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OXYMERCURATION OF ENDO- AND EXO-DICYCLO- 
PENTADIENES 
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Department of Chemistry, University of Iowa, Iowa City, Iowa 

(Received 2 December 1963 ; in revisedform 30 December 1963) 

Abstract-Both e&u- and extiicyclopentadienes are found to undergo oxymercuration in water and 
methanol, without rearrangement of the skeleton, to give exe-cis addition at the 5- and 6positions. 
The structures have been proved by the stereospecific reduction of the mercurials with sodium 
amalgam, followed by hydrogenation to the corresponding saturated alcohols and ethers, which have 
been synthesized independently. NMR studies of the mercurials and a deuterated ether resulting 
from the sodium amalgam-deuterium oxide reduction of the methoxy mercuration product of endo- 
dicyclopentadiene have fixed the geometry of the mercury. Several interesting compounds in this 
series, which were previously unknown, have been prepared and characterized. 

INTRODUCTION 

HOFMANN and SEILLER~ found that endo-dicyclopentadiene (I) adds on mercuric 
chloride in methanol to give it a 1: 1 adduct of the diolefin and the elements of 

Hg(OCH,)Cl. Giua and Polla prepared an analogous compound, using water 
instead of methanol. In the latter stages of the present investigation, a paper appeared 
by Traylor and Baker,3s4 in which some evidence was given that the adduct of Giua 
and PolIa is III. The most commonly accepted mechanism for these reactions has 
been that proposed by Winstein et al.,5 involving preliminary coordination of the olefin 

to the mercury atom, followed by formation of a mercurinium ion, which could be 
opened by the solvent, through intramolecular attack by a hydroxyl g-ro~p,~s~ or 
neighboring carbon.B 

The reaction of endo-dicyclopentadiene with platinum(“) salts affords a com- 
pound,Q which has recently been shown by X-ray crystallography to be XIX.lO On 
standing for severa weeks in methanol,lO or on the addition of a small amount of 
sodium acetate to the refhtxing methanolic suspension,ll the compound underwent 

solvent attack to give a product which has been formulated as the sigma bonded piati- 
num complex XX. This series of reactions resembles the mechanism of Winstein et al. 

l K. A. Hofmann and E. Seiler, Ber Dtsch. Chem. Ges. 39, 3187 (1906). 
* M. Giua and G. Polla, C%im. e indusrr. 35, 888 (1953). 
B T. G. Traylor and A. W. Baker, TefruhedronLRtters No. 19, 14 (1959). 
4 T. G. Traylor and A. W. Baker, J. Amer. Chem. Sot. 85,2746 (1963). 
a H. J. Lucas, F. R. Hepner and S. Winstein, J. Amer. Chem. Sot. 61, 3 102 (1939). 
a J. Sand and F. Singer, Ber. D&h. Chem. Ges. 35, 3170 (1902). 
’ H. B. Henbest and B. Nicholls, J. Chem. Sot. 227 (1959). 
a S. Winstein and M. Shatavsky, Chem. & Ind. 56 (1956). 
l K. A. Hofmann and J. von Narbutt, Ber. Dtsch. Chem. Ges. 41, 1625 (1908). 

lo N. C. Baenziger, J. R. Doyle, G. F. Richards and C. L. Carpenter, U.S. Dept. Corn., Ofice Tech. 
Serv., PB Rep. 156, 074 (1961). 

I1 J. Chatt, L. M. Vallerino and L. M. Venanzi, J. Chem. Sot. 2496 (1957). 
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and perhaps the product from the oxymercuration of endo-dicyclopentadiene in that the 
geometry, by analogy to both this platinum reaction and to the oxymercuration of 
cyclohexene, could have an e&o-mercury attachment. A number of compounds con- 
taining the norbornene moiety have been shown to oxymercurate exo-ci.r,3p4Ja 
although norbornadiene was known earlier to form a nortricyclenic mercuriaLa It 
was considered interesting to establish whether any preliminary coordination of the 
endo-dicyclopentadiene about the mercury atom would produce compounds related 
in geometry to XIX and XX. The NMR and IR data of Traylo+ show that the 
hydroxyl and chloromercuri groups of their mercurial corresponding to III are cis, 
and the NMR evidence indicates that they are vicinal. In view of these considerations, 
there might still be some question about the course of the reaction with the dicyclo- 
pentadienes in that the configurations of the adding groups are in question as to 
whether the ci.s addition has occurred exo or endo. 

RESULTS 

The exo-dicyclopentadiene used in these studies was made by the method of 
Bartlett and Goldstein. l3 Methoxymercuration of endo- and exe-dicyclopentadienes 
was carried out by the method of Hofmann and Seiler,’ and hydroxumercuration by 
the method of Giua and Polla? In both cases it was observed that exo-dicyclo- 
pentadiene reacts faster than the endu isomer. The methoxymercuration of exo- 
dicyclopentadiene was complete in about half the time required for the 
e&&hydrocarbon; and the hydroxymercuration of the exu compound was noticeably 

. exothermic, whereas that of endo-dicyclopentadiene was not. The mercurials were 
reduced to unsaturated alcohols and ethers by sodium amalgam,14 (Fig. 1) in which it 
was observed that, in the case of the mercuri ethers, there was roughly 50% regen- 
erated diolefin in the reduced product. The derivatives VII and VIII of endo- 
dicyclopentadiene are interesting, because addition of ionic reagents to the parent 
hydrocarbon usually results in rearrangement, giving derivatives of exo-dicyclopenta- 
diene . Is-l8 The location of the double bonds in the mercurials III, IV, V and VI, and in 
their reduced products VII, VIII, IX and X, is uncertain relative to the hydroxyl or 
methoxyl group in the norcamphane moiety. Therefore they were hydrogenated to 
the completely saturated compounds XI, XII, XIII and XIV, which could be in- 
dependently synthesized. Alternate compounds XV, XVI, XVII and XVIII (Fig. 2) 
were also prepared.16J6p1gp20 Th e unknown ethers XVI and XVIII were prepared by 
Williamson ether syntheses from the known alcohols. Cristol has found that acid 
catalyzed addition of methanol to endo-dicyclopentadiene produces about 15% of 
exe-cis unrearranged product XII, as well as the major product XIV.21t22 Therefore, 

1’ U. K. Yuriev, N. S. Zefirov and L. P. Prikazchikova, Zh. Obshch. Khim. 32, 2744B (1962). 
Ia P. D. Bartlett and I. S. Goldstein, J. Amer. Chem. Sm. 69, 2553 (1947). 
1’ J. Sand and F. Singer, Eer. Dtsch. Chem. Ges. 35, 3170 (1902). 
ls H. A. Bruson and T. W. Riencr, J. Amer. Chem. Sot. 67, 723 (1945). 
la P. D. Bartlett and A. Schneider, J. Amer. Chem. Sm. 68,6 (1946). 
l7 M. Gates and P. S. Mahlchick, J. Amer. Chem. Sm. 76, 1378 (1954). 
I4 K. Alder, F. H. Flock and H. Wirtz, Chem. Ber. 91,609 (1958). 
I* P. D, Bartlett, Abstracts of the 12th Nat!. Org. Chem. Symp. p. 1. Denver, Colo. (1951). 
a* S. J. Cristol, W. K. SeifeA and S. B. Soloway, J. Amer. Chem. Sot. 82, 2351 (1960). 
I1 S. J. Cristol, L. K. Gaston and D. W. Johnson, Tefrahebun Letters No. 4, 185 (1%3). 
aa S. J. Cristol, W. K. Seifert, D. W. Johnson and J. B. Jurale, J. Amer. Chem. Sot. 84,3918 (1962). 
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XIV was prepared by Cristol’s method from pure XIII. Although Cristol’s experi- 
ments indicated that only a small amount of XI could be present as an impurity in 
X111, only carefully purified XlII was used in preparations of other derivatives of 

tetrahydro-exo-dicyclopentadiene. 
The IR spectra of XI, XII, XIlI and XIV are significantly different from those 

of XVII, XVIII, XV and XVI respectively. Likewise, the NMR spectra are not 

IV XXI XXII 

superimposable for the two sets of compounds. The melting points of intimate 
mixtures of the alcohols XI and Xl11 from the mercurials III and V and of 
unambiguously synthesized XI and XIII were not depressed. NMR spectra of the 
mercurials IV and VI show that the proton attached to the carbon bearing the 
methoxyl group at 6,557, is split by about 7 c/s. In the case of these mercuri ethers, it 
was difficult to estimate the exact degree of splitting, due to the appearance of the 
three methoxyl protons in this region, which obscured part of the pattern. Never- 
theless, the splitting was definitely not of the order of 2-3 c/s, as would be expected 
in the case of 1ran.s oxymercurated species. In the mercury alcohol V, the correspond- 
ing proton vicinal to the hydroxyl function is centered at 64&, and is split by about 
6.0 c/s. The assignment of the peak representing these protons was made by repeating 
the work of Traylo+ and CristoP in synthesizing deuterated compounds from . 
reduction of the mercurial IV with sodium amalgam in deuterium oxide. The NMR 

spectrum of the deutero ether XXII shows the proton gem to the methoxyl group, 
split by 6.8 c/s, and again by l-2 c/s. Comparison of this spectrum with that of un- 
deuterated XII determined the proton assignment, and confirmed Traylor’s observation* 
that sodium amalgam reduction of mercurials is stereospecific in these systems, with 
the deuterium appearing exo, just as the mercuri function it replaced. 

DISCUSSION 

The fact that the mercurial III can be reduced to the known, saturated alcohol XI 
proves that the hydroxyl group of this oxymercuration reaction adds exo, and that 
the reaction proceeds without rearrangement of the carbon skeleton. If the system 
had undergone the rearrangement so often observed in these systems the reduction 
reactions of the mercurial would have given rise to XIII. A similar argument may be 
advanced for the structure of IV, since the methoxyl group is clearly exo, and a 
derivative of the unrearranged compound XI1 was obtained. 

Derivatives of endo-dicyclopentadiene are frequently observed to rearrange to 
derivatives of the exo isomer, W* but the rearrangement from the exo to the endo 
series is not generally encountered. l3 Nevertheless, some instances of rearrangement 
from exo to endo fusion of the trimethylene ring have been observed.=g= From the 
hydroxymercuration product V and the methoxymercuration product VI come the 
known alcohol XIII and ether X1V, rather than the products from a rearranged 
nucleus, X1 and XII. 

OS L. Kaplan, H. Kwart and P. von R. Schleyer, J. Amer. Chem. Sm. 82, 2341 (1960). 
*’ S. J. Cristol, W. K. Seifcrt and S. B. Soloway, J. Amer. C/rem. Sm. 82,235l (1960). 
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The fact that the splitting of the peak for the proton gem to the hydroxyl and 
methoxyl groups in the mercurials is of the order of 6-7 c/s rather than 2-3 c/s indicates 
that the mercuri groups are cis to the methoxyl and hydroxyl groups, and therefore 
also exe. Considerable amounts of olefins may be regenerated from the mercurials 
by reduction with sodium amalgam, but the products from these reductions were 
purified to 97-100 % purity, before submission for NMR or IR analysis. The deutero 
ether XXI was not found suitable for NMR studies of this type, since the three 
methoxyl protons interfere too much with the pattern of the endo- proton; the same 
was true of VIII. Therefore, the spectra of XII and XXII were used for this purpose. 

It has been calculated,as that the proton gem to the methoxyl or hydroxyl groups 
of the mercurials should be split by 8.2 c/s by a proton cis to it, and by 2-l c/s by a 
proton truns to it, discounting differences in electronegativity between methoxy1 and 
hydroxyl groups. 26b~26q27 In practice, Anet has obtained values of 7.7 and 8.9 c/s for 

w M. Karplus, J. Chem. Whys. 30; 11 (1959); b M. Karplus, J. Amer. Chem. Sot. 85,287O (1%3). 
*I K. L. Williamson, J. Amer. Chem. Sot. 85,516 (1%3). 
I7 P. Laszlo and P. von R. Schleyer, J. Amer. Chem. Sot. 8!5,2709 (1963). 
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the cis protons of norcamphane-2,3-diols,26 whereas Anderson and HetqB applying 
the method specifically to the oxymercuration product of norbornene obtained a value 
of 6*8 c/s, which is in good agreement with the values found in the present work. A 
similar argument may be advanced that the deuterium of XXI is cis to the methoxyl 
group and therefore exo also, since the proton gem to the methoxyl group is split by 
6.0 c/s. In the NMR spectrum of ether XXI, a further splitting of l-3-1*4 c/s was also 
noted (Fig. 3). The amount of interaction seemed a little low for coupling between 
the e&o-5 and the anti-8 protons, corresponding to what was observed by Meinwald 
in the chlorocamphors. 9o The spectrum of XII shows that the coupling between the 
endo- and endo- proton is 2.5-2.6 c/s. 

Intermediate complexes of the type XIX do not seem to affect the stereochemistry 
of oxymercuration reactions of dicyclopentadiene and exo-cis addition in the 5- and 
&positions occurs. Nevertheless, it is not now possible to denote precisely the location 
of the unsaturated linkage with respect to the methoxyl or hydroxyl group in these 
compounds. 

*n F. A. L. Anet, Cunad. J. Chem. 39, 789 (1%1). 
as M. M. Anderson and P. M. Henry, Chem. di Ind. 2053 (1961). 
I0 J. Meinwald and Y. C. Meinwald, J. Amer. Chem. Sot. 85, 2514 (1963). 
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EXPERIMENTAL” 

Ocrahydroexo-4,7-metAanoindenexo-5-ol (XIII). This compound was prepared by the method of 
Bruson and Riener” and recrystallized from nitromethane to give pure product, m.p. 53-54” (lit. m.p. 
53-54OB). 

Ocrahydr~xo-5-mef~~~x~hoxyexo4,7-mettranoind (XIV). This compound was prepared from 
pure XIII. A 44% yield of pr&uct, b.p. 84-6”/8 mm, no’*’ 1.4869 (lit. b.p. 43+$“/0*2 mm, $,’ 
1*4857’O), was obtained. 

Ocrahydroexo-4,7-metlranoindenendo-5-o1 (XV)‘*. To a solution of 2.2 g (58 mmolcs) LiAIHl 
in 15 ml ether was added 10.35 g (69 mmoles) octahydro-exo-4,7-methanoinden-5-one,14~** prepared 
from pure XIII, on 20 ml ether, at such a rate as to cause the solvent to reflux gently. Refluxion was 
continued with external heating for 1 hr beyond completion of the addition. The excess hydride was 
destroyed with ethyl acetate and the addition complex was decomposed with NaOH aq. The mixture 
was extracted with three 50 ml portions of ether; the combined extracts were dried (‘Na,SO,) and 
distilled to give 6.00 g (57%) alcohol, b.p. 73”/1*5 mm, n” D 1.5127. Vapor phase chromatography 
showed the product to be 99 % pure. It could not be crystallized to give a product with m.p. above 25”. 
(Found: C, 78.78; H, 10.24. Calc. for C&HlrO: C, 78.95; H, 10.53%). 

Oct~ydrocndo-meth,7-~er~~~~e~e (XVI). Cristol’s meth&* was employed to 
synthesize XVI from alcohol XV in 528 ‘A yield. 
It had b.p. 81”/9 mm, &**’ 

Vapor fractometry showed that it was 99% pure. 
1.4860. (Found: C, 79.20; H, 1061. Calc. for CltHlrO: C, 79.52; H, 

1084 %). 
Oclahydro-endo4,7-n~~~~~~x~5~~ (XI). Hydroboration of 2,3,3a,4,7,7a_hexahydro- 

endd,7_methanoindene was employed to prepare (XI). Recrystallization from nitromethane afforded 
pure product, m.p. 79.5-81” (lit. m.p. 81*5-82*5” l**‘O), 

Octuhydmexo-5-merhoxy+mdo4,7-mthanoindene (XII). This compound was made in 47 % 
yield from the alcohol XI and had b.p. 84-86”/6 mm, n1e*6 1.4923 (lit. b.p. 40-43”/0.2mm, &’ I-4924**). 

Octuhy~~nd~,7-me~~~~~~~ndo-5-u~ (XVII). Chromium trioxide oxidation of the 
alcohol XI in pyridine to the ketone, followed by reduction with LiAlH, gave XVII. The product was 
recrystallized from pet. ether (b.p. 3060”) to give pure product, m.p. 119*5-120” (lit. m.p. 120- 
121 ols~la~Lo), in 50.0% yield, based on the crude ketone. 

Octuhydro-endo-5-mer~xy~hoxy-4,7-merlronoind (XVIII). This compound was prepared from the 
alcohol XVII by Williamson ether synthesis, after the method of Cristol.9e The yield was 52.8 *A of 
product, b.p. 810/9 mm, nk**’ 1.4860. Vapor fractometry indicated 99% purity. (Found: C, 79.20; 
H, 10-61. Calc. for C1lH,dO: C, 79.52; I-I. 10.84%). 

Merho~ynwcwurion of endo-dicyclopentadiene (IV). This adduct was obtained in 79% yield, 
m.p. 133” (lit. m.p. 133”‘). In the procedure of Hofmann and Seiler, the yield could be augmented by 
boiling the liquor obtained from filtration of the first crop of crystals, adding water, and allowing the 
mixture to stand overnight. The additional product can also be obtained by evaporating the liquor 
under red. press. without external heating, whereupon the crystalline material separated. 

Metb_xymercuration of exo-dicyclopentadiene (VI) .I9 This adduct was prepared in 50% yield by 
the method of Hofmann and Seilerl for the preparation of IV. The product was recrystallized from 
2: 1 methanol-water, in which it was noticeabfy less soluble than the adduct IV, to give pure product, 
m.p. 135-137”. An intimate mixture of the two adducts IV and VI was found to melt sharply at 117”. 
Although the yield of VI was less under the same conditions, it was formed faster than IV. (Found: 
C, 33~06; H, 3.92. Calc. for C1lHIIOCII-Ig: C, 3303; H, 3.76%). 

Hydroxymercurarion of endo-dicyclopenle (III). A solution of 35 g (78 mmoles) mercuric 
acetate in 100 ml water was shaken mechanically with 10.7 g (11-O ml, 81 mmoles) e&+dicyclo- 
pentadiene for 10 hr. The aqueous solution was decanted and the adduct was scraped from the sides 
of the flask. After drying in air, it was recrystallized from carbon tetrachloride, in which it was, 
however, appreciably soluble. The yield of material, after work up of the recrystallization liquors, 
was 14.1 g (42~8%) product, m.p. 129-131” (lit. m.p. 130’4. 

Alternatively, the crude adduct was taken up in boiling carbon tetrachloride, evaporated under 
red. press. without external heating to a pellucid jelly, from which the adduct was precipitated as a fine, 

91 All m.ps are corrected. IR spectra were obtained both from O-4’% CCI, and CS9 solutions on a 
Perkin-Elmer Model 421 IR Spectrophotometer. The spectra of the mercurials were obtained in 
CHCL. 





Oxymercuration of endo- and exe-dicyclopentadienes 1395 

temp, whereupon it crystallized. Recrystallization from nitromethane gave pure product, m.p. 
50.5-51”. The m,p. of an intimate mixture of this product with authentic XIII was not depressed. 

Reduction of mercurial IV in &uterium oxide with sodium ama@m (XXI). From 20-4 g (50 mmoles) 
of the mercurial IV in 200 ml deuterium oxide reduced with I14 g (3.45 g, O-15 g atom Na) 3 % 
sodium amalgam, 3.00 g (364%) of product, b.p. 81-83”/8 mm was obtained. Vapor fractometry 
showed that the product was 100% pure. 

Octahydr~xo-5-deureroexo-~methoxyendo_ne (XXII). The hydrogenation of 
2-50 g (15.2 mmoles) XXI in ethyl acetate gave 1.27 g (50 %) product, b.p. 85-86”/6 mm. 

Nuclear magneric resonance spectra. The NMR spectra were run in carbon tetrachloride or 
deuterochloroform with tetramethylsilane as an internal standard. The instrument used was a 
Model A-60 NMR Spectrometer manufactured by Varian Associates, Inc. 
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