1- and 3-Homoadamantanols

(6) J. E. McCormick and R. S. McElhinney, J. Chem. Soc., Perkin
Trans. 1, 2795 (1972); D. N. Harpp and J. G. Gleason, unpublished
results.

(7) D. N.Harpp and D. K. Ash, Chem. Commun., 811 (1970).

(8) D.N.Harpp and B. A. Orwig, Tetrahedron Lett., 2691 (1970).

(9) D. H. R. Barton, G. Page, and D. A. Widdowson, Chem. Commun.,
1466 (1970); D. N. Harpp and B.'A. Orwig, unpublished results.

(10) D. N. Harpp and P. Mathiaparanam, J. Org. Chem., 37, 1367
(1972).
Investigation of the alkylation of the anion of ethyl acetoacetate
with alkyl halides suggests that increased SN2 activity of the alkyi-
ating agent is correlated with decreased O/C activity toward nu-
cleophilic substitution.'? This is in agreement with our observation
that when two keto sulfides (which give the same ketonic anion)
undergo desulfurization, ethy! keto sulfide 10 gives significant quan-
tities of enol ether while the benzylic homolog 7a does not.

(11

[
C:H,CCH(CH, SR
7a,R = CH,CH,
10a,R = CH,CH,

(12) W. J. LeNoble and J. E. Piorta, Tetrahedron Lett., 1087 (1866); W.
J. LeNoble and H. F. Morris, J. Org. Chem., 34, 1969 (1969).

(13) L. M. Long, J. Amer. Chem. Soc., 68, 2159 {1946).

(14) 1t should be noted that while ketone 20 was not observed as a
product in the reaction, thereby precluding significant benzyl mer-
captide formation by this route, benzyl mercaptide does react with
starting material 15 to give benzyl disulfide. This disuifide is known
to desulfurize with 4a to give benzyl sulfide.?

(15) (a) J. Michalski and J. Wieczorkowski, Bull. Acad. Pol. Sci., Cl. 3,
4279 (1956); Chem. Abstr., 51, 4266 (1957). (b) W. A. Sheppard,
J. Org. Chem., 26, 1460 (1961). (c) K. Pilgram and D. A, Phillips,
ibid., 30, 2388 (1965). (d) This pathway contrasts with our initial
mechanism (vide supra) as well as that of Borowitz'%¢ on an analo-
gous substrate. (e) I. J. Borowitz and R. Virkhaus, J. Amer. Chem.
Soc., 85,2183 (1963).

(16) (a) K. Schlogl, F. Wessely, and H. Woidich, Monatsh. Chem., 87,
425 (1956); (b) A. Ghavveau and R. Mathis-Noel, Ann. Fac. Sci.
Univ. Toulouse Sci. Math. Sci. Phys., 25, 147 (1961); Chem.
Abstr., 60, 11885h (1961); (c)} C. Berse and G. Dupuis, Can. J.
Chem., 47,2174 (1965).

J. Org. Chem., Vol. 39, No. 5, 1974 651

(17) (a) J. B. Conant and G. W. Wheland, J. Amer. Chem. Soc., 54,
1212 (1932); (b) W. K. McEwan, ibid., 58, 1124 (1936); (c) R. G.
Pearson and R. L. Dillon, ibid., 75, 2439 (1953); (d) A. Streitweiser
Jr., W. C. Langworthy, and J. |. Bravman, ibid., 85, 1761 (1963).

(18) For the analogous reactions of a-chloroacetophenone and ethyl
chloroacetate with potassium iodide in acetone, exchange is about
eight time more rapid for the former.'®

(19) J. B. Conant, W. R. Kirner, and R. F. Hussey, J. Amer. Chem.
Soc., 47, 488 (1925).

(20) A. W. Hofmann, Ann. Chem. Pharm., Suppl. I, 53 (1861).

(21) A. W. Hofmann, Ber., 3, 766 (1870).

(22) Gas chromatographic analyses (vpc) were performed onan F & M
Model §750 research chromatograph equipped with a Perkin-Elmer
Model 194B printing integrator. Two 6 ft X 0.125 in. stainless steel
column were used: 10% silicon gum rubber UC-W98 on Diaport S
(80-100 mesh) and SE-30 ultraphase (10% by weight) on Chromo-
sorb W AW/DMCS 80-100 mesh. Thin layer chromatographic anal-
yses were performed on Eastman chromatogram sheets 6060 [sili-
ca gel with fluorescent indicator on poly(ethylene terephthalate)
support; polyvinyl alcoho! binder]. Solvent systems used are indi-
cated in the text.-Common intermediates were obtained from com-
mercial sources and were purified as necessary. Melting points
were obtained on a Gallenkamp apparatus and are uncorrected. in-
frared spectra were recorded on a Perkin-Elmer Model 257 grating
infrared spectrophotometer. Spectra were calibrated with 3027- and
1601-cm™"' bands of a polystyrene fiim reference. Refractive in-
dices were measured on a Carl Zeiss 38341 refractometer at room
temperature. Nuclear magnetic resonance (nmr) spectra were re-
corded on a Varian Associates T-60 spectrophotometer. All data
are given in parts per million relative to TMS (used as an internal
standard). Mass spectra were recorded on an AE1-MS-902 mass
spectrometer equipped with a direct insertion probe.

(23) (a) S. Miyano and Y. Sako, Chem. Pharm. Bull., 13, 1372 (1965);
(b) F. Klingemann, Justus Liebigs Ann. Chem., 275, 50 {1893); (¢)
H. Fiesselmann and J. Ribka, Chem. Ber.. 89, 27 (1956); (d) E. J.
Cragoe, Jr., A. M. Pietruszkiewicz, and C. M. Rbb, J. Org. Chem.,
23, 1971 (1958).

) V. Meyer and L. Oelkers, Ber., 21, 1297 (1888).

(25) S. 1. Miller, J. Amer. Chem. Soc.. 78, 6091 (1956).

) R. Adams, J. W. Kem, and R. L. Schringer, "Organic Syntheses,"

Collect. Vol. I; H. Gilman and A. H. Blatt, Ed., Wiley, New York, N.

Y., 1964, p 101.

Sulfuric Acid Catalyzed Rearrangements of 1- and 3-Homoadamantanols

Jelena Janjatovi¢, Danko Skare, and Zdenko Majerski*

Rudjer Boskovit Institute, 41001 Zagreb, Yugoslavia
Recetved July 5, 1973

Both 1- and 3-homoadamantanol yield homoadamantane, 1- and 2-methyladamantane, and 1-adamantylcar-
binol in the reactions with 75% sulfuric acid (70°). The mechanism very likely involves formation of the 1- and
3-homoadamantyl cations, followed by hydride transfers and rearrangements of the resulting classical homo-
adamantyl cations into the corresponding bridged cations. A simple, good-yield preparation of 1-homoadamantan-

ol is described.

Reactions with sulfuric acid leading to adamantane de-
rivatives attracted considerable attention in the last few
years.1-® endo-2,6-Trimethylene-exo-2-norbornanol in sul-
furic acid was reported to rearrange smoothly into 1-ada-
mantanol,? bicyclo[3.3.1]nonane-2,7-diol into 2-oxaada-
mantane,? while 3-hydroxymethylbicyclo[3.3.1lnonan-7-o0l
produced a mixture of 2-adamantanol, di(2-adamantyl) eth-
er, and adamantane.? 2-Hydroxy-2-methyladamantane in
98% sulfuric acid gave various mixtures of methyladaman-
tanones or methyladamantanes and hydroxymethylada-
mantanes depending on the temperature.* Synthetically
useful reactions are also encountered. Treatment of delta-
cyclane with sulfuric acid gave either 1- or 2-noradaman-
tanol or noradamantane, depending on conditions.5 The
reaction of adamantane or 1-adamantanol with 96% sulfu-
ric acid (80°) resulted in a 50% yield of adamantanone,5&
providing a very convenient method for the functionaliza-
tion of the methylene position of adamantane. Both ada-
mantanone oxime? and lactone 4-oxahomoadamantan-5-
oned with sulfuric acid were reported to give fair yields of
4-hydroxyadamantan-2-one.®

The reaction of adamantanols with sulfuric acid were
extensively investigated by Geluk and Schlatmann.® 2-
Adamantanol was shown to rearrange to l-adamantanol
(>98%) at 28° in concentrated sulfuric acid.52-1° An equi-
librium mixture containing small amounts of 2-adamanta-
nol was rapidly achieved from either direction. However,
with 70% HzSO4 (90°) a mixture of 1,4-adamantanediol,
adamantane, 1-hydroxy-4-adamantanone, and adamanta-
none was obtained.f® 1-Adamantanol, under essentially
the same conditions, disproportionated into 1,3-adaman-
tanediol and adamantane.®® The mechanism of these
reactions appears to involve an intermolecular hydride
transfer of a bridgehead hydrogen from one molecule of
the starting alcohol to an adamantyl cation which is gen-
erated from another molecule of the alcohol and is trans-
formed into adamantane.1!

An analogous mechanism would be reasonably expected
to operate in reactions of homoadamantyl alcohols with
sulfuric acid. However, the 3- and 4-homoadamanty! cat-
ions, if formed, could rearrange into the corresponding
nonclassical cations, which may lead to adamantane de-
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rivatives. Such cations were reported to be involved as the
intermediates in the acetolysis of chiral 1-adamantylcar-
binyl-1’-d toxylate!? and the AlBrs-catalyzed rearrange-
ment of homoadamantene.!®> Consequently, the product
distribution in the sulfuric acid reaction of homoada-
mantyl alcohols should depend on the relative rates of the
disproportionation reactions vs. the rearrangements of ho-
moadamanty] cations.

We wished to compare the reactions of bridgehead ada-
mantanol and homoadamantanols with sulfuric acid under
essentially the same conditions. 3-Homoadamantanol (2)
can easily be prepared,l¢ but a convenient synthesis® of
1-homoadamantanol (1) has not been reported according
to our knowledge. As the starting material we chose readi-
ly available 1-hydroxy-4-adamantanone (9).5¢ Diazo-
methane homologation of 9 gave 1-hydroxy-4-homoada-
mantanone (10) in a 69% yield (Scheme I). However, the
Clemmensen and the Wolff-Kishner reductions failed to
give 1 in satisfactory yields. 1-Homoadamantanol (1) was
obtained in a 67% overall yield from 10 by Raney nickel
desulfurization of the corresponding ethylene thioketal

(11).18
Scheme 1
. (CH SH)2
CHZNZ BF3 Etzo
CH, OH 2. HZ/NI
(69% (87%)

1-Homoadamantanol (1) or 3-homoadamantanol (2) was
stirred vigorously in 75% sulfuric acid at 70° for 3 hr. In
definite time intervals small samples were taken out from
the reaction mixture and analyzed by glc. The final prod-
uct distributions from 1 and 2 were quite similar (Scheme
II).

Scheme 11
3 309%° £ 50 o
75/0 H,S0, 30%° 5‘7:
70" 3 hr
@ @ % “CH,0H
5 89° 6 40%°
7%° 50%b

@'The main products of 1.17 ® The main products of 2.17 An
amount of polymer was also formed. The relative amounts of ho-
moadamantane (3), 2-methyladamantane (4), and 1-methylada-
mantane (5) were found to increase with time at the expense of
l-adamantylcarbinol (6).

The methyladamantanes (4 and 5) were identified by
gle using the internal standards; homoadamantane (3)
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and 1l-adamantylcarbinol (6) were isolated by preparative
glc and identified by comparison of their *H nmr, ir, and
mass spectra with those of the authentic samples. Ho-
moadamantane (3) and the methyladamantanes (4 and 5)
were proved to be stable under the above conditions. 1-
Adamantylcarbinol (6) was found to be the only alcohol
present in both reaction mixtures on quenching the reac-
tion after 10 min. Upon treatment of 6 with HoSO4 under
the same conditions as used for 1 and 2 the following final
product distribution was obtained: 3, 23%; 4, 3%; 5, 8%;
and unreacted 6, 45%.17

Isomerization of 1 and 2 into 6 is not surprising. The
homoadamantyl skeleton is known to be about 10 kcal/
mo! more strained than the adamantyl skeletonl® and,
therefore, 6 should be thermodynamically more stable
than 1 and 2. This is in accord with complete isomeriza-
tion of 3-homoadamantyl acetate into 1-adamantylcarbin-
yl acetate in acetic acid containing p-toluenesulfonic
acid.14 However, under kinetically controlled conditions
homoadamantyl products may be favored. Hydrolysis of
l-adamantylcarbinyl tosylate in aqueous diglyme in the
presence of sodium carbonate produced virtually quanti-
tatively 3-homoadamantanol.}* The mechanism of the
isomerization of 1 and 2 into 6 very likely involves the ini-
tial formation of the 1- and 3-homoadamantyl cations
(Scheme III). This is probably followed by hydride transfers
resulting in the isomerization of the 1 and 3 cations into
each other and into the 2-, 4-, and 9-homoadamantyl cat-
ions. The 1,2-intramolecular hydride transfers are highly
improbable to occur on the homoadamantyl skeleton.l®
As in the case of the adamantyl nucleus?? the relationship
between the vacant p orbital and the migrating hydride is
very unfavorable.

Total amounts of the hydrocarbons 3-5 are quite .high
regardless of the starting alcohol. Homoadamantane (3)
can be formed from any homoadamantyl cation by a hy-
drogen abstraction from the products, polymer, or the
starting alcohol. 1-Adamantylcarbinol (6), 1-methylada-
mantane (5), and 2-methyladamantane (4) could be formed
either from the bridged homoadamantyl cations2-1¢ 8 and
7 or from the primary 1- and 2-adamantylcarbinyl cations.
Since simple primary carbonium ions appear to be ener-
getically inaccessible under usual reaction conditions,2.2
we suggest the nonclassical homoadamantyl cations 7 and
8 as the more plausible intermediates (Scheme I1I).22

Under essentially the same conditions 1- and 2-adaman-
tanol are known to disproportionate quite easily.62 How-
ever, 1- and 3-homoadamantanol produced neither ho-
moadamantanediols nor homoadamantanones in apprecia-
ble quantities. Therefore, the isomerization of the ho-
moadamantyl cations leading to the adamantyl deriva-
tives seems either to be considerably faster than the dis-
proportionation reactions or the disproportionation prod-
ucts are highly unstable. These products, if formed, would
generate again the homoadamantyl cations. The bridged
3- and 4-homoadamantyl cations appear to be favored
over the corresponding classical cations under the used
reaction conditions. However, the 3-homoadamantyl cat-
ion obtained in superacid solutions at —78° is stable and
does not rearrange.23 Both 1H and 13C nmr spectroscopic
studies indicate the classical nature of this cation. There-
fore, the equilibrium between the classical and the non-
classical 3-homoadamantyl cation should depend strongly
upon the reaction conditions. A similar dependence would
be expected for the 4-homoadamantyl cation.

Experimental Section

Melting points were determined in sealed capillary tubes using
a Thiele apparatus. Infrared spectra were recorded on a Perkin-
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Scheme III

HO

—
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2

Elmer M-257 spectrophotometer, !H nmr spectra on a Varian
A-60A spectrometer, and mass spectra on a Varian CH-7 mass
spectrometer. Purity of compounds was controlled by a Varian
Aerograph M-1800 gas chromatograph.

Authentic samples of 1-methyladamantane,248 2-methylada-
mantane,24® 3-homoadamantanol,’* and 1l-adamantylcarbinoll4
were prepared according to the published procedures. Homoada-
mantane was obtained by catalytic reduction of homoadaman-
tene.13

1-Hydroxy-4-homoadamantanone (10).25> To a stirred mix-
ture of 1-hydroxy-4-adamantanone® (16.6.g, 0.1 mol), KOH (60.0
g, 1.07 mol), water (25 ml), and CH30H (150 ml), a solution of
“Diazald” (45.0 g, 0.21 mol) in CH3OH (360 ml) was added drop-
wise at 0° over a period of 4.5 hr. Stirring was continued over-
night at room temperature. The resulting white-gray suspension
was evaporated to dryness in vacuo, ether (350 ml) and water
(250 ml) were added, the layers were separated, and the aqueous
one was extracted with ether (7 X 100 ml). Combinéd ether ex-
tracts were dried over MgSQO4. The solvent was evaporated to
yield 12.4 g (68%) of 10 (296% pure by glc): mp 263-265°; ir
(KBr) 3400, 2920, 1690 cm~?1; mass spectrum m/e (rel intensity)
180 (M+, 52), 162 (25), 95 (100); tosylhydrazone, mp 156-158°; ir
(KBr) 3420, 3230, 2910, 1330, 1170 cm -1,

1-Hydroxy-4-homoadamantanone Ethylene Thioketal (11).2¢
To a solution of 10 (3.6 g, 0.02 mol) in ethanedithiol (3 ml) stirred
at 0° was added boron trifluoride etherate (1.5 ml). The reaction
flask was immediately taken out from the cooling bath and left to
stand for about 10 min at room temperature with occasional
shaking. Methanol (2-3 ml) was added and the reaction mixture
was left overnight in a refrigerator. The precipitate was filtered
by suction, washed with cold CH3OH, and dried: yield 3.9 g
(78%); mp 105-107° (recrystallized from CH3OH); ir (KBr) 3260,
2020, 1445, 1095, 1040 cm~1; mass spectrum m/e (rel intensity)
256 (M +, 100), 196 (77), 105 (43), 95 (43).

1-Homoadamantanol (1). To a solution of 11 (2.7 g, 0.01 mol)
in absolute ethanol (60 ml) was added 24 g of Raney nickel (W-2).
The mixture was stirred and refluxed for 18 hr. Separated nickel
was filtered off and washed with absolute ethanol. The filtrate
was concentrated to a small volume, diluted with water (300 ml),
and extracted with ether (4 X 80 ml). The extracts were dried
and the solvent was evaporated to yield 1.5 g (86%) of 1-ho-
moadamantanol (=98% pure by glc): mp 266-268° (lit.}® mp
269-270°); ir (KBr) 3300, 2920, 1450, 1080, 1040, 880 cm=~1; mass
spectrum m /e (rel intensity) 166 (M+, 33), 95 (100).

Reaction of 1- and 3-Homoadamantanol and 1-Adamantyl-
carbinol with 75% Sulfuric Acid. General Procedure. A solution
of the corresponding alcohol in 75% HzS04 (0.332 g, 0.002 mol in
2.4 ml) was stirred vigorously at 70° for 3 hr. The reaction mix-

CH,

CH,0H

CH,
8 5

ture was shaken occasionally to introduce sublimed hydrocarbons
into the solution. In definite time intervals small samples of the
reaction mixture were taken out, poured onto plenty of crushed
ice, and extracted with ether. The extracts were dried over anhy-
drous K2CO3 and analyzed by glc (SE-30, 90°). After 3 hr the re-
maining reaction mixture was worked up as described above. The
solvent was evaporated to give 0.169 g of the crude product mix-
ture. The main products (3 and 6) were isolated by preparative
gle (SE-30, 135°) and identified by comparison of their 1H nmr,
ir, and mass spectra with those of authentic samples. The methyl-
adamantanes (4 and 5) were identified by glc (SE-30, 90° and
FFAP, 100°) using the internal standards. Ir spectra of the crude
product mixture showed a very weak absorption corresponding to
a carbonyl group (~1700 cm~—1); glc analyses indicated no pres-
ence of a diol.

A sample of 3, 4, and 5 was treated with 75% H2SO4 under the
same conditions as used in the reactions of 1 and 2. The glc anal-
yses indicated no reaction.
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Phenylalanine, tyrosine, valine, leucine, and isoleucine have been converted to their N-(a-methylcinnamoyl)
derivatives (8). Azlactonization followed by bromine oxidation gave the corresponding unsaturated azlactones
(7). The configuration about the newly formed double bond was established by nmr correlations, the Z configu-
ration being predominant. The mechanism of the double dehydrobromination steps is discussed.

The Bergmann reaction,? in which an N-(a-haloacyl)-
amino acid (1) is converted by an acetic anhydride-pyri-
dine mixture into a pseudo-azlactone (3), has been known
for many years. Several workers? have shown that an
equilibrium between 3 and the “unsaturated” azlactone 4
can be established and that the position of this equilibri-

R,CHX

|
NHCOCHR, __ N

R,CH,CHCOOH
1

RCH, ©
3 4

um is determined by the structures of R; and Ro and the
conditions2¢:3 under which the reaction is carried out. Our
recent communication? outlined a procedure making use
of an extension of the Bergmann reaction to produce
“dehydro” amino acid derivatives without the necessity
for equilibration. Treatment of an N-«,8-dibromoacylami-
no acid (5) in acetic anhydride at room temperature gave,
presumably, the saturated azlactone 6 which was doubly
dehydrobrominated upon the addition of pyridine to give
the unsaturated azlactone 7. It is the purpose of this
paper to describe this work more completely.

Our initial experiments were carried out on the N-(pL-
erythro-2,3-dibromo-2-methylbutanoyl)-L-phenylalanine
(5a), which was prepared by a Schotten-Baumann acyla-
tion of L-phenylalanine with the dibromoacyl chloride.
The derivative, 5a, was, surprisingly, a sharply melting
crystalline solid, even though it was necessarily a mixture
of diastereomers. We chose this acyl group because it was

readily obtained by bromination of commercially available
tiglic acid and we envisioned a necessity for the a-methyl
group (Rz = CHj) to prevent a possible dehydrobromina-
tion of the 2-dibromoalkyl group in 6 since this would, of
course, disallow the formation of 7. A 93% yield® of crys-

Br Br i I|3r 1|3”
NHCOCI-—(LHR, RC—CHR,
— —
Rs N70 -
R,CHCHCOOH
5 RRCH © J
6
R, R,
N
R, 0
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7
R, R, R, R,
a CH, H CH, CH,
b CH, H CH, CH,
¢ p-AcOCH, H CH, C.H,
d CH;; CH.‘K CH,’! C(SHB
e CH, CH,CH, CH, C.H,
f (CH),CH H CH, CH,
g CH, H H CH,
h CH, CH, H CH,

talline 7a was isolated when 5a was dissolved in acetic an-
hydride and treated with somewhat more than 2 molar
equiv of pyridine. In order to confirm the structure of 7a,
it was prepared by Erlenmeyeré condensation of benzalde-



