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sion. This interpretation, however. should be avoided, 

because there is evidence that there ic no essential steric 
repulsion between a monoatomic suhstituent and a 

hydrogen both being in 13-diaxial configuration, e.g. an 
X-ray study of 2-i~oadamant~‘* showed that there is 
no significant distortion of the molecular geomcrry of the 
adamantanc framework. Very recentiy.‘b Beierbeck and 

Saunders presented a new inte~rerat~n of the y,,. &ccl 
which denies that steric interaction between a substituent 
X and a y hydrogen is the reason for the upiicld shift at 

all. 
Other possibilities of configurations, e.g. the sub- 

stftuenf being antj~ripla~~ to the y carbon. arc not well 
investigated. Uniy fur the second-row subst~tuents 6, 
0, F) not fixed at a bridgehead carbon is there a detailed 
studyP showing that a substituent of this type induces an 
upheld shift at a antiperiplanar y carbon which is even 
larger than at a carresponding gauche carbon. 

Often however, and particularly in cases excluded in 

Ref. 21, downfield SCS at y carbons are observed. The y 

increments of the compounds presented in this study are 
mostly positive or about zero. Astonichingl~, the average 

of the two different y shifts at the homoadamantene 
derivative\ matches nearly exactly the corresponding y 
shift at the adamantanes for all different cubstitucnts, the 
y’ SCS being larger and the y SC’S being smaller. Only 
the y’ shifts of rhe homonoradamantcnes (series 3) are 
slightly negative (- I .Q to - 1.9 ppm). Indeed. this is the only 
arrangemem which differs significantI) from an an- 
Ii~ripla~r cl~n~~u~tit)n. and a rtcric in~eracrion between 
the substituent and the hydrogen at the y’ carbon is at least 
conceivable. 

In Fig. I the y SCS of the various hromo derivatives 
arc plotted versus the distance I between the bromine 
and the next y hydrogen nuclei in each case. For com- 
parison reasons the y,,. SCS of 2.bromoadamantanc” 
was added. Although this compound i\ not a tertiary but 
a secondary bromide this increment gives a idea of a y 
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shift induced by a gauche bromine suhrtituent. The in- 

ternuclear distances in Fig. I are estimated from IXci- 

ding models. 
The other substituents (OH. Cl and 1) show similar 

figures. 
The diamagnetic SCS decrease with incrcasitg in- 

ternuclear distance. At large distances (4.7-5.0 A) the 

increments become positive and cover a range of about 
5 ppm. This points IO the fact that there are at least two 

interaction mechanisms leading to diamagnetic and to 

paramagnetic y effects. 
I.ooking at the models it can be realized that several of 

the X-C’-C’-C’ arrangements show deviations from 

coplanarity (torsion angle T = MY). There are configura- 

tions with the substitucnt X distorted from the plane 
formed by the three carbons. thus decreasing the torsion 

angles: 

These angles are llup for the adamantanec and the y’ 
c&on\ of the homoadamantenes. of course, because in 
these cases all atoms concerned are located in a sym- 
metry plane of the molecule. However, for the y carbons 

+One referee pointed OUI that the bmc i\ an unusual function in 

thls conrcxt. Of course. we arc aware [ha1 ever) MO. rhcor) 

rclate$ whsrltuenr efTec15 IO cosine dcpcndcnccx HUI ne- 
verthelew. we want IO report thus surprising tin 0 dependence by 

whrch rhrs y_, efTecr can be dcwxibcd. although UC cannot give 
lhcorcflcal crplanarmns so far. 

of the homoadamantenes this angle is about 170”. and for 

the homonoradamantenes angles of 145” for the y car- 
bons and 125” for the y’ carbons are determined. All 

these values arc roughly estimated. because the model 
cannot reflect the true molecular geometry exactly. 

Therefore a deviation of a few degrees must be accepted. 

An inspectrion of the various y increments shows that 
the smaller the torsion angle T. i.e. the larger the de- 

viation from coplanarity, the smaller arc the paramag- 
netic shifts of the signals in question for an individual 

substituent. 
In Fig. 3 the y SCS of the various substituted com- 

pounds of the series 1.2 and 3 are plotted versus the sine 

function of the torsion angle I.+ WC suppose that the 

angular dependence of the downfield y SCS in an- 
tiperiplanar contigurdtion can he described by the follow- 
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Rp. 3. 7 Substirutenr chemical shifts of rhc various adaman. 
lanes. bomoadamanlencs and homonora.damanlcncs (see 1~x1) 

versus lhc sine of the lorsioa an&es (sin 7). 



ing expression: 

y SCS = -.4 sin T - B. (II 

The good accordance of the experimental data for X = I 
with eqn (1) is becoming worse with the decreasing sire 

of the substituents. The curves bend towards the 

horizontal direction when the increments are approach- 
ing the value zero for the y SCS. This indicates that at 

least in this region the y effect can no longer be des- 
cribed by only one mechanism. With small deviations 

from coplanarity the slopes are approximately the same 

for all four substituents. Thus A in cqn (II seems to be 
an intrinsic factor of the downfield effect. more or less 

independent of the substituents’ character. B, however, 
is associated with the substituents themselves and de- 

creases in the series I. Br. Cl and OH, i.e. downfield 

shifts induced by iodo substituents arc larger than those 
induced by bromo substitucnts. etc. 

Comparing the y SCS of l-substituted adamantanes 
with those of l-substituted bicyclo[2.!.2]octanes’ (X = 
OH: -0.2; X = Cl: 1.0; X = Hr: 1.9; X = I: 2.5 ppm) it is 

observed that the downfield shifts of the latter com- 

pounds arc about 2-2.5 ppm smaller than the cor- 

responding ones of the adamantanes. This seems lo 

contradict the description of the y effects outlined 

above. since the conformation of the bicyclooctanes with 

Dw-symmetry is totally eclipsed and the four atoms X, 
C’. C” and C’ arc coplanar again. However. the bicy- 
clooctanes cannot be regarded as rigid but as swinging 

molecules.” They arc mixtures of both cnantiomers with 

D,-symmetry which arc separated by a small energy 

harrier (Fig. 4). 

D, D ,* Ds 

FIB. 4. 

Even I)reiding models reveal the flexibility of these 

molecules, and it was reported” that they can bc dis- 
torted up IO 12” without any significant changes of bond 

lengths. This indicates that the weighted average of all 

conformations has a certain distortion angle 0, thus 
producing a deviation from coplanarity of the atoms of 

interest and giving reduced downfield shifts. 
The concept of an angular dependent downfield y 

SCS. of course, cannot explain discrepancies of ymU 
cffcc~s occurring at different molecular arrangements 
with coplanar atoms X. C”. C” and C’ in all cases. e.g. 
Fig. 3 shows that the y’ signals of the homoadamantencs 
appear 1.5-Z ppm at lower field than the corresponding y 
signals of the adamantanes. although in both cases the 
torsion angles arc equal (180”). This led us IO the con- 
clusion that there must be an additional mechanism 
affecting downfield y-, SCS. 

If WC include the IWO different y SCS of I-substituted 
2heteroadamantanes given in Table 2. WC find lhal the 
y(. SCS agree with the y SCS of the corresponding 
adamantanes rather well. whereas the yr SCS are sig- 
nificantly larger. Similarly. an enhancement of the y’ 
SCS of bromo-homoadamantcnc 2d from 5.3 lo 7.5 ppm 
is observed. if the C-8’ methylcnc group in this molcculc 
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Y= O,NH,CH2 

Scheme ! 

Tabk !. “C 7 substiruent chemical shifts of I.,ubbtitutcd Z- 
hclcroadamantane\ ’ L 

I x - 011 x . Cl 

Y-O Y*: 3.9 6.1 

YC: z.7 3.7 

Y - Nil Yy: 3.6 ‘b. 5 

Yc: 2.9 5.6 

Y - C1f2 I Y : ‘?.3 3.2 

‘D-dla laken from Ref. 27 
“The substiluenl chemical thifls are given m ppm; positive 

values correspond IO dounficld shifts. 

is replaced by oxygen IO form the corresponding oxa- 
homoadamantene derivative. This y’ SCS was again ob- 

tained by comparison with the corresponding parent 
compound oxa-homoadamantcnc. 

looking at these hetcroadamantanes it is found that 

the shorter the internuclear distances d between the 

substitucnts X and the respective y carbons the larger 
the downfield increment. Figure 5 shows this graphically. 

The distances d are again estimated from Drciding 
models, and Fig. 5 can only give a tentative description. 

Although the d values are only roughly estimated their 

trend is evident. Furthermore, it should bc well noted 
that the distance d is only a gross parameter depicting a 

general change in bond lengths and bond angles. 
An explanation for the different y SCS in totally 

coplanar arrangements may be suggested: Replacing a 
methylcnc group by oxygen or a NH group in the 

adamantane framework the bond lengths and angles are 
dccrcaxd, thus giving smaller d values. By this change 

of the molecular geometry the hybridiration states of the 
yv carbons are changed slightly causing different y SCS: 
in other words, by compressing the molecular moiety in 
question within the plane like a concertina. the downfield 
y SCS can be enhanced remarkably. 

For both substituents (X = OH and Cl) the d values of 
the y’ SCS of the homoadamantcnes (0 in Fig. 5) do not 
fir the correlation. This is exactly what we would expect 
if WC consider that there should be a considerable thrust 
upon the Q and the y’ carbons towards each other in the 
homoadamantcnc framework (Fig. 6: see also next see- 

lion). 
This should result in a shortening of the parameters d 

compared with that of the adamantancs. On the other 
hand. the approach of these IWO carbons cannot be 
reproduced by Dreiding models which arc loo rigid. 
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oxaadamantancs; X: yI .SCS of the oxaadamantancs; I: yr SC‘S of the azaadamantancs; L;: yC SCS of the 

~~~d~rn~~cs). 

Fig. b. 

To summarize, we obtain from the presented data an 
insight into the influences of substituents upon y posi- 
tioned carbons in b~dge~ad-substituted molecuIes. The 
totaf y..* effect is composed of at least two cons 
t~buti~ns: 

y SCS = f(r, d). (21 

The first parameter describes the angular-dependent 
downfield y effect which apparently is operating through 
the a bond framework and is only effective, if the 
torsional angle is relatively large (about 1~1800). 

The second parameter represents a mechanism 
producing changes of yu*, effects by compressing the 
atomic ~ngements X-c”-C6-CY without changing the 
torsion angle. This effect could only be observed un-_ 
ambigu~)usiy for I = 180” giving enhancements of the 
downfield SCS. Al the present slate of our knowledge it 
cannot be ascertained whether this term is effective at 
other torsion an&s also, and if it is so, which sign it has. 

a-Efecr. There are several approaches to jnte~rc~tion 
of substituent effects on Q carbon shieldings in terms of 
clcctronegativity. intramolecular dispersion effects. 
neigh~ur-~nis~~tropy effects and others.‘ AJth(~ugh a 
general concept able to explain these effects on carbons 
in Q position relative to the substitucnt for a variety of 
aliphatic compounds does not exist. it is commonly 
agreed that one major contribution to the aSCS is con 
trolled by the electronegativity of the substituent’s atom 
directly attached to the a carbon-“ 

However, it can be seen clearly from Fig. 7 that 
ekctronegativity cannot be the only major contribution. 
P~i~ularly in the case of the l-substituted adamantancs 
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Fig. 7. Substitucnt ctkts upon u positioned carbons (d SO) 
versus Pauling’s clectronqativitrcs; -: I-substituted adaman- 
tants; .D: ~nnsubstrtut~ homoadamantcncs: 8~ monosuh- 

stituted homonor~da~ntcnc~. 

lb-lc and the homoadamantcnes 2C2e there is only a 
very rough correlation between the it effects and the 
substituents’ eiectrontgativities. whereas the cor- 
responding correlation for the homonoradamantenes 3h- 
3e is much better. 

Grutzner PI ut* established a r&e to predict differing Q 
and fi effects, as well, by considering the number of 
substituents other than hydrogen at the u and the fl 
carbons in addition to the inductive effect exerted by the 
character of the substituent. For hydroxyl and methyl 
groups they reported a linear correlation between the a 
shifts and the number n of hydrogens replaced by other 
substituents at the u and fl carbon(s) showing a decrease 
of the a effects with increasing n in the ma8nitudc of 



approximately 3 ppm per hydrogen replaced. HUI already 

Dam” has pointed out that this concept cannot be 
generalized to other bicyclic systems and other sub- 
stituents and that for a given substituent the incremental 

enhancements of the shielding of the Q carbons with 

increasing n can vary remarkably. 

In the present study we calculate n = S for the 
homoadamantcnes and n = 6 for the homonoradaman- 
tenes. Rut only for the halogen substituents we found 

larger Q increments for the homoadamantenes than for 

the homonoradamantencs. For the hydroxy compounds, 
however, the a SCS is smaller. 

Darn-” derived from his results that there must be 

more parameters for explaining the Q effects. at least for 

bicyclic compounds, and suggested taking into account 
the strain within the molecular framework. He tcn- 

tatively presented a rough correlation depicting a decay 

of the a effects with increasing strain estimated from 

thermodynamic data.” But this assumption. if valid at 
all. cannot be applied to the molecular systems presented 
in this communication. The three skeletons of the 

adamantanes. the homoadamantenes and the 

homonoradamantenes differ significantly in strain. 
Whereas the adamantanes can be regarded as nearly 

free of strain. the widening of one bmembered ring lo a 

cycloheptcnc-type ring in the homo- and 
homonoradamantene series is expected to cause a con- 

siderable thrust upon the other bridgehead carbons 
towards each other (see Fig. 6) which has to be coun- 

teracted by the j?’ carbon to form the homoadamantenes. 

To form the homonoradamantenes the approach of fhe 
bridgehead carbons has even IO be reinforced. Further- 

more. in both frameworks the arrangements of rhe sub 
stituents. carbons and hydrogens are distorted from the 

energetically favoured staggered configurations existing 

in the adamantane framework, thus causing additional 
strain due lo steric interaction. 

Therefore. accepting the tentative model of strain- 
dependent a SCS one would expect that the Q in- 

crements of both the homo- and the homonoradaman- 

tents are different from those of the adamantanes for a 
given substituent. Fig. 7. however clearly demonstrates 

that at least for the homoadamantenes strain play no 

larger part affecting the a shifts. They differ from those 

of the corresponding adamantancs only by +0.6 

+!.4ppm. On the contrary, the (I effects of the 
homonoradamantenes show a completely different be- 

haviour with differences of - 17.7 for X = 1. -10.3 for 
X = Br. - 3.7 for X z Cl and +7.4 ppm for X 3 OH. 

For that reason we believe that the concept of strain- 

dependent Q SCS cannot be adopted generally. and 
further investigations are necessary to explain their ab- 

solute values and their behaviour within certain series of 
various substitucnts in different molecular frameworks. 

B Eflec-1s. Similar IO the Q effects the p cffec~s arc 

interpreted in terms of electronegativify and other in- 
fluences enumerated in the previous section.“’ Again 

one main contribution seems lo be the cleclronegativity. 
hut here the trend is reversed compared with that for the 

a effects: With increasing Ck!CtrOne&hity a decrease of 

the /I increments is observed. This trend is verified by 

our resulls. 
This sequence has been rationalircd by a 

hypothesis”-?’ suggesting an alternating, decaying charge 

distribution at the hydrocarbon chain induced by the 
substituent X: 

X-C’-Cd-CT-... 

s-s-&Y- 6664 

Grutzner et al.’ also extended their rule of .SCS dc- 

pendence on the substitution pattern at the Q and the B 
carbons to the B effects and found a steady decay of the 

fi SCS up to n = M. With larger n a constant B SCS is 
reached. According IO this explanation similar values for 

the @ effects in the series 1. 2 and 3 are expected. 
Indeed. for a certain substituent all f3 .SCS are the same 

within a range of 0.7 ppm for the halogens and 1.4 ppm 

for the hydroxy group. 
Long-rongr efecrs. All 6 SCS of all series and suh- 

stituents are negative. II is surprising that all 6 SCS of 
halogen substitucnts are nearly identical (-!.I 2 0.3 ppm) 

whatever the molecule and the halogen atom is (chlorine. 
bromine or iodine). II is even insignificant whether the 6 

carbon is aliphatis (C-6 of I and C-6’ of 2) or aromatic 
(C-6 of 2 and 3). The hydroxy substituents only differ 

from the halogen substitucnts by their absolute values of 
the 6 SCS (- I.5 ~0.2 ppm). but they show the same 

behaviour. 
The c effects are very small as they are expected to be 

(-0.4 to rO.l ppm), whereas the l effects arc a little bit 

larger (0.4-0.7ppm). Both effects are loo small lo he 

interpreted reasonably. 

Table 3. “C chemical shifts (6)of dirubstitutcd homoadamantcncs (series 4).“lIw vatuec in parentheses arc deviations 
of these experimental vah~er from those calculated by the formula gi\cn m the text fM = 6 .&,I 

1 0 e 6’ v 3 a c 

28.8 35.6 36.4 41.6 148.1 128.1 125.9 

68.8 43.9 56.0 42.5 144.0 128.3 127.2 

(-6.0) ( 0.1) (-1.4) (-1.9) ( 0.1) ( 0.0) (-0.1) 

64.2 44.9 58.2 44.6 143.9 '28.2 127.1 

(-9.2) ( 0.0) (-1.8) C-1.4) ( 0.2) C-0.1) ( 0.0) 

,-z, ( 47.8 0.0) (-2.4) 63.4 (-0.2) 47.6 144.4 ( 0.7) 128.2 ( 0.3) 12'1.3 ( 0.1) 

7?1e chemical chills are relatwe IO ktramcthylsllane. poGti\e values correqwnd IO 
deshlclding. 
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Disrtibured compounds f series 1) 

The calculated chemical shifts are ohtained with the 

help of eqn (3): 

6:, = .A, + AS,’ + As,: (3) 

with i. j, k = Q. 8. @‘. y. 6. t and {. 
The A, arc the experimental basic chemical shifts 

taken from the unsuhstitutcd homoadamantenc h. and 
the A&’ and A6,’ arc the SCS of the IWO suhstituents atl 
the (I IO IJ positioned carbons u hich have been ohtained h) 
comparison of the data of the monosuhstitutcd 

homoadamantenes Zc-h and those of homoadamantenc 

2a itself (see previous section). 
The deviations, A& of the experimental and the cal- 

culated chemical shifts for the 8. 8’. y. S, e and { 

carbons are rather small; onl) for the 8’ and the y 
carbons small negative discrepancies are observed, i.e. 

these carbons arc slightly more shielded than expected. 
Only for the Q carbons do considerably larger deviation\ 

occur which arc also negative and increase with in- 

creasing atomic wcrght of the halogen suhctituents. Si- 

milar results were reported very recently by Perkins and 
Pincock” who presented the spectra of 1.3.di- 

haloadamantanes among other data. 

ExRRtWXTAt. 

The “t’SMK \pccrra were ohramcd al natural abundance m 
the pulsed Pourrcr rrawform mode a~ 22.63 MHs using a Rrukcr 
WH-90 spcctromcrcr ‘The wmpk\ wcrc run 31 a conccnrration of 
ahour I 5 \I in deutcratcd chloroform wrrh rctramcthylsilam a\ 

internal standard Posiribc saluc\ of chcmrcal thrfr\ corrc\pond 

IO downfield shift\ The accuracy of the \rgnal\ IS ahoul 
z0 05 ppm. 

The compound\ la and lb arc commercially abadablc: the 
other rdamantanc\ arc tardy prepared from lb b) ~onvcntmnal 
mcrhod\ The prcparatron of the home- and rhc homonoradaman- 
lcnc\ will hc reported In a xparak communicatmn x 
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