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The acid-catalyzed isomerization of optically active 2,2,8,8,10-pentamethyl-1(9)-octalin (12) of known abso-
lute configuration affords two major olefin products, 13 and 14, whose gross structure was determined by a com-
bination of spectral data and chemical transformations of each product to the common derivative, alcohol 17.
The absolute configuration at the chiral angular methyl center in 13 and 14 was determined by the ORD curves
of the corresponding trans-fused 1-decalone derivatives 25 and 20. The isomerization pathway of 12 to 13 and 14
therefore involves a specific spiro[4.5]decalyl cation to key intermediate 29a which undergoes angular methyl
migration. Intermediate 29a was generated independently and shown to undergo rapid conversion to octalins 13

and 14,

A vast amount of literature has appeared over the years
dealing with the solvolytic and acid-catalyzed rearrange-
ments of a wide variety of organic molecules found in na-
ture.? Backbone rearrangements and angular methyl mi-
grations have been well documented in the biosynthetic
pathways leading to the multicyclic triterpenes.® Similar-
ly, angular methyl migration has long been considered for
the derivation of the eremophilane type sesquiterpenes
from the eudesmane skeleton (1 — 2).
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Angular methyl migrations of the above type, however,
have been difficult to achieve in decalin systems under
laboratory conditions. Attempts to dehydrate ketol 3 with
concomitant angular methyl migration failed to afford any
methyl-migrated products.® The apparent methyl migra-
tion observed® in the rearrangement of 4 has subsequently

X

Scheme 1
HCl 1. Mg, THF
2. H,0
CH,Cl
10 11 12

been shown to proceed via spiro intermediates.” Some an-
gular methyl migration has been observed in the rear-
rangement products arising from cation 5 generated by
appropriate solvolysis conditions, although the same cat-
ion generated by acid from the corresponding olefin gave
only small amounts of such products.® Formic acid treat-
ment of 6 has, however, been reported to afford the angu-
lar methyl migrated product, diene 7.° Likewise, a recent
communication!® shows that formic acid-acetone treat-
ment of epoxydihydroalantolactone (8) gives reasonable
yields of the angular methyl migrated product 9.

Both of the latter two examples which give rise to angu-
lar methyl migration products contain more than simple
double-bond functionality. We wish to report now a sub-
stituted simple octalin system whose acid-catalyzed rear-
rangement proceeds via both a spiro[4.5]decalyl cation
system and an angular methyl migration.

Results

Synthesis of (+)-(5)-2,2,8,8,10-Pentamethyl-1(9)-oc-
talin (12). The octalin employed in this study was readily
obtained from (—)-thujopsene (10) via the two-step se-
quence outlined in Scheme 1. Treatment of 10 with hydro-
gen chloride eventually formed the most stable addition
product, neopentyl chloride 11.2* Reduction of 11 to the
desired octalin 12 was conveniently effected by aqueous
treatment of the corresponding Grignard complex. The
nmr spectrum of 12 showed five methyl singlets and a
sharp vinyl proton singlet at 6 5.13, in full agreement with
the assigned structure.

It is important to note that the pentamethyloctalin 12
thus obtained is optically active and possesses the abso-
lute configuration depicted. The absolute stereochemistry
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of (—)-thujopsene has previously been established'? as
shown in structure 10, Since the chemical transformations
of 10 to 12 have ot involved the chiral center at C-10, the
absolute configuration at that center in 12 remains un-
changed.

Acid-Catalyzed Isomerization of 12. Treatment of oc-
talin 12 with 20% sulfuric acid in acetic acid at 40° slowly
gave an equilibrium mixture of four components in a ratio
of 12:25:54:9 in the order of their elution on a Carbowax
20M gas chromatography column. Subjection of pure
major (54%) product to the same isomerization conditions
afforded a nearly identical mixture of the above four com-
ponents, thus showing that a true equilibrium had been
established. Isomerizations starting from 12 interrupted at
partial conversion showed a much higher ratio of the last
eluted component with respect to the other two major
products than found under equilibrium conditions.

These components were separated via spinning-band
distillation. The first eluted component was identical with
starting octalin 12, The last eluted component clearly
showed four upfield methy!l singlets, a vinyl methyl, and a
broad vinyl hydrogen absorption in the nmr spectrum.
Consideration of the structure of the products of closely
related isomerizations,13:1% in combination with our spec-
tral data, allows us to assign structure 15 for this initial
isomerization product.

_—

12 (12%) 13 (25%)

14 (54%) 15 (9%)

Structure 13 was assigned to the second eluted (25%)
component on the basis of its nmr spectrum, which
showed five methyl singlets and a vinyl hydrogen singlet
only slightly broadened by allylic coupling. Suspicion that
the major equilibrium component was the double bond
positional isomer 14 of octalin 13 was confirmed via con-
version of each pure olefin isomer to a common derivative,
tertiary alcohol 17.

Structure Proof of Octalins 13 and 14. As shown in
Scheme II, treatment of octalin 14 with peracetic acid af-
forded a single epoxide isomer 16. Inspection of molecular
models clearly shows that the « face is badly hindered by
the a-methyl group at C-7 and therefore j3-face epoxida-
tion leading to 16 is expected. Similar results have also
been reported for the closely related olefin 7,7,10-tri-
methyl-1(9)-octalin.?® Reduction of epoxide 16 with lithi-
um aluminum hydride then gave the tertiary decalol 17.

In similar fashion the epoxide mixture 21 and 22 was
obtained from octalin 13 in an 82:18 ratio as determined
directly by gas chromatography and by integration of the
proton singlets « to the epoxide in the two isomers. The
cis stereochemistry of the major product 21 is again as-
signed from a consideration of molecular models where 3-
face attack is less hindered than «-face attack. Reduction
of this epoxide mixture with lithium aluminum hydride
afforded three products, 17 (44%), 23 (14%), and 26 (42%),
which were separated by column chromatography.

Alcohol 17 was identical in all respects with the tertiary
alcohol obtained from reduction of epoxide 16 and thereby
proves the isomeric relationship between precursor octal-
ins 13 and 14. Spectral data indicated that the minor
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(14%) reduction product was the trans decalol 23 derived
from reduction of minor trans epoxide 22, The remaining
product was assigned the allylic alcohol structure 26 from
the nmr spectrum. This alcohol presumably arises via
lithium aluminum alkoxide rearrangement!® of hindered
epoxide 21 in competition with the normal hydride reduc-
tion leading to tertiary alcohol 17.

Since all three product olefins 13, 14, and 15 were opti-
cally active, we next sought to establish the absolute
stereochemistry of the chiral angular methyl center at
C-10 in both octalins 13 and 14, Hydroboration-oxida-
tion!7 of octalin 14 gave the crystalline secondary alcohol
18 as the sole product. The cis stereochemistry arising
from (-face attack is again assigned from consideration of
molecular models and by analogy to a closely related oc-
talin system.*®> Jones oxidation!® of 18 gave the cis-fused
decalone 19, which was readily equilibrated in base to the
more stable trans-fused decalone 20,

A similar sequence was followed starting from octalin
13. A 77:23 mixture of secondary alcohols was obtained.
The major isomer in this mixture is assigned structure 24,
again based upon attack from the least hindered 3 face.
This crude decalol mixture was directly oxidized with
Jones!® reagent and the crude ketone mixture thereby ob-
tained was treated with base to give the more stable
trans-fused decalone 25.

With both the gross structure and the relative (trans
ring fusion) stereochemistry of both decalones 20 and 25
now established, we next sought to determine their abso-
lute configuration via their optical rotatory dispersion
curves. Decalone 20 was found to have a strong positive
Cotton effect and decalone 25 a strong negative Cotton
effect. Since the trans ring fusion avoids the conforma-
tional mobility inherent in the cis-fused decalones, the oc-
tant rule!® can be unambiguously applied to decalones 20
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and 25. Application of the octant rule in the present case
clearly predicts the experimentally determined sign of the
Cotton effect for both decalones 20 and 25 with the abso-
lute configuration as shown in Scheme II. These findings
are also in agreement with the results of related decalone
systems studied earlier by Djerassi and coworkers.??

Since none of the reactions leading from octalins 13 and
14 to decalones 20 and 25 have involved the chiral center
at C-10, the absolute configuration at the angular methyl
center for these olefins must also be as shown in Scheme
1I.

Discussion

Octalin 12 presents an interesting case for the study of
the isomerization pathways available in the 9-decalyl cat-
ion system. Scheme IIl outlines the four isomerization
pathways possible from initially formed cation 12a.

Path A involves 3-methyl migration from C-2 to C-9 to
afford the cis-fused cation 15a and the corresponding ole-
fin 15, Such a product has literature precedent?®.1¢ in
closely related systems and in the case of the 8,8,10-tri-
methyl-1(9)-octalin isomerization!® comprises 94% of the
equilibrium mixture. In the present case olefin 15 be-
comes a minor product owing to the additional steric ef-
fects of the gem-dimethyl group at C-7 with the angular
methyl group at C-9. Although spectral data for olefin 15
could also be compatible with the trisubstituted spiro ole-
fins derived from cations 12b or 12¢, this possibility seems
rather unlikely in view of the known21:22 rapid isomeriza-
tion of spiro olefins of this type to the octalin systems
under mineral acid treatment, and indeed are not even
found in the equilibrium mixture.

Path B involves stereospecific contraction of the B ring
in cation 12a to generate the spiro[4.5]decalyl cation 12h.
Subsequent opposite-sense rearrangement gives cation
13a’, in turn leading to octalins 13’ and 14’. Such a path-
way, however, predicts that the configuration at the chiral
angular methyl group is opposite to that experimentally
found and is therefore dismissed as a viable pathway.

Path C involves stereospecific contraction of ring A in
cation 12a to generate the alternate spiro[4.5]decalyl cat-
ion 12c. Again, opposite-sense rearrangement would gen-
erate the new cation 29a. Two severe 1,3-diaxial methyl
interactions in this cation can be readily alleviated by an-
gular methyl migration to generate cation 13a. Deproto-
nation now affords octalins 13 and 14 possessing the cor-
rect absolute configuration at C-10.

Additional evidence for the isomerization route of path
C was obtained from independent generation of racemic
cation 29a from racemic octalin 29. This octalin was syn-
thesized by modified Wolff-Kishner reduction of ketone
28, which in turn was obtained from alkylation of ketone
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27, the Robinson annelation product of 2,4,4-trimethylcy-
clohexanone and methyl vinyl ketone.

Treatment of racemic octalin 29 under our standard
acid isomerization conditions led to a rapid disappearance
of 29 (none observed by glc after 0.5 hr) and the immedi-
ate formation of racemic octalins 13 and 14 in a 1:2 ratio.
Extended reaction times slowly saw the appearance of ra-
cemic octalins 12 and 15 up to the equilibrium percent-
ages. These results show that cation 29a, once formed,

Hochstetler

Scheme III
7% - - 7(;6 " 7©é
13 14
path B

path A
- J—

I

15a 15

Ai/o ” path C
+ ! "
29a 13a

12¢

@?7@57&%—

f 13a

more rapidly undergoes angular methyl migration to ener-
getically favorable cation 13a than reversion to spiro cat-
ion 12¢.

Path D involves initial angular methyl migration to af-
ford cation 12d. Subsequent formation of cation 12e by
contraction of the A ring in cation 12d would ultimately
lead to cation 13a of the correct absolute configuration.
The net difference between path C and path D is in the
sequence of steps; in path C the spiro intermediate pre-
cedes angular methyl migration, whereas in path D angu-
lar methyl migration precedes the spiro intermediate.

We favor the path C route for two reasons. First, we
have already described the independent generation of ra-
cemic cation 29a and shown its ready conversion to race-
mic olefins 13 and 14, Second, if path D were operative
one would expect to see some evidence for the formation
of the two octalins obtainable by loss of a proton from cat-
ion 12d during the course of the isomerization. These oc-
talins do not appear to have any more severe steric inter-
actions than those found in octalin 15, which is actually
present in the equilibrium mixture. The absence of octal-
in 29 from the equilibrium mixture is, however, expected,
since there are two 1,3-diaxial methyl interactions in that
olefin.

The rotations of the.optically pure product octalins 13,
14, and 15 are not known and therefore our observed rota-
tions of these octalins give us no clue to their optical pu-
rity. Some decrease in optical activity corresponding to
20% racemization of octalin 12 recovered from the equilib-
rium mixture was noted. This decrease indicates that oc-
talins 13, 14, and 13, although not optically pure, do re-
tain a high degree of optical purity. The racemization
noted is most likely due to a small amount of the path B
isomerization pathway affording the enantiomeric olefins
13" and 14’.

Experimental Section??

Materials. (—)-Thujopsene was readily obtained in 99% purity
by careful fractional distillation of Hibawood oil through a 2-ft
Goodloe column: bp 67-68° (0.5 mm); n2%p 1.5050; [«]?®p —92.5°
(neat).

(+)-2(S)-Chloromethyl- 2 8,8,10(S)-tetramethyl-1(9)-octalin
(11). A mixture of (—})- thuJopsene (10, 816 g, 4 mol), acetic acid
(800 ml), and anhydrous calcium chloride (444 g, ¢ mol) was
heated at 60° for 2 hr. After cooling, the reaction mixture was di-
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luted with water (2 1.) and extracted with three 300-ml portions of
benzene. The combined organic extracts were washed neutral
with water and the solvent was removed under reduced pressure.
The residue was fractionally distilled on a 37-cm column packed
with glass helices, affording 613 g (64%) of 11: bp 89-92° (0.5 mm);
n?0p 1.5030; [«]®®p +87° (neat). The ir and nmr spectra were
identical with those described in the literature.*!

(+)-(S)-2,2,8,8,10-Pentamethyl-1(9)-octalin (12). Into a nitro-
gen-purged flask was charged magnesium turnings (101 g, 4.16
mol). Two addition funnels were separately charged with dry tet-
rahydrofuran (900 ml) and chloride 11 (1,000 g, 4.16 mol). A
small amount of tetrahydrofuran (50 ml) was added to the mag-
nesium, followed by chloride 11 (20 ml) and ethyl bromide (2 ml).
The reaction mixture was then heated at 50° until reaction began
and the remainder of the tetrahydrofuran and the chloride 11
were fed in over 1 hr at 50°; then the mixture was brought to re-
flux for 18 hr. The reaction mixture was cooled to 5°, 20% sulfuric
acid (1000 ml) was added, and the mixture was allowed to stir at
25° for 2 hr. The layers were separated and the organic phase was
washed with water and saturated sodium bicarbonate solution.
The solvent was removed under reduced pressure and the residue
was distilled, affording 651 g (76%) of 12: bp 52° (0.3 mm); n2°p
1.4815; [a]?°p +81° (neat); ir (liquid film) 1021, 980, 953, 928, 869,
820, 662 cm~1; nmr (CDCls) 6 0.93, 0.96, 1.04, 1.07, 1.14 (s, 3
each), 5.13 (s, 1); mass spectrum m/e (rel intensity) 206 (M+,
20), 191 (100}, 121 (45), 107 (47), 95 (94), 69 (40), 41 (45). The nmr
spectrum agrees with that reported in the literature.?*

Anal, Calcd for CisHagg: C, 87.30; H, 12.70. Found: C, 87.44; H,
12.72.

Acid-Catalyzed Isomerization of 12. A mixture of octalin 12
(350 g, 1.70 mol}), 98% sulfuric acid (350 g), and acetic acid (1400
g) was agitated at 40° for 24 hr. The mixture was cooled and the
organic layer was separated. The acid layer was poured into ice-
cold water (3 1.) and extracted with three 200-ml portions of hex-
ane. The combined organic extracts were washed with water and
saturated sodium carbonate solution. The solvent was removed
under reduced pressure and the residue was flash distilled, af-
fording 336 g (96%) of isomerized olefin mixture, bp 70-80° (0.4
mm). Vpc analysis showed four peaks identified as 12 (12%), 13
(256%), 14 (54%), and 15 (9%) in the order of their elution with
relative retention times (based on 12) of 1:1.7:2.0:2.2. Analysis of
the isomerization mixture after 5 hr gave the following: 12 (52%),
13 (6%), 14 (13%), and 15 (29%). Isomerization of a pure sample
of 14 under the above conditions fer 24 hr gave the following mix-
ture: 12 (9%), 13 (27%), 14 (57%) and 15 (7%).

(+)-(R)-2,2,5,5,10-Pentamethyl-1(9)-octalin (13). Spinning-
band distillation of the above equilibrium mixture afforded in the
first fractions recovered octalin 12, bp 79-80° (5 mm), [«]%%p +50°
(neat). The ir and nmr spectra were identical with those of the
starting octalin 12. Continued spinning-band distillation afforded
pure 13: bp 89-90° (5 mm); n2%p 1.4932; [«]?°D +30.5° (neat); ir
(liquid film) 1655, 1160, 1058, 861, 839 cm~*; nmr (CDCl;) 6 0.86,
0.90, 1.08 (s, 3 each), 0.93 (s, 6), 5.11 (s, 1, Wy,2 = 4 Hz); mass
spectrum m /e (rel intensity) 206 (M~, 9), 150 (99), 137 (100), 107
(38), 95 (589), 81 (54), 69 (37), 41 (46).

Anal. Caled for C15Hge: C, 87.30; H, 12.70. Found: C, 87.38; H,
12.85.

(—)-(R)-4,4,7,7,10-Pentamethyl-1(9)-octalin (14). Continued
spinning-band distillation of the above mixture afforded pure oc-
talin 14: bp 92-93° (5 mm); n2%p 1.4941; [@]?D —32° (neat); ir
(liquid film) 1658, 1058, 1022, 830, 804 cm~*; nmr (CDCl3) § 0.77,
0.86, 0.91, 0.93, 1.01 (s, 3 each), 5.25 (s, 1, Wy,2 = 8 Hz); mass
spectrum m/e (rel intensity) 206 (M-, 7), 191 (18), 150 (100), 135
(32), 107 (28),.79 (36), 41 (26).

Anal. Calcd for CysHae: C, 87.30; H, 12.70. Found: C, 87.13; H,
12.70.

(—)-cis-1,7,7,9(R),10(S)-Pentamethyl-1-octalin (15), Contin-
ued spinning-band distillation of the above equilibrium mixture
afforded pure octalin 15: bp 97-98° (5 mm); n?% 1.4980; [«]?%D
—35° (neat); ir (liquid film) 1655, 1078, 1054, 1034, 811, 794, 689
cm~*; nmr (CDClg) § 0.90, 0.93 (s, 6 each), 2.67 (d, 3, J = 1.5
Hz), 5.30 (m, 1, Wy,2 = 9 Hz); mass spectrum m/e (rel intensity)
206 (M™, 13), 191 (100), 137 (30), 121 (38), 107 (30), 95 (78), 81
(32), 69 (37), 55 (31), 41 (42).

Anal. Caled for Cy5Hee: C, 87.30; H, 12.70. Found: C, 87.16, H,
12.60.

(+)-cis-8(R),9(5)-Epoxy-2,2,5,5,10(R)-pentamethyldecalin
(16). To a mixture of pure octalin 14 (8.3 g, 45 mmol), ethylene
dichloride (20 ml), and sodium carbonate (8 g) was added 40%
peracetic acid (13 g, 70 mmol) at 30° over 10 min. After an addi-
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tional 3 hr at 30-35°, water (50 ml) was added and the layers
were separated. The organic phase was dried (MgS04) and the
solvent was removed under reduced pressure, Distillation afforded
8.5 g (94%) of a colorless liquid: bp 87-89° (0.4 mm); n?%p 1.4868;
[@)?5p +10.5° (neat); ir (liquid film) 1165, 1098, 990, 954, 916, 844,
792, 747 cm~1; nmr (CDCls) 6 0.76 (s, 3), 0.93 (s, 6), 1.03 (s, 6),
2.80-2.95 (m, 1); mass spectrum m/e (rel intensity) 222 (M~+, 24),
207 (36), 189 (23), 166 (30), 151 (30), 140 (45), 123 (71), 109 (58),
95 (56), 83 (47), 81 (62), 69 (61), 67 (45), 55 (81), 43 (61), 41 (100).

Anal. Caled for C15H260: C, 81.02; H, 11.79. Found: C, 80.93;
H, 11.86.

(-)-cis-2,2,5,5,10(R)-Pentamethyl-9(S)-decalol (17). A mixture
of epoxide 16 (3.0 g, 13.5 mmol) and lithium aluminum hydride
(1.0 g, 26 mmol) in tetrahydrofuran (20 ml) was refluxed under
nitrogen for 42 hr. The mixture was cooled, carefully treated with
water (2 ml) and 10% aqueous sodium hydroxide (1.6 ml), and
stirred for an additional 2 hr. The mixture was filtered and the
solvent was removed under reduced pressure. Short-path distilla-
tion afforded 2.6 g (86%) of a colorless oil: bp 85-90° (0.5 mm);
np 1.4975; [2]?°p —9° (neat); ir (liquid film) 3500 (OH), 1070,
1007, 1000, 959, 912, 850 cm~1; nmr (CDClz) 6 0.79, 0.91, 0.93,
0.99, 1.18 (s, 3 each); mass spectrum m/e (rel intensity) 224 (M~,
1), 191 (12), 150 (68), 140 (66), 111 (31), 95 (61), 69 (88), 55 (72),
43 (71), 41 (100).

Vpce analysis showed the presence of 3% of unreacted 16 and no
components other than 17.

Anal. Caled for C15H2s0: C, 80.29; H, 12.58. Found: C, 80.05;
H, 12.49.

(—)-cis-4,4,7,7,10(S)-Pentamethyl-cis-decal-1(R)-ol (18). The
hydroboration procedure of Brown and coworkers?® was employed
on octalin 14 (9.3 g, 45 mmol) and 60 ml (60 mmol) of 1 M dibo-
rane in tetrahydrofuran solution at 25° for 4 hr. The mixture was
cooled and carefully treated with 10% aqueous sodium hydroxide
(30 ml) and 35% hydrogen peroxide (30 ml), The mixture was al-
lowed to stir at 35° for 2 hr, then thoroughly extracted with hex-
ane. The solvent was removed under reduced pressure to give 10 g
(99%) of crude decalol 18, mp 99-103°. A sample was recrystal-
lized from hexane and exhibited the following characteristics: mp
111-112°%; {«]?5p —2° (¢ 0.2, CHCls); ir (KBr pellet) 3310 (OH),
1059, 1030, 1014, 981 cm~3; nmr (CDCls) § 0.82, 0.88, 1.06 (s, 3
each), 0.94 (s, 6), 3.65-4.05 (m, 1); mass spectrum m/e (rel inten-
sity) 224 (M~, 1), 124 (32), 70 (100), 57 (37), 55 (35), 41 (50).

Anal. Caled for C15Hp0: C, 80.29; H, 12.58. Found: C, 80.40;
H, 12.68.

(+)-(5)-4,4,7,7,10-Pentamethyl-cis-1-decalone (19). The stan-
dard Jones oxidation procedurel® was employed on 5.0 g (22.3
mmol) of crude hydroboration decalol 18, Short-path distillation
afforded 4.5 g (91%) of colorless ketone 19: bp 90-95° (0.7 mm);
n2%p 1.4959; [«]2%p +7° (neat); ir (liquid film) 1700 (C==0), 1208,
1120, 1020 cm~1; nmr (CDCl3) 6 0.69, 0.92, 0.96, 1.01, 1.07 (s, 3
each); mass spectrum m/e (rel intensity) 222 (M*, 8), 207 (18),
70 (59), 55 (71), 41 (100). Vpc analysis showed only a single peak.

Anal. Caled for CysHgeO: C, 81.02; H, 11.79. Found: C, 80.70;
H, 11.68.

(~)-(S)-4,4,7,7,10-Pentamethyl-trans-1-decalone (20). A sam-
ple of decalone 19 (6.0 g, 27 mmol), sodium carbonate (2 g), meth-
anol (200 ml), and water (40 ml) was allowed to reflux under nitro-
gen for 18 hr. The mixture was cooled, diluted with water (50 ml),
and thoroughly extracted with hexane. The solvent was removed
under reduced pressure and the residue was distilled, affording
5.8 g (97%) of colorless ketone 20: bp 95-98° (0.7 mm); n2%
1.4971; [a]®p —~1.5° (neat); ir (liquid film) 1710 (C=0), 1280,
1184, 1148, 1008, 580 cm~*!; nmr (CDCls) § 0.77, 0.86, 0,92, 0.96,
1.27 (s, 3 each); mass spectrum m/e (rel intensity) 222 (M+, 25),
208 (35), 151 (48), 124 (39), 123 (40), 109 (38), 70 (85), 69 (50), 56
(55), 55 (69), 41 (100); CD (c 0.0108, dioxane) f3z0 O, 6313 +139,
f20s +231, Bas5 O, 0244 —46, 0220 0; ORD ¢3z0 +111°, d3e7 +76°,
@300 0°, Pags —245°, ¢222 —208°. This ketone had the same vpc re-
tention time as the cis-fused ketone 19, but analysis of the nmr
spectra of the two ketones showed that at equilibrium >98% of
the mixture was the trans ketone 20,

Anal. Caled for C15Ho60: C, 81.02; H, 11.79. Found: C, 81.08:
H, 11.98.

(—)-cis-1(S),9(R)-Epoxy-2,2,5,5,10(R)-pentamethyldecalin
(21), The procedure for the epoxidation of octalin 14 was em-
ployed with pure octalin 13 (4.1 g, 20 mmol), 40% peracetic acid
(8.0 g, 42 mmol), sodium carbonate (5 g), and ethylene dichloride
(15 ml). The product was isolated in the same manner and dis-
tilled, affording 3.7 g (84%) of colorless oil, bp 80-85° (0.5 mm).
The gas chromatogram showed two peaks in an 18:82 ratio. These
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peaks were separated by preparative gas chromatography. The
major isomer, epoxide 21, exhibited the following characteristics:
n2% 1.4871; [@]?%D —1° (neat); ir (liquid film) 1085, 936, 916, 830,
819 em~1; nmr (CDCls) & 0.89, 1.00, 1.02 (s, 3 each), 1.04 (s, 6),
2.60 (s, 1); mass spectrum m/e (rel intensity) 222 (M+, 16), 165
(10), 153 (15), 135 (21), 125 (32), 123 (36), 109 (36), 95 (52), 81
(35), 69 (71), 67 (30), 55 (51), 43 (61), 41 (100).

Anal. Caled for Ci5H260: C, 81.02; H, 11.79. Found: C, 80.98;
H, 11.84.

trans-1(R),9(S)-Epoxy-2,2,5,5,10(R)-pentamethyldecalin (22).
The minor epoxide isomer obtained above exhibited the following
characteristics: n?°p 1.4864; ir (liquid film) 961, 920, 854, 820
cm ™t nmr (CDClg) 6 0.80 (s, 3), 1,02, 1.04 (s, 6 each), 2.31 (s, 1);
mass spectrum m/e (rel intensity) 222 (M+, 15), 189 (186), 153
(19), 135 (28), 125 (34), 123 (42), 109 (35), 95 (56), 81 (44), 69 (72),
53 (54), 43 (64), 41 (100).

Anal. Caled for C15H260: C, 81.02; H, 11.79. Found: C, 80.87;
H, 11.86.

Reduction of Epoxide Mixture 21 and 22, Under a nitrogen
atmosphere was charged lithium aluminum hydride (1.5 g, 39
mmol) and anhydrous 1,2-dimethoxyethane (25 ml). Epoxide
mixture 21 (82%) and 22 (18%) (2.5 g, 11.2 mmol) was then added
and the mixture was allowed to reflux for 24 hr. The mixture was
cooled and ether (50 ml) was added followed by the careful addi-
tion of water (3 ml) and 10% aqueous sodium hydroxide (2.5 ml).
After an additional 2 hr of stirring the mixture was filtered and
the solvent was removed under reduced pressure. Analysis of the
residue (2.6 g) by gas chromatography showed three products in a
14:44:42 ratio. These components were separated by chromatogra-
phy on silica gel.

trans-2,2,5,5,10(R)-Pentamethyl-9(R)-decalol (23). The early
fractions above eluted with 1% ether in hexane afforded a pure
sample of the minor (14%) component 23, which exhibited the
following characteristics: n2%p 1.4935; ir (liguid film) 3610 (non-
bonded OH), 3500 (bonded OH), 981, 950, 920, 841 cm~1; nmr
(CDClz) 4 0.79, 0.89, 0.92, 1.14, 1.19 (s, 3 each); mass spectrum
m/e (rel intensity) 224 (M+*, 2), 191 (8), 150 (49), 140 (63), 111
(34), 95 (59), 69 (83), 55 (68), 43 (74), 41 (100).

Anal, Caled for C15H230: C, 80.29; H, 12.58. Found: C, 80.42;
H, 12.38.

Later 1% ether in hexane fractions afforded a pure sample of
the second (44%) component. This component was identical in all
respects with the tertiary alcohol 17 previously obtained from re-

- duction of epoxide 16.
cis-2,2,5,5,10(R)-Pentamethyl-8-octal-1(S)-ol (26). Fractions
of the above chromatography eluted with 2% ether in hexane af-
forded pure third (42%) component 26, which exhibited the fol-
lowing characteristics: n2%p 1.4960; ir (liquid film) 3620 (non-
bonded OH), 3490 (bonded OH), 1650 (C=C), 1185, 1024, 995,
975, 923, 849, 809 cm~1; nmr (CDCl3) 6 0.76, 0.85, 0.91, 0.98, 1.23
(s, 3 each), 3.58 (s, 1), 5.57 (dd, J = 4, 2.5 Hz); mass spectrum
m/e (rel intensity) 222 (M=, 1), 204 (16), 189 (30), 153 (43), 110
(41), 95 (73), 81 (45), 63 (47), 55 (55), 43 (82), 41 (100).

Anal. Caled for C1sHqeeO: C, 81.02; H, 11.79. Found: C, 79.77;
H, 12.01.

(—)-cis-2,2,5,5,10(S)-Pentamethyl-cis-decal-1(R)-0ol (24). A
sample of pure octalin 13 (4.1 g, 20 mmol) was treated with 1 M
diborane in tetrahydrofuran solution (25 ml, 25 mmol) under ni-
trogen for 18 hr at 25°. The mixture was cooled to 0° and 10%
aqueous sodium hydroxide (15 ml) was added, followed by 35%
hydrogen peroxide (15 ml). After stirring for 2 hr at 35° the mix-
ture was thoroughly extracted with hexane. The solvent was re-
moved under reduced pressure to afford 4.4 g (98%) of crude crys-
talline product, mp 85-92°, Integration of the areas of the « to the
hydroxyl proton resonances gave a 77:23 ratio of isomers. A sam-
ple was recrystallized from hexane at 0° and exhibited the fol-
lowing characteristics: mp 108-109°; {«]2°p =3° (¢ 0.2, CHCly); ir
(KBr pellet) 3260 (OH), 1075, 1005, 990, 925 cm~1; nmr (CDCl;) 6
0.78, 0.98, 1.00 (s, 3 each), 0.87 (s, 6), 3.17 (d, 1, J = 10 Hz); mass
spectrum m/e (rel intensity) 224 (M+, 16), 209 (12), 206 (7), 139
(57), 109 (21), 95 (35), 82 (100), 69 (50), 55 (44), 43 (70), 41 (56).

Anal. Caled for CisHas0: C, 80.29; H, 12.58. Found: C, 80.01;
C, 12.67.

(—)-($)-2,2,5,5,10-Pentamethyl-trans-1-decalone (25). A sam-
ple of crude decalol mixture containing 77% of decalol 24 from the
preceding hydroboration reaction was subjected to the standard
Jones'® oxidation procedure. The crude ketone mixture (2.5 g)
thus obtained was then treated with methanol (75 ml), water (15
ml), and sodium carbonate (0.7 g) at reflux under nitrogen for 20
hr, The mixture was cooled, water (100 ml) was added, and the

Hochstetler

mixture was thoroughly extracted with hexane. The solvent was
removed under reduced pressure and the residue was distilled, af-
fording 2.1 g (84%) of decalone 25: bp 85-90° (0.5 mm); n2°p
1.4916; {«]?5p —20° (neat); ir (liquid film) 1698 (C==0), 1110, 932,
827 ¢m~1; nmr (CDCls) 6 0.78, 0.82, 1.02, 1.08, 1.15 (s, 3 each),
2.70 (dd, 1, J = 9, 4.5 Hz); mass spectrum m/e (rel intensity) 222
(M+, 17), 207 (16), 153 (39), 126 (43), 120 (40), 82 (81), 69 (53), 55
(57), 41 (100); CD (c 0.0107, dioxane) f32s 0, 312 —2340, 8303
—4024, f299 —B3463, 2905 —4024, 8270 —1029, 240 0; ORD o317
~2375°, ¢310 —1671°, ¢aor ~1818°, pagy 0°, o7z +2276°.

Anal. Caled for C15H260: C, 81.02; H, 11.79. Found: C, 81.20:
H, 12.06.

(+)-6,6,10-Trimethyl-1(9)-octal-2-one (27). The general proce-
dure of Ross and Levine?® was employed. To a mixture of potassi-
um hydroxide (6 g), ethanol (35 ml), ether (250 ml), and 2,4,4-tri-
methylcyclohexanone?? (87 g, 0.62 mol) under nitrogen at 0° was
added a solution of methyl vinyl ketone (25 g, 0.35 mol) in ether
(50 ml) over 1.5 hr. The mixture was allowed to agitate at 0° for 1
hr, then at 25° for 3 hr. Water (100 ml) was added and the mix-
ture was extracted with ether. The organic phase was washed
neutral with brine and the residue was distilled, affording 50 g of
recovered 2,4,4-trimethylcyclohexanone, bp 65-68° (10 mm), and
36.5 g (54%) of desired octalone 27: bp 100-103° (0.5 mm); n2%
1.5152; ir (liguid film) 1662 (C==0), 1615 (C=C), 1238, 1190, 863
cm~1; nmr (CDCl3) 6 0.94, 1.17, 1.31 (s, 3 each), 5.76 {(d, 1, J =
1.5 Hz); mass spectrum m/e (rel intensity) 192 (M-, 49), 177
(44), 164 (33), 150 (89), 135 (100), 121 (39), 108 (94), 107 (44), 93
(45), 91 (37), 80 (36), 79 (86), 77 (34), 55 (44), 41 (65). The gas
chromatogram showed a single peak.

Aneal. Caled for Cy3Hz00: C, 81.20; H, 10.48. Found: C, 81.30;
H, 10.36.

(%£)-1,1,6,6,10-Pentamethyl-8-octal-2-one (28), To a suspen-
sion of 57% sodium hydride in mineral oil (14 g, 0.332 mol) in dry
toluene (210 ml) under nitrogen was added tert-butyl alcohol
(24.6 g, 0.332 mol) at 50° over 0.5 hr. The mixture was held at 50°
for 1 hr, then cooled to 35° octalone 27 (30.5 g, 0,158 mol) was
added and the mixture was stirred at 35° for 1.5 hr. Methyl iodide
(50 g, 0.352 mol) was then added over 5 min, and the temperature
of the exothermic reaction was held to 45° with ice-bath cooling.
After heat evolution ceased (0.5 hr), water (50 ml) was added.
The layers were separated and the organic phase was washed
once with brine (50 ml). The solvent was removed under reduced
pressure and the residue was distilled, affording 31.4 g (90%) of
distillate, bp 92-105° (0.5 mm). Analysis by gas chromatography
showed the presence of four components in the ratio of 25:53:12:8.
A sample of the major component, octalone 28, was obtained pure
by preparative gas chromatography and exhibited the following
characteristics: n2%p 1.4975; ir (liquid film) 1710 (C=0), 1653
(C=C), 1244, 1109, 1024, 822 cm~*; nmr (CDCl3) § 0.97, 1.01, 1.04
(s, 3 each), 1.26 (s, 6), 1.41 (s, 2), 1.87 (d, 2, J = 4.5 Hz), 1.70-
1.95 (m, 2), 2.40-2.65 (m, 2), 5.60 (t, 1, J = 4,5 Hz); mass spec-
trum m/e (rel intensity) 220 (M+, 53), 205 (59), 164 (53), 149 (40),
121 (100), 109 (43), 107 (68), 93 (40), 91 (41), 55 {48), 43 (49), 41
(81).

Anal. Caled for C15H240: C, 81.76, H, 10.98. Found: C, 81.48;
H, 10.98.

Nmr and mass spectral analysis of the 25% component in the
above mixture indicated the introduction of three methyl groups
inthe alkylation process.

(+)-3,3,8,8,10-Pentamethyl-1(9)-octalin (29). The Wolff-Kish-
ner procedure as modified by Nagata?® was employed. A mixture
of octalone 28 (22 g, 0.1 mol, 60% pure by vpc), 85% hydrazine
hydrate (12 g, 0.2 mol), hydrazine dihydrochloride (1 g), and tri-
ethylene glycol (105 ml) was heated under nitrogen at 125° for 2
hr. Solid potassium hydroxide (18.5 g, 0.33 mol) was then cau-
tiously added at 125°. The temperature was then raised to 225°
over 1.0 hr and the excess hydrazine hydrate was removed by a
Dean-Stark trap. Nitrogen evolution began when the temperature
reached 175°. The reaction mixture was heated for an additional
10 min at 225° after gas evolution ceased. The mixture was
cooled, poured into water (300 ml), and extracted three times
with hexane (75 ml). The organic extracts were washed neutral
with water and the solvent was removed under reduced pressure.
Analysis by gas chromatography showed three components. The
two minor components (35%) still retained a carbonyl group and
were identical with the minor ketones in the starting material.
The major component, octalin 29, was purified by distillation. af-
fording 11.4 g (55%) of colorless oil: bp 62-64° (0.5 mm); n*°p
1.4910; ir (liquid film) 1640, 1148, 1068, 1030, 968, 815, 663 cm~*;
nmr (CDClz) § 0.91, 0.99, 1.08. 1.12, 1.23 (s, 3 each), 1.32 (s, 2),
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Table X
Olefin TR? 0¢ 0.5¢ 2.0% 5.0¢ 18
12 1.0 0 1.3 4.6 6.8 9.0
29 1.5 100 0 0 0 0
13 1.7 0o 32.9 30.1 29.4 27.1
14 2.0 0 65.8 59.9 58.6 56.8
15 2.2 0 1.0 3.4 5.2 7.1

@ Time in hours. * Retention time.

1.86 (d, 2, J = 4.5 Hz), 5.45 (t, 1, J = 4.5 Hz); mass spectrum
m/e (rel intensity) 206 (M+, 33), 191 (100), 150 (20), 136 (28), 135
(66), 121 (62), 107 (50), 95 (47), 93 (38), 82 (38), 81 (35), 69 (48),
55 (47), 43 (34), 41 (63).

Anal. Caled for C1sHag: C, 87.30; H, 12.70. Found: C, 87.23; H,
12.87.

Acid-Catalyzed Isomerization of Octalin 29. A pure sample of
octalin 29 (0.5 g, 2.5 mmol) was treated with acetic acid (4 g)
containing sulfuric acid (1 g) at 40°. Samples were removed peri-
odically for analysis by gas chromatography. Table I summarizes
the results, The products were separated by preparative gas chro-
matography and gave ir, nmr, and mass spectra identical with
those of the products previously isolated from the equilibration of
olefin 12. The octalins isolated in this experiment were optically
inactive, since a racemic octalin (29) had been employed as the
starting material.

Registry No.—10, 470-40-6; 11, 50562-26-0; 12, 32540-36-6; 13,
50562-28-2; 14, 50562-29-3; 15, 50512-32-8; 16, 50562-30-6; 17,
50562-31-7; 18, 50562-32-8; 19, 50562-33-9; 20, 50562-34-0; 21,
50662-35-1; 22, 51096-44-7; 23, 51096-43-6; 24, 50562-38-4; 25,
50562-39-5; 26, 50562-40-8; 27, 50562-41-9; 28, 50562-42-0; 29,
50562-43-1.
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Both of title compounds were prepared from the readily accessible cis,cis-1,4-dihydroxy-2,3-epoxy-1,2,3,4-tet-
rahydronaphthalene. The 1,2-dihydrodiol, a bacterial metabolite of naphthalene, was obtained through the ac-
tion of sodium iodide and zinc dust in acetic acid on the epoxide. Conversion of the epoxide to the thiocepoxide
and desulfurization with triphenylphosphine provided the 1,4-dihydrodiol, which was also obtained by direct re-
duction of p-naphthoquinone with diisobutylaluminum hydride.

Although cis- and trans-1,2-dihydroxy-1,2-dihydroarenes
have been known as oxidative metabolites of the aromatic
ring for many years,? relatively little has been reported on
the synthesis of this important class of metabolites. Both
cis- and trans-1,2-dihydroxy-1,2-dihydrobenzene have
been prepared by dehalogenation of the corresponding
tetrachlorocyclohexanediols.2 While cis-1,2-dihydrodiols at
the K regions of polycyclic aromatic hydrocarbons are
available through the action of osmium tetroxide,® the
procedure fails with naphthalene. trans-1,2-Dihydrodiols

have been prepared by reduction of K region o-quinones
with lithium aluminum hydride.*-® The hydride reduction
produces only pyrocatechol from o-benzoquinonet and a
mixture of cis and trans isomers is formed from 7,12-di-
methylbenz|a]anthracene-5,6-quinone.? Reduction of cer-
tain p-quinones such as 1,4-naphthoquinone results in
conjugate addition of hydride.® The only 1,4-dihydrodiols
without substitution at the carbinol position prepared
thus far have been by lead tetraacetate oxidation? of the
9,10 positions of anthracene and by the lithium aluminum



