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Abstract- Vinylmercury acetates are anomalous products from the oxymercuration of 2-phenylbomylene 
and P-pincne. In contrast, oxymercuration proceeds normally for l,l-diphenylethylene, bomylcne and 
camphene. 

THE rapid oxymercuration of an olefin, and the reductive cleavage of the carbon- 
mercury bond in situ by NaBH,, provides a very rapid and convenient method for 
the Markownikov hydration of an olefin. ’ -3 Recently we have reported* the attempted 
hydration of 2-phenylbomylene (1). Reaction of 2-phenylbomylene (1) with Hg(OAc), 
in aqueous THF gave the vinylmercury acetate (Z), which on demercuration in situ 
afforded regenerated 2-phenylbomylene (1) and the divinylmercury compound 3. 
In aqueous MeOH the formation of 1 was suppressed, the yield of 3 being virtually 
quantitative. 

The vinylmercury acetate (2) is considered to arise by loss of the C3-H from 4 
which process can compete favourably with nucleophilic attack by Hz0 at the 
hindered C2-position. The contrast of this reaction with the normal products found 
for the reactions of norbomylene (5),3 apobomylene (6k3 1-methylnorbomylene 
(7): 4-methylbomylene (8),’ and 2-phenylnorbornylene (9): led us to examine the 
mercuration of the series of compounds, Lldiphenylethylene, bomylene (lo), 
camphene (11) and )3-pinene (12) as part of an attempt to determine the required 
structural features for vinylmercury acetate formation. 

l,l-Diphenylethylene reacted normally to give the hydroxymercury acetate (13), 
which was identified by its IR and NMR spectra and its conversion on reaction with 
NaBH4 into the known 1,ldiphenylethanol. 

Oxymercuration of bomylene (10) gave a crude product, the NMR spectrum of 
which exhibited no resonance characteristic of vinylic protons. Demercuration of 
this material gave a mixture of seven components (GLC), four of which were separated 
and identified as isobomeol (14a; 36%), isobomyl acetate (14; loo/,), epiisobomeol 
(1511: 27%) and the acetate (lsb, 9%). The isolation of significant quantities of the 
acetates (14b and 15b) from an oxymercuration reaction in aqueous THF is unusual, 
but may be rationalised in terms of the internal collapse of a mercuronium ion-acetate 
ion-pair which competes favourably with nucleophilic attack by water at the hindered 
C-2 and C-3 position. 

Oxymercuration of camphene (11) followed by Na.BH* reduction gave a mixture 
in which the normal product, camphene hydrate (16), was a major component. Two 
further compounds were isolated. Preferential sublimation of camphene hydrate 
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Reaction of B-pinene (12) with Hg(OAc), in aqueous THF gave a crude product 
shown (NMR spectrum) to be a mixture (7:2) of the alkenylmercury acetates (20) 
and (21). In sifu NaBH, reduction of this mixture afforded a complex mixture, the 
major components of which were b-pinene (12) and dimeric compounds (ratio ca. 
1:27; GLC). 

DISCUSSION 

Reaction of alkene with Hg(OAc), gives rise to a mercuronium ion which may 
either react with a nucleophilq H,O, AcOH, AcO-, to give a “normal” oxymer- 
curation product, or lose a proton to give isomeric alkenyhnercury acetates. Such 
alkenyi mercury acetates have been isolated as primary products from the attempts 
oxymercuration only of 2-phenyl~rnylene (1) and p-pinene (12). Other compounds, 
dosely related structurally, have yielded normal oxymercuration products These 
results lead to the suggestion that aikenylmercuryacetate formation occurs in those 
substrates where a tertiary carbonium ion could be formed and because of its abnor- 
mally hindered environment, be protected from external nucleophilic attack. 

EXPERIMENTAL 

Rotations were measured for CHCI, solns (unless otherwise stated) at room temp. IR spectm were 
recorded on a Perkin-Elmer 337 spectrometer. UV spectra, on a Sbimadzu MPS-SOL Sptctrophotometer, 
wem recorded for cyclohexane solns. Alumina used for cbro~to~aphy was P Spence, Grade H, deacti- 
vated by the addition of 5% or lo% of lcr;/, AcGH. Light petroleum refers to the fraction b.p. 50-709 
NMR spectra were determined at 6OMc in CDCI, witb CHCls and TMS as inter& standards. 

D-( - t_2-Phenylborn-2-en-3-yI mercury acetate (2) 
Hg(OAc), (6.38 g) was added to a soh3 of D_( - )-2-phenylborn-Z-cue (1215 9) in aqueous THF (20 ml; 

1: 1) and the mixture stirred at 20” for 7 days. Isolation by means of ether gave the vinyl mercury acetate’ 
(2; 422 9) as a gum [a]u - 14” (c l.lO), nA4 15928, v,, (liq. fihn) 1601,1300,764 and 700 cm-‘, J_ 265 
nm (s 7710), M+ (for Hgzoz) 470.130321 (C,sH,,HgOl requires: 470130297), NMR (CD&) d 729 (2- 

phenyl); 249 (JeH.strdl 3 c/s; CH), 198 (OAc), 142 (Me), @94 (Me), 083 ppm (Me). 

NaBH, Reduction of~-( - )-2-Phenyfbom-2-en-3-yl mercury acetate (2) 
(a) In aqueous THF. A soln (DSM) of NaBH, in NaOH aq (1Oml; 3M) was added to 2 (2.14 g) in THF 

(10 ml) and NaOH aq (10 ml; 15Mf and the mixture stirred at 20” for 10 min. Isolation by means of ether 
gave a mixture (l-2 g) shown (GLC, NMR) to consist of 1(24%) and 3 (69%).4 (3) isolated from the mixture 
by crystallization from pentane had m.p 132-133” and 13651383 [a&, - 64” (c 1 W), v,, (CSd 764,701 
cm-‘, A,,, 280 urn (8 4140), 255 run (s 416Oh 246 nm (E 4140), NMR 6 7.20 (Z-phenyl), 2.38 (f,. ssti 3 
CIS: C’HI. O-99 (Mel, O&I(Mc), @78 ppm (Me). 

(b) In aqueous MeOH. As for (a) except replacing THF by MeoH gave 1(4%) and 3 (90!!/.). 

LAH Reduction 4th diuinylmercury compound (3) 
LAH (1 g) was added to a soln of 3 (500 mg) in THF (100 ml) and the mixture heated under reflux for 

4 hr. Isolation of the terpcnoid material by means of ether gave pure (GLC, NMR) 1 (319 mg). 

I-Hydroxy-l,ldiphenylethan-Z-y1 mercury acetate (13) 
H&OAc), (3.19 g) was added to a soln of l,l-diphenyl ethylene (l-8 g) ti aqueous THF (20 ml; 1 :l) and 

the mixture stirred at 20” for 1 day. Isolation of the crude product by means of ether gave a mixture (3.61 g) 
of composition (GLC, NMR), 1,ldiphenylethyle~ (21 %), W (79%X from which W was obtained by 
~ry~tallimion (CH&l,ctber) BS an amorphous solid (31 g; pun by NMRX m.p. 1165-l WY. v,,,., (KBr) 
3370 (broad), 753.698 cm-’ &,,,% 270 am (shoulder, e 5601,266 am (shoulder, E 7901260 nm le lOSfJl254 nm 
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Oxymercumrion sf @-pinene (12) 
Hg(OAc)s (319 g) was added to a soIn of 12 (136 g),[a]n - 15” (c 1.15X 98% pure by GLC), in aqueous 

THF (200 ml; 1: l), and tbe mixture stirred at 20” for 10 mm. 
Isolation of the terpenoid material by means of ether gave Xl and 21(2@15 g) as a waxy solid, [a&, - 14” 

(c 1911 v, (film) 2821, 1603, 1302, 798 cm-‘, &_ 245 nm (s 8130), 203 (s 9390) NMR (CD&) 5 5.33, 
499 (C3-H and CLoH vinylic protons in 20 and 21(7:2), 2.75 (Z;Y,HgGAc in (Zo)), 201 (HgGAc), 1.29 
(Me), 089 ppm (Me). 

Reaction of 20 and 21(7.79 g) with NaCi in H,G-CH,CI, gave the mixed aIkenyImercuty chlorides 
(7:2; 6.47 g) as needks. m.p. 87-89, [a&, - 24” (c la), v_ (CS,) 2836, 805 cm-‘, 1,249 nm (e 8240), 
203 MI (E 9210), NMR (CDCI,) 6 5.324.89 (C”-H and Cl0-H vinylic protons: 7 :2), 2.76 (-#&HgClA 
1.30 (Me), 089 ppm (Me). 

Demercuration of the alkenybnercury acetates (%I and 21) 
The acetates 20 and 21, prepared as above from 8-pinene (34 g) were reduced in situ by the addition of 

NaOH aq (25 ml; 3M) followed by a soIn (@5M) of NaBH, in NaOH aq (25ml; 3M) and stirring at 20 
for 10 min. Isolation by means of ether gave the crude product (3.31 g) shown by GLC to contain 12 and 
dimeric compounds (ca 1:2.7). 

A major dimeric component, isolated by preparative GLC, was a mixture, d2 1.5111, [ab - 19” (c 
la8). & 215 nm (E 10,900), M’270. (Found: C, 88.9; H, 11.3. CloH3, requires: C, 88.8, II, 11.20/,X NMR 
(CDCI,) 6 5.20, 4.52 (vinyhc protons, 1H; ca. 2:l) major peaks, 1.27 (Me), 083 epm (Me); minor peaks, 
1.24, 1.22, 1.08, @87 and 0.75 ppm. 
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