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Summary 

The stereochemistry of the methoxymercuration of I-cyano-3-cyclohexene 
and trans-1,2-dicyano-4-cyclohexene has been studied by NMR spectroscopy 
using partially deuterated model compounds. The configurations of the methoxy- 
mercurials formed suggest that the previously postulated “specific directing 
effect” (the preliminary coordination of a mercury ion with a functional group) 
should be discounted. 

introduction 

The question of intramolecular coordination of functional groups with a 
metal atom, and with a mercury atom in particular, has already been reviewed 
[l-3]. This type of coordination was found in, for example, hydroxy- [4], 
acetoxy- [ 51 and alkoxy-mercurials [ 5, 6 ] and substituted I-chloromercuri-3- 
halopropanes [7 ] . The Hg- - - OR coordination interaction in structure I (Scheme 
I) has been evaluated at about 0.7-0.9 kca.l/mol [6, S]. This value suggests that 
coordination may in some cases be considered to be an additional conformational 
factor, capable of stabilizing usually unstable conformers [6]. 

In this connection one important question may be posed. Can such coordi- 
nation change the normal stereochemistry of reaction? We discuss this problem 
with application to the solvomercuration of olefins [3, 91. First, ii is evident, that 
the instances of kinetic or thermodynamic control in this reaction must be 
completely differentiated. The value of 0.7-0.9 kcal/mol for Hg- - -OR coor- 
dination is high enough to be a conformational energy, since thermodynamic 
control can lead to the strong predominance of an isomer which has a comparable 
coordinative interaction [8]. Second, if kinetic control operates in the trans-anci- 
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parallel addition reaction, coordination of functional groups in a product has no 
influence on the stereochemistry of the reaction. However, the situation may he 
changed if the olefin contains a substit.uent which is capable of preliminary co- 
ordination with an attacking mercury ion. 

To the best of our knowledge this problem was first discussed by Henbest ’ 
and Nicholls [ lOI_ These authors found that the nitrile II reacts with mercuric 
salts with preliminary coordination of the mercury atom with the nitrile group 
(sLructure III, Scheme 1). Analogous stereochemistry has been found for a 

SCHEME 1 
N 

III 

- “=Ow 
RO 

number of addition reactions of cyciohesenes containing OCH, , OAc, COOR or 
of a number of 

of the “specific directing 
has been widely used in interpretation of 

the problem of changing reaction stereochemistry by pre- 
liminary has still not 

up 1965 is in ref. 3). We have al- 
ready found [20] that methoxymercuration of the diester IV produces methoxy- 
mercurial V without prehminary coordination (Scheme l), so the aim of the 
present paper is to reinvestigate this problem using the nItrile II and dinitrile X 
as model compounds (for a preliminary communication see ref. 21). 

Results 

Addition of mercuric acetate in MeOH to II and X gives the methoxymercu- 
rials VI and XI respectively (Scheme 2). Bromination of VI and XI in pyridine 
produces the methoxybromines VLLI and XiII respectively. These compounds 
have also been obtained by the methoxybromination of II and X (Scheme 2). All 
experiments were carried out on partiailv deuterated compounds in order to sim- 
plify the NMR spectra. We prepared two series of compounds (Scheme 2): the 
D4 -series, in which the deuterium atoms are in the 3,3,6,6-positions of the six- 
membered ring, and the D7 -series, in which the methoxymercurations were 
caTied out in CD;OD. NMR data are shown in Tables 1 and 2. 
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SCHEME 2 
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Two problems face us: (a) the configuration of the methoxybromines VIII 
and XIII and (b) structural isomerism of the methoxymercurial VI. It is knc;wn 

that methoxymercuration of 4-alkylcyclohexenes produces a tmxture of isomers 
[ 221, but some examples of regioselectivity in analogous addition reactions have 
appeared [23]. In principle, a mixture of Vi and Via may be expected as a result 
of the methoxymercuration of II. Usual methods of structure determination are 
based on either conversion to halogen hydrines [3, 241 or reduction to alcohols 
(ethers) by sodium borohydride [ 8, 221. According to “Jensen’s rule” bromma- 
tion occurs with retention of configuration in pyridine solution [25] and may 
thus be used for the determination of configuration of methoxymercurials [3, 24]_ 

Bromination of VI proceeds to give a mixture of the methoxybromines VIII 
and VIIIa (69/31 from NhIR data). The methoxybromination of II-Dagives a 
three component mixture (51/37/12). Comparison with the NMR spectra of 
methoxybromines VIII and VIIIa allows us to identify the two main components 
of this mixture. The minor component (12%) was identified as the dibromine IS, 
which was determined by a comparison of its NMR spectra with a specially pre- 
pared example of IX-D4 (Table 1). The bromination of XI-D, proceeds to give 
a mixture of methoxybromine XIII-D, and dibromine XIV-Da (86/14). The 
methosybromination of X-D, also produces a mixture of XIII-D, and XIV-D, 
(53/46). Dibromine XIV-Da was obtained by bromination of X-D?. NMR data of 
the compounds obtained are listed in Table 2. The configurations and conforma- 
tions of VIII, VIIia and XIII may be assigned by using the Jti, values obtained 
from the NMR spectra. Inspection of the data in Tables 1 and 2 reveals that (a) 
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Pig. 1. The low-field put of the NhlR specl~um of VI at 100 hlH.?. 

conformation of type XVI-C must be assigned to the methoxybromines VIII 
and VIIIa, both of which have the same configuration and (b) methosybromine 
XIII has conformation of the type XVIII-H. 

We also achieved reductive demercuration of compounds VI and XI ex- 
pecting to obtain the methoxynitriles VII and XII, but the NMR spectra of 
VII and VII-D4 showed a mixture of products. GLC analysis also showed that . 

reduction product from VI contains three components (57/29/14). We then 
carried out a thorough investigation of the _YMR spectra of methoxymercurial VI. 
As can be seen from Tabicy 1 and Fig. 1 the NMR spectrum of VI-D, contains a 
set of signals due to a single isomer, the presence of the other isomer (lo-15%) 
not being detected because of the very limited solubility of compound VI. How- 
ever, the CH3 group appexs as a sharp singlet in the NMR spectrum of VI-D3, 
indicating the presence of a single addition product. We must emphasise that 
this NMR investigation \viB carried out on an uncrystallized sample of VI-D? to 
avoid loss of the minor isomer during purification. The bromination and methoxy- 
bromination data therefore suggest that methoxymercurial VI is a mixture of 
isomers VI and Via, while, on the other hand the NMR data strongly indicate that 
methosymercuration occurs regioselectively to give a smgle isomer VI. This 
discrepancy however, can have no influence on the concIusions drawn regarding 
the stereochemistry. Indeed the configurations of methoxymercurials VI and XI 
were assigned using J,,, values (see below), and if the methoxymercurial VI were 
a mixture of isomers, the exact coincidence of their NMR spectra suggests that 
they have identical configurations. Thus we assume a single structure, VI, for 
the methoxymercurial obtained from the nitrile II; NMR data are more reliable 
since bromination of the mercurials VI and XI proceeds in a complicated manner 
which is shown by the formation of the dibromide XIV. 

The most reliable determination of configurations was also made by using 
the NMR spectra (Tables 1 and 2). it is difficult to choose between configurations 
XV and XVI for the methoxymercurial VI and between configurations XVII and 
XVIII for compound XI (Scheme 3). Possible conformations for the various con- 
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following “standard” coupling constants: J,, 11, J,, 4.2 and J,, 3.2 Hz. These 
are in good agreement with the literature data [26-281. Tables 1 and 2 list the 
conformational equilibrium positions calculated using these standard constants*. 

All the results di&zussed permit, us to conclude that the methoxymercurical 
VI has configuration of the type XVI with E as the predominant conformer; and 
methoxymercuria.! XI has configuration of the type XVIII but with the conforme: 
H predominant. 

Discl;ssion 

Methoxymercuration of substituted A4 -cyclohexenes are shown in Scheme 4 

Products 
(type En. xxl!J 1 

assuming truns-diaxial addition [ 3, 4, 71 and quasi-chair conformation of the tran- 
sition states [29-311. The approach of the reagent X’ toward the reaction center 
involves generation of au interaction between the incoming X’ and the.remote 
functional group R. If ttlis interaction is repu’lsive in nature the intermediates (or 
transition states) XXI and XXII would be more favourable than XXIV. In this 
case the reaction would proceed via equatorial conformation XIX (route L, 
Scheme 4). This case is generally referred to as involving “steric approach control’ 
[32]. However, if this interaction were attractive in nature, the reaction would 
proceed via axial conformation XXand an intermediate XXIII (route M). Thus thr 
occurrence of the addition reaction with or without preliminary attractive coordi- 
nation of the reagent with the substituent must lead to products of differing 
configurations. The configurations of methoxymercurials V (Scheme l), VI and 
XI (Schemes 2 and 3) suggest that methoxymercuration of the diester IV and 
nitriles II and X proceeds via route L (Scheme 4) without coordination of theXHg 
with the -COOR or -CN groups. 

’ The data oo the position of the conformational equilibrium of VI. VIII. XI and XIII are rather up- 
expected when Lbe very smaU value of --dCc~ lo., Q kcallmol) is taken into account. This allows 

the followinP assumplioo to be made. In poly-substlluted cydohexanes of the types investigated. 
-AGcN increases sharply up to approximately 1 kcal/moL Tbis novel conformalional effect will 
be dlscwed WI a~~otbcr pubhcaL!oo. 
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An important question may be posed: Is this conciusion general or could 
any other factors be responsible for the absence of “the specific directing effect” 
in the reactions investigated? For example, the unfavourable position of the con- 
formational equilibrium XIX + XX may be such a factor. Indeed the ratio of 
the reaction products via routes L and M may be found by using the following 
equation : 

pL.41 = k, - K,Jk,, 

The influence of K,, may be important if the conformational equilibium 
is stongly shifted (usually towards XIX [26] ). In particular, one may expect 
strong predominance of the diequatorial conformation XIX for the diester IV 
[26, 33, 341, this factor is, however, unimportant for the nitriles II and X. 
Depending on the solvent, AG,, for nitriie II lies between -0.1 and 0 kcal/ 
mol [25, 261 and thus the energy difference of conformations XIX and XX is 
negligible. An increased proportion of the diaxial conformer has also been found 
for the dinihile X (about 60% in CDCIS [27] ). Thus nitriles II and X would be 
excellent model compounds with a minimum of conformational hindrance for 
route M; nevertheless the reaction proceeds via route L. 

We believe that route M is impossible for the usual substituents such as OR. 
COOR and CN. Probably route M could only be followed in rare cases where sub- 
stituents can generate a normal bond with the reagent, as. for example, in 
-0-HgX or -COO-HgX. However, in the light of the results discussed in this 
article and the findings on the stereochemistry of oxymercuration of other cyclo- 
hexenes [ 15-181 and norbomenes [ 13, 191 it seems that strictly speaking there 
is no proven example of a change in the stereochemistry of the osymercuration 
due to preliminary coordination with the substituent group. Thus, the concept of 
“specific directing effect” in the methoxymercuration reaction must be discounted 
or at least restricted to special cases. 

Experimental 

’ H NMR spectra were recorded on a Varian-XL-100 spectrometer. Deuterium 
decoupling was used in some experiments. 

2,2,5,5-D,-I-Cyano-Scycfohexene (Ii-Da) 
A mixture of acrylnitrile (2.12 g, 0.04 mol), 1,1,4,4-D3-butadiene (2.6 g, 

0.05 mol), hydroquinone (20 mg) and toluene (6 ml) was heated at 130” during 
12 h in a sealed tube and then distilled in vacua. The nitrile II-D, was obtained in 
56% yield as a liquid, b-p. 62”/8 mmHg, ng 1.4730 (lit. 1351 II: b.p. 83”/20 
mmHg, tzz 1.4770). 

3,3,6.6-Da-irans-1,2-Dicyano-4-cycfohexene (A’-D4) 
A mixture of fumarodinitrile (2.8 g, 0.04 mol), 1,1,4,4-D1 -butadiene (4 g, 

0.07 mol), hydroquinone (20 mg) and toluene (10 mol) was heated at 110” 
during 24 h in a sealed tube, cooled and the precipitate collected. Recrystalliza- 
tion from EtOH yielded 3.9 g (89%) of X-Da, m.p. 123-124” (lit. 1361 X: m.p. 
124-125”). 
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Methoxymercuration of II 
Mercuric acetate (2.8 g, 0.01 mol) was added to a stirred solution of II 

(1 g, 0.01 mol) in MeOH (30 ml). The mixture was stirred at 60” until a test 
portion failed to give a precipitate of mercuric oxide on treatment with dilute 
aqueous sodium hydroxide (4-5 h). It was then filtered and about two-thirds 
of the MeOH was removed. The residue was treated with sodium chloride (0.53 g) 
in water. The precipitated oil crystallized during the azeotropic removal of water 
with benzene in vacua. Methoxymercurial VI (2.5 g) had m.p. 141-143” (from 
acetone/methanol, l/2) (lit. [lo] m.p. 125-129”). 

Methoxymercurials VI-D, (m-p. 146-148”) and VI-D, (m.p. 143-145”) 
were synthesized in an analogous manner. The mixed melting points of these 
mercurials showed no depression. 

Methoxymercuration of .Y 
Methoxymercurial XI (1.4 g, m.p. 190-191” i?om MeCN/MeOH, l/l) was 

obtained analogously from dinitrile X (1 g, 0.007 mol) and mercuric acetate 

(I.8 g, 0.006 mol) in 30 IUJ of MeOH. (Found: C, 27.35; H, 2.84. CsHI,CIHgNzO 
c&d.: C, 27.08; H, 2.76%) The methoxymercurials XI-D, had m-p. 184-188”. 
A mixed melting point with another sample of XI showed no depression. 

Methoxybbromines VIII-Villa 
(a). A solution of bromine (1.7 g, 0.01 mol) in 20 ml of dry pyridine was 

added dropwise to a solution of methoxymercurial VI (4 g, 0.01 mol) in 20 ml 
of pyridine. The mixture was stirred for 5 h and left standing overnight, the pyri- 
dine was removed in vacua and the residue extracted several times with CHC13. 
The solvent was distilled off in vacua and the resulting oil was chromatographed 
on alumina (CHClx/hept.ane, l/l). The solvents were again removed and the residue 
was distilled in vacua under nitrogen to @ve a mixture of VLII + VIIIa (1.2 g), 
b.p. 116-119”/1 mmHg, .-zg 1.5024. (Found: C, 44.40; H, 5.65. CsH,zBrNO 
caicd.: C, 44.05; H, 5.55%) A mixture of VIII-D4 + VIIIa-D, had b.p. 110-112”/ 
1 mmHg and ng 1.5028. 

(b) A solution of bromine (1.2 g, 0.008 mol) in 150 ml of MeOH was added 
dropwise to a stirred solution of II (or II-D, ) (0.8 g, 0.008 mol) in 500 ml of 
MeOH. The mixture was stirred for 2 h and left standing overnight. Sodium 
carbonate (0.4 g) was added and the solvent removed in vacua. The residue was 

extracted with ether, after which evaporation of the dry extract and distillation 
under nitrogen gave 1 g (62%) of methoxybromination products. 

Methoxybromine XIII 
(a)_ The procedure used was similar to that for the bromination of VI \;ith 

the exception that purification was accomplished by chromatography on alumina 
(CHCI& Methoxybromine XIII (1 g, 56%; m-p. 14%144O from MeOH) was ob- 

tained Porn 3 g (0.007 mol) of XI in 20 ml of pyridine and 3 g (0.007 mol) of 
bromine in 15 ml of pyridine. Methoxybromines XIII-D, and XIII-D, had m.p.‘s 
142-144” and 136-138” respectively. (Found: C, 44.42; H, 4.85. &HI, BrNzO 
&cd.: C, 44.44; H, 4.54%) 

(b) By methoxybrommation of X the procedure used was similar to that for 
the methosybromination of II with the exception that the residue, after removal 
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of MeOH, was dissolved in CHC13, and the resulting solid was recrystalhzed from 
MeOH. 

Reduction of mercurials VI and XI 
A solution of sodium borohydride (1.6 g, 0.04 mol) in 25 ml of 1 iI1 aqueous 

KOH was added dropwise to a stirred solution of VT (16 g, 0.04 mol) in 100 ml 
of 1 M aqueous KOH. The mixture was stirred at 60” for 30 min, cooled, filtered 
and extracted thoroughly with Ccl,. The solvent was removed and the residue 
was distilled in vacua under nitrogen to give VII and Vlia (4.6 g; b-p. 68-70”/ 
l-l.5 mmHg; n’,” 1.4570). (Found: C, 69.12; H, 9.49; N, 10.06. CRH13N0 calcd.: 
C, 69.06; H, 9.35; N, 10.08%) 

XII (0.8 g; b-p. 125-126’/1 mmHg; n ‘,” 1.4780) was obtained in an analogous 
manner from 6.5 g of XI and 0.6 g of NaBHa. (Found: C, 65.67; H, 7.70. 
CSH12Na0 calcd.: C, 65.82; H, 7.36%) 

Dibromine IX 
To a solution of 1.5 g (0.015 mol) of II-D, in 30 ml of CHC13 at 0” was added 

slowly 2.1 g (0.015 mol) of bromine. The solvent was removed and the residue 
was distilled in vacua under nitrogen to give IX-D3 (2.2 g, 60%; b.p. 126’jl mmHg, 
m-p. 64-65”) (lit. [37] IX: b-p. 192”/4 mmHg, m.p. 63.5”). 

Dibrom ine XIV 
Bromine (1.2 g, 0.007 mol) was added dropwise at 0” to a solution of X 

(1.0 g, 0.007 mol) in 20 ml of CHC13. The usual workup gave 1.5 g (68%) of XIV, 
m-p. 222-223’ (from MeOH/MeCN, 2/l). (Found: C, 32.84; H, 2.96. CsHsBrINr, 
calcd.: C, 32.87; H, 2.76%) The dibromine XIV-D4 had m.p. 228-230”. 
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