘fc-‘% vicinal spin-spin couplings in similar systems” 
but has since been amended.“ 

A similar view was offered su~q~n~y by L%ddeck 
et ai. who referred to an “~~ in~tion 
~~srn“ operating within the 6membered ring.* 
Afterwards,” this mechanism was specilkd as (through- 
bond) h~~nj~tion as put forward already by Eliel d 
al.:” ~mewhat curiously, in the original paper of Eliil 
ef af.” a clear d~tin~on is made between hypercon- 
jugative m~h~isms operative for N, 0 and F but in- 
active for S and Cl and, on the other hand, backlobe 
overlap. In Buddeck’s paper” reference is made to the 
a~v~~ntion~ h~~nj~t~n but on the other 
hand, back-lobe overlap is su~est~ by referring to 
Heumann? in order to explain y.-effects of halogens. 

Wlseman d al.’ observed different y-effects upon ox& 
dation of the S atom in the bicyclic sulfides to the 
~~s~nd~ sulfones. U~o~tely, the d~e~u~ 
shields between compound 4 and the ~~s~~i~ 
sulfone cannot be used because of the discrepancies in 
assignments cited earlier. It was clear, however, that 
carbons B to sulfur (and hence y to the 0 atom(s) in the 
stone) with a cr- or y-Cl atom are orderly more 
sensitive towards the oxidation and show larger upfield 
shifts. This could very well have a common origin as the 

cited above. The fact that no appraciabk devia& from ad- 
ditivity is found at 6 aad C,” could also be exdaiaed bv tba 
%rfavorahtcY geometry of the (rcinfomed) dip&s Cz = d end 
C,X with respect to the & and C, metbykne main axis of 
~~i~*’ in the boat form of the 6 mearbaed rlag. 

INamhcriag in - with molccuks I-U, see above. 

effects, evident from the results presented in Refs 65.11 
and 5 and those, found in this work. The relative posi- 
~nsof~S=O~C~~~~s~to~~of 
C = 0 and C-X in the bicyclic or tricyclic ketones. 

In our opinion the caption between the C = 0 group 
and the en& G-X moiety, which both have dipolar and 
strongly potarixabIe bomls can be discribed as follows. 
The two dipoles are at an angle of approx. 60’ and in 
opposite directions. Therefore, the inner carbons C4 and 
Cp will carry a larger electron density than tbe G-X 
carbon in a substituted bicycIo~3.3.lJno~e or the car- 
boxy1 carbon (C!+) in unsu~ti~~ bicyclo~.3.l]n~-~ 
one, respectively. A similar situation arises when two 
~~~~ subtile are present in relative y-positions 
in disu~ti~~ ad~n~es, described recently by 
Duddeck.” In fact, the product of advent) dipoles 
and pola&bilitles divided by bond lengths would seem 
to be the detains factor, for Cs and C, Such an 
explain was already mentioned by Eliel et oL” but 
was not c~si~r~ to play an irn~~nt role. 

No definite statements can be made at this stage 
regard& the upfield y&%cts at the subsets CH, 
groups in the bi- and trlcyclic ketones until a better 
u~e~~~~ is achieved of the relative irn~~ce of 
direct (~~ space) electric field effects’ and inductive 
or h~~n~tive (bud bond) inure.” It was 
already pointed out that the non-oddity is ~rn~~ly 
alit in the aunt a~n~s.“~ 

By the same token, u~o~iy, our results for 
compounds 3-12 do not contribute di~ctfy to a deeper 
insight into the backgrounds of the y.-effects. It can only 
be include that the ~s~ti~ numerical values of the 
SIS at G differ from those of the ketones by a sub 
stantial boot. If one presume3 that the sulfur in 3-12 
will supply lone-pair electrons to G-X, the effect will be 
at least two-fold. First, the sulfur atom will become more 
positive which will cause a downtield shii of CI. 
Secondly, the G-X dipole will become weaker giving rise 
to a smaller downfield shift at Cs. Obviously, the 
dow~eld effect of the positive sulfur now overrules the 
(small) upfield shift caused by the weakened C-X dipole. 

After this project was linished, an inte~sti~ con- 
clusion pertaining to electron donation by sulfur to an 
elec~ndem~d~ group in y-position in a 6-membered 
ring came to our knowledge. Whereas in an earlier pub 
lication by Hirsch ef al. concerned with 1 - hetero - 4 - 
cyclohe~ones no special effects had been reported,‘b’ 
a later inves~~n of I - h&m - 3 - cyclotrons 
showed that the S atom caused an ~norrn~l~ high 
s~eld~ of the CO carbon atom in ~-~sition.‘~ This 
was explained hy assuming electron do~tion from sulfur 
to C0.16b Quite ~~~s~y, it can be seen from the 
data in Ref. 16b that the ~cornp~~ a-atom in 1 - thia 
- 3 - cyclohe~o~ is more deshielded with respect to 6 

in cy~lo~x~o~ than Ct in thlane with respect to 
cyclohexane. This is in qualitative ~ment with our 
conclusions (of%? wpm). No diit ~rn~n can be 
madewithnsardtothecarbonytosulturini-this-3- 
cyclohexanone because this atom is also a with respect 
to co. 

Results for #rn~~d 12 are diitly comparable to 
those for 3 except for Q- and &effects, which is logical 
in view of the extra C atom of the su~ti~t. Direct 
comparison with the literature is hampered by the lack of 
6 - erufo - methoxy - ~~ycl~3.3.1]~~ - 9 - ones but 



804 J.W.uaH~~ftuxd. 

shifts (Experimental and results). The chemical shifts of 
compouads1,3,4and1Owmmeasuredcaretunyintwo 
or three solvents at low cooccntntions: CCI, CD& and 
CHs0H.t These measurements revealed tbat rather uni- 
form solvent shifts are obtai& when the low-fktd signal 
ofliscombiaedwiththeb~klsignalsof3,4amti# 
andviceversa.Thetinalassignmeotswentheomadcon 
the followin assumption. The G-X groups in 3,4 and 10 
act as dipoks (or tripoks) with the negative centers on 
the “inner” atom of the group X (e.g. 0 for OH). Dot&e 
bonds are known to be particuIarly sensitive towards 
externally applied electric fklds as far as the ‘Y NMR 
chemical shifts are concerned.” The spTc nearest to the 
positive end of the dipole (or the inner positive center of 
the tripok) will carry an excess ekctronk charge and 
will hence be shifted uptkld, the other sprC will be 
shifted downtktd with respect to au unperturbed “stan- 
dard” molecule, i.e. compound 1 in the present dis- 
cussion. The downtkld effect will probably be of a 
smaller absolute magnitude due to its larger distance 
from the pertmbing di- or ttipole. Consistent results are 
obtained when the up6eld sprsigmd in 1 is assigned to 
C!Z~ the down&Id signal to Cx. The reverse situation 
holds in the substituted derivatives %I2 Typical 
“repokrixations” caused by the C-X moieties amount to 
-25lppm and +l.lOppm for Cl in 4, -220ppm and 
+O.~ppmfor~Nio~O~-l.~ppm~~i.lO~m 
for OH in 3 (Tabk 3). More detaikd discussions or even 
model cakuktions on these systems are not warranted at 
present due to the uncertain cootriions of a partially 
positive S atom on the shifts of Cs and 6 and 
also because no exact geometrks are known for most 
systems. 

~c&aor&&cmaur--Thisiavest4prtionhas 
Nahalaadp FeunMon for ChemkaI Research (SON) with 
finan&l aid from the Nethcriab Opka6011 for the Ad- 
vancement of Pure Rewarch (ZWOI. 

the deviations in y, and y.-values with the appropriately 
substituted adamantanone’6 are sinlihu to those of 3. 

Results for the series S, 6 and 11 arc comustent when 
the extra shielding or deshktding effects of the OH group 
in6andtbeNH2groupinIIantaltenintoaccount.Itis 
of importance to note that the 7s and 7.cfltcts by the 
Me group in 5 are very similar to those observed in 
2-methykdamantane.” This can be construed as sup- 
porting the mechaoism proposed in the previous section 
for the effects of strongly dipokr ardo GX groups in 
the 9 - thiabicyclo[3.3.l]noo - 2 - ene skeleton. No 
electric field in&action is expected from C&H,, nei- 
ther will electrons be withdrawo from the S atom, thus 
“oormal” SISvahtes should occur, in agreement with 
ourt%ing!i. 

A similar intemal consisteucy as noted for $6 and 11 
isalsoobservedfor7,8and~.They.cflectsinallthrec 
compounds are l&O.3 ppm down&id whereas the same 
parameter in adamanume-ca& xylic acid” amounts to 
-1.2ppm upfield. Apparently, the mechanism descrii 
in the previous paragraph is still operative although tbe 
strongest dipole (C = 0) is now one C atom farther away 
from tbe S atom. Also, electric fteld effects at Cs are oow 
coaformationahy avataged values due to rotation around 
csc=o. 

In cyano-substituted compound 10, finally, tbe SIS- 
values are in fair agreement with those iu 2 - cyano - 
adamantane,‘8 the y&Tect in IO is only 0.6ppm less 
upfield than in 2 - cyano - adamantane. This is probably 
insign&ant. 

(c) sp2 - HybM carbon atoms in i-12 
The sp& signals could not be assigned unam- 

biguously by selective proton decouphng since the NMR 
signals of Hz and Ha have nearly equivaknt chemical 

a tC,) 

Tat&r 3. SISvatuss in ‘c NMR spectra of 3-l2 0 

a tcs1 a (C,) &to,1 Y4 to,) 6 tC,) 6 to,) c Es) 

2 +37.67 e.30 +6.56 -7.24 +3.00 -0.97 -1.59 +1.33 

f-1.98)' f+l.w+ 

-2.07 +1.19 

(-2.51,. w.lo)* 

-1.37 +o.a 

-1.19 +1.19 

-1.05 +0.91 

-1.47 +1.02 

-1.40 +1.34 

-1.76 +o.e4 

(-2.20)* (+0.66)* 

-1.11 +1.10 

-1.61 +1.19 

+29.68 z +6.00 +11.16 -6.44 +4.14 -0.97 

i3.66 

+11.33 

+14.01 

+14.06 

+14.26 

-1.11 

+5.29 

+o. 80 

+1.06 

+1.01 

+1.85 

+2.86 

M.38 tS.76 

+3.00 -6.02 

+1.71 -3.53 

+1*74 -3.61 

+1.86 -4.13 

+3.04 -3.64 

+1.76 

+1.10 

+o.ao 

+1.11 

+1.24 

-0.09 

-0.40 

+0.35 

-0.48 

-0.59 

-0.92 

-1.15 

+12.31 

+46.49 

+0.90 

+1.59 

+4.74 

+6. b 

+1.50 

+2.99 
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