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deactivates the system to the extent that  the alkoxy- 
aluminate does not react, and merely serves to sterically 
block attack on that side of the epoxide. This observation 
is consistent with Fried's results? where he found that 
blocking the primary alcohol of 4 with a bulky ether group 
led to a ratio of about 1:3 also favoring the wrong isomer 
6. 

In summary, we have found that superficially innocuous 
changes in the amount of "excess"ll reagent used to pre- 
pare alkynylalanes for epoxide-opening reactions can lead 
to great changes in the resulting regioselectivity, even to 
the extent of reversing the isomer ratios. As a consequence, 
the substitution of an alanate for the usual alane reagent 
can sometimes be useful in achieving desired regioselec- 
tivity. Our data on the opening of epoxides 4 and 7 are 
tabulated in Table I. It has been ow experience in general 
that the regioseledivity of these reactions is often governed 
by effecta more subtle than one might anticipate from the 
literature; this should be considered by those who want 
t o  use these reactions ~ynthetica1ly.l~ 

Exper imenta l  Section 
The Alanate Opening of Epoxide 4. To a solution of 2.275 

g (12.5 mmol, 8 equiv) of octyne ether la in 10 mL of dry toluene, 
stirred under argon at 0 "C, was added 8.06 mL of 1.55 M n- 
butyllithium (12.5 mmol, 8 equiv) dropwise via syringe. After 
15 min, 6.25 mL of 1.0 M DMCA (6.25 mmol, 4 equiv) was added 
dropwise via syringe, and the stirring was continued at 0 "C for 
50 min more. Epoxide 4 (225 mg, 1.56 mmol) was then added 
as a solution in 2-3 mL of toluene, dropwise via syringe. The 
reaction was allowed to warm to room temperature overnight and 
was then heated in a 60 "C oil bath for 4 h. After careful 
quenching (saturated sodium sulfate at 0 "C), the mixture was 
added to 100 mL of water and 100 mL of ether and was filtered 
through a Celite pad to clarify. The water layer was separated 
and extracted with two 50-mL portions of ether. The combined 
ether layers were dried over molecular sieves and concentrated 
in vacuo. The ratio of the two isomers 5/6 was determined to 
be k4.4 by HPLC (1:l acetone/hexane as solvent). The structures 
were verified by NMR as in ref 12. The two isomers were very 
difficult to separate chromatographically and were normally 
carried on as a mixture for synthetic purposes. 

The Alanate Opening of Epoxide 7. To a solution of 2.609 
g (14.3 mmol, 3 equiv) of octyne ether la in 10 mL of dry toluene, 
stirred under argon at 0 O C ,  was added 9.21 mL of 1.55 M n- 
butyllithium (14.3 mmol, 3 equiv), dropwise via syringe. After 
the mixture was stirred 15 min, 7.13 mL of 1.0 M DMCA (7.13 
mmol, 1.5 equiv) was added dropwise via syringe. After the 
mixture was stirred 50 min more, a solution of epoxide 7 (0.8 g, 
4.76 mmol) in 10 mL of dry toluene was added dropwise via 
syringe. The ice bath was removed, and the mixture was warmed 
to 80 O C  and stirred for 8 h. After cooling to room temperature, 
the mixture was worked up as described in the example above. 
By HPLC (7:3 hexane/ethyl acetate solvent), the ratio of isomers 
8/9 was 3.351. To further verify the structural assignments and 
ratio, the crude product was hydrolyzed to a mixture of the 
corresponding ketones with acetonitrile/sulfuric acid/water (12 
h at 25 " C ) ,  as described in ref 6b. The isomers were then sep- 
arated by flash chromatography to afford the ketones corre- 
sponding to 8 and 9, 809 and 258 mg, respectively. The total, 
chromatographed yield of the two isomers, overall for the two 
steps, was 74%. 
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1.7:l for isomers 8/9, a value midway between the alane and the alanate 
results in Table I. 
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There is current interest in the tetrahydropyran and 
dihydropyran nuclei as they occur in a number of natural 
products which have received recent attention2 The 
major route to hydropyrans has been the carbon-oxygen 
bond-forming cyclization of 1,5-diols and closely related 
structures or difunctional compounds prepared from 1,5- 
diols.3 We wish to report a facile and selective synthetic 
route to substituted octahydro-2H-1-benzopyrans and 
4a,5,6,7,8,8a-hexahydro-W-l-benzopyrans via a Lewis acid 
promoted carbon-carbon bond-forming cyclization of 
acetals derived from 2-vinyl- and 2-ethynylcyclohexano1 
and the acetal-forming reagents ethyl vinyl ether and 
MEM chloride. The syntheses described herein with our 
earlier work4 should have general applicability for entry 
into the tetrhydropyran and 5,6-dihydro-2H-pyran sub- 
units. Additionally, the product distributions and struc- 
tures for the ethyl vinyl ether based acetals of the two trans 
cyclohexanols give substantial insight into the cyclization 
pathway. 

Results a n d  Discussion 
The ethyl vinyl ether and MEM acetals of trans-2-vinyl- 

and trans-2-ethynylcyclohexanol are formed readily by 
well-known  method^.^ The acetals derived from ethyl 
vinyl ether are isolated as an approximately equal (5050 
f 5 )  mixture of diastereomers. Cyclization of the unsat- 
urated acetals is effected in a straightforward fashion by 
adding the substrate to a methylene chloride solution of 
titanium tetrachloride. The ethynyl-acetal cyclizations 
are optimal a t  -63 O C ;  the vinyl-acetals give excellent 
yields a t  -45 "C. Products and yields are listed in Chart 
I. 

A noteworthy feature of the cyclizations is that  the 
diastereomeric mixture of the ethyl vinyl ether-acetal of 
trans-2-vinylcyclohexanol leads essentially (97 % ) to only 
one of four possible stereoisomeric products. Likewise, the 
diastereomeric mixture of the trans-2-ethynylcyclohexanol 
ethyl vinyl ether acetal leads to only one (98%) of two 
possible diastereomeric products. The structures of these 
products as determined by NMR are shown in Chart I. 
For both stereoisomeric products the 2-methyl groups in 
the 13C NMR spectra are at  ca. 22 ppm (relative to Me&). 
From the work of Eliel e t  a1.6 and Kleinpeter et  al.,7 this 
establishes the positions of the methyl groups as equatorial, 
consistent with the large conformational energy for a 2- 
methyl substituent of ca. 2.9 kcal/mol.'j The chloride 
substituent in the saturated product is also equatorial as 
indicated by the splitting pattern of the axial 4-hydrogen 
(3.0 ppm, Ja-a - 10 Hz, Ja-e - 3.5 Hz). This equatorial 
preference for chloride is surprising given its conforma- 
tional energy in tetrahydropyrans of ca. 0.3 kcal/mo16 and 
when compared with observations of mixed axial-equa- 
torial attachments in cyclohexane ~ h e m i s t r y . ~ , ~  This 
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Chart I. Summary of Acetal Cyclization Reactions 
ACETAL PRM)UCT 

(yield) 

Notes 

-a +I*,, 

(95) 

U 

strong equatorial preference suggests that a free 4- 
carbocation is not involved in product formation and that 
the Lewis acid may play a significant role in delivering the 
halogen to the developing 4-carbocationic center.8,10 The 
chloride in 4-chlorooctahydro-2H-1-benzopyran is also 
equatorial (98 % ). 

The observation that the mixture of the ethyl vinyl 
ether-acetal diastereomers for each cyclohexanol leads to 
a single product strongly supports the anticipated cycli- 
zation pathway which involves a common, relatively free 
trigonal oxocarbocationic intermediate as illustrated in eq 
1. The equatorial preference of the methyl substituent 
is explicable in terms of minimizing 1,3-diaxial interactions 
in the cationic intermediate. 

(1) This work was previously presented in part: 'Book of Abstracta"; 
188th National Meeting of the American Chemical Society, Philadelphia, 
Aug 1984; American Chemical Society: Washington, DC, 1984; ORGN 
197. 
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to 4-halo-3-alkyltetrahydropyrans. 

w- 
&Me 

X- 
H 

H 

TICI, &LA Me - 
-EIOH 

The synthetic facility and selectivity of these acetal 
cyclizations to products with halogen and olefin func- 
tionalities for further structural elaboration should have 
a generality that will be useful in achieving more elaborate 
synthetic goals. 

Experimental Section 
General Methods and Materials. 'H NMR spectra were 

measured at 360 and 80 MHz on Nicolet NTC 360 and Varian 
FT-80A spectrometers; 13C NMR spectra were run with the FT- 
80A spectrometer. 

Ethyl vinyl ether, MEM chloride, and TiC1, (99.9%) were 
purchased from Aldrich and used without further purification. 
Measured quantities of Tiel4 were transferred into smaller am- 
pules in a drybox. For bach reaction the empules were opened 
in the atmosphere, and the TiC1, was rapidly added into CHzCIP 
in the reaction flask. Thus, atmospheric moisture was not vig- 
orously excluded from the cyclizationed reactions. Methylene 
chloride was distilled from P208 prior to use. trans-2-Ethynyl- 
cyclohexanol was prepared by the method of Hanack, Kungmann, 
and Schumaher;" trans-2-vinylcyclohexanol was prepared by the 
method of Crandall, Arrington, and Hen.12 

Analytical GLC analysis was done with Hewlett-Packard 
Models 5710A and 5790A FID chromatbgr~phs. The columns wed 
were a 10 f t  X l / g  in. 10% Carbowax 20M and a 30-m methyl 
silicone capillary. Preparative separations were done on a Hew- 
lett-Packard 5750 instrument equipped with a 10 f t  X 1/4 in. 20% 
Carbowax column. Yields were detetmined by the internal 
standard technique and corrected for response.fa~tors.~ 

Typical Synthetic Procedure. A 250-mL three-necked 
round-bottomed flask was charged with CHZClz (100 mL) and 
Tic& (ca. 15 mmol). The acetals (neat) (10 mmol) were added 
dropwise via syringe in a solution of Lewis acid cooled to the 
appropriate temperature (-63 "C for the ethynyl-acetals, -45 "C 
for the vinyl-acetals). The reactions were allowed to proceed for 
15 min, after which they were quenched with methanol (5 mL) 
followed by 3 N hydrochloric acid. Products were isolated into 
an organic phase by extraction with ether. Samples for spectra 
studies were isolated by preparative GLC. 
4-Chloro-2-methyloctahydro-2H-l-benzopyran: 13C NMR 

(CDClS/Me4Si) 6 22.0 (CH,), 25.6, 25.8, 28.8, and 32.9 (CH,), 45.6 

4-Chlorooctahydro-2H-1-benzopyran: I3C NMR (CDCI,/ 
Me4Si) 6 25.4, 25.9, 29.0,33.1, and 38.5 (CH,), 51.4 (Cl0), 62.9 (C4), 

4-Chloro-2-methyl-4a,5,6,7,8,8a- hexahydro-2H - l-benzo- 
pyran: 13C NMR (CDC13/Me4,Si) 6 21.5 (CH3) 25.5, 26.3, 28.3, 
and 32.5 (CH,), 46.5 (Clo), 71.9 (C,), 80.4 (C9), 129.2 (C3), 134.6 

4-Chloro-4a,5,6,7,8,8a-hexahydro-2H-l-benzopyran: 13C 
NMR (CDCI,/Me4Si) 6 25.2, 26.9,28.1, and 32.2 (CH,), 46.2 (Clo), 
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Several synthetically exploitable oxidations using solid 
permanganate systems have been recently reported. Ex- 
amples include zinc permanganate on silica gel (tetra- 
hydropyran to  valerolactone, 69 % ),' potassium per- 
manganate on molecular sieves (benzyl alcohol to benz- 
aldehyde, 80%),, solid potassium permanganate with ul- 
trasonication (1-octanol to octanoic acid, 81 %),3 potassium 
permanganate on bentonite (1-octen-3-01 to l-octen-&one, 
92%),, and crystalline sodium permanganate (5a- 
androstan-17P-01 to 5a-androstan-17-one, 84%).5 Easy 
workup ranks as the most valuable feature of such oxi- 
dations; a satisfactory state of purity is often achieved by 
mere filtration of solids and removal of solvent. The 
heterogeneous oxidations also manifest a selectivity not 
present with corresponding solution systems. Whereas 
olefins, for example, are inert toward solid Permanganate," 
carbon-carbon double bonds oxidize almost instantly in 
aqueous ~ e r m a n g a n a t e . ~  

We report here an interesting reactivity difference be- 
tween solid potassium permanganate (KMnO,) and solid 
potassium manganate (K2Mn04) in the oxidative coupling 
of phenols.8 Thus, KMn0,  oxidation of 2,6-dimethyl- 
phenol, 2,6-diisopropylphenol, and 2,6-di-tert-butylphenol 
(12 mmol phenol, 48 nimol KMnO,, 25 mL CHC13, 51 "C, 
1.5 h) gave the corresponding diphenoquinone in >90% 
yield. This far exceeds the yields listed for other tran- 

OH R R 

d R 

sition-metal compounds (e.g., Ag", 32%; Cu" + S202-, 
47%; MnO,, 53%).9 When K,MnO, was used instead of 
KMnO,, but with the reaction conditions kept otherwise 
constant, the product is exclusively poly(2,6-dialkyl-1,4- 
phenylene oxide).1° Addition of pulverized KOH (12 

OH R 

mmol) to the KMnO, system also gave the polyphenylene 
oxide (85%) along with the diphenoquinone (15%). This 
behavior resembles that found by Tsuruya et  al." in the 
oxidation of 2,6-dimethylphenol by KOH/CuCl,; C-0 
coupling increases a t  the expense of C-C coupling as the 
KOH/CuCl, ratio is elevated. 

The high efficiency of diphenoquinone formation with 
solid KMn0, suggested a possible application in the in- 
tramolecular oxidative coupling of diphenolic substrates. 
Although this is an important process in the biosynthesis 
of natural products, attempts to emulate the biological 
reaction in the laboratory have been often troubled by low 
yields.', To  test the efficacy of the solid KMnO, method 
in intramolecular systems, we synthesized (2-hydroxy- 
phenyl)(4-hydroxyphenyl)methane and l-(3-hydroxy- 
phenyl)-3-(4-hydroxyphenyl)propane by known proce- 
d u r e ~ . ' ~ , ~ ~  Unfortunately, both substrates displayed ab- 

solutely no reaction even after 24 h of refluxing in CHC13 
over solid KMnO,. The only observable change was a 
decrease in the original NMR peak amplitudes, suggesting 
that substrate was being partially adsorbed onto the solid. 
Proof that adsorption blocks the reactive sites on the 
permanganate crystals comes from the following experi- 
ment: 2-Octanol (1.0 mmol) in heptane was treated with 
solid KMn0,  (4.0 mmol) in the usual mannere5 When 
about half of the 2-octanol had been oxidized to 2-octa- 
none, a bisphenol (0.45 mmol) was added to the reaction 
mixture. Oxidation of the 2-octanol ceased immediately. 
The unhindered phenols must bind competitively, via their 
hydroxyls, to the permanganate surface where further 
reaction does not take p 1 a ~ e . I ~  

KMnO, and K,MnO4 also behaved differently in the 
oxidation of aliphatic alcohols. Thus, refluxing 2-octanol 
in heptane over powdered KMn0, (<210 mesh) for 4 h 
gave ketone in 80% yield. On the other hand, reaction of 
2-octanol with K2Mn04 under identical conditions gave 
<2% ketone. Solid K3(MnO4),, a mixed-valence salt 
comprised of alternating Mn04- and Mn0,2- centers suf- 
ficiently close to allow site-transfer electronic conductiv- 
ity,15 likewise failed to oxidize alcohols. 

(1) Wolfe, S.; Ingold, C. F. J.  Am. Chem. SOC. 1983, 105, 7755. 
(2) Regen, S. L.; Koteel, C. J .  Am. Chem. SOC. 1977, 99, 3837. 
(3) Yamawaki, J.; Sumi, S.; Ando, T.; Hanafusa, T. Chem. Lett. 1983, 

(4) Noureldin, N. A.; Lee, D. G. Tetrahedron Lett. 1981, 22, 4889. 
(5) Menger, F. M.; Lee, C. Tetrahedron Lett. 1981, 22, 1655. 
(6) Menger, F. M.; Lee, C. J. Org. Chem. 1979, 44, 3446. 
(7) Menger, F. M.; Doll, D. W. J .  Am. Chem. SOC. 1984, 106, 1109. 
(8) For a discussion of hemogeneous oxidation of phenols by per- 

manganate, see: Lee, D. G. In "Oxidation in Organic Chemistry", Tra- 
hanovski, W. S., Ed.; Academic Press: New York, 1982; Part D, Chapter 
2. 

379. 

0022-32631851 1950-3927$01.50/0 

~ ~~~~ ~~ 

(9) Bacon, R. G. R.; Izzat, A. R. J.  Chem. SOC. C 1966, 791. 
(10) Products were identified with the aid of C-13 NMR spectra in: 

White, D. M. J .  Polymer Sci., Polym.  Chem. E d .  1981, 19, 1367. 
(11) Tsuruya, S.; Nakamae, K.; Yonezawa, T. J. Catal. 1976,44, 40. 
(12) Schwartz, M. A,; Rose, B. F.; Holton, R. A,; Scott, S. W.; Vish- 

(13) Choudhury, A. M.; Schofield, K.; Ward, R. S. J .  Chem. SOC. C 

(14) The bisphenols were also inert toward solid Mg(MnO4I2 pur- 

(15) Rosseinsky, D. R.; Stephan, J. A.; Tonge, J. S. J .  Chem. SOC., 

nuvajjala, B. J .  Am. Chem. SOC. 1977, 99, 2571. 

1970, 2543. 

chased from ROC/RIC Corporation. 

Faraday Trans.  I 1981, 77, 1719. 

0 1985 American Chemical Society 


