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The reaction of olefins with mercuric acetate in aqueous tetrahydrofuran, followed by the in situ reduction of
the mercurial intermediate by alkaline sodium borohydride, provides a highly convenient procedure for the
Markovnikov hydration of the carbon-carbon double bond. The synthesis has been applied to a representative

selection of olefins.

It was observed that mono-, di-, tri-, and tetraalkyl, as well as phenyl-substituted olefins,

undergo hydration readily by this procedure to give high yields of the Markovnikov alechol, generally in excess of

909.
istics can be taken to achieve desired syntheses.

The hydroboration—-oxidation of olefins provides a
highly convenient procedure, without evident rear-
rangement, for achieving the anti-Markovnikov hydra-
tion of carbon-carbon double bonds.?4 For some time
we had felt the need in our synthetic work for an equally
mild procedure, equally free of rearrangement, for the
Markovnikov hydration of carbon—carbon double
bonds. Preliminary studies indicated that the oxy-
mercuration of olefins in aqueous tetrahydrofuran, fol-
lowed by #n situ reduction of the organomercurial by
alkaline sodium borohydride, offered great promise for
this requirement.® Accordingly, we undertook a de-
tailed study of the scope of this reaction. The results
of that study are reported in the present paper.

It shortly became apparent that this convenient,
combined procedure should be capable of very wide
variation, and serve as a general technique for the intro-
duction of a wide variety of nucleophiles to carbon—
carbon double bonds in the Markovnikov direction.
Thus, we have developed procedures for the synthesis
of ethers® and amines,” and others have utilized the
technique for the synthesis of alkyl azides® and perox-
ides.® Consequently, we have generalized our initial
interest in oxymercuration-demercuration to solvo-
mercuration—-demercuration, and this more general
interest is expressed in the title of this new series.

The oxymercuration reaction was originally explored
by Hofmann and Sand, beginning in 1900.1* Although
an enormous number of studies of the reaction have
appeared in the literature, these later papers have con-
cerned themselves primarily with the mechanism of the
reaction and the stereochemistry of the products.!!
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The reaction displays high specificity and sensitivity to steric factors, and advantage of these character-

Stoichiometrically the oxymercuration reaction con-
sists in the addition of a mercuric salt or of the elements
of a mixed mercuric salt, Hg(OR)X, to an olefinic
double bond. Reduction of the carbon-mercury bond
(demercuration) gives the corresponding aleohol, ether,
or ester.

! | H
—0=C— + Hg(OR)X —» —C—C— —> —C—C— (1)

. |
OR HgX RH

At the time our systematic study was undertaken the
usual procedure involved addition of a mercuric salt,
HgX, (X = 0Aec, NOy, ClOy ete.), or mercuric oxide
and an acid (HNQ;, HCIO,, ete.) to an aqueous (R =
H), aleoholic (R = alkyl), or acidic (R = acyl) solution
of the olefin. The resulting mixture was stirred for
times ranging from a few minutes to several days. Not
infrequently, it was recommended that catalysts, such
a8 strong acids,'? peroxides,'? boron triftuoride, ete., be
used to enhance the rate.

It is puzzling why so many workers used such long
reaction times. For example, Traylor and Baker!?
prepared norbornylmercuric acetate in 619, yield from
the olefin by stirring the reagents (norbornene, mer-
curic oxide, and mercuric acetate) for 30 hr. In con-
trast, a reaction time of 30 sec was adequate to achieve
a 1009, yield in the conversion of norbornene to exo-
norborneol by the present procedure.’* Moreover, we
have discovered that, not only are such long reaction
times less convenient, but not infrequently they are
actually deleterious and result in greatly decreased
vields. ‘

From the work of Hofmann and Sands, it is known
that, in the case of simple olefins, the reaction proceeds
in the Markovnikov sense (that is, by placing the mer-
cury atom on the carbon atom having the more hydro-
gen) to give an almost quantitative yield of produect.
However, it has been reported that side reactions often
interfere, leading to polymers,!'s dialkylmercurials,'!®

(12) J. Halpern and H. B, Tinker, J. Amer. Chem. Soc., 89, 6427 (1967),
have studied the kinetics of hydroxymercuration in water and have shown
that the rate is unaffected by acid concentration (over specified pH ranges)
or by oxygen or hydroperoxide, contrary to some of these earlier reports and
recommendations,

(13) T. G, Traylorand A, W, Baker, 1bid., 85, 2746 (1963).

(14) H. C. Brown, J. H. Kawakami, and 8. Ikegami, ibid., 89, 1525
(1967).
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and products of oxidation!® and substitution.!'* For-
tunately, these side reactions do not appear to be im-
portant under the conditions adopted for our hydration.
Perhaps the much shorter reaction times utilized in our
procedure contribute importantly in circumventing the
appearance of these undesired side reactions.

Reduction of the carbon—mercury bond has been
achieved using a number of reagents, including sodium~
mercury amalgam, hydrazine, lithium aluminum hy-
dride, and various borohydrides.!3:16:17 In practically
all of the earlier work the initial oxymercuration prod-
uet was precipitated as the chloride and this interme-
diate reduced in a separate operation. It was the
recogrition that oxymercuration could be accomplished
very rapidly and essentially quantitatively in aqueous
tetrahydrofuran (eq 2) and that the mercury could be
removed n situ in a second fast reaction by treatment
with alkaline sodium borohydride (eq 3) that persuaded
us that this was the convenient Markovnikov hydra-
tion procedure that would complement the convenient
anti-Markovnikov hydration procedure based on hy-
droboration—oxidation.

50:50 THF~H:0
— RClHCHzHgOAc (2)

25°, ~10 min
OH

RCH=CH. + Hg(OAc).

NaOH, NaBHq

RCHCH,HgOAc¢ —> RCHCH; + Hg (3)
25°

H OH

Results and Discussion

It was our objective to develop a synthetic procedure
for the Markovnikov hydration of the carbon-carbon
double bond »ia oxymercuration—demercuration which
would be simple in application and conducive to simple
analysis and/or isolation of the products. The oxy-
mercuration stage requires the addition of a water-sol-
uble mercuric salt with a (generally) water-insoluble
olefin. It is evident that a nucleophilic cosolvent
might compete with water for the intermediate mercury
species, giving a mixed product. Consequently, we
chose a water—tetrahydrofuran (THF) solvent system
in order to realize both the benefits of homogeneity (or
near homogeneity) of the system and the inertness of
the cosolvent.

Organomercuric salts are generally soluble, as the
organomercuric hydroxides, in strongly alkaline solu-
tions, and also quite stable in such solutions. More-
over, Bordwell and Douglass!®¢ established that sodium
borohydride reduces alkylmercuric salts or hydroxides
both rapidly and smoothly in either neutral or alkaline
solutions. In view of the greater solubility of the
alkylmercuric hydroxide and the enormously greater

(15) (a) L. Balbiano and V. Paolini, Chem. Ber., 36, 2004 (1902); 36,
3575 (1903). (b) K. B. Wiberg and 8. D, Nelson, J. Org. Chem., 29, 3353
(1964). (c) Z. Rappoport, P. D, Sleezer, 8. Winstein, and G. W, Young,
Tetrahedron Lett., 3719 (1965).

(16) (a) H. B. Henbest and B. Nicholls, J. Chem. Soc., 227 (1959);
(b) J. H. Robson and G. F. Wright, Can. J. Chem., 88, 21 (1960); (c) F.
G. Bordwell and M. L, Douglass, J. Amer, Chem, Soc., 88, 993 (1966).

(17) For a more complete discussion, with pertinent references, see Bord-
well and Douglass.¢ The use of borohydrides for demercuration appears
to have been introduced by Henbest and Nicholls,%* whereas Robson and
Wrighti® and Traylor and Baker!® appear to have first used borohydride in
aqueous solution for demercuration. However, we are indebted to Bordwell
and Douglass!® for the first detailed study of such reductions in aqueous
media and the recording of the great speed of that reaction.
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stability of sodium borohydride in strongly alkaline
solutions, we decided to utilize alkaline sodium boro-
hydride for the ¢n situ reduction. This worked ideally.

Mercuric acetate dissolves in water to give a clear
solution. When 50 vol 9, of THFT is added, a finely
divided yellow precipitate appears. Presumably this
is mereuric oxide or a basic mercuric acetate, although
we have not attempted to establish the composition.
Upon addition of the olefin this yellow precipitate or
suspension disappears and a clear, colorless solution
usually results, frequently in a matter of minutes or
even seconds, In order to determine whether the time
for disappearance of the yellow color (T,) can be cor-
related to the extent of reaction, several olefins were
oxymercurated and base was added immediately fol-
lowing the disappearance of the yellow color to stop
further oxymercuration. The reaction mixture was
then treated with sodium borohydride solution and
analyzed for alecohol. The results are presented in

Table L.
TasrLe I
CORRELATION OF T1 Wit EXTENT oF REACTION®
Yield of
Olefin /g aleohol,® %,
2-Methyl-2-butene 10 sec 61
Cyclohexene 55 sec 65
3,3-Dimethyl-1-butene 2 min 60
1~-Dodecene 7 min 49

@ Reaction run under standard conditions, as described in text.
® Time for disappearance of the yellow color. ¢ By glpc analysis.
Markovnikov isomer only.

Some small variation in T is observed from run to
run, presumably because the reaction mixture is hetero-
geneous at the start of the reaction. However, the data
indicate that the reaction has gone to approximately
609 of completion when all of the yellow precipitate
or suspension has vanished. Although this may only
be true for reactions carried out in a 1:1 THF-water
solvent system, it should be approximately valid for
other solvent ratios. In any event, the change in color
provides a highly convenient, albeit approximate,
measure of the reaction rate.

Using T, as an indication of the extent of reaction,
the effect of solvent composition on the reaction was
studied. 3,3-Dimethyl-1-butene (10 mmol) was added
to the yellow suspension resulting from mixing 10 mmol
of mercuric acetate and the volumes of water and THF
indicated in Table II. The wide variation of T, with
change in solvent composition demonstrates the desir-
ability of selecting the proper solvent system to obtain
optimum results.

TasLE IT

Tae ErrecT oF SoLveENT COMPOSITION ON THE RATE OF
OXYMERCURATION OF 3,3-DIMETHYL-1-BUTENE

Vol of water, ml Vol of THF, ml T1,%* min
5 20 90
10 20 15
10 10 2
20 10 2
20 5 6

¢ Time for disappearance of the yellow color.

The effect of the THF to water ratio of the solvent
system on the oxymercuration of 1-hexene and l-octa-
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decene was studied. The olefin, 10 mmol, was added
to 10 mmol of mercuric acetate in 10 ml of water with
either 10, 20, or 30 ml of THF. At the end of the ap-
propriate interval of time, alkaline sodium borohydride
was introduced to reduce the organomercurial. The
variation of yield with time is given in Table II1.

TasLe 111

Errect oF THF 10 WaTER RaTiO ON THE YIELD OF
2-HexanoL AND 2-OCTADECANOL

Solvent Time of Yield of Yield of
composition, reaction, 2-hexanol, 2-octadecanol
THF; H,0 hr % %

1:1 0.25 94 16
1.0 95 48

8.0 93 76

24.0 96 93

2:1 0.25 92 82
1.0 91 93

8.0 93 92

24.0 91 95

3:1 0.25 85 86
1.0 83 93

8.0 86 93

24.0 90 96

From these results it is apparent that the reaction of
the low molecular weight olefin, 1-hexene, is both rapid
and quantitative. Theyield of 2-hexanolisslightly lower
in the 3:1 THF-water solvent system. The high molec-
ular weight olefin, 1-octadecene, clearly shows the ad-
vantages of a less aqueous system in this case. The
much slower reaction of 1-octadecene in the more aque-
ous solvents is presumably due to its very limited sol-
ubility in water and the more aqueous system.

In order to determine whether excess hydride is neces-
sary for reduction, 10 mmol of 1-hexene was oxymer-
curated in a 1:1 THF-water (10 ml each) solvent
system with 10 mmol of mercuric acetate. After 10
min, 10 ml of 3.0 M sodium hydroxide was added fol-
lowed by various amounts of 0.5 M sodium borohydride
in 3.0 M sodium hydroxide. The results (%, excess H,
97, yield 2-hexanol: 10, 88; 50, 86; 100, 92) are essen-
tially the same in all cases.

Another factor which may influence the yield is the
temperature at which reduction takes place. Both
styrene and 1-hexene were oxymercurated and base
wasadded. The basic solutions were then either heated
or cooled and borohydride solution (0.5 M sodium boro-
hydride in 3.0 M sodium hydroxide, 1009, excess) was
added. The temperature was controlled during the
addition. The yield of 2-hexanol varied between 88
and 959, with no trend observable. The results with
styrene (Table IV) also show that the temperature of
reduction is unimportant.

TasLE IV

Errect oF REDUCTION TEMPERATURE ON THE
YizLp oF 1-PHENYLETHANOL

Reduction Yield of Reduction Yield of

temp, °C alcohol, %% temp, °C aleohol, %%
55-60 87 15-17 91
50-53 90 2-5 87
30-35 90 -5-0 91
32-35 89

e Glpc analysis.
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Mercuric salts, other than mercuric acetate, have also
been used in the oxymercuration reaction. Mercuric
nitrate and mercuric trifluoroacetate were allowed to
react with several olefins in order to determine whether
the anion had any pronounced effect on the reaction.

We explored the effect of the nature of the mercurie
salt on the yield, using mercuric acetate, trifluoroace-
tate, and nitrate and a standard group of representative
olefins. The results indicated that there was no signifi-
cant change in the maximum yield with these salts.
However, the yield dropped much more sharply with
time in the case of the nitrate and the trifluoroacetate,
especially with the more highly substituted olefins.!8
These results persuaded us that mercuric acetate
would be most generally useful; so we adopted it for
this study of the reaction scope.

With the above results in mind we designed a stan-
dard procedure for the oxymercuration-demercuration
of olefins which is remarkable in its simplicity and
speed.

In a 100-ml flask, fitted with a magnetic stirrer, is
placed 3.19 g (10.0 mmol) of mercuric acetate. To this
is added 10.0 ml of water (in which the salt dissolves),
followed by 10.0 ml of THF., Then 10.0 mmol of 1-
hexene is added. The reaction mixture is stirred for 15
min at room temperature (approximately 25°) to com-
plete the oxymercuration stage. Then 10.0 ml of 3.0 M
sodium hydroxide is added, followed by 10.0 ml of & so-
lution of 0.50 M sodium borohydride in 3.0 M sodium
hydroxide. Reduction of the mercurial is almost in-
stantaneous. The mercury is allowed to settle. So-
dium chloride or potassium carbonate is added to sat-
urate the water layer. The upper layer of THF is sep-
arated—it contains an essentially quantitative yield of
2-hexanol, 949.

- We have encountered no serious difficulty in scaling
the procedure up to runs on a preparative scale. How-
ever, it should be recognized that the reaction is exo-
thermie, so that the rate of addition of base and basic
hydride solutions should be controlled to maintain the
temperature at approximately 25°.

As was pointed out previously the mereuric acetate
originally dissolves in the water to give a clear solution,
However, the addition of the THF forms a yellow pre-
cipitate. As the reaction proceeds, this coloration first
becomes lighter and then the reaction mixture (usually)
becomes colorless and clear (1), frequently in a matter
of seconds, although in some cases, such as trans-4,4-
dimethyl-2-pentene, longer periods are required. Al-
though the oxymercuration reaction is not complete at
this point, the disappearance of the yellow color pro-
vides an approximate indication of the time required.
Usually we allowed the reaction to proceed for at least
five to ten times the length of time required for the
yellow color to vanish before initiating the reduction
stage (7).

In considering the effect of olefin structure on the
oxymercuration—demercuration reaction, it is advan-
tageous to compare olefins with similar structural fea-
tures. Consequently the data are presented individ-
ually for olefins of the following classes: I, monosub-
stituted terminal olefins, RCH==CHS,; II, disubstituted
internal olefins, RHC=CHR’; III, disubstituted ter-

(18) A detailed study of this phenomenon is underway ‘with J, T. Kurek
and the results will be reported shortly.
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minal olefins, R.:C==CH,; I'V, trisubstituted internal ole-
fins, R,C—=CHR; V, tetrasubstituted internal olefins,
R,C=CR;,. Unlessotherwise stated, all of the following
reactions were run under the above standard conditions.

Terminal Olefins, RCH=CH,.—The data for this
series of olefins is given in Table V. The reaction is
rapid and clean leading to a quantitative conversion to
aleohol. The olefins react within 15 min to give greater
than 909% of the Markovnikov alecohol. As has been
mentioned previously, the higher molecular weight
olefins react more rapidly when a less aqueous system is
used.

TaBLE V
OXYMERCURATION-DEMERCURATION OF TERMINAL OLEFINS,
RCH=CH,

Ty, T Yield,

Olefin sec  hr Product %°
1-Pentene 15 0.25 2-Pentancl 93
1.0 97

1-Hexene 45 0.25 2-Hexanol 94
1.0 95

1-Dodecene? 0.25 2-Dodecanol 91
1.0 91

1-Octadecene® 0.25 2-Octadecanol 86
1.0 93

3,3-Dimethyl-1-butene 120 0.25 3,3-Dimethyl-2-butanol 86
1.0 94

Styrene 30.0.25 1-Phenylethanol 91
1.0 90

e Glpc analysis. ® THF :H,0 = 2:1. ¢THF:H,0 = 3:1.

Oxymercuration is known to proceed in the Markov-
nikov sense, that is, by placing mercury on the carbon
atom which originally held the larger number of hy-
drogen atoms. The apparent homogeneity of the iso-
lated mercurials, coupled with chemical determination
of the positions occupied by ~OR and ~HgX, form the
original experimental basis for this observation. Re-
cently Kiefer and Waters have determined the nmr
spectra of a number of isolated mercurials and have
stated that the “methoxymercuration of all unsym-
metrical olefins (which they studied) took place cleanly
in the Markovnikov sense.”*®

We subjected the reaction mixtures obtained from 1-
hexene, 3,3-dimethyl-1-butene, and 2-methyl-1-butene
to careful glpe examination in order to determine quan-
titatively the purity of the Markovnikov alcohol formed
in the reaction.

The product from 1-hexene revealed the presence of
0.59, of 1-hexanol on oxymercuration under our stan-
dard conditions. This alcohol was identified by its re-
tention time. Addition of authentic 1-hexanol to the
reaction mixture caused an appropriate inerease in the
size of the peak of this minor component.

Examination of the reaction mixture from 3,3-di-
methyl-1-butene revealed a peak corresponding to 39
of the anti-Markovnikov aleohol produet. Isolation of
this material by preparative gas chromatography and
comparison of its ir and nmr spectra and glpe retention
time with those of an authentic sample identified it as
3,3-dimethyl-1-butanol.

There was less than 0.1%, 2-methyl-1-butanol in the
reaction mixture from 2-methyl-1-butene.

Thus the oxymercuration-demercuration reaction

(19) E. F. Kiefer and W, L. Waters, J. Amer. Chem. Soc., 87, 4401 (1965).
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provides an extremely simple and quantitative method
for Markovnikov hydration of monosubstituted olefins
to give almost exclusively the desired isomer.

An examination of the glpe trace of the reaction mix-
ture from oxymercuration of 3,3-dimethyl-1-butene
failed to reveal the presence of any 2,3-dimethyl-2-
butanol (<0.2%) which would be the product expected
if the intermediate secondary carbonium ion were to re-
arrange to the tertiary ion. This lack of rearrange-
ment is an important characteristic of the oxymercura-
tion reaction.!

Disubstituted Internal Olefins, RCH=CHR'.—The
vield of alcohols and percentage of 2-ols have been
tabulated in Table VI. Here again the yield of alcohol
from the various olefing is quantitative except for the
somewhat lower yields for the propenylbenzenes.

This series of olefins brings out several important as-
pects of the oxymercuration-demercuration reaction.
The first of these is that cis isomers react more rapidly
than the corresponding ¢rans olefins. This observation
is based on the disappearance of the yellow precipitate
(Ty). As partial confirmation of this is the observation
that the yield of alecohol from irans-4,4-dimethyl-2-
pentene is 529, after 6 hr, while the yield of alcohol
from the corresponding c¢s isomer has reached 959 in
4 hr. This phenomenon has been noted previously,?
and in one case its use in determining the configuration
of isomeric olefins has been suggested. 20

The second aspect of this reaction that is evident
from these data is the dramatic variation in rate of reac-
tion with increased branching in the olefin. Taft has
reported that the rate of hydration of olefins of the type
RC(CH;)=CH. varies only slightly as R is changed
from methyl (relative rate = 1.0) to ethyl (relative
rate = 1.25) to t-butyl (relative rate = 1.0).2! In con-
trast T varies by a factor of about 500 from methyl to
t-butyl in the oxymercuration of trans-RCH=CHCH;.
It thus appears that a rather large steric effect is oper-
able in the oxymercuration-demercuration reaction.
(The effect is smaller in the c¢is isomers.)

The distribution of the alcoholic OH group in the
product between the two olefinic carbon atoms of the
starting material also demonstrates the high suscepti-
bility of this reaction to steric factors. The incoming
OH group becomes attached preferentially to the least
hindered carbon atom. The large preference of the
OH group for the 2 position with increased inaccessibil-
ity of the 3 position is obvious from comparison of the
relative amounts of 2-o0l and 3-o0l in either the cis- or the
trans-4-substituted 2-pentenes (Table VI).

Herz and Gonzalez have recently reported that oxy-
mercuration-demercuration of 5a-cholest-2-ene gives a
30:70 mixture of 28- and 3a-cholestanols. 22

Epoxidation of several 5a-cholest-2-enes has resulted
in the formation of the a-epoxides, indicating that the
« side is the least hindered side for such reactions.?®

(20) (a) E. Biilmann, Chem. Ber., 85, 2571 (1902); (b) G. F. Wright,
J. Amer, Chem. Soc., 8T, 1993 (1935); (¢) W. H. Brown and G. F. Wright,
<bid., 62, 1991 (1940).

(21) R. W, Taft, ONR Report, 1960, p 6, as quoted in P.B.D. de la Mare
and R. Boulton, ‘‘Electrophilic Additions to Unsaturated Systems,” Elsevier
Publishing Co., New York, N. Y., 1966, p 26.

(22) J. E. Herz and E. Gonzalez, Ciencia (Mexico City), 26, 29 (1968);
Chem. Abstr., 69, 36347g (1968),

(23) (a) C. Djerassi, N. Finch, R. C. Cookson, and C. W, Bird, J. Amer.
Chem. Soc., 82, 5488 (1960); (b) J. F. McGhie, P. J. Palmer, and M. Rosen-
barger, Chem. I'nd. (London), 1221 (1959); (c) J. A, Zderic, M. E, C. Rivers,
and D. L. Liman, J. Amer. Chem. Soc., 83, 6373 (1960). '
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TasLe VI
DisusstiTuTED InTERNAL OLEFINS, RCH=CHR'’
Yield of ———TIsomers, Pp———
Olefin Registry no. T3, hr aleohol, %% 2-0l 3-0l¢
cis-2-Pentene 627-20-3 25 sec 0.25 93 64 36
trans-2-Pentene 646-04-8 50 sec 0.25 91 56 44
cis-4-Methyl-2-pentene 691-38-3 3 min 1.0 97 91 9
trans-4-Methyl-2-pentene 674-76-0 10 min 3.5 99 82 18
cis-4,4-Dimethyl-2-pentene 762-63-0 7 min 3.5 95 98 2
trans-4,4-Dimethyl-2-pentene 690-08-4 8 hr 16.0 91 95 5
cis-Propenylbenzene 166-90-5 45 min 24.0 77 88 12
trans-Propenylbenzene 873-66-5 5.5 hr 24.0 55 304 70
Cyclopentene 142-29-0 20 sec 1.0 91
Cyclohexene 110-83-8 55 sec 0.25 96
Cyclooctene 031-88-4 2 hr 3.0 88
¢ Total yield of both positional isomers. ® RCH,CHOHCH;. ¢RCHOHCH,CH;. 94 Value at 15 min, yield approximately 5%
The per cent 2-0l gradually approaches that of the cis isomer.
Tasre VII
DisussTiTuTED TERMINAL OLEFINS, R,C=CH,
Olefin Registry no. T1 T, hr Product Yield, %°®
2-Methyl-1-butene £63-46-2 10 sec 0.08 2-Methyl-1-butanol 90
1.0 92
2,4,4-Trimethyl-1-pentene 107-39-1 3 min 0.30 2,4,4-Trimethyl-2-pentanol 87
Methylenecyclohexane 1192-37-6 10 sec 0.08 1-Methyleyclohexanol 99
a-Methylstyrene 98-83-9 45 sec 0.17 2-Phenyl-2-propanol 95

¢ Glpc analysis.

Attack by the mercuric salt (or ion) on the least hin-
dered o side, followed by trans attack by water (diaxial
addition) on the more hindered g side, would lead to the
minor product. trans-Diaxial addition, initiated by
mercury attack from the more hindered side, would
give rise to the major product. Thus the produect is
apparently determined by the relative ease of attack by
water on the intermediate.

The susceptibility of the oxymercuration-demer-
curation reaction to steric factors is indicated by these
rather limited data.

Disubstituted Terminal Olefins, R,C=CH,.—These
olefins can be oxymercurated to give quantitative yields
of the corresponding tertiary alcohols in very short
reaction times (Table VII). As mentioned previously,
the reaction mixture from 2-methyl-1-butene was ex-
amined in order to determine the amount of anti-
Markovnikov addition, but no 2-methyl-1-butanol
could be detected.

Oxymercuration of 2,4,4-trimethyl-1-pentene ' pro-
ceeds smoothly to give an 879, yield of 2,4,4-trimethyl-
2-pentanol in 18 min. Longer reaction times have a
deleterious effect on the yield of alecohol. When the
reaction is allowed to proceed for 8 hr, the yield of al-
cohol drops to 259,. After 24 hr, the yield is only 19
(Figure 1). In contrast the yield of 2-methyl-2-bu-
tanol from 2-methyl-2-butene remains at about 93%
over a 24-hr period (Figure 1). Here again it appears
as if a highly branched substituent has a profound
effect on the course of the reaction.

Although the yield of aleohol in the case of 2,4,4-tri-
methyl-1-pentene is satisfactory, we have found that it
is difficult to reproduce the maximum yield. This is
primarily due to the sharp maximum and the hetero-
geneous nature of the initial stages of the reaction.
This causes the reaction to proceed somewhat faster in
some cases than in others, and makes it difficult to

establish exactly when the maximum yield of alcohol
has been attained.

In order to circumvent this difficulty, the reaction
was run using 20 ml of THF for every 10 mmol of
olefin (2:1 THF:H,0). The maximum yield obtain-
able under these conditions was 719%,. Inecreasing the
amount of water to 20 m1/10 mmeol of olefin (1:2 THF:
H.0) merely displaced the curve toward longer reaction
times. The maximum yield (879,) was the same but
the time required to obtain this maximum was slightly
longer (~20 min).

The reaction was also carried out at 0-3°, In this
case the yield of aleohol remained constant at the max-
imum (~879,) for a relatively long time (Figure 1).
It thus appears as if the problem of undesirable side
reactions (at least of the type observed here) for highly
substituted olefins can be circumvented by running the
reaction at somewhat lower temperatures.

Trisubstituted Internal Olefins, R,C—=CHR.—A wide
variation in reactivity is displayed by olefins in this
class, ranging from rapid and quantitative reaction for
2-methyl-1-butene to relative inertness for 1l-phenyl-
cyclopentene (Table VIII).

The behavior of 2-methyl-2-butene and 2,4,4-tri-
methyl-2-pentene is quite similar to that of the iso-
meric 1-olefins. The yield of 2-methyl-2-butanol from
2-methyl-2-butene reaches a maximum of 949, within
15 min and maintains this value for at least 24 hr
(Figure 2). The yield of alecohol from 2,4,4-trimethyl-
2-pentene reaches a maximum of about 709 in 0.5 hr
and then decreases rapidly to 389 in 8 hr and 49, in 24
hr (Figure 2). 'When this olefin was oxymercurated at
0°, the yield of alecohol increased to 869, and was
stable for several hours (Figure 2).

1-Phenyleyclopentene and l-phenyleyeclohexene are
unreactive under our reaction conditions. Thus at
the end of 4 hr the olefin is recovered unchanged.
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TasLe VIII
TRISUBSTITUTED INTERNAL OLEFINS, R,C=CHR
Olefin Registry no. T T, hr Product Yield, %%
2-Methyl-2-butene 513-35-9 20 sec 0.25 2-Methyl-2-butanol 94
2,4,4-Trimethyl-2-pentene 107-40-4 30 min 1.5 2,4,4-Trimethyl-2-pentanol 72 (86
1-Methylcyclopentene 693-89-0 20 sec 0.10 1-Methyleyclopentanol 93
1-Methyleyclohexene 591-49-1 10 sec 0.08 1-Methylcyclohexanol 100
1-Phenylcyclopentene 825-54-7 >4 hr 4.0 1-Phenyleyclopentanol 0
1-Phenylcyclohexene 771-98-2 >4 hr 4.0 1-Phenylcyclohexanol 0
¢ Glpc analysis. ® Reaction at 0°,
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Figure 1.—Comparison of the yield of alcohol in the oxymer-
curation of 2,4,4-trimethyl-1-pentene at room temperature, A,
and at 0°, O, with that of 2-methyl-1-butene, O.

When 1 mmol of mercuric acetate was allowed to react
with 10 mmol of 1-phenyleyclohexene for 8 hr (10 ml of
water, 10 ml of THF), the yellow color did not dis-
appear indicating that the reaction had proceeded less
than 109 in this length of time.

Tetrasubstituted Internal Olefins, R,C==CR,.—The
only olefin of this class which we studied was 2,3-di-
methyl-2-butene. Under our conditions 2,3-dimethyl-
2-butanol is obtained in 859, yield in 15 min. As with
the diisobutylenes previously discussed, the yield of
alcohol decreases rapidly with time. After 8 hr, only
5% of the aleohol remains (Figure 3). Reaction at 0°
slows the secondary reactions and increases the yield of
alcohol slightly in this case also (Figure 3).

Investigation of the reaction mixture at the end of 8
hr clarified the course of the secondary reactions. The
majority of the mercury was present as mercurous
acetate, which precipitated from solution during the
course of the reaction, and which was identified by
comparison of its decomposition point (~270°) and ir
spectra with that of an authentic sample of mereurous
acetate.

There was 45% of the olefin and 59 of the tertiary
alcohol. The products of oxidation were 2,3-dimethyl-
2,3-butanediol (189;) and 3,3-dimethyl-2-butanone

.found to be unreactive.

Figure 2.—Comparison of the oxymercuration of 2,4,4-tri-
methyl-2-pentene at room temperature, A, and at 0°, O, with that
of 2-methyl-2-butene, .

(17%). The latter compound was partially reduced
under the reaction conditions to 3,3-dimethyl-2-butanol.
The diol and the secondary alecohol were isolated and
identified by comparison of their retention times and ir
and nmr spectra with those of authentic compounds
and with published spectra.

The products indicate that oxidation takes place by
ionization of the tertiary mercurial to the tertiary
carbonium ion,?* which then rearranges to the ketone or
reacts with water to form the diol.

Conclusion

The oxymercuration-demercuration sequence has
been used to prepare the Markovnikov aleohol from a
wide variety of olefins. It involves a simple procedure,
easily applied. It appears to be of wide scope, applica-
ble to a large number of structural types. 1:Phenyl-
cyclopentene and -cyclohexene were the only olefins
High molecular weight olefins
react better in a less aqueous solvent, z.e., one in which
the proportion of THF has been increased. Highly
branched (e.g., diisobutylene-1 or -2) or highly sub-

(24) F.R.Jensenand R. J. Ouellette, J. Amer. Chem. Soc., 88, 363, 367
(1963).
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Figure 3.—Comparison of the oxymercuration of 2,3-dimethyl-2-
butene at room temperature, A, and at 0°, O.

stituted (e.g., tetramethylethylene) olefins are best run
at 0° to minimize side reactions.

SareL, KLug, AND TAUBE

Experimental Section

Materials.—All olefins used were commercially available and
were used as obtained unless glpc or index of refraction data
indicated inpurities.

Mercuric acetate (Mallinckrodt Chemical Works), mercuric
nitrate and mercuric oxide (J. T. Baker Chemical Co.), tri-
fluoro acetic acid (3M Co.), sodium borohydride (Metal Hydrides,
Inc.), and tetrahydrofuran (Fischer Scientific Co.) were used
without further purification. Mercuric trifluoroacetate was
prepared by a variation® of the method of Shearer and Wright.?

Oxymercuration Procedure.—The general procedure and
various modifications have been discussed in appropriate places
in the text.

Analysis.—The alcohol products were identified by comparison
of gas chromatographic retention times with those of authentic
samples of the alcohols. In several cases the products were
isolated and compared with the known alcohols. Quantitative
determinations were made by adding a suitable standard to the
reaction mixture after reduction by borohydride. Calculations
of yields were then made on the basis of relative thermal conduc-
tivities of standard and product as determined by integration of
peaks obtained from a solution of standard and authentic alcohol.
Analyses were carried out on either an F & M Model 300 chro-
matograph or a Perkin-Elmer Model 226 chromatograph.
Integrations were obtained by using either a disk chart integrator
or a Keuffel and Esser Co. planimeter.

Registry No.—1-Pentene, 109-67-1; 1-hexene, 592-
41-6; 1-dodecene, 112-41-4; 1l-octadecene, 112-88-9;
3,3-dimethyl-1-butene, 558-37-2; styrene, 100-42-5;
2,3-dimethyl-2-butene, 563-79-1.

(25) D. A, Bhearer and G. F, Wright, Can. J. Chem,, 88, 1002 (1955).

Factors Affecting Base-Induced Rearrangements of
a=-Chloro-¢,a-diphenylacetamides

S. 8arEy, J. T. Krue, AND Aviva TAUBE

Department of Pharmaceutical Chemistry, The Hebrew University School of Pharmacy, Jerusalem, Israel
Received September 9, 1969

Effects of substituents and conditions on product distribution in reactions of N-substituted «-chloro-a,a-di-
phenylacetamides (Ia-Ie) with sodium amide in liquid ammonia, with liquid ammonia, and with aqueous am-

monia are described.

to a product mixture consisting of two types of rearrangement products:
VIIb) and N-substituted a-amino amides (VIb-VIe), and (b) one displacement product (Va~Ve).

In liquid ammonia, in the presence or in the absence of sodium amide, the reaction leads

(a) substituted ureas (VIIa and
These results

are discussed in terms of a multistage process involving the intermediacy of a reactive a-lactam which under-
goes two modes of ring opening. Formation of corresponding oxindoles (IIT) from the reactions of I in aqueous

ammonia is also discussed.

Although a-chloro-a,a-diphenylacetanilide (Ie) was
known since 1912, a more systematic study of its
chemistry has been realized only in the last decade.
This development was induced by the endeavors aimed
at synthesizing 1,3,3-triphenylaziridinone (a-lactam,
IXec) from the reaction of Ic with strong bases.?

The reaction of Ic with sodium hydride in boiling
benzene? was shown to yield a mixture of oxindole
derivatives of structures IT (predominant),* III (minor),
and Ie¢ (in minute quantities).®? The formation of

(1) H. Klinger and G. Nickell, Justus Liebigs Ann. Chem., 890, 365 (1912),

(2) Endeavors aimed at synthesizing IXc from the reaction of Ie with
strong base were unfruitful: (a) I, Lengyel and J. C, Sheehan, Angew. Chem.,
Int. Bd. Engl., 7, 25 (1968); (b) J. C. Sheehan and J. H. Beeson, J. Amer,
Chem. Soc., 89, 366 (1967). (¢) However, H, E. Baumgarten, R, D. Clark,
L. 8, Endres, L. D. Hagemeier, and V. J, Elia [Tetrahedron Lett., 5033 (1967)]
have reported that *'1-t-butyl-3,3-diphenylaziridinone does not appear to be
appreciably less stable thermally than the monophenyl a-lactam, 1l-t-butyl-
3-phenylaziridinone [H. E. Baumgarten, et al.,, J. Amer. Chem. Soc., 85,
3803 (1963) ), although it is much more reactive chemically.”

(3) 8. Barel and H, Leader, 1bid., 82, 4752 (1960).

(4) 8. Barel, J. T. Klug, E. Breuer, and F. D'Angeli, Tetrahedron Leit.,
1553 (1964). :

‘Ol CGH5
<O CeH;
(CGH5>ZC NHCSHS
| NN
Cl )
Ic (CeH;),C—CONHCH;
II
CeH5 ()] CgH5
1}1 0 (CeHs)zc/"—:NCeHs IT 0
H IXc S,
Na,X=H v
b, X =0CH;

IXc as an intermediate was invoked to explain the
Ie— II conversion.*

(5) J. C. 8heehan and 8. W, Frankenfeld, J. Amer. Chem. Soc., 88, 4792
(1961).



