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A)rrrut-By “C KMR mcwwuncnts m p- of mdpm), rll “C nqrrlr of the wlc ccwn~unds 2-4 
w w~gncd Ratro, of “bound sh~ltr” (RI’) can b cowelrted wth V&gtk’~ n-vrlucl and rrclat the 
spmrl rrqulrrrncnt of the ru~tltuent, unla the wb#ltucnt paflqwcs saglfiuntly In canplcxaon 
wth YMdpml, Etkct~ of mtrrmokculrr subwtutnt mtcwtront of dtfkrcnr types wthm one mokculc 
arr l ddnlvc. 1 c the mdwdual mtcactlon~ nxchrnrsm~ l m actma mart or less mdcpcndently 

In contmuatton of our studies on the cfTects of 
intramokcular substttuent mteractton upon “C 
chcmtcal shafts’ WC were rntcmted tn molecular sys- 
tems In which several kinds of intramolecular tnter- 
acttons arc present srmultaneously, e g Qsubstttutcd 
adamantan-2.6-dtones 2 4 

For the dIscussIon of these cfkcts. however. a safe 
signal assignment by an mdcpcndent method first had 
to he complctcd Thus, the “C NMR spectra of 24 
were measured In the presence of the lanthamde shift 
reagent YMdpm),. 

IE?wI.Ts 

In Table I all “C chcmlcrrl shafts of the dtketones 
14 art lrsted The signals were asslgd wrth the ud of 
‘H “ofi-resonance” daouplai spectra and by mea- 
surements wtth mcrcmental addttton of YMdpm), 
T‘hts parttcular reagent was chosen. because the sub 
stratc stgnal shafts are dommatal by pseudo-contact 
contnbuttons (perhaps except for the carbonyl stg- 
nals) ’ Furthcrmorc. the formatton of LS,complcxes 
(1 shift reagent. S substrate) can be ignored ’ 

In order to exclude external mtluences on the mea- 
surements relattvc “bound shafts” (A+) for 2 6 were 
dctcrmlned (Table 2) which represent the slopes from 
the plots of lanthanldc tnduccd shifts (LIS) vs ratios of 

Yb(dpm), to substrate, rclattvc to the resvtive larg- 
ut slope (C-2 100) Sinot quantttative elucidation 15 
often obscured by vanous dtfficulttu.‘.’ we confmd to 
semrquantlwtrvc LIS cvaluattons wummg that the 
larger the dtstancc r ktvvaen the Ybton and carbon 1. 
the smaller IS Its “bound shaft” b-11) (Fig* I) Thus 
appears reasonable as long as 0 < 40 , a condttlon’ 
which aocordmg to our cxpcncncc IS fulfillal m ad- 
amantant dcnvatrves of thts kind (cf A”‘-values of 7 
and 8 In Table 3) 

Table 3 dcmonstrrtes that, if the MAO substttuent IS 
In an axial posttton (8). the absolute “bound shrfts” 
are conuderably smaller than If II IS quatonal (7). 
This anses from stenc repulston wtthm the L S 
complex On the other hand, the avtragaI posttton of 
the Yb-ton In the complex mth 8 1s stall approxrmatcly 
In the crtenston of the C-2 0 bond. smcx the 
Ad-values of C- I and C-3 arc stmtlar IO each other: the 
same 1s found for the pptr C-5 and C-7, as well as for 
C4!C-8/C-9:‘C-I0 In the hght ofChadwlck’s four-site 
bmdmg model for ketoncr’ this means that there IS not 
one (or more) of thcx sttcs consldcrably favoured 
above ot hen. 
constant’ ‘O 

rather the quthbnum bmdmg 

ported ’ ” 
IS reduced Stmilar findmgs have been rc- 

11 IS plaurlblc to transfer these arguments to the 

x = H CM, N(CH,), 8r I COOCH, 

1 2 3 4 5 6 



Tabk 1 “C chaulcll shftr of Csubmtutad uhmmm-2, -ona 14’ 

I lb 2 3 4 3 6 

C-Z 4s.3 

c-2 2:1.7 

C-3 4S.3 

C-4 39.6 

c-s 4S.3 

C-6 211.7 

C-7 45.3 

C-8 39.6 

c-9 39.6 

c-10 39.6 

Other8 I 

44.4 43.8 43.9 

213.1 212.4 ?Of. 7 

51.0 48.3 53.2 

43.7 72.4 53.0 

‘51.7 47.3 54.3 

213.1 2:2.: 207.7 

45.4 44.8 44.6 

39.8 39.7 40.1 

38.9 3’5.3 37.3 

34.0 33.9 3s.3 

17.2 42.8 

44.3 44.7 

207.6 209.7 

54.1 46.7 

32.4 ‘51.1 

54.1 46.S 

208.6 209.5 

44.4 44.8 

40*0= 40.4 

39*3= 38.3 

37*4 IS.0 

- 170.3/S2.1 

4 In pp- dovnfleld iron Intern41 Tw; CKl, 4s solvent, 

5 fhe data of 1 have beon published prevlously3. ror con- 

sistency reasona, however, tm crmsmnt vrluer wmra nerrured 

in thl8 1aMrotory under the sa-• erparlrrunt41 conoitlons. 

C M4y b4 lnt4rchbng40. 

G 
dlkttonu 2-6 wnth thclr two carbonyl groups corn- 

;iYb 
pcting In complexatron so that larger “bound shifts” 
for C-2 than for C-6 srgnals and analogous sequcnm 
for the carbon purs C-I/C-7 and C-3/C-S are cx- 
pcctad. Tbc subshtucnts X - CH,, Br and 1 do not 
particqatc notzcably In complcxation and the same 
seems to k vahd for X - N(CH,),. sma the methyl 

FIN I Dcfuuuon of &#ana I bctwlacn Yblon and carbon I srgnals expcncnce by far the smallest “bund shifIs*’ 

under cmmderat~on and ~gk 8 bdwcn vcclof ? and the u- 
rumed prrnaprl rnqn43c 8~’ (brdal bnc) 

(cf A”‘(CH,) In 2) This IS easily explru& by stcnc 
hindrance.’ More complicated is the sltuatjon In the 

1 3 3 4 5 I 

C-l 

c-2 

f-3 

C-4 

c-s 

C-6 

c-7 

C-0 

c-9 

c-10 

-3 
COO 

46 .oO 47.78 

100.00 1oc.00 

45.63 49.36 

32.41 37.91 

38.83 4’.S3 

72.72 08.56 

38.20 41.79 

29.88 31.9s 

31.04 34.80 

31.85 34.00 

18.70 lS.S8 

44.6? 

:oO.m 

43.53 

32.50 

29.59 

52.95 

33.18 

20.:0 

27.49 

26.9s 

SC*24 

lOO*Oo 

49.91 

26.S2 

31.43 

‘51.33 

30.08 

26.52 

28.32 

27.41 

46.55 

lOQ.C.Jc 

51.96 

41.02 

37.74 

55*40 

33.58 

27.80 

30.56 

32.20 

17.40 

s1.13 

4 
J  r*l 

-v4lu*r 4re t-m ~1aP.m fro- plotr of LIS VI* 

ratioa of YbhQzd3 to substrate, relative to t-a 

r.B~tlva 14rq48t 4lOp4 (C-2: 100). 



Srcnc rrpulmn of rubstitwmu In 484JbumHod adur~t4a-2.bdrontl 

Table 3 Absolute and t&tin “bound Mb” for hod ouhmatlllona 7 and V 

1367 

C-l 

c-2 

c-3 

c-4 

c-5 

C-6 

r-7 

C-8 

z-9 

C-10 

7 

833. rcl. 

16.98 

33.66 

t6.69 

50.45 

1cm,oo 

49.50 

8.20 24.36 

6.33 YR. 72 

4.13 14.05 

6.70 19.90 

F1.79 26.11 

0.46 25.13 

p-55 25.43 

8 
43s. l-e!. 

10.42 39.60 

26.31 lOO.CKI 

10.73 40.70 

4.72 17.94 

4.04 15*36 

3.09 11.74 

3.64 13.84 

4.72 :?.94 

4.72 1’.94 

5.64 21.44 

case of utet 6 App8rmtly. the utcr carbonyl u a 
sqnificant complexmg s4te. 

DL?XlJSSlON 

As dIscussed In the precedmg sectjon, the diflient 
“bound shifts” of the two urbonyl s~gnrls In 2-6 ~fc 
cxplemcd by ~tcnc repuluon of X rt!ducing the 
bmdmg constant for the C’ = C&Yb compkxatlon. 
Therefore. it 1s mtercsting to compare these effect3 

mth paramcten dcscnbmg the uze of X. I e. their 
qatral requirement. In 8 senu of papers Vbgtl~‘~ 
publuhal ~lkd n-values for a vrnety of rubstitu- 
cnts which exatlkntly reflect their effective IW, be- 
ausc these parrmctrn ore den& from dynomlc 
NMR monitoring of conformrtlonal proctucs dur- 
ing which the substitucnts’ “shapes” arc anned by 
a moblc rlkant chain. 

Thus, In FIB 2 the rrtios R** = ATC-2)/Aw(C-6), 
R I’) - A?C-l)!AyC-7) and R”’ - A”‘(C-3;Am(C-S) 

NR2 CH, BI I COOCH, n 
L t 

I l 0 10 11 12 

Fq 2 PIot of tatlos R” - A?C-IVAYC-J) Y VAgWs n-values’* for sukm,m~r X m 24 
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