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Acetoxymercuration of norbornadiene under the conditions of Winstein and Pande affords a 2:1 mixture of

exo,ex0-3-acetoxynortricyclyl-5-mercuric chloride (ITa) and the exo,endo isomer ITIa.

An independent synthesis

of IIla is described, starting from the palladium analog IV. The stereochemistry of ITa and I1Ia is proved by
chlorinolysis. to exo-3-acetoxy-exo-3-chloronortricyclene (Va) and exo-3-acetoxy-endo-5-chloronortricyclene (Vb),
respectively. The rearrangement of exo,exo-2-acetoxynorborn-3-enyl-3-mercuric chloride (Ia) into a tricyclic
isomer as described by Winstein and Pande is shown to be stereospecific in dimethyl sulfoxide (HgCl; catalysis)

and to afford IIa.
norborn-5-enyl-3-mercuric chloride (IX).
than does Ia.

Winstein and Pande have shown that acetoxymer-
curation of norbornadiene under kinetic conditions
leads to bicyelic mercurial I, which rearranges slowly
to a tricyclic isomer II.3 The rearrangement was also
observed when purified Ia was treated with mercuric
chloride in dimethyl sulfoxide. The original com-
munication by Winstein and Pande established the
exo,cis stereochemistry of I, but no stereochemical
assignment has been made for the tricyelic isomer,
although the exo,exo stereochemistry appears to have
been assumed without proof by some workers. This
paper describes stereospecific preparation and struc-
ture proof of both possible tricyclic mercurials Ila
and IIla, and presents evidence pertaining to the mech-
anism of rearrangement of Ia.

Synthesis of ezo,endo-3-Acetoxynortricyclyl-5-mer-~
curic Chloride (IIa) and exo,endo-2-Acetoxynorborn-5-
enyl-3-mercuric Chloride (IX).—We have found that
metal exchange occurs between arylmercuric salts and
o-bonded organopalladium complexes, analogously to
the exchange reactions between palladium(1l) chlo-
ride or acetate and phenylmercuric salts reported by
Heek.* Treatment of the tricyclic palladium complex
IV? with excess phenylmercuric acetate affords a mix-
ture of produets, including biphenyl (54%,), exo,ex0-3,5-
diacetoxynortricyclene (209%), and a compound CyHy-
HgO,Cl (579%,), assigned the structure IIIa. The ab-
sence of olefinic protons in the nmr spectrum strongly
suggests a tricyclic carbon skeleton. Reaction of
IITa with chlorine in pyridine at —40° results in the
formation of two acetoxy chlorides in a ratio of 96:4.
The minor isomer .is identical with authentic Va,®
while the major isomer Vb is also formed upon chlo-
rination of IV. Since the stereochemistry of IV is
known,®” and halogen cleavage of carbon-palladium
bonds in closely analogous compounds occurs with
retention,® Vb must be exo-3-acetoxy-endo-5-chloro-
nortricyclene. The conditions used for chlorination
of I1Ia are known to cleave carbon—mercury bonds
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Treatment of the bicyelic palladium complex VIII with mercury affords ezo,endo-2-acetoxy-
The latter also rearranges to IIa, although seven times more slowly
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with retention of stereochemistry;® so III is assigned
the exo,endo-3-acetoxynortricyelyl-5-mercuric chloride
strueture.

Metal exchange is likewise observed upon treatment
of the methoxy analog VI with phenylmercuric salts
to give biphenyl and ezo,endo-3-methoxynortricyelyl-
5-mercuric chloride (VII). Chlorination of VII as
before results in the formation of the known exo-3-
methoxy-endo-5-chloronortricyclene® as the major prod-
uct. Metal exchange also takes place between IV
and mercury metal or mercuric chloride, but the prod-
ucts are more difficult to purify.
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Attempted preparation of the bicyclic mercurial
IX by exchange of the bicyelic palladium complex
VIII with phenylmercuric salts results in the forma-
tion of tricyclic mercurial III. However, exchange
with mercury metal affords the desired IX in 309 yield.
Analogous exchange between allylpalladium complexes
and mercury metal has been reported.*

Identification of IX rests on elemental analysis,
molecular weight determination, and the character-
istic nmr speetrum. In particular, the coupling con-
stant Jes = 2.8 Hz is characteristic of trans 2,3-
disubstituted norbornene derivatives. Selective chlo-
rinolysis of the carbon-mercury bond is not possible
in this system, and the volatile products’ (obtained in
999, yield) consist of tricyelic Va (95%) and Vb (5%).

Stereochemistry of Acetoxymercuration of Nor-
bornadiene, ero,exo-3-Acetoxynortricyclyl-5-mercuric
Chloride (IIa).—Acetoxymercuration of norbornadiene
(excess diene, 3 days in acetic acid at 25°) affords 3-
acetoxynortricyelyl-5-mercuric chlorides in high yield.?
The crude solid produet (collected with 95% ethanol)
melts over a wide range and is not homogenous by
nmr, with two distinet methine hydrogen signals ap-
pearing at § 4.535 (0.73 ) and 4.81 (0.27 H). The
lower intensity signal corresponds exactly in chem-
ical shift to the C; methine hydrogen of exo,endo-3-
acetoxynortricyclyl-3-mercuric chloride (I11a).

Chlorination of the erude solid in pyridine at —40°
results in a 3:1 mixture of Va and Vb as sole produects.
Similar treatment of the mother liquors (ethanol
filtrate) affords relatively more Vb and the corrected
Va:Vb ratio is 2:1 (939 overall vield based on start-
ing mercuric acetate). Two minor components are
also present in the mother liquor chlorination mixture.
One of these is identified as Ve® (3% overall yield)
while the other minor chlorination product is also tri-
eyclic and must therefore be the endo,endo isomer Vd.
This assignment is supported by the chemical shifts
of the Cs and Cs methine protons of Vd, which are similar
to the corresponding chemical shifts of Va owing to
the absence of “nearest neighbor’” deshielding effects.®1!

The major tricyclic produet from acetoxymercura-
tion of norbornadiene can be purified by recrystalliza-
tion from 959, ethanol, mp 150-151°. The nmr spec-
trum of pure material displays a signal for the C; meth-
ine proton at 8 4.35 (t, J = 1.2 Hz). This substance
is assigned the exo,exo-3-acetoxynortricyelyl-5-mer-
curic chloride structure ITa on the basis of chlorina-
tion to Va and Vb in aratio of 93:7.

Purified IIa or IITa (or ITh and ITIb) are both stable
in acetic acid and do not interconvert, with or without
added mercuric acetate. However, addition of freshly
distilled norbornadiene causes interconversion of IIb
and IIIb at 25°. Loss of stereochemistry does not
oceur if hydroquinone is added along with the norbor-
nadiene; so the formation of IITb during acetoxymer-
curation is probably due to some free radical process
initiated by trace impurities in the norbornadiene.'?
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Mercuric Chloride Catalyzed Rearrangement of Ia
and IX.—ez0,ex0-2-Acetoxynorborn-5-enyl-3-mercuric
chloride (Ia) is available from norbornadiene by ace-
toxymercuration under kinetie conditions.® The re-
action is exothermic, and cooling is necessary in order to
avoid further rearrangement.!*> Attempted character-
1zation of Ia by chlorinolysis affords only exo-3-acetoxy-
exo-5-chloronortricyclene (Va, 999, yield), as expected
from the similar behavior of IX. That formation
of Va is not the result of prior isomerization of Ia to
ITa is proved by recovery of unrearranged la in addi-
tion to Va from an experiment with a deficiency of
chlorine. In a similar experiment, an equimolar mix-
ture of Ia and IX affords, upon treatment with 0.4
equiv of chlorine, Va (369), recovered Ia (219,),
and recovered IX (439,). This experiment shows that
both Ia and IX do not rearrange under the reaction
conditions, and that Ia is ca. two times more reactive
than IX.

As reported by Winstein and Pande,? Ia rearranges
in dimethyl sulfoxide solution in the presence of mer-
curic chloride. No rearrangement occurs under sim-
ilar conditions in the absence of mercuric chloride. The
sole product observed by nmr is Ila, a finding which
is confirmed by preparative scale experiments. Sim-
ilarly, the isomer IX (endo mercury) rearranges to
ITa, although more slowly than does Ia by a factor
of seven at 385.8°. Within the limits of nmr analysis,
IX does not rearrange initially to Ia. Both of the
tricyclic mercurials ITa and IIla are stable under the
reaction conditions and do not interconvert detectably;
so the appearance of Ila is clearly a kinetically con-
trolled process.

Discussion

QOur structural assignments depend on the assertion
that stereochemistry is retained during metal exchange
of the palladium complexes IV and VIII, and also dur-
ing cleavage of II and III by chlorine. According to
Jensen, et al., the chlorine-pyridine reagent cleaves
carbon-mercury bonds at —40° with predominant
retention.® We have found that this reagent converts
3-phenylnortrieyelyl-3-mercuric chloride (known to be
endo at the phenyl substituent) into endo,endo-3-chloro-
5-phenylnortricyclene ag the major (>909%) product.'®
This result provides strong evidence in favor of a eyclic
chlorinolysis mechanism resulting in retention of stereo-
chemistry. No other mechanism is likely to produce
the highly hindered endo,endo product in the endo-
3-phenyl-5-nortricyelyl system. There can be little
doubt that chlorinolysis of the analogous (but less
demanding) exo-3-acetoxy-5-nortricyelyl mercurials II
and IIT likewise occurs with retention, and that metal
exchange of IV and related complexes must therefore
occur with retention. Similar results are observed
in metal exchange between mercuric salts and numer-
ous main groups element-carbon bonds.* Retention
has also been observed in the only previous example
of exchange between mercuric chloride and a transi-
tion metal-carbon bond of known stereochemistry.®
Tentatively, the reaction of IV with phenylmercurie

(13) E. Vedejs and M. F. Salomon, Chem. Commun., 1582 (1971).

(14) F,R. Jensen and B. Rickborn, “Electrophilic Substitution of Organo-
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salts is regarded as a four-center process, resulting in
IIIa and a phenylpalladium derivative which decom-
poses to biphenyl and inorganic side products.*1
Nothing is known regarding the mechanism of exchange
between VIII and mercury metal, although analogous
exchange of allylpalladium chloride dimer with mer-
cury metal has been rationalized via the intermediate
CyH;Pd-HgCl which presumably eliminates palladium
metal.

The catalyzed rearrangement of Ia and IX to Ila
can be explained by formation of a mercuric chloride-
olefin complex X or XI, followed by transannular dis-
placement of ClHg*. The final step involves electro-
philic substitution at the C-3 mercury bond with in-
version in the case of X and retention in the case of
XI. A similar mechanism has been proposed by Mat-
teson and coworkers for the mercurie chloride induced
conversion of exo- and endo-5-norbornene-2-boronic
acid into nortricyelylmercuric chloride.

Both Ia and IX rearrange at 35.8° according to
first-order kinetics by nmr analysis (80-909, conver-
sion) with apparent first-order rate constants propor-
tional to the coneentration of mercuric chloride. As-
suming a low concentration of an intermediate such
as X or XI, the steady-state approximation leads to
a first-order rate expression (eq 1) which is compatible

:‘%a] = keplla]l  kap ~ [HgOlz]kx(l - ﬁ’}%) 1
with the experimental data. Under identical condi-
tions (35.8°), Ia rearranges faster than IX by a factor
of seven, a fact which corresponds qualitatively to
the greater reactivity of exo-5-norbornene-2-boronic
acid compared to the endo isomer in the analogous re-
action with mercuric chloride. However, the exo/endo
rate ratio for the isomeric boronic acids varies from
270 at 45° to 420 at 25° 7 and indicates a greater prefer-
ence for electrophilic substitution with inversion at
the carbon-boron bond.

Stereospecific rearrangement of both Ia and IX to
the same product Ila could conceivably be a conse-
quence of initial conversion of one bieyelic isomer into
the other. This definitely does not occur in the diree-
tion Ia — IX, since the latter would accumulate owing
to its slower rate of conversion into Ila, and would
have been detected. The alternate possibility IX — Ia
cannot be excluded rigorously, since accumulation of
less than 5% of Ia could not have been detected. How-
ever, ionic or radical mechanisms for the hypothetical
conversion IX to Ia are unlikely, since nonstereospecific
rearrangement to 1la and IIla would accompany any
such process.%!%¥ More remote possibilities involve
back=side displacement at the endo mercury bond by
some mercury species. A concerted displacement
lacks any precedent and is ruled out, while a two-step
deacetoxymercuration—exo,cis acetoxymercuration se-
quence is unlikely since deacetoxymercuration gener-
ally requires acid catalysis.

The chlorination of Ia can be explained by initial
formation of a chloronium ion, followed by transan-
nular elimination of HgCl* to form Va. Again, IX

(16) K. Graves, J. Org. Chem., 86, 3273 (1970); P. M. Henry, tbid., 36,
1886 (1971).

(17) D. 8. Matteson and M. L. Talbot, J. Amer. Chem. Soc., 89, 1119,
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reacts more slowly than Ia, although by a factor of
only two. The formation of a small amount of Vb
from IX indicates some contribution from other chlor-
ination mechanisms. In the related bromination of
5-bicyeclo[2.2.2 Joctene-2-mercuric  chloride, Matteson
and Talbot reported only bicyclic bromide, although
the bieyelic boronic acid afforded tricyelic mercurial
by the transannular elimination process.

The greater reactivity of Ia compared to IX in both
the mercuric chloride catalyzed rearrangement and
the reaction with chlorine is unusual, since all previously
studied examples of electrophilic substitution of or-
ganomercury compounds take place with preferred
retention of stereochemistry.!* However, such re~
actions are believed to involve four-center transition
states or similar cyeclic mechanisms which are geometri-
cally impossible for either of the proposed intermediates
X or XI. The exo/endo rate difference may be due to
unknown stereoelectronic factors which selectively
favor the exo isomer Ia by increasing k; in eq 1. Al-
ternatively, the ease of attack by the electrophile upon
the double bond of Ia compared to IX may influence
the relative rates (k1 in eq 1).

Electrophilic cleavage of carbon~metal bonds most
frequently occurs with retention, but predominant in-
version of stereochemistry has been observed in halo-
genolysis of tri-exo-2-norbornylborane,*® ezo-2-norbor-
nyllithium,® 4-~tert-butyleyelohexyllithium and menth-
yllithium,?! a g-bonded alkyliron complex,® sec-butyl-
trineopentyltin,?? and sec-butyl- or cis-4-bromocyeclo-
hexyleobaloxime.?? Contradictory stereochemical pref-
erences have also been observed in related 1,3-elim-
ination reactions, implying that orientation of the elec-

(19) H. C.Brown and C. F. Lane, Chem. Commun., 521 (1971),
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Tasre I
NuMr SpEcTRA 1IN CDCY; (5)

Tricyelic Products

H; H, Hs CHs Hi, Hi, He, Hr
IIa 4.55 (v, J = 1.2 Hz) 2.37 (brs) 2.59 (br s) 2.08 (s) 1.21-1.76 (4 H, m),
1.97 (1 H, br 4,
J = 10 Hz)
IIIa 4.81 (¢, J = 1.5 Hz) 2.38 (br s) 2.38 (br s) 2.03 (s) 1.17-1.68 (4 H, m),
1.95 (1 H, br d,
“J = 10 Hz)
Va 4.62 (t,J = 1.2 Hz) 2.27 (brs) 3.99 (t, J = 1.2 Hz) 2.00 (s) 1.58 (3 H, br s),
1.87-2.03 (2 H, m)
Vb 5.30(t, J = 1.3 Hz) 2.20 (brs) 3.95 (t,J = 1.3 Ha) 2.05 (s) 1,.33-1.67 (4 H, m),
1.90 (1 H, br d,
J = 9 Hz)
VII 3.69 (t, J = 1.5 Hz) 2.33 (brs) 2.42 (brs) 3.33 (s) 1,1-1.6 (4 H, m),
1.95 (1 H, br d,
J = 10 Hz)
Bicyclic Products
CH;s Hi, Hy H, H; Hs, He Hr
Ia 2.10 (s) 3.1and 3.3 5.0(d, Jz3 = 2.7(rd, J = 5.9-6.4 (m) 1.8 (brs)
(2brs) 7 Hz) 7 Hz)
X 2.02 (s) 2.95 and 3.25 5.04 (m, Jog 2.12(t, J = 6.0~6.4 (m) 1.7(brq, Jag =
(2 br s) = 2.8 Hz) 2.8 Hz) 8.5 Hz)
VIII 2.0 (s) 3.07 and 3.35 5.44 (br, d, 2.85(dd, J = 5.9-6.3 (m) 1.81 (br q, Jan =
(2 brs) J = 2 Hsz) 2, 4 Hz) 10 Hz)

tron-rich carbon-metal bond with respeet to the electro-
philic bond is not eritical.'»?*  In the mercuric chloride
induced rearrangement of la, inversion at C-3 is die-
tated by molecular geometry., The factors which
render Ia more reactive than IX have not been identi-
fied, nor is it clear why inversion at the carbon-metal
bond is preferred in certain electrophilic substitution
reactions as outlined above. Substantial differences
exist among the various studied examples with respect
to bond lengths, bond angles, skeletal flexibility, de-
gree of aggregation, and nature of the electrophile and
leaving group, differences which preclude meaningful
comparisons at this time.

Experimental Section

General.—Melting points were determined on a hot stage
microscope apparatus and are corrected. Molecular weights
were determined with a Mechrolab vapor pressure osmometer?
calibrated with known mercurials. Nmr spectra were obtained
using Varian HA-100 or A60-A spectrometers.?® Elemental
analyses were performed by Spang Microanalytical Laboratory,
Ann Arbor, Mich. Volatile products were analyzed using a
Varian Aerograph 90-P3 gas chromatograph. Commercial re-
agents were Used without purification unless specified otherwise.

Di-u-chlorobis(exo-6-acetoxy-2-norbornene-endo-50,27)dipal-
ladium (VIII).—A suspension of norbornadienepalladium di-
chloride (7.2 g, 0.027 mol), silver acetate (4.4 g, 0.026 mol), and
dry chloroform (400 ml, distilled over P;O;) was stirred vigor-
ously for 1 hr under nitrogen. The mixture was filtered and the
filtrate was evaporated under the aspirator. The oily product
solidified upon standing and was collected with ether, vielding
VIII (7.5 g, 979%) as a pale yellow powder. This material was
used without further purification. (See Table I for spectral
data.)

trans-Chloro(exo-5-acetoxy-endo-3-nortricyclyl )dipyridinepal-
ladium (IV).5—Finely ground VIII (16.7 g, 0.029 mol) was

(24) S. J. Cristol, A. R, Dahl, and W, Y. Lim, J. Amer. Chem. Soc., 92,
5670 (1970); B. M. Trost, W. L. Schinski, and I. B. Mantz, ¢bid,, 91, 4320
(1969); A. Nickon and N. H. Werstiuk, 7bid., 89, 3914, 3915, 3917 (1967).

(25) We are grateful to Professor P. M, Treichel for making this instru-
ment available.

(26) Provided by a departmental grant from the National Science Founda-
tion,

stirred vigorously with anhydrous ether (250 ml) under nitrogen.
Dry pyridine (23.3 ml) was added dropwise over 10 min and
stirring was continued for 2 hr. The crude IV was filtered (24.1
g, 95%), and stored in a freezer to avoid decomposition. Chlor-
ination of IV in dry CHsCl: at —78° using a twofold excess of
chlorine in CCl, followed by the usual work-up and glpe analysis
resulted in the formation of Vb (789) and Va (22%,).

exo,endo-3-Acetoxynortricyclyl-5-mercuric Chloride (IIla).—
A mixture of IV (0.24 g, 0.00054 mol), phenylmercuric acetate
(0.37 g, 0.0011 mol), and dry acetonitrile (10 ml) was stirred for
20 hr in a flame-dried flask under nitrogen. The solution
blackened immediately upon mixing the reactants. Acetonitrile
wag removed under vacuum and the residue was separated by
preparative layer chromatography (ple) on silica gel with 2:1
CHCls-hexane, two developments. The following fractions were
collected: R 0.6-0.7, biphenyl (0.045 g, 54%); B: 0.2-0.25,
ex0,ex0-3,5-diacetoxynortricyelene (0.020 g, 20%,); R: 0.1~0.2,
IIb (0.12 g, 579%). Recrystallization of IIb from methanol
afforded pure material: mp 136-137°; ir (KBr) 3.26 (w), 5.85
(s), 8.00 (s), 9.6 (8), 12.4 u (s). Anal. Caled for CoH;;ClHgO,:
C, 27.92; H, 2.86; Cl, 9.15; Hg, 51.80. Found: C, 27.80;
H, 2.85; Cl, 9.25; Hg, 51.76. Chlorination of 1Ib by the usual
method (see below) affords Vb (969,) and Va (49;). Vb was
collected by glpe as a colorless liquid: ir (neat) 3.25 (w), 5.85
(vs), 8.07 (ve), 12.25 u (s).

General Procedure for Chlorination of Mercurials—The
reagent was prepared by adding 1.2 mmol of a titrated solution
of chlorine in carbon tetrachloride to twice the volume of dry
pyridine (distilled from CaH). A solution of the mercurial
(1 mmol) in dry pyridine (10 ml) was cooled to —44° (Dry Ice~
CLCHCHCL) and the chlorination reagent was added dropwise
over 5 min. After 1 hr at —44°, the mixture was allowed to
warm to 25° and pyridine was removed under vacuum below 50°.
The residue was extracted with several small portions of pentane,
the pentane was evaporated, and the products were analyzed by
glpe and nmr, 80-1009; yield of volatile products.

ex0,endo-2-Acetoxynorborn-5-enyl-3-mercuric Chloride (IX).—
The acetoxynorbornenylpalladium complex VIII (300 mg, 0.51
mmol) in dry benzene (10 ml, distilled from CaH,) was stirred
with a large excess of mercury (2 g) for 24 hr. The solution
slowly deposited black palladium metal. The mixture was
filtered through Celite and the Celite was washed with chloro-
form (2 X 10ml). The combined filtrates were evaporated, the
residue was purified by ple on silica gel with 2:1 chloroform-
hexane (two developments), and the main band was extracted
with chloroform to yield IX (106 mg, 30%). Two recrystalliza-
tions of IX from methanol afforded pure product: mp 105.5-
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106°; ir (KBr) 3.27 (m), 3.33 (m), 3.36 (m), 3.29 (m), 3.49 (w),
5.8 (s), 5.86 (s), 6.95 (m), 8.03 (s), 12.95 (m), 13.2 (m), 13.8
(s), 14.056 u (s). Anal. Caled for CoH,ClHgO:: C, 27.92;
H, 2.86; Cl, 9.15; Hg, 51.80. Found: C, 27.90; H, 2.85;
Cl,9.27; Hg, 51.90.

Chlorination of IX with 1.0 equiv of the chlorine-pyridine
reagent afforded Va (85%) and Vb (5%). Treatment of IX
with 0.3 equiv of chlorine afforded IX and Va in a ratio of 8:3.
No other compounds were present according to nmr analysis (5%
of Ta would have been detected).

exo,endo-3-Methoxynortricyclyl-5-mercuric Chloride (VII).—
A suspension of the methoxy complex VI® (0.21 g, 0.0005 mol)
and phenylmercuric acetate (0.17 g, 0.0005 mol) in methanol
(8 ml) was stirred for 24 hr under nitrogen. After filtration
through Celite and evaporation, the product was chromato-
graphed as before to yield biphenyl (23%) and VII (41%): mp
134-137° (recrystallized from methanol); ir (KBr) 3.28 (w),
3.54 (w), 9.1 (8), 12,5 u (s). Anal. Caled for CsHuClHgO:
C, 26.75; H, 3.09. Found: C, 26.84; H, 3.16. - Chlorination
of VII followed by glpe analysis on a 4 ft X 0.375 in. 209% FFAP
at 90° yielded 969, exo-3-methoxy-endo-5-chloronortricyclene
and 4%, of the exo,exo isomer.

Acetoxymercuration of Norbornadiene. ero,exo-3-Acetoxy-
nortricyclyl-5-mercuric Chloride (ITa)—A stirred suspension of

mercuric acetate (25 g, 0.078 mol) in glacial acetic acid (90 ml) -

wag combined with freshly distilled norbornadiene (10 g, 0.11
mol) in acetic acid (10 ml). The mixture was stirred at 25°
for 60 hr and 109 aqueous NaCl (100 ml) was then added. The
resulting oil was separated, dissolved in hot ethanol (70 ml), and
allowed to cool. A white solid precipitated and was collected
with ethanol, yielding a mixture of ITa and IITa (19 g, 64%), mp
114-124°, estimated to contain 73% of IIa and 279 of 11Ia by
nmr. Evaporation of the mother liguors afforded a brown oil
(9.7 g, 329%). Recrystallization from 959 ethanol afforded
pure ITa, mp 150~151°.

Chlorination of the Acetoxymercuration Products.—The solid
mixture II and ITI from above was chlorinated according to the
general method. Analysis of the products on a 10 ft X 0.375 in.
209, DEGS/Chromosorb P at 170° indicated the presence of
75% Va and 25% Vb. Similar treatment of the oily product
from the mother liquors from above resulted in quantitative
conversion to four products. In order of increasing retention
time, these were Ve (11.49,), Va (47.4%,), Vb (34%), and Vd
(7.2%). The purified material IIa was chlorinated, yielding
Va (93%) and Vb (7%).

ex0,ex0-2-Acetoxynorborn-3-enyl-3-mercuric Chloride (Ia).—
According to the method of Winstein and Pande,?® solid mercuric
acetate (15.8 g, 50 mmol) was added in small portions to a stirred
solution of freshly distilled norbornadiene (10 g, 108 mmol) in
acetic acid (50 ml) cooled to 13°. The addition was maintained
at a rate such that the reaction temperature did not rise above 15°
(total addition time 15 min). After the addition was complete,
the reaction mixture was immediately poured with stirring into
distilled water (300 ml) confaining sodium chloride (6 g, 100
mmol). An oil appeared immediately which solidified after
stirring for 5 min. The crude product (15.6 g, 82%) was filtered
and washed with methanol (2 X 25 ml) and pentane (2 X 50 ml).
Mercurial Ia can be purified by ple or recrystallization without
rearrangement. The melting point after two recrystallizations
from methanol was 1556-156° dec (reported® mp 152-153°).
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Treatment of Ia with 1 equiv of chlorine in the usual way gave
8 999, vield of Va. Treatment of Ia with 0.5 equiv of chlorine
afforded & 1:1 mixture of Ia and Va with no detectable ITa or IX
by nmr.

A competitive reaction between equal amounts of Ia and IX
with 0.4 equiv of chlorine afforded a mixture of Ia, IX, and Va
in a relative ratio of 4.7:9.3:8 respectively by nmr of the crude
product.

Rearrangement of Compound Ib under Acetoxymercuration
Conditions—The crude acetoxymercuration mixture containing
Ib was allowed to stand at room temperature without work-up.
Rearrangement of Ib to IIb oceurred (disappearance of olefinic
nmr signals) and was complete within 6 hr. The characteristic
methine signal of ITIb appeared more slowly.

A purified sample of Ib (0.2 g) in acetic acid and freshly dis-
tilled norbornadiene (0.02 g) rearranged to IIb within 5 hr at
25°. Rearrangement of 1Ib to I1Ib was detectable after 24 hr
and reached a steady state of ca. 5:3 of IIb:IIIb after standing
for 30 days. Addition of hydroquinone (0.015 g) or use of glpc-
purified norbornadiene had no effect on the rearrangement of Ib
to IIb but prevented the rearrangement to IIIb.

Mercuric Chloride Catalyzed Rearrangement of Ia and IX in
Dimethyl Sulféxide.—The bicyelic mercurials Ia or IX (0.15 g)
were dissolved in 0.50 m] of purified dimethyl sulfoxide (distilled
under vacuum from CaHy,, stored over molecular sieves) contain-
ing the appropriate concentration of mercuric chloride catalyst.
The solutions were transferred into nmr tubes and sealed under
nitrogen. The samples were immersed in a water bath at 35.8
+ 0.02° and analyzed periodically by nmr. Progress of the
rearrangement was monitored by integration of the olefinic sig-
nals of Ia or IX, and also by the disappearance of the methine
signals due to C-2 hydrogen of Ia or IX and the appearance of
the corresponding signal of I1a. No signals other than those of
Ila appeared during any of the rearrangements. Linear plots of
log [Ia] or log [IX] vs. time were obtained over 2-3 half-lives,
but at greater conversion the sensitivity of integration was too
low for reproducible measurements. The rate of rearrangement
increased with mercuric chloride concentration, and the following
apparent first-order rate constants were calculated (Table II).

TasLe IT
Starting HgCl; conen in Rate constant kap,
mercurial DMSO, M sec ™!
Ia 0.0257 3.0 X 10-8
Ia 0.0184 2.1 X 1075
IX 0.0184 3.1 X 108
Ia 0.0129 1.3 X 10-°%
Ia 0.0055 3.8 X 108

TUpon completion of the rearrangement of a typical run using
Ta or IX, the DMSO solution was diluted with water and filtered.
The solid precipitate was crystallized from methanol to vield I1a
(0.14 g), in two crops.

Registry No.—Ia, 1077-98-1; 1Ia, 32737-75-0; IlIa,
34454-50-7; Va, 31002-62-7; Vb, 34493-26-0; VII,
34493-27-1; VIII, 11096-74-5; IX, 34454-52-9.



