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Abstract 

Some tram- and cis-1-trialkylsilyl-1,Zdihalogenoethenes have been synthesized 
and their 13C and ‘H NMR spectra recorded. The compounds studied readily 
undergo reversible cis-tram isomerization, the cis isomers being thermodynami- 
cally more stable than the tram isomers. The value of 3J(SiHcx),,,,, is about twice 
as large as that of 3J(SiH,).,,, and the values of 2J(C,H,),,,,, is about one-tenth 
that of 2J(C,H,),.,, and this allows ready assignment of the configuration. The 
one-bond spin-spin coupling constants between the ethylenic carbons depend on 
the electronegativities of the substituents, truns ‘J(C=C) in most cases being larger 
than ‘J(C=C),,,V. 

Introduction 

A recent analysis of influence of substituents on spin-spin coupling constants in 
substituted acetylenes revealed that ‘J(C=C) values depend linearly on the product 
of electronegativities of substituents attached to the triple bond (eq. 1) [l]. For 

tJ(C=C) = 23.23E,. E, -I- 15.45 (1) 

strongly electronegative substituents, such as halogen atoms, the product on the 
right hand side of eq. 1 is much larger than the constant term, and so the equation 
can be reduced to the form: 

tJ(C=C) = 23.23E,. E, (2) 

* Author to whom the correspondence should be addressed. 
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The latter corresponds to the relationship proposed by Egli and von Philipsborn [2] 

(ey. 3) where the I, and fR factors are square roots of the ‘J(CC) values in 

symmetrically-substituted compounds. 

We thought it of interest to extend our studies to spin-spin coupling constants 

across CC double bonds. It might be expected that in this case the electronegativity 

of substituents should again be the main factor governing the ‘J(C=C) magnitude 

[3]. and a relationship analogous to cq. 3 should hold. In the case of C=C bonds, 

however, steric interactions between substituents are likely to result in some 

deviations from the simple multiplicativity rule and. so the influence of the 

geometry of the compounds must also be taken into account. 

Thus we decided to analyse the ‘J(C=C) values for cis- and trun.s-l-trialkylsilyl- 

1,2_dihalogenoethenes (CH,),SiCX=CHX, where X = Cl, Br or 1. and to compare 

them with the data for the corresponding dihalogenoethenes XCH=CHX X = F. Cl. 

Br. I. We found, however, that the question of the geometry of I-trialkylsilyl-1.2-di- 

halogenoethenes, which were first synthesized almost thirty years ago r4.51. had until 

now been ignored. The data we have obtained provide evidence for the structures of 

the title compounds; this evidence is based on the measurements of dipole moments 

and analysis of IR and NMR spectral parameters. The ‘J(C‘==C) values obtained are 

discussed from the point of view of applicability of the multiplicative scheme and in 

terms of the relative stabilities of cis and truns isomers. 

Results 

rrms-(la- Ic) and c,.s-l -trimethylsilyl-1,2-dihalogenoethenes (2a- 2c) were pre- 

pared as shown in eq. 4 by addition of halogen to (CH,) ,SiCSH. 

(CHI),Sl X ( CH3Jj;i H 

(CH,),SICZCH + X2 E 
x= 

X H X 
x 

X 
idI 

(la.X=CI , i2a,XrCi , 

lb,X=Er, 2b, X=Br, 

lC,X=I 1 2c ,X-I I 

The addition took place either under the influence of light or in the dark in the 

presence of catalyst. It always gave the lrans-isomer, which subsequently isomerized 

into the c&-species. The conditions used for the synthesis and the isomerization are 

summarized in Table I. 
The trans + us isomerization took place very readily in the case of l-trimethyl- 

silyl-1,2-dichloro- (la) and 1 -trimethylsilyl-I .2-dibromo-ethenes (lb). Pure frN)z.y 

isomers could be obtained only from reaction in the dark in the presence of a 

catalyst. Upon exposure to sunlight in the presence of traces of Br, samples of la 

and lb (p 1.2 D in the latter) were converted into the c,i.c forms (cl 2.3 1) in 2b) 
within a few minutes. The content of the trun.s-isomer in the final mixtures as 

judged from GLC and NMR data was not higher than 10% for la and 5% for lb. A 

similar result was obtained when a solution of pure lb in cvclooctane was refluxed 

(154°C) in the dark with a minute amount of Br, for 16 h.. 
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Table 1 

Conditions used for synthesis and isomerization of rrans (la-lc) and cis-1-trimethylsilyl-1,2-di- 

halogenoethenes (2a-Zc) (CH,),SiCX=CHX (X = Cl (a), Br (b), I (c), and values of the isomer ratio’ 

Synthesis 

Isometization 

Conditions 

catalyst in 

darkness 

hv 

h v + trace 

of Br, 

boiling in 

cyciooctane containing 

catalytic amount 

of halogen 

Isomer 

rruns-1 

cis-2 

WUttS-1 

cis-2 

/tWWl 

cis-2 

tiWts-1 

US-2 

x = Cl 

a 

100 

_ 

8 

92 

nd. 

n.d. 

X = Br X=I 

b c 

100 h 

5 100 

95 _ 

5 6 

95 

5 10 

95 90 

0 Estimated by GLC and/or NMR. * This could not be obtained by this method. 

The conversion of trans-1-trimethylsilyl-1,2_diodoethene (Ic) into its c&isomer 

2c took place only upon prolonged boiling in cyclooctane. The final equilibrium 

mixture contained 10% of the trans- and 90% of the c&isomer as indicated by 

NMR data. The results show that cis-l-trimethylsilyl-1,2-dibromo- and cis-l-tri- 

methylsilyl-1,2-diiodoethenes are more stable thermodynamically than their tram 

counterparts. 

Table 2 

“C and ‘H NMR chemical shifts (6) for trans- (1) and cis-1-trimethylsilyl-1,2-dihalogenoethenes (2) 

(C,lH,),SiC,X=C,HX (X = Cl (a), Br (b). I (c)); all values in ppm relative to TMS 

Compound W,) a(q) W/3*) QH,) s(H,q) 

la” 127.12 136.90 -1.23 7.15 - 0.30 

2a U 123.86 139.31 - 2.38 7.35 - 0.45 

lb= 114.12 127.54 - 0.35 7.33 0.34 

2b a 115.93 136.17 - 1.81 7.41 0.24 

lc h 89.68 108.62 0.00 8.08 0.38 

2ch 102.37 129.00 -0.85 8.20 0.24 

u Solution in CDCI,. ’ Solution in (CD,),CO. 

Table 3 

13C,13C spin-spin coupling constants (?I(C=C)) f or truns- (la-lc) and cis-1-trimethylsilyl-1,2-dihalo- 

genoethenes (2a-Zc), (CH,),SiCX=CHX, X = Cl (a), Br (b), I (c), and tmns- (3a-3d) and crs-1.2-di- 

halogenoethenes (4a-4d), XCH=CHX (X = Cl (a), Br (b), I (c). F (d)) 

X Compound ‘J(C=C) Ref. 

Hz 

Cl la l-I.5 a 
Br lb 72.4 0 

I IC 66.3 11 

Cl 3a 91.9 WI 
Br 3b 86.4 L1 

I 3c 78.3 u31 
F 3d 121.3 b 

a This work. ’ INDO/MCI data from ref. 14. 

Compound ‘J(C=C) Ref. 

No Hz 

2a 67.5 Y 

2b 64.9 Lt 

2C 62.5 0 

4a 84.5 [121 
4b 82.2 ” 

4c 18.1 1131 
4d 109.8 h 



Table 4 

‘?C. ‘H and 13C, 29Si spin--spin coupling constants for zruns- (la-lc) and c,is-l-trimethylsilyl-l.2-dl- 

halogenoethenes (Za-2c) (CB,H,)?SiCBX=C,HX ’ (X = Cl (a), Br (b). I (c): all values are in Hr. 

Compound 

Ia 

lb 

lc 

2a 

2b 

22 

201.5 

199.3 

196.6 

197.1 

191.x 

*J(C‘,H,,) ‘J(c,jsi) ‘J(C,j,Sil ‘J(SiH,,) 

1.2 62.3 Ir 7.1 

(0.8) 

1.2 60.3 55.2 7.4 

(-0.4) 

1.8 57.6 S4.h 9.6 

(- 1.5) 

21.1 62.3 ir 7.9 

(17.9) 

20.6 59.3 55.0 3 ,?. 
(17.3) 

17.6 55.4 54.3 4.1 

(12.5) 

y The figures in parentheses show the values of ‘J(CH) estimated by the additivitl scheme using 

increments taken from ref. 7. h Not determined. 

The NMR data obtained for the title compounds are listed in Tables 2.. 4. Values 

of 13C chemical shifts (6) are listed in Table 2, spitl-spin coupling constants 

between carbons of the double bond in Table 3, and ‘H-“C and ‘?C- % coupling 

constants in Table 4. 

The assignments of the 13C signals in the “C NMR spectra (Table 2) were based 

on magnitudes of ‘J(“C’H) and ‘J(“C”Si) 

For comparison Table 3 also includes data for truns-, (3a-3d), and cis-i,2.-di- 

halogenoethenes (4a-4d), XCH=CHX (X = Cl (a), Rr (b), I (c). F (d)) either taken 

from the literature or recorded in our laboratory. 

Discussion 

Inspection of the IR and NMR data for the compounds studied reveals that three 

parameters provide a rapid and clear means of distinguishing between the cis and 

tram arrangement of halogens about the double bond. These are the intensitv of 

v(C=C) bands in IR spectrum and the magnitudes of ‘J(CPHn) and of J(“SiH,) in 

the NMR spectra. The v(C=C) bands in the IR spectra of the trms isomers are. as 

predicted by theory. of low to medium intensity. whereas very strong in the spectra 

of the cis isomers. 

The three-bond couplings between n-hydrogen and silicon nuclei across the C=C 

bond are consistently about twice as large for the rrun~ than for the (‘IS compounds. 

The 3J(29Si’H,) varies from 7.1 Hz in la to 9.6 Hz in lc and from 2.9 Hz in 2a to 

4.1 Hz in 2c. In both cases, the coupling decreases with increasing electronegativity 

of the halogen substituent *. 

* A similar relationship for ‘J(SiH) values across a double bond has recently been reported (M. 

Grignon-Dubois and M. Lagerre, Organometallics, 7 (1988) 1443) for alkyl-suhstltuted vlnylic stlanes. 

However the absolute magnitudes of ‘J(SiH) reported by these authors are considerably larger and fall 

in the range 12.6-17.2 Hz for the WUU.F and 6.2.. 13.2 Hz for us compounds. 
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The difference between 2.Z(C,H,)r,ans and *J(C,H,),.,, is more pronounced than 
that for 3.Z( 29SiH,) values. The value of the ‘,Z(C,H,) constant for the spectra of the 
trans-isomers is close to zero (1.2-1.8), whereas for the spectra of the cis compounds 
it falls in the range 17.6 Hz (in 2c) to 21.1 Hz (in 2a). It is noteworthy that the 
*J(CH) couplings analysed in the present work can be estimated by means of the 
additivity scheme proposed by Weigert and Roberts [6]. The ‘.Z(CH) values calcu- 
lated from the increments given in ref. 7 agree reasonably well with the experimental 
values (see Table 4), and this provides an additional proof that the structures of the 
compounds studied are assigned correctly. 

An analysis of the ‘J(C=C) data, which was the primary objective of our work, 
showed that: (i) the magnitude of ‘.Z(C=C) decreases monotonically with the 
decreasing electronegativity of the halogen in both cis- and trans-l-trimethylsilyl- 
1,2_dihalogenoethenes (compds. la-lc, 2a-2c) and in 1,2_dihalogenoethenes (com- 
pounds 3d, a-c and 4d, a-c), (ii) the value of ‘J(C=C),,,,,y is generally larger than 
that of ‘.Z(C=C),.,,, but the difference diminishes in both groups studied with 
decreasing electronegativity of the halogen: thus, e.g., A’J(4d-3d) > A1J(4a-3a) > 

A’J(4b-3b) > A’J(4c-3c) (E, > E,, > E,, > E,), and the difference is negligible for 
the 1,2-diiodoethenes, 3c and 4c, ‘J(C=C) in cis isomer being slightly larger (by 0.4 
Hz) than in the truns form. The differences in ‘J(C=C) values tend to reflect the 
differences in energy between cis and truns isomers. Available data [8] indicate that 
cis-1,2-difluoroethene is more stable than the trans-isomer by 3.9 kJ/mol. The 
difference is smaller for 1,2-dichloro- and 1,2-dibromo-ethenes (2.7 and 1.3 kJ/mol, 
respectively) and is close to zero for 1,2-diiodoethenes, c&l ,2-diiodoethene being 
less stable than its trans-isomer [9]. 

We cannot offer a theoretical justification for the observed relationship between 
a’d(C=C) and AE. It is, however, well known that spin-spin coupling constants 
‘J(CC), including those across C=C double bonds, depend upon the relevant 
contributions of the s-electrons to the corresponding bonding orbitals [lo]. The 
observed decreases in A’r(C=C) (truns-cis) and in A E (truns-cis) can therefore be 
tentatively associated with the s-electrons densities of the bonding orbitals of the cis 
and truns isomers. 

We now consider the ‘.Z(C=C) data from the point of view of multiplicativity 
and/or additivity effects. As mentioned in the Introduction, the value of ‘.Z(C,C,) 
in any molecule can be calculated as described by Egli and Philipsborn [2], as the 
product of two empirical factors Zc, and Zc, (eq. 3). The factors Z can be calculated 
as the square roots of the values of ‘J(CC) in the corresponding symmetrical 
molecules (key factors) or from values for unsymmetrical molecules of any kind by 
dividing the experimental CC coupling constant by the corresponding key factors. 

We recently suggested in considering spin-spin coupling constants ?I(C=C) for 
fluoro-substituted ethylenes [ll] that in a further step the factors Z could be 
separated by use of equation 5 in which the increments i, and i, are the 

contributions associated with the substituents X and Y, respectively. Knowledge of 
the I, and ix contributions characteristic of a given substituent, and relationships 
between them and the configuration of the compounds may be useful in estimating 
unknown ‘.Z(C=C) values. We have calculated the factors ZorXC=) (tram and cis) 
and the corresponding increments ix for X = Cl, Br, I from the J data for 
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Table 5 

The values of the I factors and I increments calculated from the data for 1.2-dlhalogenc)ethrn~~ (3a -3~ 

and 4as4c) and I-trimethylsilyl-1.2.dlhalogenorthenes (la- lc and 2a-2c): all value> are 111 fll’ ‘. 
-. 
moiety 

lru?I.s 

HC‘IC‘= 9.60 UC’= 5.47 (c‘k,),Sic‘- 2.61 
I1 BrC= 9.30 BrC‘- 5.18 (C‘H >)~s,(‘- 2.61 

HIC’= 8.85 I<‘:~ 4.73 (C‘& )lsIc‘: 2.76 

“1s 

HCIC= 9.19 C]C= 5.08 (CH 1 J,>slc‘= 7 ‘7 _._ 
HBrC- 9.07 BrC= 4.95 (CH 1) ,SiC’- 2.21 

HIC= 8.87 IC- 4.76 (c’kf,),SiC= 7.29 

” Calculated from the data for compounds 3 and 4 (Table 3). ” Calcul~~tcd b> whtr-acting I(.~,__ 4.1 1 
Hz’,“’ (see ref. 11) from the corresponding I value. ’ Culculated from the J data for compounds l-2 and 

the corresponding I,,,,,._ and I Haic values. 

compounds 3a-3c and 4a-4c. The I,~~,),~, increments were derived by use of the 
latter values and the data for compounds la-lc and 2a 2~. An inspection of the 

results (Table 5) reveals that the magnitudes of the factors I and of the increments i 

depend on the configuration of the compound in question. For example. i(,.,, ,,,s, is 

constant for a given series (ci.7 and ~rc~rzs) of the compounds. but i,, ,,;)+ (trwrts) is 

considerably greater than I,( F, ~ ) ,s, (ck). The influence of the configuration on the 

value of 1 and i introduces a serious limitation on the general applicability of 

multiplicativity/additivity scheme for estimation of unknown ‘J(Cz=C) values. On 

the other hand, analysis of relationships between increments for a large and 

representative set of data may perhaps provide a valuable source of information 

about the distribution of electrons in a given molecule. 

We finally comment on the NMR data for the compounds examined that we 

have not discussed above. One-bond 13C. ‘$3 spin--spin coupling constants clearly 

depend upon the electronegativity of halogen substituents (Table 4). The largest 
‘J(C,,Si) were found for I-trimethylsilyi-1,2-dichloroethenes (la and 2a) (62.3 Hz for 

both isomers) and the smallest for I-trimethylsilyl-T,2-diiodoethenes (Ic and 2~) 

57.6 and 55.4 Hz. respectiveIy. 

There is an interesting, though perhaps fortuitous relationship between the 

spin-spin coupling constants ‘J(CH) and the sum of ‘J(C=C) and ‘J(CH). The 

changes in ‘J(CH) (see Table 4) for l-trimethylsilyl-1.2~dihalogenoethenes are rather 

irregular and cannot be interpreted in terms of the influence of electrunegativity of 

substituent. However, the sum of !J(CH) and ‘J(C=C) decreases monotonically with 

the E, value for the substituent for both the ci.r and the rr’cm.~ series. the sum for 

the trum isomer being consistently greater, by 11 1 2 Hz. th:ln that for the ci.s 

isomer. 

Inspection of the 13C chemical shift data listed in Table 2 reveals significant 

differences between the chemical shifts of the corresponding carbon atoms of the 

geometrical isomer concerned. Particularly large differences in ‘jC shifts for both 

the (Y and /? carbons were found between compounds lc and 2c (diiodo cis and 

tram derivatives). They decrease on passing to the dibromo c,is and rruns com- 
pounds lb and 2b, and then further to tram- and cr.r-I-trimethylsilyl-l.3-dichloro- 

ethenes (la and 2a). For the a-carbon in the latter pair of compounds even the sign 
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A 6 ("C) 

t 
l~.~~~~l~l~l~l 

2.1 23 25 2.7 2.9 31 33 Ex 

Paulinq’s electronegot4vlty 

Fig. 1. Plots of the differential shieldings of the LY and ,8 carbons, A = 6 us - 6 tram, against the Pauling 

electronegativity of the halogen substituent for (CH,),SiCX=CHX compounds (X = Cl. Br, I). 

of the difference changes. These observations are consistent with that made by 
Savitski and co-workers who studied the influence of cis-truns isomerism on the 
13C chemical shifts for halogen-substituted ethenes and alkenes [15,16]. Several 
explanations, including charge separation and reduced bond order in the C=C 
T-bond of cis isomers, were suggested by these authors to account for the dif- 
ferences in the 13C shifts of the isomeric pairs [16]. Such factors are also likely to 
play some role in the case of the compounds examined in the present work, but it is 
noteworthy that the magnitudes of the cis-fruns A 6 (“C) values for both of the 
ethylenic carbons decrease with increasing electronegativity of the halogen. More- 
over, the relationship seems to be quite linear (see Fig. l), but because of the limited 
number of data, the corresponding equations cannot be derived. 

We conclude that the results obtained in the present work show that the 
substitutuent electronegativity is a major factor governing the electron distribution 
in truns- and cis-1-trialkylsilyl-1,2-dihalogenoethenes. 

Experimental 

Synthesis and isomerization of the compounds. General remarks 
During the syntheses of la and lb (dichloro-trans and dibromo-truns derivatives) 

all operations were carried out with exclusion of light. When the reaction was over 
traces of halogen were carefully removed; this prevented isomerization of the 
product to the cis form, and subsequent operations could be carried out in daylight. 
In contrast the truns diiodo compound lc could be obtained only when a mixture of 
trimethylsilylethyne and iodine was irradiated with strong light. Cis isomers were 
prepared either by an addition of halogen to trimethylsilylethyne in the presence of 
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Isomerization of trans isomers under influence of heat 
cis-I-Trimethylsilyl-1,2-dibromoethene (26). A solution of 20 mg of trans-l-tri- 

methylsilyl-1,2-dibromoethene (lb) in 1 cm3 of cyclooctane was treated with a very 
small amount of bromine (less than 1 mg). The solution was refluxed (154“ C) for 16 
h with careful protection from the light. Samples taken to check the ratio of isomers 
were also protected from the light. After 12 h the ratio of cis to truns isomers was 
95 to 5, and did not change during a further 4 h. No by-products were observed. 

cis I -Trimethylsilyl-1,2_diiodoethene (2~). A solution of 1.5 g of lc in 10 cm3 of 
cyclooctane was boiled (in the dark) under reflux (154 o C) for 24 h. After 20 h the 
ratio of cis to trans isomers was 90 to 10, and did not change during a further 4 h. 
Some decomposition of the compounds, involving less of iodine, was observed. 
Yield 1.2 g (80% of theor.). 

Synthesis of trans (36) and cis-1,2_dibromoethenes (4b) 

trans- and cis-1,2-dibromoethenes (36 and 4b). These were synthesized by reduc- 
tion of 1,1’,2,2’-tetrabromoethane with zinc in ethanol, as described in ref. 17. This 
gave a mixture of cis and trans isomers of 1,2-dibromoethene in a 3/2 ratio as 
estimated from the relative heights of the relevant peaks in NMR. No attempt was 
made to separate the cis-trans mixture, and it was used for all the NMR measure- 
ments performed on compounds 3b and 4b. The assignment of peaks in NMR to cis 
and tram isomers was based on that in ref. 15. 

Measurements 
The ‘H and 13C NMR spectra were recorded for samples in 5 mm tubes with a 

Bruker AM 500 spectrometer or sometimes a Bruker WP-100 SY instrument. All the 
proton-decoupled NMR spectra were recorded twice, without and with a small 
amount of TMS present, and this allowed accurate determination of the positions of 
the signals from the carbon atoms and protons of the (CH,),Si group. Chloroform-d, 
and acetone-d, were used as solvents. Typical conditions used to record a ‘H 
spectrum were: acquisition time 5-8.35 s, digital resolution 0.07-0.12 Hz/point, 
number of transients 30-80, and standard 13C spectrum: acquisition time 1.31-4.85 
s, digital resolution 0.30-0.76 Hz/point, number of transients 35-280. 

The ‘J(CH) and 2J(CH) couplings were determined from 13C-proton H, coupled 
spectra, with the protons of (CH,),Si group decoupled. This was particularly 
important for observation of the small ‘J(C,H,) couplings for compounds la-lc, 
which were obscured by larger couplings of C, with the nine protons of the silyl 
group in fully ‘H-coupled spectra. Typical conditions were as follows: acquisition 
time 7.25-8.43 s, digital resolution 0.14-0.80 Hz/point, number of transients 
255150. 

The ‘J(SiC) and 3J(SiH) coupling constants were derived from the 29Si satelite 
spectra in the corresponding 13C and ‘H spectra. 

All C,C spin-spin coupling constants were determined at natural 13C abundance 
by means of the INADEQUATE technique. In the case of the compounds la-lc 
and 2a-2c the recorded ‘3C-proton decoupled satellite spectra corresponded to an 
AB type spin systems, and the relevant coupling constants were determined directly 
from the spectrum. The values of ‘J(C=C) for the symmetrically substituted di- 
bromoethenes 3b and 4b were determined from satellite ‘3C-proton coupled spectra 
which appeared as AA’XX’ spin system (see ref. 12). All INADEQUATE spectra 
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were recorded by means of the standard Bruker microprogram: devised by Freeman 

typical conditions were: acquisition time 2.4-6.2 s, digital resolution O-160--0.250 

Hz/point, number of cycles 2244600. 

Meusurements of dipole momrnts 

Dielectric permitivities, <, were determined with CCI, solutions at (25 + 0.1) o C 
by use of a Dipole meter DM-01 equipped with cell type DF L l/s (Wissenschaft- 

lisch-Technische Werkstatten. Weillheim). The accuracy of the measured capaci- 

tance was 0.05%. Refractive indices, ~1. were determined with a conventional Abbe 

refractometer with an accuracy of 5 x LO -?. Densities of solutions. d. were de- 

termined pycnometrically with an accuracy of 3 x 10 4 g cm ‘. Molar polarization 

was calculated bv the Hedestrand dilute-solution procedure [1X/. IK spectra were 

recorded on a Beckman JR 4240 spectrometer. 
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