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Summary 

Natural abundance 13C NPrIR spectra of a number of osythallatlon adducts 
of norbornenes have been obtamed and assigned by conslderatlons of SFORD 
spectra, chermcal shifts, compansons of spectra at &fferent frequencies, T1 val- 
ues and some aspects of 203*205Tl-‘3C couplmgs The substltuent induced shifts 
(Q, 13. y effects) at vmous carbons have been calculated and compared with 
those for the analogous mercury(I1) compounds *03 ‘05Tl-‘3C and *ggHg-‘3C 
couphngs have been measured, and for vrclnal (3J) couplmgs, a dihedral angle 
dependence (of the Karplus type) LS demonstrated 

Introductzon 

Organothalhum compounds are very attractive SUbJeCti for NMR examma- 
bon as thallium isotopes (*03 205Tl) are 100% magnetlcally active (1= ; ) and 
large couplings to ‘H and 13C nuclei can be observed [l-S] Our interest m the 
magnitudes and stereodependencles of ‘3C-metal couplmgs [9,10] encouraged 
exammahon of alkylthalhum compounds (RTlX?) but a smtable variety of un- 
comphcated types 1s not avalable x Fortunately. oxythallatlon of norbornenes 
generally leads to isolable adducts [7,12,13] (mth exo thallium) [5,12] and 
although ‘H NMR data for some have been reported [5,7], there 1s essentially 
no mformaizon avalable on 13C NMR parameters of cycloalkylthalhum denva- 
tives [8] In this report, we \vlsh to present the salient features of the 13C spec- 
tra of a number of norbomylthallmm compounds, and compansons urlth the 
analogous (rsoelectromc) mercury@) denvatives. 

* See ref 11 for the report of CH3Tl<OXc)2 



0s 



353 

c 

o- 
“0 



W
 

%
 

T
A

R
LP

 
2 

C
II

E
M

IC
A

L
 

S
lI

Ib
T

S
 

01
3 

I’A
R

L
N

T
 

C
O

M
P

O
U

N
D

S
 A

N
D

 I
5 

(A
h

) 
06

 
C

O
M

P
O

U
N

D
9 

I-
IX

 
_ 

-.
.. 

__
--

 
_-

 
- 

_ 
--

_ 
_ 

_ 
- 

_ 
__

 
_-

 

C
om

po
u

n
d 

S
ol

ve
n

t 
C

(1
) 

C
(2

) 
C

(3
) 

C
(4

) 
C

(5
) 

C
(6

) 
C

(7
) 

O
th

er
 

C
lx

x~
 

a 
.3

G
 0 

40
0 

77
 G

 
21

 G
 

3B
G

 
21

 3
 (

C
II

j)
, 

17
0 

2 
(C

=
0)

 

30
 1

 
38

 7
 

14
1 

4 
40

 0
 

21
 1

 (
C

IIg
).

 
17

0 
6 

(C
=O

) 

80
 9

 
dG

 G
 

19
 

02
 

82
 

06
 

24
 

O
R

 
33

 
13

 
02

 
1G

 
30

 
28

 
40

 
26

 
Ii

6 
-0

 
1 

G
l 

12
 

41
 0

 
24

 I
 

Ix
0 

xn
n 

a 
S

G
 8

 
30

 1
 

30
 1

 
3G

 8
 

30
 1

 

C
D

C
I~

a 
41

 1
 

86
 0

 
76

2 
47

 7
 

13
3 

1 

C
D

C
J3

 IJ
 

39
 1

 
46

 6
 

3H
 1

 
17

 9
 

34
 G

 
C

=
O

 
(n

at
 r

ec
or

de
d)

 

I II
 

II
I 

IV
 

V
 

V
I 

V
II

 
V

II
I 

IX
 

40
 

40
 

43
 

G
O

 
44

 
63

 
03

 
00

 
04

 

36
 G

 
13

 
00

 
37

 0
 

00
 

O
G

 

lG
3 

26
 

07
 

21
 7

 
24

 
14

 
17

 2
 

21
 

06
 

18
 G

 
87

 
lb

 
10

 
-0

 
11

 
47

 
07

 
23

 
43

 
10

 
2B

 
Ii

1 

-1
1 23

 
-1

0 
-0

 
1 

02
 

07
 

33
 2

 
18

 2
 

22
 1

 
--

c_
__

^ 
_-

__
--

--
-_

-_
__

__
_-

-_
_-

__
__

--
- 

_
 

--
- 

- 
--

--
-_

_ 
--

_ 
_I

--
-_

_ 
--

 
__

 
-_

__
- 

_*
 

--
--

-_
_ 

” 
R

cf
cr

m
ce

d 
to

 m
tc

m
n

l 
dl

ox
n

n
 (

G
(T

M
S

) 
=

 6
(d

~
ox

u
n

) 
+

 6
7 

4 
pp

m
) 

’ 
Il

cf
cr

cn
cc

d 
to

 J
n

tc
n

ra
l 

T
M

S
 



355 

Ftesults and dxscussion 

Spectra were obtamed for the oxythallataon and oxymercuratzon adducts of 
norbornene, norbomadiene, norbom-2-ene-5endo carboxyhc acid (providing a 
la&one-type adduct), Z-acetoxynorbomane, 5-acetoxynorbor-2ene and the 
parent lactone from the S-endo acid [12] 

Assignments were arrived at by orthodox procedures, and SFORD spectra, 
comparisons of 22.63 MHz and 67 89 MHz spectra, chemical shaft compansons 
tvlth the parent compounds, some 13C T, values and aspects of 203~20sT1-13C 
coupling [3,4] were consrdered In partrcular, the carbon bearing thallmm was 
characterlsed by a large (5-6 KHz) couplmg to 203~20sT1 131, and other patterns 
m long range couphngs qumkly emerged The well-estabhshed shleldmg effect 
f14 J of the acetate oxygen at y- and antz-penplanar carbons 1-s also m evrdence, 
and provides strong evidence where appropnate, for the listed asszgnments Al- 
though the SFORD spectra drstingmsh the secondary and tertiary carbons, It 
was considered that the !I’, values x should be charactenstlcally different also, 
with smaller T,‘s for the secondary carbons The adduct of norbomene (1 e 3- 
acetoxy-2-norbomylthalhum dracetate, compound I m Table 1) was examined 
and the tertiary carbons (C(1), C(3), C(4)) exhibited Tl’s ranging from 0 52 set 
to 0 67 set, whrle the secondary carbons (C(5), C(6), C(7)) had Tl’s in the range 
0 31 set to 0 43 set These values separate the secondary and tertiary carbons, 
m agreement with the SFORD spectra (The T,‘s for C(2), bearmg thallium were 
not determmed, as this carbon signal consists of four hnes (resolved couphng 
to both 203~20sT1), of overall low mtensity.) If any doubt exists between closely 
resonatmg carbons, thus rs mdrcated m Table 1 The chemical shifts and couphng 
constants are located m Table 1, and the substituent mduced shifts (IS) m Table 
2 

There are several features of the results that warrant emphases Regardmg 
chemical shifts, the aeffects (Table 2) of T~(OAC)~, HgOAc and H&l are large 
and posltrve, but the effect 1s much greater (ca a factor of two) for the Tl(OAc)? 
group Some discussion of tne a-effects m a series of organostannanes has re- 
cently been presented 1163, and the influence of metal electroposltlvlty out- 
lined In the present case, it IS reasonable that increased nuclear charge at the 
metal m these thalhum(II1) and mercury(II) derivatives will result m a transfer 
of electron density from the carbon orbitals to the metal (a-polansatlon) caus- 
mg a-carbon deshleldmg In this connection, It seems consistent that a-effects 
m phenylthalhum(II1) denvatlves [3,17] are ca. one-half of those m the nor- 
bornyl series, as polansation of the sp’C-Tl bond would be less favorable. 
Strong coordmatzon to thalhum would be expected to reduce the electronega- 
tivity of the Tl(OAc)* group (and also the a-effect) and m pyndine solvent 
(compared with CDC13) the e-effect IS ca 5 ppm less positive. &-Effects of the 
thallmm group may also be mfluenced by “ponderal effects” assocra+ed with 
the hgands on the metal, but the long T1-C bond may mmnmse such contnbu- 
tlons P-Effects (Table 2) of both Tl(GAc), and HgOAc are positive, but oxy- 
genation (at C(3) m 1-v and C(6) in VII-IX) at a P-carbon appears to have 
varrable mfluences dependrng on the endo or exe nature of the C--O lmkage In 

* see ref 15 for the procedure employed 
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compounds I-V, note the greater p-effect (ca 4-5 ppm) at the tertiary C(l), 
compared with the effect at the exo-oxygenated C(3) (ca. l-2 ppm) whereas m 
VII-IX, the effects at the tertiary C(4) and e&o-oxygenated C(6) are very sim- 
ilar indeed (4-5 ppm) In exo-2-norbornylmercunc acetate itself, the B-effect 
1s greater (8 7 ppm) at the secondary C(3) than at the bridgehead tertmry C(l) 
(6 3 ppm) Positive p-effects for metal groups (e g Hg, Tl, Sn, Pb, etc ) appear 
to be the general rule, but it 1s apparent that a number of effects are contnbu- 
tory The T-effects (Table 2) of TlX, and HgX in these systems are of partmu- 
lar Interest m view of our recent report 1181 for the Group IV9 _M(CH,), cases_ 
For the saturated systems (I, III, IV-VI) positive y-effects of ca. 2 ppm at the 
remote C(6) position and at C(3) m VI11 and IX, are recorded These shifts are 
m the same direction as those previously determmed for Group IVB systems, 
and posltlve y-effects (m the absence of “stenc compression”) may also be a 
general result for alkyl denvatives of the mam group metals exhibrtmg acceptor 
properties 

Ajpects of 203 205T1-‘3C couphng m some phenylthalhum(II1) compounds 
have been reported [3,4), are large one-bond couphngs 13,171 of ca 8--10 KHz 
were noted In compounds I, II and VII such couplings (‘j) are strll large (5-7 
KHz) but significantly smaller than in the phenyl series. We believe the main 
factors responsible are the altered s-content m the carbon-bonding orbltal to 
thallmm as well as larger promotional energies to excited states m the alkyl 
compounds For compound I, a solvent change from CDC13 to the more strougly 
coordmatmg pyndme induces a small change (-10%) in ‘J from 5754,570l Hz 
to 6306; 6245 Hz, presumably reflectmg a mmor hydndlsation change at thal- 
hum [19] Y. The two-bond couphngs are much smaller, but still show consider- 
able variation For example, m I, couphng to C(1) (322 3 Hz) is less than to C(3) 
(683 6 Hz) and the effect of exo-oxygenation at C(3) is thus considerable, but 
in lme wrth obserJatlons for the mercury compounds (cf C(3) m IV and VI) 
Most mtngumg is the astoundingly small two-bond couplhng to C(6) m VII, VIII 
and IX (with e&o-oxygenation) being 61 0 Hz m VII, and unresolvably small 
m VIII and IX This (two-bond) coupling clearly has a pronounced stereochem- 
lcal dependence on the adjacent C-C bond Although the exact nature of this 
dependence is unclear, it may result partially from cancellation effects of dual 
pathway couplmg. Vicmal couplings (“J) were of particular interest to us, as 
Karplus-type dependencies have been established for analogous “‘Sn [9] and 
“‘Hz [lo] coupling and appears very probable for *07Pb 1201 In I, the largest 
‘J (1303 Hz) is to C(6) with a dihedral angle of -170°, while much smaller 
couphngs to C(7) (31 8 Hz) and C(4) (29 3 Hz) occur ff the dihedral angle was 
the strongly dominant factor regulating 3J, coupling to C(7) (0 - 85”) would 
be smaller than to C(4) (8 - 120”), as for example, in 2-norbomylmercuric 
acetate (VI). Snmlar uzc-couphngs to C(4) and C(7) are mamfested m all com- 
pounds I-V, desprte the differences m 8, and we believe the sAmall C(7) couplmg 
is expected, but some other factor(s) 1s assummg Impor’Lance and depressmg 
the couplmg to C(4) The precise structural features m these norbornyloxymet- 
alhc compounds are unknown and different torsional angles (relative to VI, say) 
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could he present * Oxygenation at the adJacent C(3) m I-V, could also be re- 
sponsible for some electromc changes at C(4), resulting m a reduced couplmg 
In the lactone adducts (VII-IX) the largest urc-couplmg is to C(3), agam with 
the favorable (-170”) 8, whereas coupling to C(7) (m both VII, VIII) exceeds 
that to C(1) me rt is clear that dihedral angle IS a strong regulator of “J, ex- 
ammatron of compounds lackmg complicating oxygenation would be necessary, 
but the lability of RTIXl (R = unsubsktuted cycloalkyl) pose some problems 
for the synthesis of suitable types [ll] Efforts m this direction are continumg 

Nevertheless, the present data should provide a firm base for assignment of 
the spectra of cycloalkyl-mercury and -thallium systems 

Experimental 

(a) Compounds I-?X hsted m Table 1 and 2 are \\ell known [12] and our 
samples had physical and spectroscopic properties m agreement with the mdi- 
cated structures and literature values [12] 

(b) 13C NMR spectra were recorded on Bruker spectrometers operatmg at 
either 22 625 MHz or 67 89 MHz in the FT mode. Chemical shifts are referenced 
to mtemal TMS 
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