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ABSTRACT 

The variable temperature carbon-13 and mercury-199 nmr spectra 

of some cyclohexylmercurials. C6EIlHgX (X = -OCOCH3, -CN, -C6H11 and 

-C6H5) have been recorded and assigned by consideration of chemical 

shifts, "9H~g-~' C coup1ir.g constants and comparisons with the data 

for 4-methylcyclohexyl derivatives of established constitution. 

These studies confirm the cr,iai preference for the mercury groups 

(HgX) examined, although X does influence the conformational equilibrium 

to a minor extent. For dicyclohexilmercury, three arrangements about 

mercury are possible and anticipated (a,a; e,e; a,e),and at low 

tempe&atures signals appropriate for the three species are detected 

in the 13C spectra. Some lgg Hg chemical shifts for related miscellaneous 

compounds are also presented, and equ&oonkZ mercury groups resonate 

SD-100 ppm to higher field of-the corresponding aziaz grQupS. 

*: To whom i&i&& should be directed. _ 
. 
_: : -.. :I,. -__ 
-- z:-.:.~_-.- .:_: .-- -‘..: :. 

. . . . . . _-.. ~. _ 



362 

I~TROWCTION ---- 

Much effort has been devoted to the study of the equatorial- 

axial equilibria in monosubstituted cyclohexanes and tabulations of 

A-values (A = -AGo for the equilibrium) for many groups are available.' 

These A-values are often considered to provide a useful measure of 

"steric sites" of the groups, although other factors certainly contribute 

to these conformational free energies. 
2 

Almost all suhstitucnts examined 

have a definite equatGriaZ preference 1.2 and until relatively recently, 

metal containing groups were generally assumed to follow this pattern. 

This was because of their large atomic radii, although longer carbon-metal 

bonds would be expected to relieve 1,3-(axial. axial) and other unfavorable 

interactions. It was therefore of importance when Jensen and Gale 

reported3 that the benzoxymercuri group, compared with methyl, had a 

relatively small conformational preference. Subsequently, the same 

authors determined by direct equilibration (in pyridinc at 9S" using 

benzoylperoxide) that the bromomercuri group had no conformational 

preference (A = 0) within the error limits, but there were indications 

of a slight aria2 preference_ 
4 

The direct 'H nmr method was applied by 

Jensen, BushKeller and Beck to cyclohexylmercuricacetate (100 MHz for a 

pyridine - TNS - CS 2 solvent) and at -79OC. an A-value of 0.00 t 0.09 

was reported. 
2 

That -HgOAc and -HgCI can have definitely negative A-values 

was demonstrated recently by high field (251 MHz) 'H and '3C (63.1 Miz) 

nmr spectroscopy. and was the first demonstration that a monosubstituted 

cyclohexane could prefer the aa5a.T form. ' This result indicated that 

there may be some rather unusual factors determining the conformational 

preferences of metal- containing groups, and it seemed that a more 

detailed study of the cycIohexylmercury system would be illuminating. 

In particular we were interested in the effects that might be associated 

with changes in X in C6HlltlgX. as the "effective" electropositivity 

and acceptor properties of mercury would be-altered.: Sape meakements.~ :. 
_ - 

: ..-- :. __~ . . : . ,. ._ : __I’_. :... 
_. : _- -. : __: ._ . ..l _:__ -.. .._ ..;. . ;:-_ _ 1.‘. .I. 
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of variable temperature 199 
Hg spectra (16.1 Mk) have also been conducted 

for these cyclohexyl derivatives. 

RESULTS - 

Compounds of the type C6H11HgX where X = -OCOCH3,CN, C6H5, 

and C6Hll have been prepared and variable terrperature 13 C and "9Dg 

nar studies -have been conducted. The instability of dicyclohexylmercury 

and to a lesser degree, phenylcyclohe~lmercury have prevented satisfactory 

elemental analyses, but the iii. '3C and '99lfg spectra confirm their 

structures_ More detailed measurements of the 
13 
C spectra have been 

conducted. and will be reported on first. These spectra were obtained 

as outIined in the Experimental Part. 

Carbon-13 Spectra: 

(a) Cvclohexylmercuric acetate: 

Some preliminary 13 C data for this compound have been reported. 5.6 

but the complete data will now be discussed in detail, as it nicely 

illustrates the general features of the variable temperature behaviour 

of the cyclohexylmercury compounds. The 22-63 MHz spectrum (for CD2Clt- 

TMS system) exhibits six signals (24-l. 27.0. 29.7, 33.8. SD.3 and 

177.3 ppm) as anticipated, with the 24-l and 177.3 ppm signals being 

readily assigned to the C$ and \,C=O of thk acetate moiety. The 

relatively more intense signals (29.7 and 33.8 ppm) are associated sith 

the C3 s and C2 6 pairs. while the signals at 27.0 and SO-3 ppm remain 
* l 

for C4 and Cr. The Jatter signal exhibits very strong coupling to 

199 Hg (I = l/2; 16.86% natural abundance) (J = 1559 Hz) and must be 

assigned to Cl, a conclusion also required by the chemical shift. 
: 

The 2i.00 pp signal (uith ap unresolvabIy smal1 coupling to 
199 Hg) is 

_-_I -_ .1 
pwrap~ate for_ C+- ,- ._;_~-- _. 

Distinction-between C2 6 and C3 s is based upon 
* . 

_. i.. k.- i ._ -; __ _t_ .._ 1 __ _. _. (Continuedarp_ 366) 
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CA!!BO?E-I3 KMR DATA='b FOR CYCLOHJEXYLMERCDRIC SYSTEIS 

Compound Solvent Temperature(%) Carbon Number 

-3 - * - 
I 

4 u- Hgx 
1 2 3 4 Others 

x= ococn, CDC13 
d 303 SO-3 33.6 29.4 26.6 24.0; 177.5 

(1561.3) (58_6)(146.5) - - - 

CD,Cl, 302 _d SO.3 33.8 29.7 27.0 24.1; 177.3 

(lSS8.8) (S9.8)(148.9) - - - 
"9X 1 

e CD,Cl, 19Jd ,,G;;f, ;;3;) (,';:;, 26.4 24.5; 177.5 

CD2C12/py -ds 30Sd 49.7 33.9 29-i 27.0 24-I; 177-J. 
(1SSS.S) (59.8)(151.4) 12.2 - - 

H9X 

CD2CLgpy -ds 193d 49-9 32.9 29.2 26-S 24.5; 177.2 
(1652.8) (56.2) (70.8) - - - 

- CN CD2C12= 301e 49.3 33.2 29.6 26.7 - 

c-1 (46.2)(127.6) 
H5X 

& CD2C12= 193e (1387) SO.2 32-4 (48-l) 29.4 26.4 - 171.1 - 

~Hg:D2C12c 193e c;zi;, 34.0 c2;;_;, 27.0 168.1 

-CN CD2C1, 301d 49.8 33.2 29.8 26.7 171.3 
(1389) (46_4)(127.0) - - 

-CN C02C12/py -ds 301 d 48.61 33.39 30.10 27.35 lh6.59 
H9X (1601) (46.4)(133-l) - - 

CD2C12/py -ds 193 _d 47.4 33.1 29-3 26.9 167.9 
(1592) C29.9) (58.8) - - 

-CD2C12/py -ds.193d 44.0 34.8 30.0 27.4 166.0 
(1624) (51.3) (220) - - 

-.- -.--. - CN C?2C12/py -ds_.301 e 48;b 1j3.9 30.1 27.3 168.3 '_: 
.: I f44;3)(133,5)‘...- 

. . 



Compound Solvent Temperature (OK) 

%?X 

& 
CD2Clt/py -d5 193e 

m*;' 
CD2C12/py -d5 193e 

i= CD*CL2 303e 

Carbon Number 

48.1 _ 33 1 29.4 26.9 168.5 

44.8 34.7 30.0 27.4 166.3 

55.1 33.7 30.1 27.4 181.6;136.9;128.6;127.8 
(8!+.);(81.8) 

0 0 CD2C12/py -d5 293e 55.1 34.1 30.4 27.8 181.9;137.3;129.8; 
(894) (19.5) (90.3) 127.8 

tifX 

W2Clz/py -d5 200e 54.4 33-Z 29.7 27.4 182.5;137_4;128.8; 
127.6 

200e 53-4 34.6 30.7 27.8 179.9;137.4;128.7; 
127.6 

CD2C12/py -d5 301e 55.4 34.2 30.6 27.9 ;137.3;128.8; 
127.9 

Cn.d.) (18.5) (90.6) (~85)(~81) 

_.Q.< 

CD2C12/py -d5 193e 54.7 33.2 29.7 27.3 182.2;137.2;128.8; 
C-50) 127.7 

Cn2C12/py -d5 19Se 53.6 34.6 30.7 27.8 129.5;137.5;128.7; 

(148) 127.7 

X= 

0 CD2C12/py -d5 301e 62.52 34.0 30.51 28.09 

C---3 (77.7) 

CD2C12/py -d5 193e ll.ld 

*..* 

a...Referred to internal 'TN%(b) Values in parentheses are 13C-1ggHg couplings 
--,~(c)oRef~rr& to the central peak of CD2C12- 53.6.at 301°K and 54.5 ppm at 

: 203.Km(d)‘22.62 W?-(e) 67.89 ML 
-5 .:.I- :; *__ ‘_:.__. : 

__ .y : . . . -’ . -- . 
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chemical shift considerations and the relative magnitudes of the 

13=_199 Hg couplings- 6 A coupling of 59-S Hz (about the 33.8 ppm signal) 

is expected for a two-bond coupling, uhile the larger coupling (148-g Hz) 

about the 29.7 ppm signal is expected for the average tic?kaZ coupling 

of interconverting (a,e) conformers of roughly equal populations. 

The Karplus-type nature of vicinal rggHg-13C coupling has been 

established previously. 
6 

The spectral changes with decreasing temperature are fully 

in accord uith these conclusions, and at 193OK. full sets of data for 

the aria2 and equatorial conformers of the cyclohexylmercuric acetate 

are provided. Assignments 

H-gOAc 

of c3 5 in both the (e) and (a) forms are straightforuard. being based 
, 

on the magnitudes (271.0 and 72.0 Hz respectively) of rhe VickrZ 

-(3J, *2G1"Hg couplings. (Previously values of 275 and 72 Hz were 

reported for CDCl 5 
3 
solution). Although the chemica1 shifts of C3 5 

. 

in both conlbrmers are virtually identical (29-3 ppm) there is clear 

.duplication of the Cl, C2 6 and C4 resonances, with 
199 Hg coupling to 

J 

the C4 signals not being resolved. As noted previously, Cl in the &a2 

form is to lover field (51.2 ppm) than Cl in the equatorial form 

(46.9 ppm). while the one-bond 
199 

Hg coupling is greater in the 

equaWtia2 conformer (1527.1 (e) and 1491.7 Hz (a). Based on the 

relative intensities of the well-separated,duplicated Cl, C2 6 and C4 

signals, a value of Klg30K $ of 1.93 + -3 is obtakd and 

compares favorablyw~thtbatreported (2.3 +--2) for the. acetate in CDC13r-- 

at 183OK. 
.' :_- 

-. __ -._ : 7 _.. -. : ~. -.:. .-,. ~, 
-_ :: ::.-_-- ._ .,:.. : _:; . .- . . . 
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In view of the relatively strong complexing action of pyridine 

towards mercury, we anticipated that in a CD2C12-p.yridine-d5 solvent 

(ccz 4:l) significant spectral- changes might occur. (K[a/e] for the 

acetate in CS2-pyridine does seem slightly smaller than K for CDClj 

solvent). 5 The ambient, 22-62 MHz 13 C spectrum is very similar to that 

for CDC15 solvent, except for a minor increase (from 1558.8 to 1595.5 Hz) 

in the one bond 199 Hg-Cl coupling, and the resolution of the coupling 

to C4 (12.2 Hz). At lower temperatures (193'K) where a <' e interconversion 

ii sufficiently slow, again signal sets for the tuo conformers are 

easiljr identified. The most noteworthy features concern the lggHg 

couplings to Cl (a and e) and the Cl chemical shifts. At the louer 

temperature, both the 'J's are significantly greater (1652.8(a); 

1718.8 (e)} than the 'averaged' 'J at ambient temperature (159S.S Hz). 

Although the population of the more energetic form (e) will be relatively 

greater at the higher temperature, presumably the chief reason for these 

enhanced low temperature 
1 J's is associated with the more favourable 

equilibrium constant for pyridine complexation, with a resulting change 

in nuclear charge at mercury, and a more polar C-Hg bond. 

RHgOAc + pyridine + IUigOAc. pyridine 

This conclusion seems supported by the generally more shielded 

nature of the Cl's at the lover temperature, and when compared also with 

the data obtained for CD2C1, solvent alone. There appears to be a 
I 

rather marginal reduction 

insignificant considering 

carbonpairs. 

in K = #-, but the 

the intensity ratio 

@I Cyclohexylmercuriccyanide: 

difference may be 

differences for the various 

‘ 

Alkylmercuriccyanides RHgCN are rather more covalent than 

the acetates (WigOAc) and we considered the less polar Hg-CN system 

may exhibit a sig&ficantly~m&$fen?nti conformational preference from 

the acetate. .z ~A~saa!ple was examined (in CD3Cl2; 67.89 MHz) at various 
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tenperatures and at 193OK, parameters for the a and e forms were obtained, 

with assignments based on the considerations outlined for the acetate. 

(Fig- l)_ At 193OK, distinct resonances (171-l and 168.1 ppm) for 

a and e CX are observed, whereas no duplication of -OCOCH_ resonances - --3 

occurred. Using intensity data for Cl, C2 , 
6, C4 and g, a K value 

([a]/[e]) of 1.47 2 -08 is obtained which is measurably less than the 

value (K = l-93 f -3) for the acetate under the same conditions. 

C ,6 

- 3.5 

Figure l(a) 

The 67-89 t-!Hz l3 C spectrum of cyc!ohexylmercuric cyanide. 

(Solvent: CDzC12: pyridine YdS?~.obtained at 301% The assignments,. 

are indicated and the.cheatical.shifts are assembled iu Table_~I; _ . _-: 

The cyan0 carbon.resdnanc~ is not shown; :_ I . . _,___..., _... ..; . . -- ._, 
-.: L _(._ -._ ;.z. ..i 

:.I._ 7. : ,. __. . . -. .~ .- . 
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There is a definite reduction in the values of both one bond (lJ) and. 

tidnuZ (3J) 1" - Hg-l"C couplings compared with the acetate, as expected 

for a more covalent mercukal. 

The effect of pyridine addition was again explored 

(CDZCIZ:pyridine -dS = 4:l) and using the relative intensities of the 

cl(e) 

, (0) TM! 

> 

3sCe) . 

.$(a) 

-C,(e) 

Figure l(b) 

The low temperature (193OK) 67.89 Mfk =c spectrum of 

cyclohexylmercuric cyanide (Solve&: CDgClg: pyridine -dS). The 

assignments are indicated and note the duplication of carbon signals 

expected for the-slbily interconverting mixture of amk2 and equutotiat 

-conformers: -tie t$&u‘carbo& signals are not shown; dies&Cal shifts 
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carbon signals, K of 1.63 * -15 was obtained, indistinguishable, within 

error of the K-value obtained in the absence of pyridine. 

Cyclohexylphenylmercury: 

Although the data assembled for both RHgOAc and RHgCR 

(R = C6Hll) in different solvent systems suggested that changes in the 

X part of RHgX had a rather minor effect on the a, e equilibrium, it 

did seem feasible that changes may result in a bis-organomercurial of 

the Sy'mmetriCgl (e.g. (C6HIl)2Hg) or unsymmetrical (e.g. c6HllHg c6H5) 

types. We therefore prepared phenylcyclohexylmercury. and 'H and 13C 

nmr spectra confirmed its unsymmetrical nature. Signals (% 300°K) at 

55-l (J=880 Hz), 33.7 (17.1 Hz), 30-10 (90-3 Ha) and 27.4 ppm are 

assigned to C,, C2 6 C3 5 
t , 

and C4 of the cyclohexyl residue, while 

aromatic signals at 181.6 (5 not determined), 136.9 (85.0 Hz). 128.6 

(81.8 Hz) and 127.8 ppm are assigned to Cipsoa Cortho, Cmeta and Cpara 

respectively. On cooling the sample, the anticipated spectral changes 

occurred, and at 193OK. (67.89 MHz) complete duplication of signals 

(other than for C,,, ) for the artkZ and equatorial conformers occurred. 

On the basis of chemical shifts and AC 1ggHg-13C couplings (148 Hz in 

equutotiat and 250 Hz in &at) it is clear the aria2 conformer is 

favoured, and utilising signal intensities for Cl, C2, C3, C4 

(in the cyclohexyl ring) an equilibrium constnat 'CZo30K 

of 1.45 t .l is obtained_ 

Dicyclohexylmercury: 

(axial/equatorial) 

This compound was examined CCD2CI2:pyridine d5; 4:l) in the. 

hope of detecting the three distinct conformational spec!es at the 

slow interconversion iimit via. a,a; a,e and e2e. Although it WY I --~ 

realised that the general_:&clohexyl~regjon in-the 13C spectrum may ': 
:. ._-. ._ I 

exhibit much signk ov~rl~p'with~.indefinite asai~nrs.jwelfelf~~~.;~ : :.I 
._ .__ 1,~ . .1-. ._ 1 -i_,;. 

2 .T., ~. .:, .~~,l ._- .’ _--.I-_ 
_- y .- .- ^ :_- . . . 
.: ._ -. ) _: ;-L ;-; ;: ~~ -; ,_ :. 

: - _-. ~_ .,__ -: _I .I, . __--.:=. -. .-- 



downfield C-Hg region would be sufficiently informative to confirm - 

the presence of the three species. 

The 67.89 MHz 13C spectrum (solvent: CD2c12: pyridine d5; 4:l) 

at ambient temperature exhibited the anticipated four signals at 62.52 

(J % 663 Hz), 34.00. 30.51 C77.7 Hz) and 28.04 ppm. assignable to Cl, 

'2,6* '3.5 
and C4 respectively for the reasons outlined previously. 

The sample was contamined with some bicyclohexyl. confirmed by 

matching the extra signals with those (at 43.73. 30.13 and 27.16 ppm) 

associated with authentic, independently synthesised bicyclohexyl. 

The low temperature spectrum (193OK) in the @2 region 

is complex as expected, but the T&Eg region is well removed (to cu.60 ppm) 

and permits important deductions. At 213OK. tuo broad signals are 

observable, while further cooling (to 193OK) produces a further 

splitting of the lower field broad signal, so that the slow interconversion 

situation is characterised by three &-Hg signals (at 60.02, 62.03 

and 62-47) of unequal intensities (Fig. 2). However, as the symmetrical 

o,cr and e,e conformers each can exhibit but one C-Hg signal, the 

remaining signal must be associated with the unsymmetrical a,e form, 

the other C-Hg signal of which must concide with one of the P,CT or e,e 

Cl resonances. We have established that C-Hg (axial) resonates at lower - 

field than s-Hg (equatorial), and the three observed signals (in reality 

four signals] are assignable as follows: 60.02, e,e; 62.03 ppm cr,a; 62.03 

and 62.47 ppm e,a. This is in agreement with the prediction that the 

a,a form would dominate, and no other analysis of the three C-Hg signals 

seems reasonable_ Hence the three distinct expected conformers are 

identifiable at low temperature. 

Analysis of the _M2 region of the spectrum is more difficult 

as in principle, twelve resonances should occur in this region. While 

our assignments mst be regarded as somewhat tentative. the spectral 

featurescannot_be accommodated even in a general way without the 

co-existyFe.of the a;a,..e,e &d.a,e forms. The listed assignments 

are'bAd:F the :f{llowing_generaL:conside~ations C+) when resolved, : -. .-y._ -- : ..: T _- __ _. 
. . ..- -1 ; -. 

.;.-+.: ._ ..-. _. ._. - . -7 : .: 7 .I. . . .,. . ~.._.. 
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Figure 2 

The 67-89 M-l2 l3 c spectra of dicyclohexylmercuiY obtained at 

the indicated temperatures. Assignments a&~indi&ted, and chemical 

shifts are listed in Table I. 'Fhe asterisked signals (*) correspond 
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the C2,6, C3,S and C4 signals are at lower field in the e conformer 

than the a form (ii) the dominance of the a,a form (iii) the observation 

of tic 199Hg_13 C couplings of appropriate values in the a,a form 

f-30 Hz), e,e form (130 Hz) and in the e component (%130 Hz) of a,e 

conformer (iv) the general observation that C2 6, C3 5 and C4 resonances 
* * 

fall into fairly well defined zones in cyclohexylmercurials being 

ca 34 + 1 ppm, 30 + 1 ppm and 27 + 1 ppm respectively. Three distinct 

C4 resonances are resolved, but this region is overlaid 

bicyclohexyl contaminant. 

by C4 of the 

Table 2 MERCURY-199 MEFGCAL SHIFTS OF CYCIDHEXYIXERCURIC SYSTENS 

Compound Solvent Teqerature('K) Shifta 

C6HllHgOCOIN3 

tMns-4-cH3- 

C6H10HgOCOM3 

C6HllHgC?J 

C6Hll'2Hg 

Toluene/pyridine 

(H2Clz/pyridine 

MC13 

Toluene 

Toluenefpyridine 

CH2C12/pyridine 

CH2C12/pyridine 

CHC13 

MC13 

350 -618 
320 -614 
303 -610 
303 -632 
245 -648(e) -556(a) 
21s -633(e) -556(a) 
303 -678(e) 

350 
320 
303 
303 
230 
210 
350 
320 
303 
230 
210 
200 
303 
220b 
*rob 

302 

-222 
-217 
-216 
-209 
-249(e); -154(a) 
-240(e); -150(a) 
+105 
+109 
+128 
+54(a); +172(a) 
+58(e); +172(a) 
+61(e); +173(a) 
+252 
+219(e?); +351(a?) 
+222(e?); +349(a?) 

-386 

302 -365 

a _-Referenced to-diphenylmercury in chloroform. See Experimental Part. 
. . 



374 

T-Ig Spectra: 

Little information is available on lggHg chemical shifts in 

organomercurials, and'the present state of Knowledge has been summarised. 

by Sens et at7 and by Bono and Maciel.' We have obtained the 199Hg 

spectra of the cyclohexylmercury compounds under FT conditions (16 MHz), 

at variable temperatures and in different solvents in the hope of providing 

data of value for understanding the factors regulating such shifts. 

The full listing of chemical shifts referrred to diphenylmercury in 

chloroform, is located in Table 2, but the following comments are warranted. 

Cyclohexylmercuricacetate: 

Under ambient conditions, this compound‘exhibits a quite broad 

resonance at -610 ppm (toluene-pyridine solvent), which sharpens 

considerably on heating (%3SO°K). The low temperature spectrum 

[CD2C12z py-ridine -dS) (2lS'K) is also broad but two distinct resonances 

at -556 and -633 pp~ are observed, as expected for comparable o and e 

populations.- An accurate estimate of K was not possible in view of 

the quite broad resonances. On the assumption that the resonance for 

fions-4-methylcyclohexylmercuric acetate would be a reasonable model 

for e-HgOAc, this compound was examined and exhibited a resonance at 

-678 ppm (CHC13), which varied slightly for CHC13- pyridine mixtures, 

ranging from -678 ppm (no pyridine) to -654 ppm (-20% pyridine). 

This result would indicate that the -633 ppm resonance corresponded to 

.z+HgOAc_ The effects of incremental pyridine additions to CHCl, solvent 

were investigated for cyclohexylmercuric acetate also aud increasing 

pyridine concentration resulted in decreased shielding, as observed 

for the 4-methyl compound_ For example. the shifts ranged from 
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Cyclohexylmercuriccyakder 

In contrast to the acetate, relatively narrow spectral lines 

were observed_ In pyridine - Ql,Cl, at ambient conditions, a resonance 

at -209 ppm was observed, which at ZIO°K was resolved into tuo signals 

at -240 and -150 ppm, with the latter most intense, and K (a/e) of ~1.20 

has calculated by the cutting and weighing technique. That the -150 ppm 

Figure 3(a) 

The 16.08 NHr 199 Hg spectrum (210°K) of cyclohexylmercuric 

cyanide (Solvent: CH2C12: pyridine) showing resonances for the &at 

and equatorkt IfgCN moieties. 

Figure 3(b) 

The single frequency off-resonance proton decoupled (SFORD) 

spectra of the system described above in 3(a). Note the preferential 

broadening of the lou-field signal, consistent with its a&a2 disposition. 
..- 
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resonance was associated with a-HgCX was confirmed in the following way. 

Low temperature single frequency off-resonance decoupled spectra (SFORD) 

were.obtained and it was immediately clear (Fig. 3) that the -150 ppm 

resonance was substantially broadened, whereas the -240 ppm signal was 

only very marginally affected, indicating rather minor 
1 
H couplings. 

Ceminal ('J) lggHg-1H couplings are known 
9,lO 

to be ~200 Hz in alkyl- 

mercuric acetates and cyanides, but VicfxaZ (3J) 
199 

Hg-% couplings 

are as large as ~600 Hz when the dihedral angle (8) is 1.180', but 

%I00 Hz for other values of 6. In fact Kreevoy 
11 

has demonstrated 

this definite angular dependence of tic 
199 

Hg-1H coupling for a series 

of geometrically well-defined systems. Clearly then, the a- 
199 

HgCU signal 

should be most broadened (9=1800), and this conclusion for the cyanide 

is in harmony with the trend deduced above for the acetate (i-e_ a-HgX 

at lower field). Definite location of the 
13 

C couplings in the 
199 

Hg 

spectra would also be a basis 
6 

for a and e assignments, but these are 

quite difficult to observe under the available conditions. 

Phenylcyclohexylmercury: 

The single 
199 

Hg resonance (+128 ppm) observed (CH2Cl2-pyridine 

solvent) at ambient temperature (30S°K) is resolved into two signals 

at +S8 and +172 ppm at 210°K_ While accurate determination of signal 

intensities GE not possible, indications were that the downfield peak 

corresponded to the more abundant a conformer. SFORO spectra. as described 

for the cyanide associated the lower field signal with the a-Hg group_ 

It should be noted that replacement of -0Ac with C6HS- leads to ea.700 

ppm shift to lmer field aa expected_ 

Oicyclohexylmercury: 

Although our analysis af the.'?C spectrum of.this compound 

indicated quite strongly the co-existenco of the,tbree conformers : : 

.- :: ‘: ~_- -. ~.- _.. . . 
__-_.: __. ._ .. . . :::. ~... .-: :; 
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(:a,a: e-e; a,e:J we felt the observation of three distinct 199 
Hg signals 

at low temperatures would be absolute confirmation. Unfortunately our 

careful examination of the system in the 210°-230'K range, identified 

only two signals at +351 and +ZtO ppm. The signals uere relatively broad, 

but solubility problems prevented examination at lower temperatures_ 

The-substantial movement to low field on introduction of the cyclohexyl 

group for the pbenyl group for example, is consistent with other 

observations. 7,s 

Ziwzs and &a-2-Methoxy Cyclohexylmercuric Chlorides: 

Examination of these compounds at ambient temperatures provided 

shifts of -386 and -365 ppm respectively_ These values are some 250 ppm 

to louer field of the signals for the acetates, in line with other 

reports' that the change RHgOCOCH 3 * KligCl results in low field shifts 

of the order of 200 ppm_ The (baxial - 6 equatorial) figire is small when 

compared with A6 for the cyclohesylmercuric acetates (78 ppm), but conformer 

populations in these Z-substituted cyclohexyl systems would need to be 

taken into account. Considering that the X-value for -HgCl is slightly 

negative (z -0.2 kcal/mole) and the X-value for -0CHS is *O-60 kcal/mole 
2,12 

the trrms compound would exist at %SOO% with a significant contribution 

from the c-HgCl conformer. 

DISCUSSION 

1-x 

OCH, 

=4- 
HgCl 

l+..'% data establish that for a wide range of 

cyclohexylme r&ic.coqmunds._the ax&r& conformer is~preferred. The 
_. --: 

-. 
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Table 3 CCUFDR.TIOKAL A-VAUES= FOR MJZRCIJRY CONTAINIKG GROUPS 

GlTlllp Solvent Tentp.(?C) K(ax/eq) Measurement A-Value 

HgOCOCH3p 

HgOCOM3b C02C12fpy -a5 193 

HgCNC 

IigCN= 

CD2C12 193 

CD2C12fpy -d5 193 

CD2c12 
193 

CD2C12/py -d5 193 

1.84 cl 
1.70 '2-6 
2.25 c4 

l-99 
Cl 

1.53 '2.6 
2.14 c4 

1.38 cl 
1.40 

'2,6 
1.50 C4 
1.54 CN 

1.58 cl 
1.64 '2.6 
1.51 C4,s 
1.81 c4 

1.52 =1 
l-38 '2.6 
1.35 C3.5 
1.54 c4 

-_235 

-.204 -.25f.06 

-.312 

-.265 

-.164 -.24~.08 

-:293 

-.124 

-.129 

-.156 -.14+.02 

-.166 

-1.76 

-.191 

-.159 -.19?.04 

-.229 

-.161 

-ml24 -.14*.03 

-_115 

-.166 

For C6Hll)2Hg (cb,Cl,:py -dS] Cl intensities indicate (a,a) is 140-45%; 

with (e.e) and (a,e) each about 25-30%. See Fig.2 

a. A = -AF"=RTlnK b. 22.62 MHz_ c. 67-89 MHz. 

K-values are small (1 c K 4 2) providing negative A-values (Table 3) 

but nevertheless real in favour of the tia2 form, and these compounds 

represent the first cases in which the a&a2 conformer is the preferred 

one in a monosubstituted cyclohexane. In energy terms, the differences 

are small, but some factor is presumably siguificantly favouring the a 

form. Changes in X in C6HlrHgX have a very'minor influence on the 
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It did seem possible that changes in the charge distribution in the 

C-Hg-X system would be important but this does not appear to be the case, 

despite wide fluctuation in the 
199 

Hg shifts as a function of X. 

The very small differences between the C3 5 resonances in a,e pairs 
S 

suggest that non-bonded or proximity effects are not important either, 

and this is associated uith the large C-Hg bond length (S 2.07:). 

A useful approach to conformational'analysis was recently 

discussed by Eilers and Liberles. 
13 

and consideration is given to the 

energy components T (kinetic energy of electrons), Vae (attraction of 

electrons for nuclei) Vee (interelectronic term) and vnn (internuclear 

repulsion), so that for a conformational change. 

AE = AT + AVne + AVee + AVnn 

hhen AVee + AVnn > AVne, the classical "steric" approach qualitatively 

succeeds, but the reverse (IAVn,pAV,, + AVnrr) situation describes. 

an "attractive steric effecP. It therefore seems this latter 

circumstance describes the a-HgX case, and the electron-nuclear 

attraction is promoted in the Q conformer more than in the e. 

This favourable interaction may depend on a proper (anti) 

alignment of the neighbouring C-H bonds as present in the c conformer. 

and certain similarities to n-o* interactions may exist. These 

considerations suggest that other electropositive elements with long 

bonds to carbon may behave similarly and other systems of this sort 

are b&g sh&ed- 
_. 

have a range of c&~1009ppm from 

to_+351 p+-in (low temperature) 

I: . . .~ ..:. 
:_,-- .~.>_ . . . . ~.- I .’ : :__. _.I:._-_ :: ~ --_: _-- _: ..~.. ; 
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dicyclohexylmercury. In the low temperature spectra a and e lggHg 

signals are observed for X = CN, OAc and C6HS and A6 are of the order 

of SO-100 ppm. It seems generally true that e mercury groups resonate 

at higher field, a result apparently true also for *07Pb and ll'Sn 

resonances in cyclohexyl systems. 
14 

As pointed out previously, some 

of the 
199 

Hg signals [e.g. in the acetate) are broad (lVl,7 s 70 Hz) 

[broader at lower temperatures) and the reasons are not fully understood. 

Relaxation measurements indicate operation of efficient processes 

(Tl=0.81 sec.)3020K (CHC13. degassed. vat. sealed) at least for 

- 15 
methylmercuriccyanide. It is possible that molecular aggregation 

and deaggregation, perhaps involving acetate bridges and other 

processes may be implicated, but of course these suggestions cannot 

apply for dicyclohexylmercury. A major disappointment was our 

inability to observe three 
199 Hg signals for the =,a; e,e and a,e 

conformers of dicyclohexylmercury. the co-existence of which was indicated 

by the '"C spectrum- 

Attempts to understand the chemical-shifts observed must be 

very preliminary and it is known that solvent and concentration effects 

are significant. 7.g The shielding sequence C6H11HgOAc =- C6HllHgC'; > 

c6HllHgc6Hs =- C6Hll)3Hg is in line with the general observation thet 

"dissociated" mercury derivatives are the most shielded,.a trend not 

unexpected for nuclei for which paramagnetic contributions to the 

shielding constant are dominant_ 7.8 

Our study of solvent effects has very limited, but we did 

observe that incremental addition of pyridine to both cyclohexylmerruric 

acetate and the trrma-4-methylcyclohexyl compound, (in CHC13) resulted 

in significant moves to 2orJer field. This is opposite to the general 

pattern observed for dimethylmercury in a range of solvents,7 and such 

changes might have been anticipated to result in increased shielding- 

However , %Hg and RHgOAc are difficult to compare,'as in the latter 

case, dissociation, strong complexation, bond ing changes.etc. uill,be 
._-. -.. 

-a -- ------ -e-s _.._ --aYL-a IDOLS severe and several species presumablv co-nris+_ FT.% +h,s -c..l+c- 
. . _~ - . :‘.: ‘.~ _ 

-. -. ..~_. 



381 

8 
of Maciel and Borro, CHflgCl is less shielded in pyridine than in the 

poorer co-ordinating solvent MF, by some 70 burn_ More detailed studies 

of these substantial solvent effects are required. 

EXPERIMENTAL 

Compounds 

Cyclohexylmercuric cyanide was prepared by stirring 

cyclohexylmercuric bromide with silver cyanide in methanol for 2 hours. 

Separation of the insoluble silver bromide and solvent removal left 

white crystals (89%) which recrystallized from chloroform/hexane, 

m-p_ 139-140°C, vmax (KBr) 2160. (Found: C. 27.14; II. 3.61. 

C7HllHgR requires C, 27.14; H, 3.58). Cyclohexylmercuric acetate 

was prepared in a similar manner from cyclohcxylmercuric bromide and 

silver acetate, and provided appropriate 'H and '3C spectra. 

Cyclohexylphenylmercury and dicyclohexylmercury were prepared by a 

standard Grignard procedure, using cyclohexylmagnesium bmmide with 

phenylmercuric chloride and cyclohexylmercuric bromide respectively. 

The instability of dicyclohexylmercury and to a lesser deBree 

cyclohexylphenylmercury. have prevented satisfactory elemental analyses 

being obtained. As reported. dicyclohexylmercury decomposed rapidly 

at room temperature. but could be stored for long periods at 

with the exclusion of light and oxygen. KNR comparison with 

bicyclohexyl confirmed this to be the decomposition product. 

-4oOc 

'3C Spectra 

authentic 

The l3 C spectra were obtained at either 67-89 MHz on a Bruker 

HX-270 or 22.63 MHz on a Bruker HX-90 nmr spectrometer, both using the 

Bmker Variable Temperature Accessory and the PFT technique- Chemical 

shifts are referred to internal 'MS and are accurate to 20.1 ppm. 

J values are considered accurate to eO.5 Hz on small couplings-and 

-*l-Hz on the larger one bond couplings. Spectra were obtained for 

.__ .~ 
_ 
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CDCls, CD2C12 on CD2Cl2Ipyridine -dS (411) solutions in 10 mm tubes. 

Samples for variable temperature examination were saturated solutions 

at acetone/dry ice bath temperature (-78OC). For example, variable 

temperature spectra in CD2C12/pyridine -dS (4tl) solution for 

cyclohexylmercuric cyanide were obtained for -O.sM solution, 

cyclohexylmercuric acetate -0-8&i, cyclohexylphenylmercury -0.45N 

and dicyclohexylmercury -0SM. 

lggHg Spectra 

The lgg Hg spectra uere obtained at 16.08 MHz, on a Broker 

HX-90 modified for multi-nuclear operation, using the PFT technique. 

Modifications consisted of the addition of the Brnker Multi-nuclear 

Ac?essory combined with a Schomandl frequency synthesizer type ND 1OOM 

(300 Hz-100 MHz)_ An external D20 lock was used and all spectra were 

proton noise decoupled or single frequency off resonance decoupled. 

Spectra were recorded using a 90° pulse (co.18 nspc), 5000 Hz sweep 

width. Z-4 or SK data points giving pulse repeat times of co 2, 4 or 8 

sets respectively_.- Chemical shifts are referred, for convenience, 

to external diphenylmercury in CHC13_ Samples uere prepared as 

for 13C nmr examination using spectroscopic grade CHC13. CH2C12, 

pyridine and toluene- Concentration effects on shifts, although 

noticable, have been ignored as these are not significant compared 

uith the large range of shifts between compounds. 
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