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ABSTRACT

A model ketone and ketoxime system was constructed for the
purpose of examining the effects that polar 2-substituents, such
as acetoxy, hydroxy and methoxy, have on the stereochemical course
of the sodium borohydride reduction of cyclohexanones and the
catalytic hydrogenation of cyclohexanone oximes. Derivatives of
h-t-butyleyclohexanone were used for this purpose.

‘Tt was found that the presence of an axiai 2-acetoxy, 2-
benzylojcy, 2-methoxy or an equatorial 2-acetoxy group had little
effect on the stereochemical result of the sodium borohydride
reduction of L-t-butylcyclohexanone. In all cases the reductions
yielded from 86 to 9% % of the equatorial alcochols.

The oxime of h-g-butylcyclohexa.none was catalytically
hydrogenated using a variety of catalysts and solvent systems.
The best, yields of 4-t-butylcyclohexylamines and fastest rates of
reduction were obtained when the reducti.ons were carried out over
5 % palladium on carbon in acidified 90 % ethanol or 5 % rhodium
on carbon in 90 % ethanol.

The catalytic hydrogenation of 4-t -butylcyclohexanone oxime,
with equatorial 2-acetoxy or 2-methoxy substituents, over 5 %
palladium on carbon or 5 % rhodium on carbon gave predominantly the

_axial amines. In contrast to this, axial 2-acetoxy and 2-methoxy
substituents enhanced the formation of equatorial amines. It is
believed that the polar 2-substituents may act as points of

adsorption on the catalyst surface.and thereby provide anchoring



- ii -
effects. |

The oxime of 4-t-butylcyclohexanone could not be catalytically
hydrogenated over 5 % palladium on carbon in the presence of
hydrazine since the oxime was rapidly converted into azine which
did not reduce under these conditions. However, when axial or
equatorial 2-methoxy substituents were attached to the cyclohexane
ring, the oxime was reduced u.nder these' conditions, to yield products
with approximately the same isomer distribution as when the re;
ductions were carried out over 5 % palladium on carbon in acidified
ethanol.

Isopropyl 2-oximino-0~D-arabino-hexopyranoside was catalyticaly
hydrogenated under a variety of 'conditions and provided products
with the 0-D-gluco and G-D-manno configurations. - When the reductions
were carried out over rhodium on carbon equal amounts of the gluco |
and manno products were formed. When 5 % palladium on carbon was |
used as catalyst the gluco isomer constituted from 80 to 90 % of
the product depending on the solvent used. The fraction of
£luco product was increased to 95 % if the hydrogenation was carried
out in the presence of hydrazine; a result that seemed to involve

more than pH effects.
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I. INTRODUCTION

The reduction of oximes to amings represents one of the most
important procedures for the preparation of primary emines. A wide
variety of methods of reduction has been used including catalytic
hydl"ogenation (1), dissolving metals (2) and metal hydrides (3).

The route of reduction of cyclic ketoximes to diastereomeric
amines has recei‘wed considerable attention. In general, dissolving
metal reductions give the more stable equatorial amines and
catalytic hydrogenations in acid media give axial amines as the
predominate products (4). For example, trans-l-decalone oxime
gave trans-l1-p-decalylamine with sodium in_etha.nol, whereas
hydrogenation over platinum in acetic acid gave mainly trans-l-c-
decalylamine (5). Similar results were obtained during the
reduction of the oxime-of a 3-keto steroid; in this example it was
noted thg.t reduction with lithium aluminum hydride gave a high
yield of axial amine, the same as catalytic hydrogenation (6). The
reduction of cyclohexanone oximes with sodium in ethanol gave
mainly the equatorial amines (7, 8, 9, 10, 11), whereas catalytic
hydrogenation was shown to give predominantly axial products
(7, 8, 9, 12).

The use of oximino sugars as precursors of amino sugars has
developed slowly. This was mainly due tc; the lack of suitable

methods for the synthesis of these compounds, since methods were
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not available for the preparation of keto sugars as precursors of
the oximino sugars. Traditional reagénts for the conversion of
secondary alcohols to ketones, such as chremic acid, are too
harsh té be .useful for the synthesis of keto sugars , what was
needed were oxidizing agents that would work at ﬁear neutral pH.
Newer reagents such as chromium trioxide in pyridine (15) ’
dimethylsulfoxide-acetic anhydride (14) and ruthenium tetroxide
(15) bave essentially overcame this problem and made possible the
synthesis of a variety of keto sugars from which the oximes‘ are
readily prepared. A comparison was made of the relative
merits of ruthenium tetroxide and chromium triokide-pyridine
for the preparation of keto sugars and, in general, 4' oxidations
with the former were more satisfactory (16). Dimethyl-
sulfoxide-acetic anhydride promises to be a very useful reagent
since yields were excellent where it was used for the preparation
of keto ,sugars (17, 18).

Recently, a method has appeared for the synthesis of

20Ac ' NaoAc Ac

l -
AcOC ~ %CN " Hohc
- \OH OAc
R-OH
Ac Ac
Ac

ou OR
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tetraﬁg-aéetyl-2-oximino-a-g-arabino-hexopyranose by reaction of the
dimeric nitrosyl chloride adduct of triig-acetyl-g-glucal with sodium
acetate in acetic acid (19). Also, by reaction of the dimeric
nitrosyl chloride adducts of acetylated glycals with a variety of
alcohols and phenols, alkyl and aryl tri7g-acetyl-2-oximino-0h2-
hexbpyranosides were produced (19). These reactions were extremely
stereospecific and gave good yields of products even with highly
hindered alcohols.

It is seen, then, thét a variety of oximino sugars have recently
become available, therefore opening the way to thé synthesis of‘
various amino sugars.

Inososes have also been prepared, generally in low yield, by the
platinum catalyzed oxidation of inositols (e0, 21, 22, 23). The

.inososes were converted into oximes and then catalytically hydrogenated
over platinum in acetic acid to give good yields of axial amino
campounds (20, 21, 22, 23). Anderson and Lardy (20) showed in one case
that the catalytic hydrogenation of an inosose phenylhydrazone gave
a higher yield of axial amine than the hydrogenation of the corre-
sponding oxime. When inosose oximes were reduced with sodium
amalgam they yielded mainly the equatorial amines (20, 21, 23).

The catal&tic hydrogenation of oximino-sugars normally

gives the axial amines; thus Brimacombe, et al. (24) hydrogenated

Ha
Ha:
n-butanol
NH2



.
methyl 6-deoxy-2-oximino-a—;-arabino-hexopyranoside over- platinum
in n-butanol and obtained a 2.4 to 1 ratio of axial and equatorial
amines, respecti&ely. Lindberg and Theander (25) obtained an

85 9 yield of axial amine from the catalytic hydrogenation of

OH ' OH
H
Ha n-butanol ~0CH3
H H
/

HO
85 %

methyl 3-oximine-B-D-ribo-hexopyranoside using platinum in n-.
butanol. They also reduced this oxime using sodium amalgam and
obtained a 45 % yield of the equatcrial amine. Chittenden and
Guthrie (26) have cataiytically hydrogenated the phenylhydrazones

of methyl 4,6-benzylidene-Q-D-arabino and methyl k,6-benzylidene-i-D-

%!
Ph
RaNi
ethanol
N
MNP Ha Hg
arabino '
RaN1 o
ethanol
H H
wm  OCHe . Ha
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‘Qllq-hexopyrané-ulosides over Raney nickel in ethanol and in both
cases théy obtained a high yield of the axial amines.

The generality has been made that the catalytic hydrogena-
tion of oximes or hydrazones attached to cyclohexane or pyranose
rings usually leads to a preponderance in the isomer having an
axial amino group in the stable chair form (2h). Several exceptionsl
to this have recently appeared; thus Collins and Overend (e1)
catalytically reduced methyl 3, ’+-isopropylidene-z-ox:imino-B-I___.-gM)

pentépyranoside over platinum in ethanol and obtained a 1 to 9

OCHs H
e'bhanol

ratio of axial and equatorial amines, respectively. Lemieux and
Gunner (28) catalytically hydrogenated a series of alkyl 2-oximino-
0-D-arabino-hexopyranosides. The reductions were carried out over
5 % palladium on carbon at low pPH and produced mixtures of the |
alkyl 2-a.mino-2-deo:qr-a-1=)-hexopyranosides ; with the gluco and manno
configurations in about 90 % yields. The amount of the gluco
isomer (equatorial amine) formed varied with the aglycon and was
found to be higher (78 %) when the aglycon was isopropyl and

lower (62 %) when it was ethyl or g-propirl. When the 3,4,6-
tri-O-acetyl derivative of the isopropyl glycoside was reduced the

gluco to manno isomer ratio was 1:1. Later, Lemieux and Ito (29)
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found that the ratio of gluco to manno isomers was increased in favor

of the former, when the hydrogenations were carried out in the presence
of hydrazine. It was also shown, by Lemieux and Nagabhushan ( 30),
that the hydrogenation qf :penta-g-acetyl-E-oximino-hexopyranoses in
acetic acid in the presence of palladium gave over 80 % yields

of the axial amines. A

Our interest in the reduction of ketoximes to amines is
primarily concerned with the preparation of amino-sugars. In
particular, the above mentioned development of methods for the
synthesis of 2-oximino-hexoses and their a-glycosides (19)
warranted an .examina.tion of the factors responsible for the
oﬁserved stereochemical route of their reduction (28, 29, 30).
A'goa.l of this research was to construct a model ketoxime sysf,em
that would enable a study of the effects that a—substitu;ents
ha\}e on the catalytic hydrogenation of ketoximes. It was of
particular interest to examine oximes with polar CO-substituents
such as hydroxy, alkoxy and acyloxy, since these are the kinds of -
groups normally situated adjacent to the .oximino groups of oximes
derived from carbohydrate structures.

The availability of ulosides has provided a pathway to the
epimerization of an alcohol group of a protected carbohydrate,
provided that a means is avai}able for the reduction of the
carbonyl group to the epimer of the original alcohol. Stereoépecific
reduction is an important feature in the preparation of C-glycosides
by means of the nitrosyl chloride adducts of acetylated

glycals (31). Therefore it was also of interest to examine the
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influence of neighboring substituents on the stereochemical
| pathway of the reduction of ketones to alcohols. In view of the
‘convenience of sodium borohydride reductions a study was made of
the action of ﬁhis reagent on model c-substituted cyclohexanones.
These model campounds were intermediates in the synthesis of the
previously mentioned ¢-substituted ketoximes.

The effects of alkyl substituents on the sodium borohydride
reduction of cyclohexanones are better established than are the
effects of polar substituents. In the absence of steric hindrance
of axial 3-substituents toward the approach of the borohydride ion,
the reduction of cyclohexanones gives mainly the equatorial alcohols
(4). For exsmple, there is a considerable amount of literature
.on the sodium borohydride reduction of 3 keto steroids and

in each example the equatorial alcohol was the major product (52).

A L

A t
trans predaminant
3 \\ a '\'\

0

~ NaBH,

H

cis predaminant

It did not matter whether there was a cis or & trans junction

between the A and B rings; the equatorial alcohol was the predominant
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.isomer formed. Vail and Wheeler (33) showed that changes in the
composition of the solvent had little effect on the stereochemistry
of the reduction of 3-cholestanone; the amount of equatorial
alcohol that was formed varied between 82 and 9k %.

Pable T lists the results of the reduction of a series of
subétituted cyclohexanones. It is seen that equatorial alcohols
predominate in these reductions and that the 3- and 4-substituted
cyclohexanones gave nearly identical isameric ratios on reduction
with sodium borohydride. . The 2-substituted 'cyclohexa.nonés gave
a lower equatorial to a.xial ratio. Combe and Hembest (37 ) studied
the reduction of 4-substituted cyclohexanones and found that the.
isomeric ratios were nearly uneffected by changes in the solvent.

Cyclohexanones with a polar substituent in the 4- or 2-
positions show a tendency to produce more axial than equatorial
alcohol. Thus,the reduction of 4-chloro, h-carboe‘bhoxy and
}-carbophenoxycyclohexanone has been reported to give 66, T4 and
67 % of the axial alcohols, respectively (34). The reduction
of _c_is_x-2-chloro-h-_p_-butylcyclohexanone ga.x.re nearly equal
proportions of equatorial and axial isomers; whereas, when trans-
2-chloro-k-t-butylcyclohexanone was reduced an 8T % yield of the

equatorial isomer was obtained (38).

C
metha.nol-
benzene H
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TABLE T -
Literature Data for the Sodium Borohydride Reduction of

Monosubstituted Cyclohexanones

. % Equatorial Method of
Ketone - Alcohol (solvent) Reference  Analysis
t-buty
76 (1sopropa.nol) 3l gelepece
N0
H
: 68 (methanol) 35 g.l.p.co
e T
: H
82 (methanol) 36  gelepec.
75 (methanol-water) 37 density
78 (isopropanol) 35 gelepece
s\,
Q CH302 H
CH302 '
83 (methanol) 35 g.1l.p.co
83 (methanol) 36 g.1.p.cC.
49 (methanol-water) 37 density
Q’O moﬂ
CHa He,

69 (methanol-water) 37 density




NB.H‘I4
methanol- H
. benzene

87 %
Haubenstock and Eliel (39) showed that the reduction of

3,3,5-trimethylcyclohexanone produced mainly the axial alcohol
and that the amount of axial alcochol formed .va'ried by as much as

18 % depending on the solvent employed. 1In this example the ring

3 H3
CH NeBg, CB '
——————
3 . 3

55 - T3 %
is conformationally fixed, since the other chair conformation
would required axial methyl groﬁps at the 3- and 5-po$ition§ 3
thereby causing severe syr; axial interactions ()-IO). Therefore the
axial 3-methyl group should cause hindrance tawé.rds axial approach
of the borohydride ion accounting for the preponderance in the
axial product. Similar effects have been observed for the
reduction of 4-keto steroids where the angular methyl group at |

the 10 position causes hindrance toward approach of the borohydride
ion (36).

SR vA

predominant

McDonald (17) has reported that the reduction of
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];,25h,5-d.i-_(_)_-isopropylidéne-ﬁ-lg- rythro-2-3-hexodiulose

produced mainly the equatorial alcohol. On the other hand, Stevens,

. 65 % yield .

et al. (11) have reported an example of the reduction of a keto
sugar that gave a ratio of axial to equatorial alcohol of 45:1.
They reduced methyl 6-deoxy-2, 3.isopropylidene-0-D~lyxo-hexopyran- ‘

h-uloside and obtained a product with the talo configuration.

Ha

NaBH,
Ha

Ha

These results are not surprising, however; the endo methyl group.
of the cis fused 1, 3.dioxalane ring must present considerable
hindrance toward axial attack by the borohydride ion, thus
preventing the formation of equ_a.’coria.l alcohol. Similar, but
smaller effects are observed when an axial acetoxy group is

attached to & ring carbon atom p to the carbonyl group of a
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pyrenuloside. Thus, Lemieux et al. (31) found that sodium
borohydride reduction of isopropyl 3, 4,6-tri-0-acetyl-o-D-
arabino-hex&pyra.né-uloside gave a 20:1 ratio of equatorial to
axial products, whereas the reduction of B-;phca_nylethyl ’
3,1},6-tri-g-a.ce'byi-a-]g-Z_Lﬂg-hexopyra;ne-uloside gave only &

3:2 ratio of equatorial and axial material (k2).

" ¢OAc Ac Ac
Ac NaBI{4 AcO + Ac .
——
Ac Ac _ Ac
H
‘ | = X |

.Ac Ac Ac Ac
NaBH,
Ac
OCHzCHaPh CHaPh
2

As mentioned above, the goal of this research was to
construct a model ketone and ketoxime system that would be useful
for the study of the effects of polar a-substituents on the
stereochemical route of the sodium borohydride reduction of
ketones and the catalytic hydrogenation of ketoximes. Derivatives
of l&-_tg-butylcyclohexanone were ﬁsed for this purpose since the
t-butyl group is well known to anchor the compound in a specific

chair conformation and is sufficientiy 'removed from the reé.ction
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center to not directly affect the stereochemical result of the

reaction (43). The ketones and ketoximes that were synthesized

are shown below. The O-substituted model ketones were reduced

OH
R R B R
H H H H
H OAc H OAc
H OCH3z H OCHa
OAc H OAc H
OCHs H OCHs H
OCHPh H OCH-Fh H
CH H

under standard conditions and the results compared to those
obtained in the reduction of 4-t-butylcyclohexanone. In this way
it was possible to assess the effects that the Q-substituents had
on the course of the reductions. Similarily the a-substituted
ketoximes were reduced and the results compared with those obtained
in the reduction of the 4-t-butylcyclohexanone oxime. Preliminary
studies on the reduction of L-t-butylcyclohexanone oxime indicated
that two catalysts (palladium and rhodiu.m) gave the most satis-
factory reductions and therefore these were used for the reductibns
of the 2-substituted derivatives of 4-t-butylcyclchexanone oxime.
Since our main interest in oxime reductions is connected

with the preparation of amino-glucosides, it was of

interest. that a more thorough study be made of the réduction of
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a specific oximino-glycoside. For this reason the hydrogenation of
isopropyl 2-oximino-a-]g-arabino-hexopyra.noside was carried out
under a variety of conditions in order to better evaluate the
effects that acidity, catalyst, solvent and in particular hydrazine
have on the steredchemical result of the reductions.

An important part of any project of this nature are the tools
used for analysis of the results of reactions. In this work gas
liquid partition chromstography (g.l.p.c.) and nuclear magnetic
resor;ance (n.m.r.) spectroscopy were ideally ;gited for this purpose.
For the n.m.r. analyses, advantage was taken of the fact that
axial hydrogens attached to cyclohexane rings normally produce
signals 0.2 to O.4 Tunits up field fram the signals produced by
equatorial hydrogens in chemically similar enviromments (k). Therefore.
jt was often possible to determine the Vra.tios of epimeric compounds
produced in the sodium borohydride reductions and the catalytic
hydrogenations by comparing the intensities of the signals produced
by the hydrogens geminal to the newly formed groups (alcohols or

amines). Also highly useful was the phenomenon that axial hydrogens

o T TX
Reduction X

—_—
Y

/-——-—'-—'*
T(X + 0.2 to 0.4)

produce broader signals (about twice as wide) than do equatorial
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hydrogens, since the former are more strongly coupled to-neighboring
hydrogens than are the latter (4%, 45). Thus it was often possible
to assign a configuration to a given group on the basis of the
half-band width of the signal produced by the hydrogens geminal
to that group. Specific applications of this are discussed in the

forthcoming sections.
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II. RESULTS AND DISCUSSION

A. Preparation of Model Compounds

1. 2-Substituted k-t-butylcyclohexanones
Cis-2-acetoxy-l-t-butylcyclohexanone was obtained in %
yield- by ‘reaction of-the. rea.dll;vé’*avaknh.lﬂ.@.?le ggpmmo-h.ﬁvﬁp};tygﬂ_gmglo-

hexanone with sodium acetate in acetic acid (46). Several by-

Na.QAc :
HOAc .

products were formed which were not isolated. The n.m.r. spectrum
of 1 (F:‘%g., 1) showed a one-proton multiplet at low field, Th.8,
which was assigned to the hydrogen geminal to the acetoxy group.

The half-band width of the multiplet (20 Hz) indicated the.t the
hydrogen is axially oriented (44). The multiplet showed some sign of
_ the presence of virtual long range coupling. The configuration of
1 was established as follows. Sodium borohydride reduction of 1

led to a mixture of alcohols. However, as seen fram the n.m.r.

CHa CHs ' 9‘3Ha_
Na.BH,4 +
. 20 % 80 %
5 5

1



Fig. 1

s-5-i-i-fy

= 2

Pap added > I S M JM \ e

OCH=Fh t—;

- Fab addod 2 T PN el S S Ik,, ‘
L - J r‘

.._a.ﬁ..u—.... ——— i%"“"‘ _-_...[. -———iadd ..‘u —tenat -‘l.x purery 14_..;.L'I.A s z,,.,;...l.;.u ;A..__..,.l....»_;..x.hu;#a.x-

Figure 1. 60 MHz N.M.R. Spectrum of cis-2-Acetoxy-k-t-butylcyclohexanone
(1) in Deuteriochloroform (cDC1l3). Figure 2. 60 MHz N.M.R. Spectrum of
Product from Sodium Borchydride Reduction of (1) in CDCls. Figure 3.

60 MHz N.M.R. Spectrum of trans-2-Benzyloxy-trans-5-t-butylcyclo-
hexanol (4) in CDCls. ' ‘
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spectrum of the crude product (Fig. 2) one of_the isomers comprised
about 80 % of the product. The structure of this‘component was
.confirmed by the pfesence of signals, for this isoher, of the
hydrogens of an acetoxy group, a hydroxy group and two one-proton
sex@éts at T5.37 and T6.5. The lower field signal is assigned to
,the'hydrogen'at the 2-position which is deshielded by the acetoxy
group. Each signal showed two spacings of 9-10 Hz and one of 4-5 Hz
‘which requires botb the hydrogéns to be axial and coupled'with~eadh
other and with the hydrogens of a vicinal methylene group. Thisl.
. isomer is therefore, gggg§-2-acetoxy:&;ggg-h1§-butylcycloh¢xan§1 (3).
It follows that the parent ketone was indeed the.g;§-2-acetoxy-h1§-
butylcyclohexanone. | |

When the bromoketone was treated with either sodium methoxide
in méthanol or.sodium'benz&loxide in benzyl alcohol, ketoniC'm;terial
could not be readily isolated in a pure state. It.is‘well known

(47) that equatorial O-bromocyclohexanones are highly susceptible

to the Favorskii reaction (48) and this likely was responsible for

the failure of this approach.

A new approach was needed for the synthesis of 2-substituted

k-t-butylcyclohexanones. A synthetic sequence (outlined below)
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B starting with cis and trans-k-t-butyleyclohexene oxides was used and.

provided ketones wherein R was acetyl and methyl. The cis and

separate
‘isomers
R ' H '

- 4
chr04 '
- in acetone

R

trans-k-t-butylcyclohexene oxides \-fere. prepared (49) and _freated
ﬁith benzyl alcohol in the presence of boron trifluoride etherate;
conditions that have been used in the steroid field for the opening
of epoxide rings with alcohols (50). A good yield of a mixture of
compounds in the ratio of 2:3 was obtained. These were 'sepa.ra.ted
by fractional crystailization. The n.m.r. spectra required 'Ehese
to be the expected isomers resulting from opening of the ring by
the alcohol and this was confirmed by elemeutal analysis. The
Furst-Plattner rule (51) predicts the diaxial products 4 and 5 to

be the main produéts from the trans and cis epoxides, respectively.
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Each compound showed a pair of one-proton multiplets at low field
(Figs. 3 and 4) which could be assigned to the 1 and 2 hydrogens
of the cyclohexanol derivative. Since the half-band widths of
these multiplets were all less than 10 Hz, clearly the diaxial

products were those isolated (44). As expected then, catalytic

H . HoPh
;-
Cat.
H
2 2

hydrogenation of both compounds 4 and 5 gave the known trans-2-

hydroxy-cis-lb-t-butyleyclohexanol (6) (38). The higher melting iscmer
'was shown to be trans-2-benzyloxy-cis-lk-t-butylcyclohexanol (5) vy

chemical degradation as outlined below.

52233 *ﬁ:—aﬁ*ﬁ

chr04

a.cetone

Compound 5 was treated with phosphorus pentachloride and
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Figure 4. 60 MHz N.M.R. Spectrum of trans-2-Benzyloxy-cis-k-t-butylcyclo-
hexanol (5) in CDCls. Figure 5. 60 MHz N.M.R. Spectrum of trans-2-
Benzyloxy-cis-k-t-butyleyclohexyl Chloride (7) in CDCls. Figure 6. 60
MHz N.M.R. Spectrum of trans-5-t-butyl-trans-2-Chlorocyclohexanol (8)
in Carbon Tetrachloride.
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calcium carbonate to produce a compoun(i with a composition suitable
for structure 7. The n.m.r. spectrum of T (Fig. 5) shov‘red‘ one-
proton doublets at 76.02 and T6.5 which are assigned to the
hydrogens geminal to the chloro and benzyloxy groups. The half- -
band width of the signals (7 Hz) indicated that these hydrogens
were equatorially oriented.(hlt)." Catalytic hydrogenolysis, over 5 %
‘pa.llad.ium ‘on carbon, converted 7 to a compound (_8_) that had n.m.r.
(Fig. 6) and m.p. dats the same as those reported (52) for trans-
3-§-i3utyl-_t_;'g._n_s-6-chlorocyclohexa.nol_. This showed that 5 was trans-
2-benzylo:qr-_c_ig-h-_t-butylcyclohe};anol and, therefore, L was trans-
2-benzyloxy-trans-5-t-butycyclohexanol. However the m.p. reported
(38) for cis-l-t-butyl-trans-6-chlorocyclohexanol is also the same
as that found for 8. That 8 was trans-3-t-butyl-trans-6-chlorocyclo- .
hexanol was confirmed as follows. Jones oxidation ‘(53) of 8 gave
a halogen containing ketone (9) which was hydrogenated over 5 %
palladivum on carbon to yield a ketone (;Q) that was halogen free.
The 2,L4-dinitrophenylhydrazone and semicarbazone of 10 had melting
points the same as those reported (5k, 55) for these derivatives
of 3-t-butylcyclohexanone.

As illustrated below, compound L pr.oved useful as a starting
material to prepare ;t_:@__:ls_:-h-j_s-bu’cyi-e-meﬁhomcyclohexa.none and
_'ggg_rg-2-a.ceto:qr-h-_’g_—butylcyclohexanone. . It was seen above that
the latter compound was not available by acetolysis of 2-bromo-
l-t-butylcyclohexanone.

The methylation procedure of Eades and coworkers (56),

employing an excess of sodium hydride and methyl iodide in
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tetrahydrofuran, was used for the preparation of trans-2-benzyloxy-

H 0HoT,NaH a Ha'
3Ly
Tfé"'—’ He,PA/C,,

" n
HoCr0y4
in
acetone

3
Ac20
in
Pyridine
A} A_:
| 0 | q
CHs CHg CHs °
Ha . _ HoCr0g4 ?
—P/C in acetone ’
OCHoFh H
hL 5 16

trans-5-t-butylmethoxycyclohexane (11) from 4. Compound llwas de-
O-benzylated by catalytic hydrogenation over 5 % palladium on carbon
to produce cis-l-t-butyl-trans-2-methoxycyclohexanol (12). Jones
oxidation (53) of 12 produced trans-4-t-butyl-2-methoxycyclohexanone
(13). The n.m.r. spectrum (Fig. 7) of 13 showed signals for the
hydrogens of the methoxy group as well as a one-proton multiplet

at T6.53 assigned to the hydrogen geminal to the methoxy group.

The half-band width of the signal (7 Hz) indicated that this

hydrogen was equatorially oriented (i), therefore confirming that
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this was the trans isomer.

Acetylation of 4 produced trans-2-acetoxy-cis-4-benzyloxy-t-
butyleyclohexane (14). Compound 1h was de-Q-benzylated by catalytic
hydrogenation over 5 % palladium on carbon to produce trans-2
‘acetoxy-cis-4-t-butyleyclohexanol (15). Irans-2-aceboxy-cis-l-%-
‘butylcyclohexanone (16) was obtained by Jones oxidation (53) of 15.
The n.m.r. spectrum of 16 (Fig. 8) showed signals for the hydrogens
of the acetoxy group as well as a low field one-proton multiplet at
TL.91 which was assigned to the hydrogen geminal to the acetoxy
group. The half-band width of this signal (11 Hz) required that
this hydrogen be equatorial (L4).

Compound. 4 was also a convenient starting material for the

synthesis of ggg—h-_p_-butyl-a-metho:qrcyclohexanone (21). Jones

J ones
Ox:.d.

L‘I'A OCHgPh

18 19 OCHzFh 20 O
Jones
Oxid.

’\W“s
21
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Figure 7. 60 MHz N.M.R. Spectrum of trans-k-t-Butyl-2-methoxycyclo-
hexanone (13) in CDCls. Figure 8. 60 MHz N.M.R. Spectrum of trans-2-
Acetoxy-l-t-butylcyclohexanone (16) in CDCls. Figure 9. €0 MHz N.M.R.
Spectrum of cis-2-Benzyloxy-5-t-butylcyclohexanone (1) in CDCla.
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oxidation (53) of L produced 2_5;§-2-benzylo>qr-5—_’_c._—butylcyclohexanone
(a7). The nem.r. spectrum of 17 (Fig. 9) showed signals for the
hydrogens of a phenyl group, of the methylene group of & benzyl
group, an hydroxy group and a one-proton multiplet at T 6.31 that
was assigned to the hydrogen geminal to the benzyloxy group. The
half-band width of the multiplet (6 Hz) indicated that this hydrogen
was equatorial (44). Reduction of 17 with sodium borohydride produced a
mixture of alcohols in the ratio 4.9:1. The predominant isomer 18
was obtained in 45 % yield by fractional crystallization. The

n.mer. spectrum (Fig. 10) of 18 showed the presence of signals for
the hydrogens of a phenyl group, an AB quartet for the hydrogens

of the methylene group of a benzyl group and a complex two-proton
mltiplet in the region T6.22 to T6.78 that was attributed to the
hydrogens geminal to the benzyloxy and hydroxy groups. The
multiplet appeared to be a camposite of a narrow multiplet, half-
band width T7-8 Hz, centered at T6.35 and a broad multiplet somewhat
up field from this with a half-band width of at least 20 Hz. This
jndicated that one hydrogen was axial and one equatorial (44) and that
18 was g_}_g-z—benzylow-_gj_.s;-S-Q-butylcyclohexa.nol.

Compound 18 was methylated to give gis-2-benzyloxy-cls-5-%-
butylmethoxycyclohexane _il_.Q. De-0-benzylation of 19 was accomplished
by hydrogenation over 5 % palladium on ga.rbon and produced _c;i._g-h-_‘g-
butyl—_g_;g-z-methomcyclohexanol 20. The n.m.r. spectrum of 20
(Fige 11) showed the presence of signals for the hyd.rogeﬁs of a
hydroxy group, a methoxy group as well as one-proton multiplets at

T5.91 and T6.86 that were assigned to the hydrogens geminal to
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Figure 10. 60 MHz N.M.R. Spectrum of cis-2-Benzyloxy-¢cis-5-1-butyleyclo-
hexanol (18) in CDCls. Figure 11. 60 Mz N.M.R. Spectrum of cig-b-t-
Butyl-cis-2-methoxycyclohexanol (20) in CDClz. Figure 12. 60 MHz N.M.R.
Spectrum of cis-k-t-Butyl-2-methoxycyclohexanone (21) in CDCla.
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the hydroxy and methoxy groups, respectively. The half-band width
(8 Hz) of the signal at T5.91 required that this hydrogen be
equatorial end the half-band width (20 Hz) of the signal at T6.86
sndicated that this hydrogen was axial (M4). Jones oxidaticn (53) of 20
produced cis-li-t-butyl-2-methoxycyclohexanone 21. There was present
in the n.m.r. spectrum of 21 (Fig. 12) s & 's'i@al for the hydrogens of
a methoxy group and a one-proton multiplet at T6.1% (half-band
width 20 Hz) that was attributed to the hydrogen geminal to the
methoxy group. The multiplet showed a spacing of 12-13 Hz and one
of 5-T Hz which indicated that this hydrogen was axial and couple'd
with the hydrogens of the vicinal methylene group.

_'.l;r_a.ns_g__-2-benzyloxy-h-j—bu'bylcyclohexanone 22 was obtained,
directly, by Jones oxidation of Lx;g_ng-2-benzylo}qr-_g:§._§-h-j_:-

butyleyclohexanol (5) as shown below. The n.m.x. spectrum (Fig. 13) of

HoFPh >Fh
HoCrO4
e
in acetone

22 showed the expected signals for the hy&ogens of the phenyl
group and for the hydrogens of the methylene group of the benzyl
group. Also present in the spectrum was a one-proton mtiplet at
T 6.3 that was attributed to the hydrogen at the 2-position of the

cyclohexane ring. The half-band width of this signal (T Hz)
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Figure 13. 60 MHz N.M.R. Spectrum of trans -2-Benzyloxy-k-t-butyleyclo-
hexanone (22) in CDClz. Figure 1k. €0 MHz N.M.R. Spectrum of cis-l-%-
Butyl-2-methoxycyclohexanone Oxime ( 25) in CDCls. Figure 15. %0 MHz
N.M.R. Spectrum of trans-k-t-Butyl-2-methoxycyclohexanone Oxime (26) in
CDCls.
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required that the benzyloxy group be axial. All attempts to de-Q-
benzylate 22 by catalytic hydrogenation, over 5 % palladium on

carbon, produced intractible products.
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2. 2-Substituted h1§-butycycldhexanbne oximes
Table IT lists ketones and their oxime derivatives along with
NeMoTe parameters.for these compounds. The ketones were easily
converted into oximes by reaction with hydroxylamine acetate.

. The low fieid signal in the spectrum was assigned, in each case,
to the hydrogen geminal to the o.substituent. It is noted that the
chemical shifts of the hydrogens at the‘a-positiqn of the epimeric
o.substituted ketones are reverse to the normal. in that the
equatorial hydrogen 1is upfield from the chemically similar but axially
oriented hydrogen (44). This effect was first observed by Nickon
(57) for a series of O-halo steroidal ketones. In his study he
showed that, for cyclohexane derivatives, the net effect of a ring
- carbonyl group is to deshield vicinal axial hydrogens and shield
' vicinal equatorial hydrogens. |

It is of interest to note that, as seen in Table II, oximes do
not show, this effect fér hydrogens anti to the hydroxyl group and
which, therefore, should be influenced by the pi-bond system of the
oxime in a manner similar to that for the ketones. Apparently the
electronic currents caused by the applied magnetic field in the
C=N bond are not as strong as those for the C=0 bond (58).

When the n.m.r. parameters for the 2-substituted h1§-butylcyclo-
hexanones are compared with those of their anti oximes it is seen
. +hat the signals for the hydiogens at thé 2-positions are generally
shifted down field on going from ketone to oxime. This is likely an
electronegativity effect.

Tﬁe 6ximes are assigned the anti configuration on the following
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TABLE II

N.M.R. Parameters® for 0-Substituted -t -Butyleyclohexanones
and their Oximes in Deuteriochloroform

Chemical Shifts, 7T-Units

— Ho \ — He \
Compound Axial Equatorial Axial Equatorial
L Te5=  _ Te5- L Te5- . Te5-
7.8 7.8 T8 7.8
6.22 - 7'5" T'S_
(20) 7.8 7.8
- 6.53 T.25 T.T
. (7)
i3
Ac C b - T.5- Te5-
(20) ToT 7T
1
Ac
- )4..91 T.5 ~ Teb
(11)
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. 'I'ABLE II. (Cont.)

N.M.R. Parametersa for oz-Subst:.tuted ll»-1:-Bu:l:ylc:rclohexan.nones
and their Oxmes in Deuteriochloroform

..hem:.c&l Shifts, T-Units |
e Hz \ 7 —He \
Compound __Axial FEquatorial Axial Equatorial

| ~8—8.3 —47.5 ~8-8.3 ' 6.61

(15) : o .
- 6.18 ~ 7.7 6.76
(7)
k.65 - ~ T8 6.57
(17) :
- | ll».52 R 7'7 6067
(7) :

8': HO’

@ The Nem.r. Spectra of ketones 1,17, 16 and 21 are shown in Figs.
1, T, 8 and 12, respectively. The nem.r. . spectra of oximes 25, 26, 2T
and 28 are shown in Figs. 14, 15, 16 and 17, respectively. The numbers
in parentheses are the half-band. widths (in Hz) of the signa.ls.
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Figure 16. 60 MHz N.M.R. Spectrum of cis-2-Acetoxy-k-t-butyleyclo-
hexanone Oxime (27) in CDCls. Figure 17. 60 MHz N.M.R. Spectrum of
trans-2-Acetoxy-lI-t-butylcyclohexanone Oxime (28) in CDCls. Figure 18.

MHz N.M.R. Spectrum of trans-2-Benzyloxy-4-t-butylcyclohexanone
Oxime (31) in CDCls. .
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basis. In addition to the low field signal attributed to the hydrogen
geminal to the 2-substituent, each oxime displayed a one-proton
doublet that was centered in the region T6.5 to 6.8. Trager and
Huitaic (59) have shown that one of the equatorial hydrogens vicinal
to the oximino group in 1l---_13-bu.tylcyclohexa\.none oxime appears as a
doublet at T6.61, 0.91 T-units d.oﬁ,n field from the other. Others.
have observed similar results for a variety of oximes and have
shown that it is the equatorial hydrogen syn to the hydroxyl group of
‘the oxime that appears down field in the spectrum (60,61). Because

the signal for the hydrogen at the 2-position in the 2-substituted

T T.52—,
“ox

HH «T 6.61

ll»-_'tg-butyléyclohexanone oximes has already been accounted for, the
one-proton doublet in the region T 6.5.-6.8 must be due to the
presence of a deshielded equatorial hydrogen at the 6-position and,
therefore, the hydroxy group of the oxime must be syn to the 6-
position and anti to the 2-position. It should be noted that the
 n.m.r. spectrum (Fig. 15) of trans-l-t-butyl-2-methoxycyclohexanone
oxime indicates the presence of some (a.pproxi:ﬁa.tely 15 %) sm

oxime. This is indicated by the presence of a signal at 75.10
(half-band width 7 Hz). The difference (1.08 T-units) between the

chemical shifts of the equatorial hydrogen at the 2-position in the
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syn and anti oximes is in agreement with the above observations.

OCH OCH,
H-%—-.’I'G.lS H3<—7‘5.10

\"OH

HO'

~anti isomer , Syn isomer

Obviously, therefore, when the chemical shift for an equatorial
hydrogen @ to a keto group is known then it is possible to determine
the coni‘i.gura.tion of its oxime since ité signal will be shifted about
onev T-unit down field if fhe hydroxyl is syn to the hydrogen. Thus,
. it is.possible to a.ssiQn a configuration to the oximino group in
isopropyl tri-O-acetyl-2-oximino--D-arabino-hexopyranoside (29)
obtained by Lemieux, et al. (19). The signal for the anomeric
hydrogen in iéopropyl tri-0O-acetyl-a-D-arabino-hexopyran-2-uloside
(30) was shown to appear at 7 5.06 in the ﬁ.m.r. spectrum (31). On
the other hand, 29 showed an anomeric signal at T 3.86. The large

downfield shift of the anomeric signal on going fram ketone to -

N Ac
Ac Ohe AcO

Ac 4T5.06 AcO: *_,i. 3,86

2 1 2 R

oxime requires the oxime to have the syn configuration as shown
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above for 29. The alkyl and aryl 3,k4,6-tri-O-acetyl-2-oximino-Q-D-
arabino-hexopyranosides described in reference 19 all have similar
| chemical shifts for the anomeric hydrogens and it seems likely that
all of these oximes have the syn configuration. This result had been
predicted on the basis of mechanistic considerations (19).

Not listed in Table II are ‘the oximes of trans-2-benzyloxy-h-t-
butylcyclohexanone and _gz;aﬁé_é-hydrox'y,—h-j;_-butylcyclohexanone.
_t':r_va_,p_s_-2-Benzyloxy-h—i-butylcyclohe}{anone oxime (31) was prepared
from trans-2-benzyloxy-4-t-butyleyclohexanone in the usual manner.
The nem.r. spectrum of 31 (Fig. 18) indicated that this was a mixture

of the syn and anbi isomers. Signals at Tk4.93 (half-band width

7 Hz) and T6.02 (half-band width 7 Hz) were attributed to the
. hydrogens at the 2-pos'ition of the cyclchexane ring in the syn and
anti isomers, respectively. As shown below 31 was used as starting

material for the preparation of the oxime of trans-2-hydroxy-l-t-

HoPh -
5 % pa/c
——
Hp
b )
. 'HO
A | 22

butylcyclohexanone (2). The hydrogenation was stopped after
slightly more than one .equivalent of hydrogen had been absorbed toi
prevent hydrogenation of the oximino group. The n.m.r. spectrum of

32 (Fig. 19) showed a one-proton multiplet at T 5.56 which was
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assigned to the hydrogen at the 2-position of the cyclohexané ring.
The half-band width of this signal (7 Hz) indicated that the 2-

hydroxy group was axial (44).

Figure 19. 60 MHz N.M.R. Spectrum of trans-4-t-Butyl-2-hydroxycyclo-
hexanone Oxime (32) in Dg-Acetic Acid. ‘
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B. Reduction Studies

1. Sodium Borohydride Reduction of 2-Substituted l&-_'g-Butylcycio-
hexanones |

_ As pointed out earlier, an objective of this research was .,a.lso to
construct model ketones that could be used to study the effects,
that 2-substituents have on the stereochemical result of the sodium.
borohydride reduction of ketones. Particular emphasis was placed on
the preparation of ketones with polar 2-substituents, since these
are the kinds of groups normally found adjacent to the carbonyl
group of ketones derived from carbohydrate structures and information
was not available in the literature on what effects these kinds of
substituents have on the course of ketone reductions. For this

reason the following compounds of fixed conformation were synthesized.

. Ac
0
23 16

=

3 =z

The borohydride reductions were performed under standard

conditions at 0° using a 5:1:1 mixture of tetrahydrofuran, ethyl
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acetate and water as solvent. Nearly quantitative yields of a
.mixbure' of epimeric alcohols were produced in each case. The ratios
of equatorial to -a.xial alcohols were obtained by a combination of
n.m.r. and gas chromatographic analysis and the resul’cs. are shown in
Table III along with appropriate n.;n.r. parameters. The reduction
of ketones 1 and 23 gave alcohol mixtures that were easily anaiyzed
by n.m.r. because the chemical shifts of the hydrogens at the
1l-positions of the epimeric alcohols were well separated in the
spectrum. However, this was not so for the pairs of epimeric
alcohols obtained from the reduction of ketones 13, 16 and 22 since
there was iittle difference between tpese chemical shifts.

In Table IIT it is seen that the products from the reduction of
ketones 13 and 22 were acetylated prior to n.m.r. analysis. This |
-was necessary since there was little differencé between the chemical
shifts for the‘ hydrogens at the 1- and 2-positions 'of‘the cyclohexane
ring of tﬁe unacetylated i)roductso |

The pair of epimeric alcchols obtained from the reduction of 16
was separated by column chromatography. The n.m.r. spectrum of
the predominant isomer (Fig. 20) contained signals for the hydrogens
of an acetoxy and a hydroxyl group in addition to one-proton
multiplets at T 4.82 (half-band width 8 Hz) and T6.38 (half-band
width 20 Hz) which were assigned to the hydrogens geminal to the
acetoxy and hydroxy groups, respectively. The 1é.rge spé.cings
present in the signal at T6.38 confirmed that, indeed, the major

product of the reduction was the equatorial alcohol, trans-2-acetoxy- -
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trans-h-t-butyleyclohexanol. In Fig. 21 is seen the n.m.r. spectrum
of the corresponding axial alcohol, trans-2-acetoxy-cis-l-t-
butyleyclohexanol (15), which, as pointed out earlier, was an
intermediate in the, synthesis of trans-2-acetoxy-k-t-butyl-
cyclohexanone. It is‘ seen that for this compound, the signals for
the hydrogens geminal to the acetoxy and hydroxy groups appear at
T5.07 (half-band width 8 Hz) and T 6.30 (half-band width 8_Hz), -
respectively. In Fig. 22 is seen the n.m.r. spectrum of the crude
product obtained in the borohydride reduction of ketone 16. The
spectrum shows clearly that both the equatorial and axial alcohols
were present. This was indicated by the presence of multiplets at
Th.82 (half-band width 8 Hz) and 7T5.07 (half-band width 8 Hz) which,
as was shown above, could be assigned to the signals produced by the
hydrogens geminal to the acetoxy groups in the -equatorial a.nd axial
isomers, respectively. It is apparent from the relative intensities
(5.7:1) of these signals that the equatqrial product was predominent.
| The product from the reduction of j_rg._n_s-2-benzylb:w-h-;t_-
butylcyclohexanone (22) was analyzed in a manner similar to that
described above and again the equatorial alcohol was the predominant
product. It is seen in Table IITI that the chemical shifts for the
equatorial bydrogens, geminal to the benzyloxy groups were different
in the two epimers. This effect has been noted by others (62) and,
in general, an equatorial hydrogen vicinall to an axial acetoxy |
group produces a signal with a chemical shift that is upfield

(approximately 0.25 TFunits) from the signal produced by such a
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Figure 20. 100 Mz N.M.R. Spectrum of g‘l§_—2-Aceto:qr-tra.ns-h-_’g-butyl-
cyclohexanol in CDClga (Sweep width 1000 Hz, offset 50 Hz). Figure 21.
60 MHz N.M.R. Spectrum of tra.ns-2-Aceto:qr-_g}_s_-h-}_-butylcyclohexanol (15)
in CDCls. Figure 22. 60 MHz N.M.R. Spectrum of Product fram Sodium
Borohydride Reduction of trans-2-Acetoxy-l-t-Butyleyclohexanone (16)
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hydrogen when the vicinal acetoxy group is equatorial.

| STX T (x +0.25)
' ' Ac '

The alcoho;l. mixtures, obtainéd from the reduction of the
ketones, were trifluorocacetylated and examined by g.l.pe.ce and in
each'case produced two well resolved peaks that showed a ratio of
intensities in‘ close agreement with the epimeric ratios obtained'by
n.m.r. analysis. Authen‘b_ic axial alcohols were available in three
cases for trifluoroacetylatioﬁ and comparison of retention times.

In each case the axial alcohol was found to be the miﬁor component
and had the shorter retention time.

The results of the reductions show that the addition of poiar
2-substituents to h-_‘g-butylc&clohexanone had the effect of slightly
decreasing the amounts of equatorial alcohol produced. The
configuration. (axial or equatorial) and the nature of the 2-
substituents.'had little effect on the isomeric ratios. In all cases
the yield of equatorial alcchol was 86-90 % |

These results seem to parallel the examples found in the
literaturg for the sodium borohydride reduction of ulosides. It was
seen in the introduction that, when there are no axial substituents
B to the keto group, the bqrohydrid.e reduction of ulosides normally

_gives the equatorial alcohol as the predominant product.
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2. Catalytic hydrogenation of L-t-butylcyclohexanone oxime,
azine and hydrazones

As has already been discussed, a model oxime system based on .
derivatives. of L4-t-butylcyclohexanone was constructed for the
purpose of -examining the effects of polar 2-substituents on the
catalytic hydrogenation of ketoximes. This Section is concerhed,
mainly, with the hydrogenation of J-t-butylcyclohexanone oximes

The hyd;'ogenations could be carried out under a.very wide
rangé of conditions including changes in acidity, catalyst, pressure,
solvent and temperature. However, it was desired to obtain at least
a semi-quantitative assessment of the effects that acidity, catalyst,
solvent and changes in structure have on the rates of the reductions.
This was most conveniently achieved by carrying out reactions at
25 + 1° and using an all glass atmospheric pressure hydrogenator
fitted with a gas burette (63). In all cases hydrogenation was
continued until hydrogen uptake had ceased. The h-t-butyleyclo-
hexylamines formed in the reductions were trifluoroacetylated and
examined by g.l.p.c. employing cyclohexylamine as internal standard.
The results obtained in the hydrogenations are listed in Table IV.

Tt is seen in Table IV that the reduction of h-t-butyleyclo-
hexanone oxime over 5 % rhodium on carbon in 90 % ethanol (run 3)
gave a lower yield of amine than when the reduction was carried out
in absolute ethanol containing 2 % benze'ne (run 4). Rylander (1)
has pointed out that when oximes are hydrogenated in aqueous

solvents the yields of amines are often low due to the formation
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TABLE IV

Catalytic Hydrogenation of h-_g-Btrbyicyclohexa.none Oxime®

-t -Butylcyclo-

. hexylamines Formed
% Con- .~ % % t1ss Rel.

Run Catalyst Solvent  versionP Yield® Cis (min.) Rate
1 5% RufC 9 % EtOH 40 32 67 370 3.2
2 5% Ru/A1-05 90 % EtOH 9 T 4 860 1.4
34 54 my/c % % EtH - 51 T 12 100
L 5% RB/C 98 % Esor° Tl 68 88 66 18
5 5% BRn/Alz0s 98 % EtOR® 69 60 91 270 k.5
6 5% m/C 1.1 eq. HCL 66 55 8 100 12
in HOAc . .
7 54 n/c 1.1 eq. HO  _ 55 56 190 6.3
in 90 % EtOH
8 5% m/c 1.1 eq. HC1 50 32 98 1300 0.9
in HOAc
9 Pd/C 1.1 eq. HC1 T8 65 69 Lo 2.5
5% Pt/C in HOAc
(19/1 w/w)
10 5% Pt/C 1.1 eq. HCL 86 82 69 12 100
in HOAc

a. Two mmoles oxime, 10 ml solvent and 169 mg catalyst at 25 ¥ 1°
and atmospheric pressure and employing cyclohexylamine as internal

standard. b.
" product. c.

g.l.psc. analysis.

catalyst.
amine.

Internal standard added before work up of hydrogenation
Internal standard added after work up and before

One mmole oxime, 10 ml solvent and 183 mg of

The yield was determined from the weight of isolated
e. Absolute ethanol containing 2 % benzene.
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of alcchol and ketone side products. Breitner et al. (64) have
suggested that the first step in the hydrogenation of oximes may be
the cleavage of the nitrogen-oxygen bond giving rise to an imine,

The imine can then be hydrogenated to amine or hydrolyzed to ketone

Hp S

Cat. g QNHa

> s |
Cat |

fH gy R
OF == OF —
Hz0

which if hydrogenated would give an alcohol.

The reductions with ruthenium (runs 1 and 2) were found to be
very unsatisfactory giving low yields of amines and very slow rates |
of reduction. Rylander (l) encountered similar problems when he
used ruthenium as catalyst for the reduction of oximes. He observed
.tha:b the main products of these reactions were alcohols and ketones.

Tt has been reported that when two platinum catalysts are
used together (physical mixture) the hydrogenation rates may be
faster than when either catalyst is used individually (65 Synergism™
by mixtures of two catalys’cs has been accounted for by the
assumption that hydrogenation may involve two or more discrete stages
or intermediates (as discussed above) s some of which may be reduced

‘more easily by one catalyst and some by the other (66). Run 9(Table Iv)

was carried out using a nineteen to one mixture of 5 % palladium on



- 48 -

carbon and 5 % platinum on carbon, resp.ective.'ly. It is seen that -
synergism did not take place since the rate of hydrogenation was
intermediate between the rates for palladium (run 8) and platinum
(run 10) under the same conditions. ﬁowever, there is some sign
that the hydrogenation does occur in stages since the rate of the
reduction was similar to that found when 5 % palladium on carbon was
used as catalyst in run 8 whereas the stezjeochemica.l result of the
reduction was identical to that found for the corresponding reduction
employing 5 % platinum on carbon as cé.ta]ySt (run 10).

The catalyst support may influence the stereochemistry of oxime
reducfion, but no investigation of the effect of support seems to
have been made (1). Since aluminum oxide is commonly used as &
catalyst support (66, 67), it was of interest to test the :influencé
of this support on the stereochemical outcome of oxime reductions.

Tt is seen in Table IV that the stereochemical results of reductions
using aluminum oxide as catalyst support were nearly the same as
when carbon was used as the support. The rates of reduction,. ’
however, were slower when aluminum oxide was used as the catalyst
support. Thus, the rate of reduction over 5 % ruthenium on carbon
in 90 % ethanol (run 1) was about twice as fast as the corresponding
reduction over ruthenium on aluminum oxide (run 2). Similarly,

the reduction of 4-t-butyleyclohexanone oxime over 5 % rhodium on
carbon (run L) was four times as fast as the corresponding reduction
using aluminum oxide as the support (run 5). In general, the

reductions over the aluminum oxide supported catalysts were
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unsatisfactory since the yield; of amines were also lower than those
obtained in the corresponding reductions using carbon supported
catalysts.

The rasults in Table‘IV indicated that catalytic hydrogenation
of hfg—butylcyclohexanone oxime gives predominately axial amine under
a variety of conditions. The reduction of ‘Lk-t-butyleyclohexanone

-oximecwér 5 % palladium on carbon in glacial acetic acid containing
hydrochloric acid (run 8) yieldéd néarly pure axial amine; whéreas,
when the reduction was carried out in 90 % ethanol containing
hydrochloric acid (run 7) or in'giacial acetic acid without mineral
. acid (experimental, section C-I) nearly equal amounts of the cis
and trans amines were férmed. This serves to demonstrate the
extreme sensitivity of catalytic hydrogenation towards solvents

and pH. Although the reduction of hfg-butylcyqloheﬁanone bxime
over palladium in acetic acid containing hydrochloric acid |

gave a high percentage of axial amine, it is seen that this
reduction was about 7 times slower and gave lower yields than that
when the hydrogenation was carrieé out using acidified 90 %

ethanol as solvent. Similar results are noted for reductions using
rhodium as catalyst (runs 3 and 6). As mentioned before, our main
interest in oxime reductions is connected with the synthesis of amino
‘sugars. Since sugar molecules are sensitive té extremes in pH it is
desirable that their reductions be carried out under mild conditions
end as fast as poSsible in order to minimize side reactions. The
most satisfactory reductions of hﬁg-butylcyclohexanone oxime, from

the standpoint of mildness of conditions and rapidity of reductions,
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were those using either rhodium or palladium on carbon as the catalyst
and 90 % ethanol as solvent. These conditions ‘;\.re more likely to' |
be used for the reduction of sugar oximes and therefore these
conditions were used during the reductions of 2-substituted ht-
butylcyclohexanone oximes, which are discussed in the next Section.

Tt was shown that the hydrogenation of isopropyl 3, 4,6-tri-
Q_-acetyl-2-oximino-a-g-arabino-hexopyranoéide in the presence of an
excess of hydrazine gave a good yield of the equatorial amine (gluco
configuration) ®9). It was hoped that the hydrazone of 4 -t butyleyclo-
hexanone would show similar effects during hydrogenation; that is
" the formation of an increased amount of equatorial amine as compared
to that obtained on hydrogenation of the oxime. However, treatment
of k-t-butylcyclohexanone with an excess of hydrazine, by the

procedure of Barton et al. (68), led to the formation of azine

instead of the desired hydrazone. The tendency towards azine

EtsN
+ O et OO

formation is great. When lb-t-butylcyclohexanone oxime was
hydrogenated (5 % palladium on carbon) in 90 % ethanol containing

1!5 moles of hydrazine, no hydrogen was absorbed. ‘I'he. n.m.r. spectrum
of the. crude product showed that it was nearly pure azine. It was

reported by Biel et al. (69) that certain hydrazones tend to -
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disprbportiona’ce to form azine and that this reaction can be

R R
o e=pMe T \C=N-N=C<R + HoNNHa
R 4 R

responsible for the siow and incomplete reduction of hydrazones.
Although the azine was notreduced under the above conditions
it was reduced in acid medium. Thus, when the reduction was carried
out in acetic acid containing 1.1 equivalents of hydrochloric acid |
and using 5 % palladium on carbon as catalyst, a reduction product
was obtained that con’cained‘ at least three new components. One
nonbasic component was isola;te’d and appeared to be the azo compound

showvn below. The ’structure’was sp.pported by elemental analysis, an

=N

b

i.r. spectrum that showed no abéorption for a carbon-ﬁitrogen double
bond and the presence of a 2-proton down.field signal in the n.m.r.
spectrum at T6.45 (half-band width 7 Hz) that indicated the presence
of two deshielded equatorial hydrogens. |

The N-carbobenzyloxyhydrazone of Lk-t-butylcyclohexanone was
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synthesized and hydrogenated over 5 4 palladium on carbon in 90 %

-NHCOOCHFh
35

ethanol and at neutral pH. It was hoped that, as ~'t_-.he carbobenzyloxy
group was hydrogenolyzed, the hydrazone that was set free would
reduce to give amine before it had a chance to form azine. However,
the hydrogenation produced only a low yield (5 %) of aﬁnes which
were s mixture of cis and trans h-i:_-butylcyélohe:wlamine in the ratio
1.3:1, respectively. In addition to the amines, a 10 % yield of azo
compound 3k was isolated, indicating that séme. a.ziné may have been
produced during the reaction. |

The N-acetylhydrazone (36) of k-t-butylcyclohexanone was

~NHAc

36

synthesized. It was shown (70) that hydrogenation of acetylhydrazones
stops at the hydrazine stage, so it was anticipated that some
information might be gained on the stereochemistry of hydrazone
réduction from the results of the reduction of this compound. The
reduction of 36 over 5 % palladium on carbon in acetic acid containing

1.1 equivalents of hydrochloric acid gave nearly pure 1-N-acetyl-2(cis-
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Y-t -butyleyclohexyl) hydrazine (37). When the reduction was carried

out in 90 % ethanol a 1.8:1 ratio of (37) and the equatorial isomer,

1-_1_\]-a.cetyl-2-Qbr_an_s_;lf-g—b\itylcyclohexy]) hyd.r;a.zine (38) was obtained.
As noted before,the reduction of h-t-butylcyclohexanone oxime over

5 % palladium on carbon in 90 % ethanol containing 1.1 equivalents

of hydrochloric acid (run 2, Table IV) , gave a 1.3:1 ratio of cis to
trans 4-t-butylcyclohexyl amines (56 % cis). It appears, therefore,
that N-acetyl hydrazones have a greater tendency to give axial producté
during hydrogenation than do the corresponding oximes. It was pointed
out earlier that the hydrogenation of a inosose phenylhydrazone gave

a higher yield of axial amine than the reduction of the corresponding

oxime (20).
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3, Catalytic hydrogenation of 2-substituted 4-t-butylcyclo-
hexanone oximes

The hydrogenations of the 2-substituted 4-t-butylcyclohexanone
oximes were carried out in a mammer similar to that described in the‘
preceding Sectioh for the redﬁction of unsubstituted h1§-buty1cyclo—
hexanone oxime. The reductions were effected over 5 % palladium
on carbon (in acidified 90 % ethanol) and 5 % rhodium on carbon (in
0 % ethanol) for reasons discussed in the preceding Section. The
products of hydrogenation were analyzed by a combination of n.m.r.
and g.l.p.c. G.l.p.c. was carried out on thé trifluorocacetyl
derivatives of the reduction prbducts sincé_these derivatives were
far more volatile and showed better separation in the gas chromatogram
than the corresﬁonding‘acetyl derivatives. The products of
hydrogenation were acetylated prior to analysis by n.m.r.

The more abundant isomers were isolated fram the reaction
mixtuies (in the form of their acetyl derivatives) either by direct
cfystallization or by preparative g.l.p.c. The'orientations of the
acetamido groups and the 2-substituents in these compounds were
determined from the half-band widths of the signals for the hydrogens
- geminal to these groups. Signals with half-band widths of 8 - 9 Hz
were assigned to equatorial hydrogens and those with half-band widths
of 20 - 25 Hz were assigned to axial hydrogens (44). N.m.r. parameters
gnd m.p. data for these compounds ;re sunmarized in Table V.

Special problems were encountered during the reduction of trans-
2-acetoxy-4-t-butyleyclohexanone oxime using rhodium as catalyst.

A major, fast moving peak was present in the gas chromatogram that
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TABIE V
N.M.R. Parameters® and M.P. DataP for Acetylated
L -t -Butylcyclohexylamines

Chemical Shifts
. ~In T-Units—~

Compound. H Ho M.P., °C
4
3
6.35
6 _11{ ¢ - . (25)
- ho
- H (9)
Lo NHAc
| Ha 5.62  « 6.7 122.5-
. ’ (8 125 _
46 NHAc
Ha , ‘
i 5.85 6.57 130-
_ (8) (8) 131.5

L7 ¢ -
Hz .
H 6.18 6.55 121.7
NHAc (25) (8)
w f '
A 5.60 5.20 161-
- (8) - (20) 162

' Lo NHAc ...
' Ac
5.97 5.10 157.5-
. H (8) (8) 158.5
. 50 NHAe

a. In deuteriochloroform. b. M.P!s are uncorrected. The values
. in parentheses are the half-band width (in Hz) of the signals.
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did not correspond to the trifluorcacetyl derivative of any of the
expected reduction products. The n.m.r. spectrum of the acetylated
reduction product indicated that there were three times as many
N-acetyl groups as there were QO-acetyl groups. It was found that
the fast moving peak in the gas chromatogram had a retention time
jdentical to that of the N-trifluoroacetyl derivative of cis-k-
t-butyleyclohexylamine and, indeed, it was shown that signals

- for _c_:_i;s_-h-é.cetamido-_t-butylcyclohexane were present in the n.m.r.
spectrum. There was also gas chromatographic and neme.r. spectral
evidence 'l:ha.t_ trans-k-t-butylcyclohexylamine had been produced
during the reduction. |

The gas chromatographic data couJ.d not be used for the
assignment of the isomeric ratios since it appeared that all of
the trifluoroacetylated reduction products were not resolved in
the chromatogrem. The n.m.;r. spectrum of the acetylated reduction
product (Fig. 23) showed clearly that one of the products of
reduction was _’g_;‘_g._r_l_g-2-a.cetoxy-g:j.g-’-L-_‘l_:-butylcyclohexyla.mine
(axial amine). This was evidenced by the presence of signals at
T5.10 (balf-band width 8 Hz) and T5.97 (half-band width 8 Hz)
which are also present in the spectrum (Fig. 2&_) of pure cis-k-
acetamido-trans-3-acetoxy~t-butyleyclohexane (50). These signals
were assigned to the hydrogens geminal to the acetoxy and acetamido
groups, respectively, in 50. The"n.m.r. spectrum of the acetylated
reduction product also showed a narrow multiplet at Tu.95 (half-

band width 8 Hz) which was rationalized as belonging to the hydrogen
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Figure 23. 100 MHz N.M.R. Spectrum of the Acetylated Product from
Catalytic Hydrogenation of trans -2-Acetoxy-lb-t-butylcyclohexanone
Oxime (28) over 5 % Rhodium on Carbon, in 90 % Ethanol. (In CDCls,
Sweep width 1000 Hz and in the range 72.3 - T7.4). Figure 2k. 100ME
N.M.R. Spectrum of cis-k-Acetamido-trans-3-acetoxy-t-butylcyclohexane (50)
in CDC1lz (Sweep width 1000 Hz). ,
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geminal to the acetamido group in the diastereoisomeric compound,
trans-k-acetamido-trans-3-acetoxy-t-butylecyclohexane. The ratio
of axial to equatorial amines was therefore assigned on the basis
of the ratio of the intensities of the signals at 7 5.10 and
T 4.95, respectively. It was shown earlier that an equatoriai'
hydrogen, vicinal to an equatorial acetoxy group,' produces a signal
with a chemical shift tﬁat is downfield from the signal produced
by such a hydrogen when the vicinal acetoxy group is axial and
in the next Section i:b is seén that this is often the case when
the vicinal group is an acetamido group.
The catalytic hydrogenation of M-Q-acetoxy-h-j_-butyl—
cyclohexanone oxime over 5 % palladium on carbon (in acidified
90 % ethanol) also yielded cis and trans lr-E-bu'byi'l.cycil.ohexy:!.:a,mine,
.but in much smaller amounts than the corresponding reduction
over 5 % rhodium on carbon. As in the previous example the
isomeric ratio was determined from the n.m.r. spectrum of the
acetylated .reduction product. It is intel.'esting to note that
these are the first observations of the hydrogenolysis of a
group, O~ to an oximino group, other than halogen atoms (T1).
Tables VI and VII list the oximes, one third reduction
times and the percentage axial amines producéd during the reductions
using 5 % palladium on ca.rboﬁ and 5 % rhodium on carbon as catalysts,
respectively. | | ‘
It is seen in Table VI that the hydrogeration of both the

cis-2-methoxy and cis-Z-acetoxy derivatives of L-t-butyleyclo-
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TABLE VI.
Catalytic Hydrogenation®of 2-Substituted 4-t-Butylcyclohexanone
Oximes in 90 % Ethanol containing 1.1 mmoles of Hydrochloric
Acid, using 5 % Palladium on Carbon as Catalyst

t1/3 % Axial % %
(min. ) Amine? Yield®  Epimerizationd
190 56 55 .-
8.6 96 75 -
12 ol 46 -
200 92.4- 58 -
L6 T0 89 -
610 32 62 6

26 Ho

a. One mmole oxime, 10 ml solvent and 184 mg catalyst at 25 ¥ 1° and
atmospheric pressure. b. Determined from the ratio of axial to
equatorial amines (in which the 2-substituents were not epimerized).
¢. Percentage yield of total amines present. d. Percentage of
material in which the 2-substituent had epimerized.
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TABLE VII
Catalytic Hydrogenatior®of 2-Substituted 4-t-Butyleyclohexanone Oximes
in 90 % Ethanol, using 5 % Rhodium on Carbon as Catalyst

t1/3 % axial % %
Oxime (min. ) Amineb Yield®  Epimerizationd
s 2 '
12 Th 51 -
8 .
5]
HO
2 |
Hs '
62 86 64 T
HO
25 .
. Ac
M 58 85 25 8
HO'
2T
shvs U
HO'
32
Ac
M 52 €0 36 -
HO'
28
3
62 . 39 58 28
26 HO

a. One mmole oxime, 10 ml solvent and 184 mg catalyst at 25 ¥ 1° and
atmospheric pressure. b. Determined from the ratio of axial to
equatorial amines (in which the 2-substituents were not epimerized).
c. DPercentage yield of total amines present. d. Percentage of
material in which the 2-substituent had epimerized.
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hexanone oxime over 5 % palladium on carbon, proceeded under the
standard conditions much (about 20 times) more rapidly than the
parent compound. These résults show that an equatorial C-
substituent provides.assistance for hydrogenation either through
anchoring or inductive effects. The importance of inductive
effects is evident from the relatively high rate of'hj&fbéénation
(factor of four) found for.§£§g§-2-acetoxy—ﬁfg-butylcyclohexanone_
oxime (28) as compared with the parent compound. However, trans-

h1§-butyl—2-methoxycyclohexanone oxime (g§) was reduced three

times slower than the parent oxime and about 70 times

slower than its epimer thch had the methoxy group in an
equétorial orientation. This latter result seems to require a
éteric influence of viecinal a-substituents which retards the
reaction when they are in axial orientation. This is in

accord with the fact that equatorial approach of the

Equatorial approach Axial approach
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hydrogenated catalyst is the preferred route (h) and that an
axial O-substituent is in a cis relationship fo this approach.
Indeed, both axial écetoxy and methoxy.substituents retarded the
‘rate of reaction involving equatorial attack as compared. to axial
attack. Thus, it is seen in Table VI that there was a substantial
increase in the amount of equatorial amine produced during the
hydrogenation of the trans-2-acetoxy and the trans-2-methoxy
derivatives of 4-t-butylcyclohexanone oxime as would be expected
from an increased amount of axial attack by the catalyst.

Examination of the results presented in Table VII show that the
rates of hydrogenation using rhodium on carbon as catalyst were quite
insensitive to the nature or conﬁiguration of the a-substituent which
igs in direct contrast to the results found for the palladium catalyzed
reactions. Again it is seen that axial, polar 2-substituents such
as"acefoxy and'methoxy groups, retarded equatorial approach of the
catalyst and as a resuit there was an increased amount of equatorial
amine formed during the reduction of 28 and 26. The introduction of
an axial hydroxy substituent has little effect on rate but resulted
in the formation of neafly pure axial amine. The possible
significance of this result will be discussed later.

Burgstahler and Nordin (72) have shown that the stereochemistry
of the hydrogenations of a number of substituted octalins were

highly dependent on the nature of the angular substituents. Thus,
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10 % pa/c
e aEEEEE— el 4
Ethanol CHzR

CH=R

2 CH=R
Cis Trans
'R = CHg ' 3 L
= CHO 5 ’ )
= CO=H - Main product

when R was methyl nearly equal proportions of cis and trans decalins’
were formed but when R was a carboxaldehyde or carboxyl group the
cis-decalin constituted the bulk of the product. Similarly, Depuy
and Story (73) have shown that the course of the reduction of the

diene, shown below, was highly dependent on the nature of R. When

Very small
amount of
R 54 pa/C in R 7 R
ethanol '
% %
R=-= 70 w
= «0Ac 95 '5
= -0Ts . >05 -

R was a keto group the reduction was relatively nonselective but
.when R was acetoxy or tosyloxy the reduction was highly stereoselective
giving a]xﬁost pure material in which the endo double bond was
réduced. These authors believed that the substituents (CHO, COzH,
OAc, and oTs) seryed as points of adsorption ‘on the catalyst surface

and provided what might be termed anchimeric assistance to the
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reactions (7).;), The effects noted in Tables VI and VII of introducing
methoxy a.ﬁd acetoxy substituents, especially in equatorial orienta-
tion, are probably related phenomens. Also, the formation of nearly
pure axial amine, during the hydrogenation of the trans-2-hydroxy
derivative of h-ﬁ-butyicyclohexanone oxime, seems to agree with
this concept. The adsorption of the hydroxy group on thé catalyst
.surfa.ce and conéurrent cis transfer of hydi‘ogen Ifrom the cafa]yst
to the oxime would be expected to result in the formation of axial
amine.

In addi’gion to palladium catalyzed hydrogenations in acidic
medium, the cis and trans 2-methoxy derivatives of Lk-t-butyleyclo-
hexanone oxime (25 and 2_6_, respectively) were also hydrogenated
over 5 % palladium on carbon in the presence of hydrazine. The
results of fhese reductions are shown in Table VIII. It is seen
that the presence of hydrazine had little effect on the amount of
axial amine that was formed when these results are compared to
those listed in Table VI. It is interesting that the reductions
did occur, since under similar circumstances L-t-butylcyclohexanone
oxime reacted with the hydrazine to give azine and no hydrogenation
took place. Therefore, the fact that the 2-substituted compounds
were reduced indicafes that either azine formation was very slow
as compared with the rate of hydrogenation of oxime, or that the
azines of these campounds do reduée under these conditions to give

amines.

One effect, of the presence of hydrazine, was to cause a
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TABLE VIII
Catalytic Hydrogenationa'of 2-Substituted h-‘_b_-Butylcyclohexanone

Oximes in 90 % Ethanol, containing 4 mmoles of Hydrazine,
using 5 % Palladium on Carbon as Catalyst

t 1/3 % Axial % %
Oxime (min. ) Amine® YieldC Epimerizationd
4 2
3 3
= 1 130 88 62 -
5 b}
Hd
23
3
120 34 37 28
HO'
26

a. One mmole oxime, 10 ml solvent and 184 mg catalyst at 25 t 1° and
atmospheric pressure. b. Determined from the ratio of axial to
equatorial amines (in which the 2-substituents were not epimerized).
c. DPercentage yield of total amines present. d. Percentage of
material ‘in which the 2-substituent had epimerized.
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considerable amount of epimerization of the methoxy group in trans-
J-t-butyl-2-methoxycyclohexanone oxime (26). As depicted below,
epimerization might occur by a process éimilar to that for the

epimerization of ketones. The intermediate cycloalkere,

CHa  OCHa
H Base Base 3
.y;H _ \
Ho' HO H
26 2

a structure analogous to the enal form of a ketone, could iscmerize
either to trans-l-t-butyl-2-methoxycyclohexanone oxime (26) or to
cis-h-t-butyl-2-methoxycyclohexanone oxime (25). 4s would be
expected, epimerization was most favored by. a basic reaction
medium. I'ndeed, little epimerization was noted when the
hydrogenation was carried out in the a,bser;ce of hydrazine and in
an acid medium (Table VI). Epimeriza.tionv of 2-substituents also
occurred during' reductions using rhodium as catalyst (Table VIT).
No .acid was present during these reductions; thereforé the pH of
the solutions would be expected to rise, as fhe product amine
concen’t',ration increased, le_a.ding to conditions favoring
epimerization. Itis noteworthy that the literature makes no
mention of side products, arising during the catalytic hydrogenation
of oximes, which were attributable to epimerization of substituents

@- to the oximino groups.
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k., Ccatalytic hydrogenation of isopropyl 2-oxiJnino-a-]=)-arabino-
hexopyranoside and isopropyl 3,4,6-tri-0-acetyl-2-oximino-0-D-
arabino-hexopyranoside

Isopropyl 2-.-oximino-a-g-a.rabinoehexopyranoside was reduced under

a variety of conditions in order to assess the effects of catalyst,

solvent, pH and hydrazine on the stereochemical outcome of the
hydrogenations. A study of the hydrogenation of thié compound vas
expected to provide information useful for ;a.nticipating the
stereochemical outcome of the hydrogenation of more complex 2-oximino-
a-]_g_-arabino-hexopyranosides. Camplex 2-oximino-Q-D-arabino-hexo-
pyranosides are currently being synthesized in this laboratory as
precursors of 2-amino-2-deoxy-0-D-gluco-pyranosides with antibiotic-
like structures.

The reducﬁions of isopropyi 2-oximino-a-2-arabino-hexopyra.noside
prc;duced products with the q-D-gluco and Q-D-manno configurations.
The crude reduction mixtures were examined by n.m.r. and the ratios

of gluco to manno products determined by comparison of the intensities

of the signals produced by the anomeric hydrogens of these compounds.
The anomeric hydrogen of the gluco compound produced a doublet at
T5.13 with a splitting of 3.5 Hz whereas the manno compound produced

& doublet at 75.27 with a splitting of one Hz for Hi. In several

OH

H He— T 5.27
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cases the crude reduction products were N-acetylated prior to the
n.m.r. analyses. In these cases the anomeric signals appeared at
T5.33 and 5.49 for the gluco and manno compounds, respectively.
Some of the amino sugar mixtﬁres were trifluorocacetylated and
analyzed by g.l.p.c. The trifluorcacetylated products showed two

major peaks in the gas chromatogram that had ratios of intensities

that corresponded well'with*-the gluco to manno ratios determined from
thé n.m.r. spectra. Table IX lists the sﬁbstra.te, solvent system and
catalyst used for the reductions. The one third reduction times ére
given as well as the percentage of gluco product.

It is seen in Table IX that, when palladium was used as catalyst
for the reduction of isopropyl 2-oximino-Ot-]=)-a.ra.bino-hexopyra.rioside-
(56), the amount of equatorial amine (gluco product) produced, varied
between 79 and 95 %. The studies of the model oximes had indicated"
that palladium catalysed hydroéena:bions of oximes produced larger
proportions of equatorial amines than did the corresponding reductions -
over rhodium. The same effect i's noted: here. Thus it is seen that
when the hydrogenation of _16 was carried out in water using palladium
as catalyst the percentage of gluco product was about 80 % whereas
the corresponding hydrogenation over rhodium produced only 54 % of the
gluco product. Similar differences between these catalysts were noted
when the reductions were carried out in the presence of hydrazine. .

The presence of hydrazine ha.d. a profound influence on the
stereochemical course of the hydrogenations. When §§ was hydrogenated
over 5 % palladium on carbon in 90 % ethanol, containing 4 mmoles of

hydrazine, the ratio of gluco to mamno products was about 19:1. .
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TABLE IX
Catalytic Hydrogena.tiona of Isopropyl 2-oucimino-a-lg-arabinp-

hexopyranoside (56) and Isopropyl 3,k4,6-tri-O-acetyl-
2-oximino —a-g-arabino -hexopyranoside ( g_g) .

Substrate ___ Conditions t ;/3 (Min.) % Gluco
5 % Pd/C, 1.1 mmoles b
56 HC1 in MeOH - 79
-5 % Pd/C, H0 30 67°
8od
54 P3a/C, 4 mmoles 86°
hydrazine in Hp0 - 86°
5 % Pd/C, 4t mmoles 100°¢
hydrazine in 90 % EtOH 14 ‘ 95¢
5 % Pd/C, 4 mmoles 90¢
EtoN in 90 % EtOH 21 8¢6°
5 % Rh/C, Hz0 132 k8¢
62
54°.
5 % Rh/C, 20 mmoles d
hydrazine in 95 % EtOH - 79
29 5 % Pd/C, 1.1 mmoles b
HC1l in MeCH - 50
5 % Rn/C, 1.1 mmoles d
HC1 in MeOH - 56

a. One mmole oxime, 10 ml solvent and 184 mg catalyst at 25 I 1°

and atmospheric pressure. b. Taken from data in reference 28.

¢. From n.m.r. of reduction product. d. From n.m.r. of N-acetylated
reduction product. e. From g.l.p.c. analysis of trifluoroacetylated
reduction product. '
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Indeed, after N-acetylation, pure isopropyl 2-acetamido-2-deoxy-Q~
Q-glucb-pyranoside could be isolated in 58 % yield by crystallization.

When the abdve reaction was repeated, using Lk mmoles of triethyl-

amine instead of hydrazine, the ratio of gluco to manno product was
about 6:1. This seems to indicate that the effect of hyérazine is
not simply one of pH since the pH of the solution containing tri-
ethylamine was 11l.4t compared to 8.6 for the solution containing
hydrazine. It seems likely that the effects noted are due to the
formation of a new compound which, when hydrogenated, gives a
higher yield of equatorial amine than does the parent oxime.

Some indication of this is given in the relative rates of the
feductions, As seen in Table IX, the palladium catalyzed
hydrogenation of isopropyl 2—oximino-OLQ-arabino-hexopyranoside
(§§) proceeded faster (factor of two) when carried out in the
presence of hydrazine as compared to similar reductions carried
out in the presence of.triethylamine (pH'11.4) or in water at

an initial“pH’cf 7. Very likely the oximinoglycoside reacts

with the hydrazine to give a hydrazone and it is mainly this

OH OH
H + HpoNNH2 _— H + HoN-OH

N
S—~0H \NHg

A A

compound that is being reduced. Another possibility is that the

azine of the sugar may have been formed; however, the rapid rates
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of hydrogenation does not support this since azines are known to
be reduced only with difficulty (69).

Lemieux and Gunner (28) had noted that the reduction of
isopropyl 3,h,6-tri1g-acétyl-2-oximino-ahg-arabino-hexopyranoside
(gg) over 5'% palladium on carbon in acidified methanol gave equal
émounts of the d-gluco and C-manno producté. It is seen in Table IX
that nearly identical results were obtained when the reduction was
carried out using 5 % rhodium on carbon as catalyst. These results
bear a certain resemblance to those found during the reduction of
the o-substituted hfg-butylcyclohexanone oximes. It was seen that
the hydrogeénation of 4-t-butylcyclohexanone oxime yielded higher
propértions of axisl amines.when an acetoxy group was introduéed

into the equatorial, 2-position of the cyclohexane ring.
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5 Suﬁmary

In conclusion, it seems appropriate to compare the results of
the reductions of l-t-butylcyclohexanone and L-t-butylcyclohexanone
oxime with the results of similar reductions of ulosides and
oxim;'.no—sugars°

The results of the sodium borohydride reduction of 2-substituted
li-t-butylcyclohexanones were very similar.to those found for the
sodium borohydride reduction of ulosides. It was noted in the
in#roduction that the sodium borohydride reduction of ulosides .
normally givés an equatorial alcohol as thé predominant product
except in those cases where there isa bulky substituent B to the.
cérbonyl carbon of the uloside; a result that suggests that polar
_substituents e ‘bo the carbonyl group,have little effect on the
stereochemical result,of’thé reductions. This study shows that
fhis is true for cyclohexanones, at least, since substituents
such as axial 2-acetoxy, 2-bénzyloxy, 2-methoxy or equatorial 2-
acetoxy had little effect on the stereochemical result of.the sodiun
“borohydride reduction of hfg-butylcyclohéxanone. Indeed, in all
cases the reductions gave from 86 to 94 % of the equatorial alcohols.

The stereochemical outcome of the catalytic hydrogenation
of 2-substituted L-t-butylcyclohexanone oximes was found to be
highly sensitive to the ﬁature and configuration of the substituents.
Although hydrogenation of k-t-butylcyclohexanone oxime over 5 %
palladium on carbon (in acidified 90 % ethanol) gave neariy equal

amounts of axial and equatorial amines, the corresponding reductions
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. of h-_i_;_-bu:tylcyclohexanone oximes with equatorial 2-acetoxy, 2-methoxy
or axial 2-hydroxy substituents gave nearly pure axial amines. .
These findings suggest that the polar substituents offer assistance
to the reactions possibly through anchoring effects. These results
closely pé.ralleled those reported for the hydrogenation of

inosose oximes and oximino-sugars. As mentioned in the introduction
these reductions do normally give axial amine products.

When axial acetoxy or methoxy substituents were placed in the
2-position of the cyclohexane ring of k-t-butylecyclohexanone oxime,
the amount of 'axial amine produced was only 60-70 %. This result
is similar to those found in the reduction of oximino sugars that
had bulky, axial substituents -to the oximino group. | It appears,
therefore, that axial substituents, Q-to the oximino group, offer
steric hindrance towards equatorial a.pproacﬁ of the catalyst.

In agreement with this, the rates of the hydrogenations of k-t-
butylcyclohexanone oximes with axial 2-substituents were
considerably léss than those for the corresponding reductions
where the 2-substituents were equatorial,

The reduction of Isopropyl 2-oximino Q-D-arabino-hexopyranoside,
over 5 % palladium on carbon yieldsfram 79 to 85 % of the
eqguatoriai amine, depending on the solvent employed and the acidity
of the reaction mixture. When the reductions were carried out in
the presence of hydrazine, the yields of"' equatorial amine weie
highest. No such increase in equatorial amine formation was

observed when the cyclohexanone oximes were catalytically
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hydrogenated over 5 % palladium on carbon in the presence of
hydrazine. Although k-t-butyleyclohexanone oxime with axial or
equatorial 2-methoxy substituents did hydrogenate in the presence

of hydrazine to give amines, the stereochemical results of the -
reductions were the same as the corresponding reductions that were
carried out in the presence of acid and in the absence of hydrazine.
In contrast to this, it was found that unsubstituted h-t-butyl- :
cyclohexanone oxime reacted with hydrazine to give azine and

that this compound was resistant towards hyd.rbgena.tion.
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ITI. EXPERIMENTAL SECTION
A. MethOdS

Thin layer chromatography (t.l.c.) was carried out routinely for
monitoring reactions and for following the progress of column
chromatography. Unless otherwise noted,t.l.c. was carried out using
Silica Gel G and one of the following solvent systems: Solvent
‘system A -- benzene and methanol (9:1, v/v); Solveht system B --
chloroform and Skelly B (4:1, v/v) ; Solvent system C -- Skelly B
and ethyl dcetate (7:3, v/v).

Gas liquid pé.rtition chromotography (g.l.p.c.) was carried ouf
using a F & M (model 500) gas chromatograph fitted wi‘éh'a thermal
conductivity cell. Helium was used as the carrier gas and all
determinations were carried out isothermally with a flow rate
adjusted o 66 ml/min. Analyses were carried out using the following
columns: Column A -- a 6 £t x 0.25 in (0.D.) copper tube packed
with 20 % butanediol succinate (LP 23) on non acid washed Chrcmosorb
W (30-60 mesh); Column B -- a 5 £t x 0,25 in (0.D.) copper tube
packed with 15 % ethyleneglycol succinate (LP T1l) on non acid washed
Chramosorb W (30-60 mesh); Column C -- a 6 £t x 0.25 in (0.D.)
copper tube packed with 20 % silicone gum rubber (SE 30) on acid
washed Chromosorb P (40-60 mesh). Column D -- a 21 ft x 0.25 in
(0.D.) copper tube packed with 20 % silicone gum rubber (SE 30)
acid washed Chromosorb P (40-60 mesh). Relative (g.l.p.é.) peak

intensities were determined by comparing the weights of traces made
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of the peaks.
A1l solutions were dried over anhydrous sodium sulfate and all
concentrations wefe carried out in vacuo (water aspirator) and at

30° unless otherwise stated.

Elemental analyses were performed by the departmental service

laboratories. Infra red (i.r.) spectra were recorded using a Perkin

Elmer 337 grating.infra.red'spectrbmeter. Nuclear magnetic resonance . - . -

(n.m.r.) spectra were carried out using deuteriochloroform (1 %
tetramethyl silane (TMS) as internal standard) as solvent and at
60 MHz unless otherwise stated. Unless noted otherwise, pyrazine
(chemical shift 7 1.55 referred to external TMS) was used as internal
standard for runs in'deuteiium oxide. -All chemical shift are reported
in units. Varian A-60, A-56/60 and HR-100 spectrometer were used
for the analyses. Mass-spectra were obtained using an A.E.I.'Ltd»,
MS9 double focussing mass spectrometer (ionizing energy TO ev).
Melting points were determined in capillaries and are not

corrected.
B. Materials

Reagent pyridine and 2,6-lutidine were stored over potassium
hydroxide pellets. Tetrahydrofuran and Skelly B (boiling range
64-67°)were dried by distillation from lithium aluminum hydride.
All other reagent grade solvents were used as obtained without
further purification.

Palladium (5 % on carbon) was purchased from Matheson, Coleman
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and Bell. Rhodium (5 % on carbon), rhodium (5 % on alumina),
ruthenium (5 % on carbon), ruthenium (5 % on alumina), and platinum
(5 % on carbon) were purchased from Engelhard Industries. The

catalysts were stored in a desiccator over potassium hydroxide

pellets.

C. - Standardized Procedures

1. .Acetylation procedure A

A solution of one mmole of the alcohol (or amine) was dissolved
in a ml of acetic anhydride pyridine (1:1, v/v) and let stand for
12 hr. Unless otherwise stated, the work up procedure was as follows:
hethanol (2 ml for 1 ml of acetyiation mixture) was added to destroy
excess acetic anhydride. After 20 min the solution was concentrated.
The residue was dissolved in methylene chloride and washed in
succession with 2.5 N hydrochloric acid solution, water, saturated
aqueous sodium bicarbonate solution and again water. The solution

was dried followed by removal of the solvent in vacuo.

2. Acetylation procedure B
A solution of one mmole of the alcchol (or amine) was dissolved
in a ml of acetic anhydride containing 200 mngf anhydrous sodium
‘acetate. The solution was warmed at 80° for 4 hr. Unless otherwise
stated, the work up procedure was as follows: methanol (2 ml for one
ml of acetic anhydride) was added and after 20 min the solvent was

removed in vacuo. The residue was partitioned between methylene



chloride and water. The methylene chloride solution was washed
first with saturated aqueous sodium bicarbonate solution and then

with water. The solution was dried and then concentrated.

3. Trifluorcacetylation procedure
One mmole of the alcohol (or amine) was dissolved in one ml of
acetonitrile-trifluorocacetic anhydride (1:1, v/v) and let stand for
10 min and then concentrated. For g;l. p.c. analysis, the residue was

dissolved in a small amount of methylene chloride.
D. Syntheses

1. Synthesis of 4-t-butyleyclohexanone (23)

The procedure used was that described by Hussey and Baker (75)
for oxidation of cyclohexanols to cyclbhexa.nones. A mixture of cis
and trans l;-_g -butylcyclohexanol, 100 g, gave 87.8 g (90 %) of 23
which distilled in the range 103-107.5° at 8-11 mm. The material

crystallized to a camphor-like solid characterized as follows.

2. Synthesis of 4-t-butylcyclohexanone oxime (2k)
The addition of a solution of 8.4 g (0.21 mole) of sodium
hydroxide in 20 ml of water to a mixture of k-t-butylcyclohexanone
(30.8 g, 0.2 mole) and hydroxylamine hydrochloride (14.6 g, 0.21 mole)
in 95 % ethanol (150 ml) resulted in the separation of gﬁ_& as a white
solid. Two recrystallizations from ethanol-water gave the pure oxime 24

(27 g, 82 %) as white platelets: m.p. 137.5-139° (1it. (76) m.p.
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133-134°).

3. Synthesis of j_ga,_rlg-h-j_-butylcyclohe}quamine (29)

The title compound was prepared in 62 % yield by sodium-ethanol
reduction of 4-t-butylcyclohexanone oxime, using the procedure of
H{;.ckel and Heyder (76) and converted inté trang-lk-acetamido-t~ .
butyleyclohexane (40) (acetylation procedure A), m.p. 96-101° (1it.
m.p. (76) 117.2-118.1°). The n.m.r. spect‘.rmn of the N-acetate (Fig.25)
showed a multiplet at T6.35 with a half-band width of 25 Hz which was

assigned to the axial hydrogen geminal to the N-acetyl group.

4. Synthesis of cis-U-t-butylcyclohexylamine (L41)

Hydrogenation of 4 -t-butylcyclohexanone oxime in glacial acetic
acid using Adam's catalyst was carried out as described (76). From
.8.)4-5 g of oxime there was obtained 7.6 g of crude amine. Acetylation
of this (procedure A) gave a solid derivative which was examined by
n.m.r. and found to be a 1l.3:1 mixture ‘of the N-acetates of cis and
trans L -t -butylcyclohexylamine, respectively, as determined by
comparing the intensities of the signals at T5.91 and T 6.35 for the
‘hydrogens geminal to the N-acetyl groups. Three recrystallizations of
this product from ethyl acetate gave cis-lk-acetamido-t-butylcyclohexane
(42): m.p. 170.5-172° (1it. m.p. (76) 170.3-171.2°). The n.m.r.
spectrum (Fig. 26) showed a multiplet at 7 5.91 (half-band width 15 Hz)

which is assigned to the equatorial hydrogen geminal to the N-acetyl

group.
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Figure 25. 60 MHz N.M.R. Spectrum of trans-4-Acetamido-t-butyleyclo-
hexane in CDCls. Figure 26. 60 MHz N.M.R. Spectrum of cis-4-Acetamido-
t-butyleyclohexane in CDCls. Figure 27. 60 MHz N.M.R. Spectrum of the
Product from Sodium Borohydride Reduction of trans-4-t-Butyl-methoxy-
cyclohexanone (13) after Acetylation (in CDClg).
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5. Synthesis of cis-b-trifluoroacetamido-t-butylcyclohexane (L3)
and trans-lt-trifluorcacetamido-t-butylcyclohexane ( ﬁ)

Crude cis and trans-l-t-butylcyclohexylamine (1.3:1 mixture)

obtained from above was trifluoroacetylated and the mixture of cis
and trans -h-trifluoroacetamido-t-butylcyclohexanes separated into
its components by preparative g.l.p.c. G.l.p.c. was carried out on
a 208 x 1.8 cm stainless steel columm, packed with 20 % 1.k-butanediol .
suceinate on non-acid washed Chromosorb W (10-60 mesh'), with & flow
rate of 0.4 1/min (Np) and at 160°. The gas chromatograph used was
a Hewlet-Packard model 766 Prep Master Jr. fitted with a hydrogén
flame ionization detector.

The cis isomer (43) had a m.p. of 109-111.5° after two
' recrystallizations from methanol-water. A satisfactory carbon
hydrogen a.na.ivsis was not obtained for this material and the
analysis was not reproduciﬁle. Angl. Calcd. for CyoHzoFsNO:

N, 5.57. Found: N, 5.51 %.

The compound was examined by n.m.r. and there wa.'s present in
the spectrum a narrow multiplet at T5.83 (ha.lf-ba.nd width 16 Hz)
which indicated that the hydrogen geminal to the N-trifluorcacetyl
group was equatorial (Lk). .

The trans isomer (44) had a m.p. of 138-140° after two
recrystallizations from ether-Skelly B. .Although an acceptable
carbon, hydrogen analysis was obtained, the analysis was not
reproducible. Anal. Calecd for CigHzoFsNO: C, 57.35; H, 8.02;

N, 5.57. Found: C, 57.16, 58.86; H, 8.35, 8.52; N, 5.39 %.

The n.m.r. spectrum showed a multiplet at- T6.3%0 '(ha.lf-ba.nd-width
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28 Hz)’ which indicated that the hydrogen geminal to the N-trifluoro-
acetyl group was axial (bk4).

The mass spectra of the cis and trans compounds were very
similar except for the relative intensities of the peaks. In both

‘case, the parent peak (M') was observed at M/e 251. The expected

major fragments were present at: M/e 194 = M' - C(CHa)s, M/e 139 =

¢(CHz)a ion.

M* - CFaCOHN, M/e 69 = CFs ion and M/e 57

6. Synthesis of N-trifluorcacetamidocyclohexane (45)
Cyclohexylamine (7 g) was trifluorcacetylated to give N-
trifluoroacetamidocyclohexane in 87 % yield: m.p. 94.5-96°

(Skelly B) (1it. m.p. (77) 94-95°).

T. b-t-Butylcyclohexanone a.ziné'.(éj)

Azine was obtained during the attempted preparation of the
hydrazone .of k-t -butylcyclohexanone.

Experiment 1: A solution of 15.8 g (0.102 mole) of L-t-
butylcyclohexanone (gg) in 20 ml of ethanol was added, dropwise, to
a stirred solution of 6.4 g (0.2 mole) of 98 % hydrazine in 20 ml of
ethanol. The mixture was warmed gently on the steam bath for 5 min.
Ethanol and excess hydrazine were removed in vacuo leaving a semi-
s80lid material which completely solidified during trituration with
water. The solid was recrystallized from boiling ethanol and yielded
11 g of white, needle-like crystals: m.p. 169-170.5° (dec.). A
sample for analysis was recrystallized two times from Skelly B:

m.p. 170-172-5° (dec.). Anal. Caled. for CaoHagNz C, 78.93;
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H, 11.92. Found: C, 78.97; H, 11.95 %.

Experiment 2: An attempt to prepare the hydrazone of h-t-
butylcyclohexanone by the method of Barton and coworkers (68) was
also unsuccessful.

A solution of 0.51 g (3.3 mmole) of ketone 23 and 2.25 ml of
triethylamine in ethanol (6 ml) was prepa.réd. Hydrazine hydrate
(3 ml of a 64 % solution,60 mmoles) was added and the solution heated
under reflux for 2 hr. The solution was then cooled to room
temperature and poured over an ice-water slu'i'ry. The white solid
that formed was collected by vacuum filteration and dried over
potassium hydroxide pellets for U4 days. The solid had a m.p. of
159-162° (dec.). The n.m.r. spectrum (60 MHz.) of this solid was

identical to that of pure azine.

8. Synthesis of 4-t-butylcyclohexanone N-benzyloxycarbonyl-
hydrazone (35)
| N-Benzyloxycarbonylhydrazine was prepared from dibenzylcarbonate
and hydrazine hydrate (78). A solution of 0.831 g (5 mmoles)
of benzyloxycarbonylhydrazine and 0.786 g (5.1 mmoles) of 4-t-
butyleyclohexanone in 20 ml of ethanol was heated under reflux for
one hr. The solution was allowed to sta.nd';a.t rdom texnperatufe for
16 hr and then concentrated to give a clear oil that crystallized.
The solid was recrystallized from ethanol-water and yielded 1.32 g
(88 4) of white, needle-like crystals: m.p. 131.2-133°. A sample
for analysis was sublimed (90°/0.02 mm) and recrystallized from

methanol-water: m.p. 137-138.5°. Anal. Calcd. for CigHogN202:
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c, T1.48; H, 8.67; N, 9.26. Found: C, T1.68; H, 8.76;

N, 9.4l 4.

9. Synthesis of- h-t-butylcyclohexanone N-acetylhydrazone (36)
 Acetylhydrazine was prepared from ethyl acetate and hydré,zine
hydrate (79). A solution of 2 g (27 mmoles) of acetylhydrazine
and 4.16 g (27 mmoles) of k-t-butylcyclohexanone in 15 ml of ethanol .
was heated under reflux for 15 min and then let stand at ambient
temperature for 16 hr. The solution was concentrated to yield a
white solid. Recrystallization from Skelly B gave 4.15 g (73 %) of
36 as fine, white needles: m.p. 147.4-150°. A sample for analysis
was recrystallized three times from ethanol-water: m.p. 154-155°.
' Anai.Calcd. for Cy-HooNo0: €, 68.52; H, 10.55; N, 13.32.
Found: C, 68.76, 68.86; ‘H, 10.T1; N, 13.43 %.

10. Synthesis of cis-2-acetoxy-l-t-butylcyclohexanone (1)

A mixture of cis and trans Ot-bromo-h-;-butylcyciohexa.nones was
prepared by bromination of k-t-butylcyclohexanone (5% g, 2 mole)
(46). The crude undistilled product was dissolved in 500 ml of
glacial acetic acid. Anhydrous sodium acetate (180 g, 2.2 mmoles)
was added and the mixture heated under reflux for 4 days with
vigorous stirring and with protection from moisture. After cooling, |
the mixture was poured into 600 ml of cold (0°) water in a separatory
funnel. The mixture was extracted with methylene chlor:i.dé (3 x
1;(0 ml) The combined extracts were washed three times with water

and then with saturated sodium bicarbonate solution until neutral.
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The solution was dried and concentrated. Fractional distillation
yielded two low boiling fractions, which were discarded, followed by
a fraction boiling at 93-97°/1.0 mm (39 g) and a fraction boiling at
102-107°/1.0 mm (51.1 g). The n.m.r. spectrum of fraction 4
indicated that it was mainly an acetoxy compound. Gas chromatographic
analysis of fraction 4 on column A (200°) indicated the presence of
~one major component with a retention time of 12 min. ‘Fraction 3 also
contained this component (with several minor components of shorter
retention time). Fractions 3 and b4 were combined and redistilled
through a short Vigreux column (15 cm). Two low boiling fractions
were obtained which were discarded. The bulk of the material
distilled at 98.5-101.5°/0.8 mm and weighed 68.7 g. This material
crystallized. The solid was recrystallized twice from hexane and
yielded 30.4 g (14.3 %) of white crystals: m.p. 64-65.8°. Anal.
Calcd. for CyoHsoOs: C, 67.89; H, 9.49. Found: C, 67.6k;
H, 9.71 % The i.r. spectrum (chlorofgrm solution) showed carbonyl
absorptions at 1724 (ketone), 1732 (ester) and 1751 em™ (ester)
The n.m.r. spectrum (Fig. 1) of this material showed & one-proton
multiplet at Th.8 (half-band width 20 Hz) that was assigned to the
hydrogen geminal to the acetoxy group. The width of thé signal
indicated that the hydrogen was axial and that the material must be

cis-2-acetoxy-4-t-butylcyclohexanone.

11. Synthesis of cis-2-acetoxy-4-t-butyleyclohexanone oxime (27)
A solution of 4.92 g of hydroxylamine hydrochloride (75 mmoles)

and 5.8 g (75 mmoles) of anhydrous sodium acetate in 20 ml of water
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was added to a solution of _c_:|‘=§-2-acetoxﬁr-h-_’g-butylcyclohexa.none in

100 ml of methanol. The resultant solution was heated on the steam
bath and water added to insipient turbidity. The mixture was then
allowed to stand at 0° overnight. The oxime separated out as flat
spear-like crystals (15.5 g, 96 %): m.p. 152-15L°. A sample was
recrystallized twice from methanol for the analytical sample: m.D.

" 154.5-156.5°. Anal. Calcd. for CpoHzaNOs: C, 63.40; H, 9.31; -

N, 6.16. Found: C, 63.40; H, 9.60; N, 6.37 %. The n.m.r. spectrum

is shown in Fig. 16.

12. Synthesis of cis and trans methylsulfonyloxy-kb-t-

butylcyclohexane |

The procedure of Sicher, et al., (80) was used for the preparation
of the title compounds with the following modifications: A 20 % excess
of methylsulfonyl chloride was used. At the end of the reaction the
mixture was poured into an ice-water mixture containing sufficient
sulfuric acid to neutralize the pyridine.

From 300 g (1.92 moles) of a mixture of cis and trans-U-t-
bui:ylcyclohexanols was obtained 463 g (100 %) of a mixture of the

cis and trans methane sulfonates.

13. Synthesis of k-t-butylcyclohexene
The title compound was prepared by the method of Sicher et al.,

(80) except tha* 2 ,6-41utidine was used as the base in place of

collidine.
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From 463 g (1.92 moles) of a mixture of cis and trans
methylsulfonyloxy-4-t-butyleyclohexanes was obtained 266 g (99 %) of
h-t-butylcyclohexene: b.p. 60-61°/15 mm (1it. (80) b.p. 60-65°/

20 mm).

14. Synthesis of cis and trans h-_g-butylcyclohexene ‘oxide
The procedure of Jones and coworkers (h9) was used for the
preparation of this compound except that methylene chloride was used
as the solvent and a 30 %. excess of peracetic acid was used.
From 216 g (1.89 moles) of L-t-butylcyclohexene was obtained
240.5 g (85 %) of the epoxides which distilled in a range of 85-90°/

11 mm.

15. Synthesis of trans-2-benzyloxy-trans-5-t-butyleyclohexanol
(k) and trans-2-benzyloxy-cis-k-t-butylcyclohexanol (3)
To a cold (O°) and stirred solution of 3.5 ml of boron
trifluoride etherate in 800 ml (7.7 moles) of freshly distilled
benzyl alcohol was added, dropwise during 40 min, 210.8 g (1.4 moles)

of L-t-butylcyclohexene oxide (cis and trans mixture). The

temperature was maintained at T-13° durir;g the addition by external
cooling with an ice-water bath. After the .addition was completed
the somewhat viscous mixture was stirred for a further 10 min at
ambient temperature. No starting material was detected by t.l.c.
(solvent system A). Aqueous ammonia (15 ml of a 6 N solution) was
added and the mixture dissolved in one 1 of ether. The ethereal

solution was then washed in succession with water (lOO ml) and
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saturated sodium chloride solution (30 ml). The solution was then
dried and concentrated to give a residue which was fractionally
distilled under vacuum to yield 650 ml of benzyl alcochol b.p. 47-49°/
0.5 mm followed by product weighing 319.2 g (90 %) which distilled

in the range 128-139°/0.08-0.12 mm and which crystallized. ' The n.m.r.
spectrum indicated that the product was a mixture of isomers.
Analysis by g.l.p.c. on column B at 205° gave two.overlapping peaks
with retention times of 27.0 min and 28.6 min in the ratio of 3:2
respectively.

The crystalline material obtained was separated into its
components by fra.ctibnal crystallizatioﬁ from Skelly B. The most
abundant isomer and the.fa.stest moving (g.l.p.c.) had a tendency to
crystallize as a hard shell-on the sides and bottom of the flask.

By decantation of the mother iiquors, this isomer was obtained in
fairly pure form. After two more recrystallizations the material
had a m.p. of 61-64°. This isomer was later shown to be trans-2-
benzyloxy-cis-b-t —butylcycldhexa.nol (5). Anal. Calcd. for Ci-HpgOso:
¢, 77.86 H, 9.99. Found: C, 77.63; H, 9.71 %. The n.m.r.
spectrum (Fig. 4) of this material showed one-proton multiplets at
T6.16 (half-band width 7.5 Hz) and T 6.44 (half-band width 7.5 Hz)
that were attributed to the hydrogens geminal to the benzyloxy group
and hydroxy group. The small half-band widths indicated that both
of these hydrogens were equatorial.

The other isomer, trans-2-benzyloxy-trans-5-t-butylcyclohexanol
(%), crystallized in the form of a voluminous precipitate that

required five recrystallizations before it was obtained pure. The -
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pure material had a m.p. of 79.5-81.7°. Anal. Calcd. for Cy7Hzg02:
¢, 77.86; H, 9.99. Found: C, 78.01; H, 9.79 %. The n.m.r.
spectrum of this material showed one-proton multiplets at T6.01
(nalf-band width 10 Hz) and T6.6 (half-band width 8 Hz) that were -
attributed to hydrogens geminal to the benzyloxy group and the
hydroxy group. The half-band width of-these gignals indicated that

both of the hydrogens were equatorial.

16. Structure proof of trans-2-benzyloxy-cis-lk-t-butyleyclohexanol

(5) by chemical degradation

a. Synthesis of Egggg-e-benzyloxyfgig-hfg-butylcyclohexyl

chloride (7). | '

Trans-2-benzyloxy-cls-h-t butylcyclohexanol was chlorlnated
| using the follOW1ng adaptlon of the procedure of Brldgewater and
Shoppe (81) for the conversion of cyclohexanols to cyclohexylchlorides.

A solution of 4 g (15.3 mmoles) of the low melting (61-64°) and
fast running isomer (g.1l.p.c.) in 10 ml of dry Skelly B was added,
dropwise during 25 min, to a cold (0°) stirred suspension of T g
(33.6 mmoles) of phosphorus pentachloride and 5 g of anhydrous
calcium carbonate in 30 ml of Skelly B. After additibn,the mixture
was stirred for 1.6 hr at ambient temperatﬁre. Analysis by t.l.c.
(solvent system A) indicated that the reaction was complete after
one hr.

The reaction mixture was cautiously poured into a separatory

funnel containing ice and water. Sufficient sodium carbonate was
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added to neutralize the solution. The Skelly B layer was separated
and the aqueous layer extracted twice with 10 ml portions of Skélly B.
The Skelly B extracts were combined and washed with 5 ml of saturated
sodium bicarbonate solution followed by two washings with water. The
Skelly B layer was separated and dried. The solution was concentrated
and the residue distilled under vacuum to give 3.57 g (86 %) of a
colorless oil:  b. p. 105-,106°/0.05 m. f.[‘he oil gave strongly
positive Beilstein and silver nitrate tests (81) for halogen.
Anal. Calcd. for Cp-HosC10: C, 72.69; H, 8.87. Found: C, 72.63;
H, 8.87 %. The n.m.r. spectrum of this compound (Fig. 5) showed
narrow one-proton multiplets at T 6.03 'a.nd ’7"6.5 attributed to the
hydrogens geminal to the benzyloxy and chloro groups. The half-band
width (7 Hz) of these signals indicated that both of these hydrogens

" were equatorial.

b. | Synthesis of trans-S5-t-butyl-trans-2-chlorocyclohexanol (§ )

A solution of 3.02 g (10.6 mmoles) of trans-2-benzyloxy-cis-4-t-
butylcyclohexyl chloride (1) in 15 ml of glacial acetic acid
containing 1.64 g (20 mmoles) of anhydrous sodium acetate and 300 mg
of 5 % palladium on carbon was stirred overnight under an atmosphere
of hydrogen. .The reaction mixture was filtered through Celite and
the filter cake washed with glacial acetic acid (5 ml). The colorless
filtrate was poured into a separatory funnel containing 100 ml of
water and extracted with mef;'.hylene chloride (3x 20ml). The methylene
chloride extracts were combined, washed with water and then dried.

The solution was concentrated leaving a crystalline residue.
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Recrystallization from a small amount of Skelly B gave 1.67 g (80 %)
of material: m.p. 76-78.5°. A sample of this was recrystallized
twice from Skelly B to give colorless crystals: m.D. 78.5-80°.
The material gave strongly positive Beilstein and silver nitrate
tests (82) for halogen. Anal. Calcd. for CiothsClO: G, 62.98;
H, 10.04. Found: C, 63.19; H, 10.09 %. The 60 MHzAn.m.r. spectrum
of this material (Fig. 6, in carbon tetrachloride solution) showed a
2-proton singlet at T5.97 (half-ba.nd width 7 Hz, attributed to the
hydrogens at the 1 and 2-positions of the cyclohexane ring) and the
t-butyl signal at 79.11. Trans-5-t-butyl-trans -2-chlorocyclohexanol
is reported (52) to have & m.p. of T4-T6° and to show a 2-proton
singlet at 75.99 and the t-butyl signal at T9.11 in the n.m.r.

spectrum (60 MHz, in carbon tetrachloride solution).

c. Synthesis of cis-5-t-butyl-2 -chlorocyclohexanohe (9).

A solution of one g (5.2 mmoles) of trans-5-t-butyl-trans-2-
chlorocyclohexanol (_8_) in 5.9 ml of acetone was cooled to 0°. A
glight excess of chromic acid (2 m1 of 3 M aqueous solution) was
added, dropwise, to the stirred and cooled solutior; of §_ Ten min
after addition, no starting material could be detected by t.l.c.
(solvent system A). The reaction mixture was poured into a
separatory funnel containing cold water (10 m1) and Skelly B (10 ml).
The Skelly B layer was washed twice with water followed by saturated
sodium bicarbonate solution and then dried. After drying the
solvent was removed in vacuo leaving 0.99 g of a clear oil. The

i.r. spectrum showed a sharp carbonyl absorption at 1725 cm -1, but
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no absorption in the region 3100-3600 cm™ (hydroxy). The material
gave strongly positive Beilstein and silver nitrate tests (81) for

halogen. This compound was used without further characterization.

d. Synthesis of 3-t-butylcyclohexanone (10).
The a-chlproketone obtained a.bové (0.99 g, 5.2 mmoles) was
. dissolved in 10 ml of anhydrous methanol and transferred to a. flask .
| containing 0.434 g (5.3 mnoles) of anhydrous sodium acetate and
0.25 g lof 5 % palladium on carbon. The mixture was stirred under
an atmosphere of hydrogen until it absorbed 80 ml. The reaction
mixture was filtered through Celite and the filter cake washed wi:th
methanol (5 ml). The filtrz‘a.te and washings were combined and
partially concentrated in vacuo to 3 ml. The concentrate was
. dissolved in methylene ;:hloride (lO ml) and washed once Wi‘bh'
saturated sodium bicarbonate solution. After drying the solvent
was removed in vacuo. Short path distillation of the residue
yielded 0.51 g (64 %) of a ketonic material that gave a single spot
by t.1l.c. (solvent system A). The i.r. spectrum of this compound
showed a sharp carbonyl absorption at 1718 cm™. The n.m.r. and
i.r. spectra of this compound were not i@entica.l with those of
'_authentic L-t-butylcyclohexanone. The material gave negative
Beilstein and silver nitrate tests (82) for.halogen. The 2,L4-
dinitrophenyl hydrazone (2,4-DNP) was prepared (83) and melted at
164-166° after two recrystallizations from ethyl acetate-ethanol
and was in the form of short,orange needles (1lit. (54) m.p. 161-

162.5° (from ethanol) for the 2,4-DNP derivative of 3-t-butylcyclo-
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hexanone). The semicarbazone was prepared (83) and had & m.p. of
206.7-208° (dec.) (inserted at 200°) after two recrystallizations
from ethanol-water and was in the form of lustrous, white plates
(1it. (55) m.p. 205-206° (inserted at 200°) for the semicarbazone
of 3-t -butylcyclohexanone).

The 2, h.-DNP of authentic 4-t-butylcyclohexanone was prepared
 and had a m.p. of 1555156° after two recrystallizations from ethanol-
ethyl acetate and was in the form of long, dark, orange, needle-like
crystals. The mixture m.p. of the 2 ,4L-DNP of authentic 4-t-butyl-
cyclohexanone and the 2 ,4-DNP of the ketone derived from Jwas 125-127 %
The semicarbazone of authentic k-t -butylcyclohexanone had & m.p. of
214.5-216° (dec.) (inserted at 205°) after two recrystallizations
from ethenol-water and was in the form of small, white plates. A
mixture m.p. of this semicarbazone with the semicarbazone derived
from 9 was 192.5-204° (dec.).

17. Synthesis of cis-k-t-butyl-trans -2-hydroxycyclohexanol (6)

from:

a. M-Z -benzyloxy-_cls_ -l -t -butylcyclohexanol (5).

A solution of 300 mg (1.15 mmoles) of trans-2-benzyloxy-cis-
h-_g-butylcyclohexa.nol in 10 ml of 90 % ethanol was placed in a
flasﬁ containing 106 mg of 5 % palladium on carbon. Concentrated
hydrochloric acid (0.1 m1, 1.2 mmoles) was added and the mixture
stirred under an atmosphere of hydrogen for 18 hr. The reaction

mixture was filtered through Celite, the filter cake washed with
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ethanol and the filtrate and washings concentrated in vacuo. The
powder-like residue (197 mg, 100 % yield) was recrystallized twice
from acetone-Skelly B and yielde: 150 mg of small, white platelets,

m.p. 143.5-146°.

b. Trans-2-benzyloxy-trans-5-t-butylcyclohexanol (k).
De-O-benzylation of trans-2-benzyloxy-trans-5-t-butyleyclo-
hexanol was carried out as above. From 300 mg (1.15 mmoles) of &
was obtained 190 mg. of product which bad a m.p. of 14k-146°, after
two recrystallizations from methyl ethyl ketone-Skelly B, and an _
j.r. spectrum identical to the i.r. spectrum of the product of the
previous experiment (the lit. (38) m.p. for cis-lL-t-butyl-trans-2-
hydroxycyclohexanol (6) is reported to be 141-142°). A mixture of
this material with the product of the previous experiment gave an

undepressed m.p.

18. Synthesis of trans-3-acetoxy-cis-I-benzyloxy-t-butyleyclo-
hexane (1k)
Trans-2-benzyloxy-trans-5-t-butyleyclohexanol (8.0 g, 30.6
mmoles) was acetylated (procedure A) to yield 9.33 g (100 %) of 1k.
A one g sample of 1l from a similar preparation was subjected to short
path distillation and boiled at 95-105"/0.08 mm. Anal. Calcd. for

C1oHogOs: C, T4.96; H, 9.27. Foumd: C, 75.02; H, 9.27 %.

19. Synthesis of trans-2-acetoxy-cis-k-t-butylcyclohexanol (15)

A solution of 9.33 g (30.6 mmoles) of trans-3-acetoxy-cis-
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4 -benzyloxy-t-butylcyclohexane (y_;) in 50 ml of gla.ciai acetic acid
was added to & flask containing one g of 5 % palladium on carbon.
The mixture was stirred under an atmosphere of hydrogen until no
more hydrogen uptake could be detected (43 hr). The reaction mixture
was filtered through Celite and the filter cake washed with glacial -
acetic acid. The filtrate was concentrated and the residue dissolved
in methylene chloride. .Tﬁe‘_methylene chloride solution was washed .
with water followed by saturated sodium bicarbona.te- solution. The
methylene chloride solution was dried and then concentrated. The
6.6 g of residue contained a small amount of 1l which could be
detécted in the n.m.r. spectrum.

| For the purpose of analysis a one g sample was rehydi'ogena.ted
under identical conditions using fresh catalyst. Work up as before
yielded an oil that was free of starting material. Evaporation at
reduced pressure yielded 594 mg of material: b.p.70%0.05 mm. Anal.
Calcd. for CigHa20s: C, 67.25; H, 10.35. Found: C, 67.42;
H, 10.38 %. The n.m.r. spectrum (Fig. 21) showed one-proton
multiplets at 7°5.07 and 6.30 which are assigned to the hydrogens
geminal to the acetoxy and hydroxy groups, respectively. Also
present in the spectrum was a one-proton singlet at -7 7.18 (hydrogen
of the hydroxy group), a 3-proton singlet at 7 7.95 (hydrogens
of the acetoxy group) and a 9-proton singlet at T 9.12 (hydrogens

of the t-butyl group).

20. Synthesis of trans-2-acetoxy-l-t-butylcyclohexanone (1_6)

The title compound was prepared from trans-2-acetoxy-cis-k-t-
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' butyleyclohexanol QQ) using a procedure ané,logous to that used for
the preparation of 9. From 5.6 g of 15 was obtained 4.71 g of a

.clear oil, which containegl benzyloxy compound _J}_L as an impurity.

A crystalline sample of ketone 16 was obtained 5y column chromatography
of a small sample on Silica Gel G using solvent system A.

The remaining crude ketone was dissolved in 10 ml of Skelly B
and seeded with the cryst.als obtained from chromatography. Cooling
to 0° resulted in the deposition of 2.6 g of keténe that was
recrystallized twice from Skelly B yielding 1.37 g: m.p. 52-57°."
A small sample was sublimed at 35°/0.06 mm for analysis: m.p. 52.2-
54.5°. Andl. Calcd. for CpzHzoOs: C, 67.89; H, 9.50. Found:

C, 67.73; H, 9.39 %. T.l.c. behavior of sublimed and unsublimed
ketone was identical. The n.m.r. spectrum (Fig. 8) of the pure
ketone showed the expected signals for the hydrogens of an acetoxy
and a t-butyl group. Also present in the spectrum was a low field
one-protoﬁ multiplet at T4.91 (half-band width 11 Hz) which is
assigned to the hydrogen geminal to the acetoxy group. The i.r.
spectrum showed a broad carbonyl absorption in the region 1725~

1745 cm-1.

21. Synthesis of Eg._n_s-E-acetoxy-h-g-butylc;vclohexanone oxime
(28)
A solution of 0.222 g (3.2 mmoles) of hydroxylamine
hydrochloride and 0.262 g (3.2 mmoles) of anhydrous sodium acetate
in 3 ml of water was added to a solution of trans-2-acetoxy-l-t-

butylcyclohexanone (636 mg, 2 mmoles) in 25 ml of methanol-water
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(2:3, v/v). After 5 min the mixture was heated on the steam bath
for 15 min. The solution was cooled and poured into a separatory
funnel containing water (15 ml). The mixture was extracted with
methylene chloride (37 ml). 'I'he methylene chloride extracts
were combined and washed with water (7 ml), saturated sodium
bicarbonate solution (7 ml) and then water (7T m1). The methylene
chloride solution was dried and then concentrated. The residue was
recrystallized from Skelly B and yielded 570 mg of white, needle-
like crystals (84 %): m.p. 113.2-116°. A sample sublimed (80°/
0.06 mm) for analysis had the same m.p. Anal..Calcd, for CizHz NOs:
¢, 63.b0; H, 9.31; N, 6.16. Found: C, 63.36; H, 9..46;
N, 6.03 %. The n.m.r. spectrum' (Fig. 17) showed signals for tﬁe
hydrogens of an acetoxy group (7 7.95) and a t-butyl group (T9.08)
as well as a one-proton multiplet at Th.52 (half-band width 7 Hz)

which was assigned to the hydrogen geminal to the acetoxy group.

22. Synthésis of _c_i_§-2-benzyloxy-S-}_-butylcyclohexanone Q.l)
The title compound was prepared from trans-2-benzyloxy-trans-

5-t-butylcyclohexanol (L) using & procedure similar to that used
for the preparation of 9. From 1.5 g (5.75 mmoles of )L was
obtained 1.4 g of ketone. A sample of the ketone was distilled
(85-90°/0.07 m) for the analytical sample. Anal. Caled. for
C17H2402: C, 78.40; H, 9.31. Found: C, 78.18; H, 9.50 %.
The n.m.r. spectrum (Fig. 9) showed a 5-proton singlet at T2.67
(hydrogens of the phenyl group), a two-proton singlet at 75.53

(hydrogens of the methylene group of the benzyl group) and a 9-proton
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singlet (hydrogens of the t-butyl group). A one-proton multiplet at
T6.31 (half-band width 8 Hz) was assigned to the hydrogen geminal

to the benzyloxy group.

23. Synthesis of cis-2-benzyloxy-cis-5-t-butylcyclohexanol (_.'148_2

A solution of 3.18 g (84 mmoles) of sodium borohydride in 20 ml
of cold (0°) water was added in one portion to-a stirred solution
of 15.89 g (61.3 mmoles) of cis-2-benzyloxy-5-t-butylcyclohexanone
(17) in 130 ml of a cold (0°) mixture of tetrahydrofuran and 32 ml of
ethyl acetate. The temperature of the reaction mixture rose to 15°
and then slowly dropped back to 0°. The mixture was stirred for
one hr and then 10 m1 of glacial acetic acid was added slowly, while
stirring and cooling were continued. The mixture was then diluted
with water (100 ml) and extracted with Skelly B (3 x 25 ml). The
combined extracts were washed successively with water (25 ml) 3
saturated sodium bicarbonate solution (10 ml) and then saturated
sodium chloride solution (10 ml). The solution was dried and then
concentrated. The oily residue (16 g) crystallized. The solid
residue was melted by warming on the steam bath and a sample with-
drawn for analysis by g.l.p.c. The sa.mf:le was trifluoroacetylated
a.nd. analyzed using column B at 205°. Two peaks appeared after the
solvent peak with retention times of 6.6‘min 7.9 min in the ratio
1:k.9, respectively. |

The oily residue resolidified on cooling and was recrystallized
three times from Skelly B to yield 7.3 g (U5 %) of pure cis-2-

benzyloxy-cis-5-t-butylecyclohexanol @ ): m.p. 55.5°-58° (softening
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at 52.5°). Anal. Calcd. for Cp,HpgO2: C, 77.86; H, 9.99.
Found: C, 78.08; H, 9.96 %. The n.m.r. spectrum (Fig. 10) showed
signals for the hydrogens of a phenyl group (7‘2.71), the methylene
groﬁp of & benzyl group (AB quartet centered at T5.52), a hydroxyl
group (T 7.74) and a t-butyl group (79.18). A complex two-proton

multiplet centered at 76.50 was assigned to the hydrogens at the

- 1 and 2-positions of the cyclohexane ring.

24h. Synthesis of_g;§-2-benzyloxytg;§;5:g-butyhnethoxycyclohexane

(29)

Cig-2-benzyloxy-cis-5-t-butyleyclohexanol (18) was methylated

using the methylation procedure of Eades and Coworkers (56).

. Sodium hydride.(a.h g, 0.1 mole) was obtained by washing the mineral
oil from 4.6 g of a 52.3 % dispersion of sodium hydride in mineral oil .
with dry Skelly B. A.solution of 6.55 g (25 mmoles) of 18 and 15 ml
(0.24 molé) of methyl iodide in 200 ml of anhydrous tetrahydrofuran
was kept under a nitrogen atmosphere while the sodium hydride was
added in one portion. The slurry was stirred with protection from
moisture for 20 hr, after which no starting material could be
detected by t.l.c. (solvent system A). Methanol was then added,
dropwise, to destroy unreacted sodium hydride followed By the
addition of sufficient glacial acetic acid to neutralize the
solution. The solution was concentrated to 60 ml and then transfer-
red to a separatory funnel containing an equal amount of water.

The aqueous solution was extracted with Skelly B (3 x 25 ml). The

extracts were combined and washed successively with 2 N aqueous
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hydrochloric acid, water, saturated sodium bicarbonate solution and
again water. The solution was then dried and concentrated leaving
& residue weighing 7.06 g (100 %). A sample was distilled for
analysis: b.p. 65-70°/0.02 mm. Anal. Caled. for CigHzgOz2: C, 78.21;

H, 10.21. Found: C, 78.16; H, 10.0k %.

.25. Synthesis of cis-i-t-butyl-cis-2-methoxycyclohexanol (20 ) .
A solution of 6.5 g (23.5 mmoles) of cis-2-benzyloxy-cis-5-t-

butylmethoxycyclohexane QQ) in 240 ml of 95 % ethanol containing
2 ml of concentrated hydrochloric acid (24 mmoles) was poured in't':o a
flask containing 600 mg of 5 % palladium on carbon. The mixture was
stirred under an a.tmospheie of hydrogen for 1T hr. The reaction
“mixture was filtered through Celite and the filter cake washed with
ethanol (5 ml). The filtrate was concentrated in vacuo to a volumn
of 15 ml. The concentrated solution was diluted with water (30 ml)
and extracted with Skelly B (3 x 20 ml). The Skelly B layers were
combined and washed successively with water, saturated sodium
bicarbonate solution and again water. The Skelly B solution was
then dried and concentrated, leaving a sweet smelling liquid weighing
4.5 g (98 4). A sample was distilled for analysis: b.p. 60°/0.06 mm.
Anal. Calcd. for Ci1Hpz0z: C, 70.92; H, 11.90. Found: C, 70.73;
H, 11.61 %. The n.m.r. spectrum (Fig. 11) showed signals for the
hydrogens of a methoxy group (7 6.63), ‘& hydroxy group (T 7.64) and
a t-butyl group (T 9.17). There was also present in the spectrum
a one-proton multiplet at 75.91 (half-band width 8 Hz) and at

T 6.86 (half-band width 20 Hz) which are assigned to the hydrogens
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geminal to the hydroxy and methoxy groups, respectively.

26. Synthesis of cis-k-t-butyl-2-methoxycyclohexanone (21)
_gj_.g_-ll-_p'-butyl-_c_:_i_g-2-methoxycyclohexanol (_2_Q) was converted to

the t_itle compound using a procedure analogous to fha.t used for the
preéara'cion of 9.  From 4.0 g (21.5 mmoles) of 20 was obtained 3.48 g
of erwater-yhite liquid. Anals.rsis by t.l.c. (solvent system A)
indicated that no stvarting material was present and that there
was one major substance present and several minor components. A
sample was distilled for analysis. Anal. Calcd. for CpriHzo0Oz;
G, 7T1.69; H, 10.9%. TFound: C, 71’.6h; H, 10.99 %. The i.r.
spectrum showed a sharp carbonyl.a.bsorption at 1726 cm™t (ketone).
The n.m.r. -spectrum (Fig. 12) showed a 3-proton singlet a£~”-7'6.52
(hydrogens of the methoxy group) and a 9-prot6n singlet at 79.07
(hydrogens of the t-butyl group). There was also present in the
'spectrum'a. one-proton multiplet at T6.22 (ha.lf-ba.nd. width 20 Hz)

which is assigned to the hydrogen geminal to the methoxy group.

27. Synthesis of cis-b-t-butyl-2-methoxycyclohexanone oxime (25)
The oxime of cis-k-t-butyl-2-methoxycyclohexanone was prepared
in a manner analogous to the procedure used for the preparation of
oxime 28. From 2.78 g of ketone was obtained 2.9 g of a solid oxime,
which was recrystallized twice from metha:nol-water to yield 2.15 g
of white crystals which were sublimed (80 °/0.0h mm) to yield 2.03 g
(66 %) of crystalline material: m.p. 166-168°. Anal. Calcd. for

Cy1Ho1 NO2: C, 66.29; H, 10.62; N, 7.03. Found: C, 66.47;
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H, 10.48; N, 7.29 %. The n.m.r. spectrum (Fig. 14) supported the
assigned structure. Signals for the hydrogehs of the methoxy and
t-butyl groups were present at T 6.60 and T9.19, respectively.

A one-proton multiplet appeared at 76.28 (half-bend width 15 Hz)

and is assigned to the hydrogen at the 2-position of the cyclohexane

ring.

28. Synthesis of trans-2-benzyloxy-trans-5 -t-butylmethoxycyclo-
hexane (11) .

Trans-2-benzyloxy-trans-5 -_f-butylcyclohexa.nol (k) was methylated
using a procedure analogous to that used in the preparation of 19
except that a smaller proportion of sodium hydride and methyl iodide

“to alcchol was used. From 8.62 g (33 mmoles) of 4, 2.16 g (90 mmoles)
of sodium hydride, and 15 ml (240 mmoles) of methyl iodide was
obtained 9.11 (99 %) of the title compound as a clear oil. An earlier,
smaller scale preparation yielded material that was distilled (b.p.
80-85°/0.05 mm) for the analytical sample. Anal. Caled. for

29. Synthesis of cis-l-t-butyl-trans-2-methoxycyclohexanol (12)
The title compound was prepared from trans-2-benzyloxy-trans-
5-t-butylmethoxycyclohexane (_:Q.) using a procedure analogous to
that used for the preparation of 20. Fr;)m 9.11 g of 11 was obtained
5.75 g (88 %) of crude 12. A sample for analysis was distilled: b.p.
55-63°/0.06 mm. Anal. Caled. for Ci11Hp202: C, 70.92; H, 11.90.

Found: C, 69.85. 69.95; H, 11.99, 11.80. The phenylurethane was
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prepared and had a m.p. of 152-153° after recrystallization once
from methanol-water and once from Skelly B. Anal. Calcd. for
CgHo7NOz: C, T0.79; H, 8.91; N, 4,59. Found: C, T1.10;

H, 9.16; N, 4.80 4.

30. Synthesis of Ez_g._gg-h-j_:-butyl-E-metho;qrcyclohexa.none. (13)

The title compound was prepared from cis-lb-t-butyl-trans-2-
methoxycyclohexanol (_12) using a procedure analogous to that used
for the preparation of 9. From 5 g (26.8 mmoles) of 12 was obtained
L.73 g (96 %) of a mobile, water-white liquid. A sample was distilled
for analysis and had a b.p. of 90-100°/15-20 mm. Anal. Calcd. for
C11Ho002: C, T1.69; H, 10.94 Found: C, T1.49; - H, 11.16 %.

.The i.r. spectrum showed a sharp carbonyl absorption of 1726 cm-t. '
The n.m.r. spectrum (Fig. 7) showed signals for the hydrogens of the
methoxy and t-butyl groups at T6.75 and T9.15, respectively.

There was also present in the spectrum a one-proton multiplet
centered at 76.53 which is assigned to the hydrogen at the 2-

position of the cyclohexane ring.

31l. Synthesis of trans-lb-t-butyl-2-methoxycyclohexanone oxime
(26)

The preparation of the oxime of trans-k-t-butyl-2-methoxycyclo-
he;ca.none was carried out in a manner anslogous to that used for the
preparation of _2_8 From 3.5 g of 13 was obtained 3.5 g of a gummy
solid. The solid was sublimed (50°/0.02 mm) and afforded 2.T g of

crystalline material that was recrystallized from methanol-water
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to give 2.36 g of white, spear-like crystals with a m.p.. of 64-81°.
The crystals were sublimed and afforded 2.1 g (55 %) of a vhite,
crystalline solid: m.p. 66-73°. Anal. Caled. for CpiHe NOa:
c, 66.29; H, 10.62; N, T.03. Found: C, 66.41; H, 10.82;
N, T-31 %. The n.m.r. spectrum (Fig. 15) showed a 3-proton singlet
at T6.79 (hydrogens of the methoxy group) and a 9-proton singlet
at 79.18 (hydrogens of the t-butyl group). Narrow mutiplets
were present at T5.10 (half-band width 7 Hz) and 6.18 (half-band
width 7 Hz) (in the ratio.1l:5.6, respectively“)', which were assigned
to the hydrogens at the 2-position of the cyclohexane ring in the'

" syn and anti oximes, respectively.

30. Synthesis of trans-2-benzyloxy-4-t-butylcyclohexanone (22)
Trans-2-benzyloxy-cis -’-I--g-butylcyclohex‘a.noi (5) was converted

4o the title compound using a procedure analogous to that used in
the preparation of 9. From 13.07 g of (5) was obtained 11.63 g of
ketone. The ketone contained benzaldehyde as an impurity, detectable
by its odor. Fractional distillation gave 10.5 g (81 %) of pure
ketone: b.p. 115-117°/0.08 mm. Anal. Calcd. for Cy,HpsOz: C, T8.40;
H, 9.31. Found: C, 78.38; H, 9.08 %. The i.r. spectrum showed a
sharp carbonyl absorption at 1726 cm~ (ketone). The n.m.r. spectrum
(Fig. 13) showed a S-proton singlet at T2.70 (hydrogens of the
phenyl group), & 2-proton singlet at T5.60 (hydrogens of the
methylene group of the benzyl group) and a 9-proton singlet at 79.15
(hydrogens of the t-butyl group). A one-proton multiplet was present

at 76.3 (half-band width T Hz) and this is assigned to the hydrogen
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geminal to the benzyloxy group

33, Synthesis of trans-2-benzyloxy-4-t-butyleyclohexanone
oxime (31) . |
Oximination of trans-2-benzyloxy-k-t-butyleyclohexanone (22)
was carried out by a procedure analogous to that used in the
preparation of 28. From 5.2 g (2 mmoles) of 22 was obtained L67 g
of oxime. Recrystallization twice from nitromethane yielded k.1 g
(T4 %) of oxime: m.p. 83-90°. A sample was sublimed for a.na.]ysié
(75°/0.02 mm) and had a m.p. of 86.5-88.5°. Anal. Caled. for
. Cp7HosNO2: C, Tho1k; H, 9.15; N, 5.09. Found: G, Th.13;
H, 9.39; N, 5:15 %. -The n.m.r. spectrum {Fig. 18) showed a 5-
proton singlet at 72.75 (hydrogens of the phenyl group), an AB
ciua.r’bet at T75.65 (hydrogens of the methylene group of the benzyl
group) and a 9-proton singlet at 79.15 for the hydrogens of the -
butyl group. Multiplets were present at T4.93 (half-band width 7 Hz)
and T6.02 (half-band width T Hz) in the ratio 1:5.7 which are
assigned to the hydrogens at the 2-position of the cyclohexane rings

in the syn and anti oximes, respectively.

3. Synthesis of trans-2-hydroxy-4-t-butylcyclohexanone axime
(32) -
A mixture of 1.38 g (5 mmoles) of ﬁ_a_gg-a-benzylo:q-h-p_-
butylcyclohexanone oxime (31) and 200 mg of 5 % palladium en carbon
in 50 ml of 90 % ethanol containing 0.458 ml (5.5 mmoles) of

concentrated hvdrochloric' acid was stirred under an atmosphere of
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hydrogen. Hydrogen uptake was rapid until 147 ml of hydrogen had
been absorbed when the rate of absorption suddenly slowed down.
Stirring was discontinued at this point and the reaction mixture
filtered through Celite. Anhydrous sodium acetate (0.5 g) was then
added and the mixture concentrated to 7 ml. The mixture was diluted
to 4O ml with water and let stand at ice temperature. The white
_crystals that formed were collected and wgighéd 720 mg: m.p. 196-
200°., Recrystallization once from methanol gave 590 mg (64 %) of
oxime: m:p.. 198-200°, A sample was recrystallized once more from
methanol: m.p. 200-202°. Anal. Calcd. for CioHigNOz: C, 64.83;
H, 10.34; N, 7.56. Found: C, 65.13; H, 10.42; N, T.75 %.
The oxime was examined by 60 MHz n.m.r. as a solution in Dy-acetic
acid since it was nearly insoluble in deutériochlorofom. The
spectrum (Fig. 19) showed a 9-proton singlet at T9.17 for the
hydroéens of the t-butyl group. A one-proton multiplet (half-band
width 7 Hz) at T5.56 is assignéd to the hydrogen at the 2-position

of the cyclohexane ring.
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E. Sodium Borohydride Reduction of 4-t-Butylcyclohexanone
and 2-substituted b-t-Butylcyclohexanones

l. General
A ratio of 1.9 mmoles of ketone to 2.65 mmoles of sodium
borohydride to' one ml of ethyl acetate to 5 ml of tetrahydrofuran
was meintained for all reactions. All reductions were carried out at
.O°. The work-up of thé ‘:‘cea.ct.:i.on mixtures was eésentia.]ly the Same

in all cases and is presented in detail for only one reduction.

2. Reduction of 4-t-butylcyclohexanone (23)

A solution of 200 mg of sodium borohydride in 2 ml of cold (0°)
watef was added in one portion to a cold (0°), stirred solution of
0.5 g (3.83% mmoles) of h-;c_-butylcyélohexanone (23) ina mixture of
2 ml of ethyl acetate and 10 ml of tetra.hydrofuran'. The solution
was stirred for 20 min at 0°. T.l.c. analysis (solvent system A)
indicated that no starting material remained after 7 min. After the
20 min, glacial acetic acid was added, dropwise and with stirring,
until the reaction mixture remained acid to pH paper. Water (20 ml)
was added and the reaction mixture extracted with Skelly B (3 x 10 ml).
The Skelly B extracts were combined and washed with 2.5 N hydro- |
chloric acid (T ml), saturated sodium bicarbonate solution (7 ml)
and then water (10 ml). The Skelly B solution was dried followed
by concentration to give a syi'up, (580 mg, 97 % yield) which rapidly
crystallized. The solid was taken up in deuteriochloroform and was

examined by n.m.r. (60 MHz). There was present & narrow multiplet
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at T6.0 (half-band width T Hz) and a broad multiplet at T6.51 (half-
band width 25 Hz) in the ratio 1:10.5, respectively. The broad
mltiplet was attributed to the hydrogen geminal to the hydroxyl
group in trans-k-t-butyleyclohexanol (equatorial isomer) and the
narrow multiplet to the hydrogen geminal to the hydroxyl group in
cis -k -t -butylcyclohexanol (axial isomer). Acetylation of the crude
alcochol mixture (procedure B) yielded & mixture of acetates showing
a poorly resolved multiplet at 7 5.02 (half-band width 12 Hz) and
at T5.38 (half-band width 25 Hz) in the ratio 1:6.8, respectively.
Gas chromatographic an;a.lysis of the mixture of acetates (column B,

140°) gave two peaks with retention times of 4.2 min and 18.1 min

in the ratio 1:16.2, respectively.

3, Reduction of cis-2-acetoxy-k-t-butylcyclohexanone (1)

.(}_j.zc._-2-acetoxy-h-j;_-butylcyclohexanone (203 mg, 0.96 mmole) was
reduced in the indicated manner and after work-up yielded 200 mg
(98 %) of a liquid that did not crystallize. The n.m.r. spectrum
(Fig. 2) showed a broad one-proton multiplet at 75.37 (half-band
width 25 Hz), a narrow miltiplet at T5.98 (balf-band width T Hz),
& broad multiplet at T6.50 (half-band width 27 Hz), a one-proton
singlet at 7T7.08 that disappeared on treatment with deuterium oxide,
" & singlet at T7.93 (integration 3.2 hydz;ogens) plus complex signals
between T7.8 and 79.0 (integration 7 hydrogens) and the t-butyl
signal at T9.16. The signal at T5.37 was assigned to the axial
hydrogens, geminal to the acetoxy groups in _gi_s-e-a.cetow-_gﬁ-h-’_c-

butylecyclohexanol and trans-2-acetoxy-trans -k -t -butylcyclohexanol.
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The singlet at T 7.08 was assigned to the hydrogens of the hydroxyl
groups, and the singlet at T7.93 to hydrogens of the acetoxy groups.
The signals at T75.98 and T6.5 were in a ratio of 1:5 and were
assigned to the hydrogens geminal to the hydroxy groups in the axial
and equatorial alcohols, respectively.

A sample of the alcohol mixture was trifluorcacetylated.
Analysis by g.1.p.c. on column B at 140° gave two peaks with
retention times of 11.7 min and 1k.3 min in the ratio 1:5.9,
respectively. Impurities amounted to less than 1 % of the total.
The trifluorocacetyl derivative 6f _9_5_:§.-2-acetow-g:i_s-h-_ﬁ-butylcyclo-

hexanol had & retention time of 11.7 min under these conditions.

L. Reduction of- j_i_va;gs_-a-acetoﬁ-h-E-butylcyclohexa.none (6)
Trans-2-acetoxy-l-t-butyleyclohexancne (203 mg, 0.96 mmole) w;ra.;

reduced as before and, after work up, a quantitative yield of a
colorless liquid was obtained. The product was examined by n.m.r.
(Fig. 22) and showed a narrow multiplet at T4.82 (haif-band width
8 Hz), a narrow multiplet at ’r5.07' (half-band width 8 Hz), a broad
one-proton multiplet at T6.30 (half-band width 20 Hz), a one-proton
singlet at 7T T.37 that disappeared on exchange with deuterium oxide,
a 3-proton singlet at T7.90 plus complex signals between T8.0 and
- 8.8 and the t-butyl signal at 79.1%4. The signels at T 4.82 and
T 5.07 were in the ratio 5.7:1 and integrated as one hydrogen. These
signals were assigned to the equatorial hydrogens geminal to the
acetoxy groups in cis-2-acetoxy-trans-k-t-butylecyclohexanol and in

tra.ns-2-acetoxy-gg—h-_t-butylcyclohexandl, respectively. The broad
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multiplet at T6.3 was assignéd to the hydrogens geminal to the
hydroxyl groups in the axial and equatorial alcohols. The singlet
at T T.37T was assigned to the hydrogens of the hydroxyl groups and
the singlet at T7.90 to the hydrogens of the acetoxy groups.

" A sample of the reduction producﬁ was trifluoi'oa.cetylated and
examined by g.l.p.c. using column B at 140°. After the solvent peak,
two well resolved peaks appeared with rétentioﬁ' times of 12.0 min
and 14.9 min in the ratio 1:6.15, respectively. The trifluoroacetyl
derivative of trans-2-acetoxy-cis-lk-t-butylcyclohexanol has a retention
time of 12.0 min under the same conditions. A sample of the reduction
product (130 mg) was fractionated by passage through a column (15 x
2.5 cm) of Silica Gel G (28 g). Solvent system C was used and U ml
fractions were collected. Fractions 14-21 contained the minor
canponent and fractions 27-35 contained the major cocmponent. Fractio’ns
27-35 were pooled and the solvent removed in vacuo. The residue was
distilled (70 °/0.05 mm) and yielded 40 mg of an oil. The n.m.r.
spectrum (Fig. 20) of this indicated that it was cis-2-acetoxy-trans-
4t -butylcyclohexanol. Anal. Caled. for CipHp203: C, 67.25;

H, 10.35. Found: C, 67.55; H, 10.Lk0 %.

5. Reduction of trans-k-t-butyl-2-methoxycyclohexanone (13)
Trans-k-t-butyl-2-methoxycyclohexanone (100 mg, 0.5k mmole) was
reduced in the usual manner and yielded 99 mg of a liquid alcohol
mixture. A sample was dcetylated (procedure B) and the product was
examined by n.m.r. (Fig. 27) which revealed a multiplet at T5.29

(half-band width 20 Hz) and a partly overlapping narrow multiplet at
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T5.01 (half-band width T Hz). . There was also present a.one-proton
multiplet at T6.33 (half-band width 8 Hz), a 3-proton singlet at
T6.61, a 3-proton singlet at T7.93, complex signals in the region
TT.9-8.8 and a 9-proton singlet at 7T9.13. The signals were assigned
as follows: T 5.29 and 6.33, the hydrogens geminal to the acetoxy
and methoxy groups, respectively, in g_:ig-?-aceto:q-_pﬁrgé-g-butyl-
metho:qrcyclohéxane: T.6.61, hydrogens of the methoxyl groups:
T 7.93, hydrogens of the acetoxy groups: 7T 9.13 the hydrogens of the
t-butyl groups in cis-k-t-butyl-trans-2-methoxycyclohexanol and trans-
-t -butyl-cis-2-methoxycyclohexanol.

A sample of the alcohol mixture was trifluoroa.cetyia.ted and
examined by g.l.p.c. using column C at 140°. There were two peeks
in.'l:he chromatogram with retention times of 5.9 min and 7.8 min and
in the ratio 1:9, respectively. The trifluoroacetyl derivative of
a.uthentié _cE-h-_t_—butyl-_j:ga_@e-methb:qrcyclohexa.nol had a retention

time of 5.9 min under these same conditions.

6. Reduction of trans-2-benzyloxy-4-t-butylcyclohexanone (22)

' Trans-2-benzyloxy-k-t-butyleyclohexanone (1.0 g, 3.8 mmoles)
was reduced as described above and yielded 990 mg (98 %) of a white
solid. The sample was dissolved in methylene chloride and an aliquot
acetylated (procedure B). The mixture of acetates was examined by
Nem.T. whiéh revealed a 5-proton singlet at T2.68, a weak and narrow
maltiplet at 75.00, a singlet superimposed on a broad multiplet at
T5.20 to 5.50, a multiplet at T 6.16 (half-band width 12 Hz), a

multiplet at 7 6.40 (half-band width 12 Hz), a sharp 3-proton singlet
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at T8.03, camplex signals between 78 and 9 and the signal for the
t-butyl groups at 79.18. The signal at 7T 2.68 was assigned to the
hydrogens of the phenyl groups, the signals in the region T5.00
to 5.50 to the hydrogens of the methylene groups of the benzyl
groups and the hydrogens geminal to the acetoxy group‘s. in the axial
and equatorial acetates. The multiplets at T 6.16 and 76.40 were
in the ratio 6.6:1 and were assigned to the equatorial hydrogens
geminal to the benzyloxy groupé in ic_z;é_rg-h-aceto;qr-j_z;a_ng -3-benzyloxy-
1-butyleyclohexane and cis-4-acetoxy-trans-3-benzyloxy-t-butyleyelo-
hexane, respectively.

A sampie of the reduction product was trifluorocacetylated a.nd
examined by ge.l.p.c. on column B at 205° After the ‘sclslvent peak,
"t:wc.a peaks appeared with retention times of 10.3 min and 14 min in the
ratio 1:5.9, respectively. The trifluoroacetyl derivative of
a.uthenti;: trans-2-benzyloxy-cis-k-t-butyleyclohexanol had a retention

time of ]O.3 min under these same conditions.
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F. Catalytic Hydrogenation of L-t-Butylcyclohexancne Acetyl-
hydrazone, Azine and Benzyloxycarbonylhydrazone

l. General
A Parr hydrogena.’cion apparatus was used for the reductions.
Hydrogenations were carried out at 60 p.s.i. and at room temperature

for 18 hr. In all cases 5 % palladium on carbon was used as the

catalyst.

2. Reduction of 4-t-butylcyclohexanone acetyhydrazone (36)

a. In gla.cial acetic acid containing 1.1 equivalents of
hydrochloric acid. '

A solution of 3.75 g (17.7 mmdles) ofi in 45 ml of glacial acetic
acid, containing 1.63 ml (19.9 mmoles) of concentrated hydrochloric
acid and one g of catalyst, was hydrogenated. After hydrogenation
the cataﬁst was removed by filtration through Celite. Anhydrous
sodium acetate (1.6 g, 20 mmoles) was added and the solution con-
centratved.

The residue was dissolved in methylene chloride (15 ml) and
ﬁashed with water (T ml). The solution was dried and conc»entra.ted.

A white solid remained and this was recrystallized from ethanol-water
to give 2.42 g (65 %) of white crystals: m.p. 141-143°.- A sample for
analysis was recrystallized three times from ethanol-water: m.p.
149-150.5°. Ansl. Calcd. for CigHpgaNe0: C, 67.88; H, 11.39;

N, 13.19. PFound: C, 67.96; H, 11l.h4; N, 13.31 %, The n.m.r.

spectrum of the pﬁre material (Fig. 28) was nearly identical with
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Figure 28. 60 MHz N.M.R. Spectrum of l-Acetyl-2-(cis-k-t-butyleyclo-
hexyl)hydrazine (37) in CDCla. Figure 29. 60 MHz N.M.R. Spectrum of
1—Ace’byl-2-étrans-h’-j:_-butylcyclohe:qr)hydrazine (38) in CDCls.

MH

Figure 30. z N.M.R. Spectrum of Azo-cis-li-t-butyleyclohexane (3k)
in CDClgs.
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that of the crude product. There was present in the spectrum a 3-
proton singlet at T 8.08 for the hydrogens of an acetyl group and a
| 9-proton singlet at 7 9.18 for the hydrogené of a t-butyl group.
There was also prese:n’c & one-proton multiplet at T 6.91 (haif-ba.nd
width T Hz) which is assigned to the hydrogen geminal to the N-

a.éefylhydra.zino group in 1-a.cetyl-2-(gi_§ -4 '-_p_-bu’cylcyclohe}wl)

hydrazine (37).

b. In 90 % ethanol.

A solution of 2 g (9.53 mmoles) of 36 in 90 % ethanol (20 ml)
containing 0.5 g of 5 % palladium on carbon was hydrogenated. After
hydrogenation thé catalyst was removed by filtration through Celite.
The filtrate was concentrated to yield a residue that was examined by
n;m.r. | There was present in the specfrum signals for the hydrogens
of an acetyi group and a t-butyl group as well as multiplets at T6.92
(half-band width 8 Hz) and T7.32 (half-band width 25 Hz) in the ratio
1.8:1, rt;spectively. The signal at T6.92 was attributed to the
hydrogen geminal to the N-acetylhydrazino group in l-a.cetyl-2-(£-

L '-;b_-butylcyclohexyl) hydrazine (51) and the signal at T7.32 to the
hydrogen geminal to the N-acetylhydrazino group in 1-acetyl-2-(t_ra_.r_1§-
L '~t-butylcyclohexyl) hydrazine (38).

Material (5.7 g) from a similar experiment was separated into
its components by column chromatography. Chromatography was carried
out using 490 g of silicic acid in a column 4 x 78 cm. Elution was
with acetone-Skelly B (1:1, v/v) and 8 ml fractions were collected.

Thin layer chromatographic analysis indicated that fractions 48-60
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contained a single component. These fractions wére pooled and the
solvent removed in vacuo. The residue was recrystallized from acetone
to yield 1.83 g (32 %) of material m.p. 143-145°. The n.m.r. spectrum
of this material was identical to fha.t of axial compound ﬂf Fractions
61-66 contained a mixture of isomers and fractions 67-90 contained
one component. Fractions 67-90 were pooled and the solvent removed
in vacuo.  The res‘idué'wagﬁ,recrystallized from a_,,cetS’fie“ to give 1.45 ¢
(25 %) of white crystals: m.p. 125.2°-128°.. Anal. Calecd. for
Ci2H24N20: C, 67.88; H, 11.39; N, 13.19. Found: ¢C, 67.90;
H, 11.29; N, 13.43 %. The n.m.r. spectrum (Fig. 29) of this material
confirmed that it was l—acetyl-e-('lu'_a.n__s_ -b '-.‘_b_Qbutylcyclohexyl) hydrezine
(2§) The spectrum showed the presence of a signal for the hydrogens
of a.ﬁ acetyl group (7 8.07) and a t-butyl group (T 9.17). Also
present was a one-proton multiplet at 7 7.32 (half-band width 25 Hz)

which is assigned to the hydrogen geminal to the N-acetylhydrazino

group in 38.

5. Reduction of h-_i_;-butylc&clohexa.none azine (jﬁ)

A solution of one g (3.3 mmoles) of 33 in 30 ml of glacial acetic
acid, containing 0.3 ml of concentrated hydrochloric acid and 0.5 g
of 5 % palladium on carbon, was hydrogenated. After hydrogenation
the reduction mixture was examined by t.l.c. (solvent sjrstem A) vwhich
indicated that starting ma.teria.lv.wa.s présent along with at least 3
other components. One spot in the chromatogram moved with the solvent
front. The mixture was concentrated and the residue dissolved in

chloroform (15 ml). The solution was washed with water (10 ml),
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saturated sodium bicarbonate solution and again water (10_ ml). After
drying, the solution was concenfrated. A yellow solid remained
weighiné 0.48 g. Recrystallization of this material twice from
acetone gave 140 mg of light yellow, hexagonal crystals: m.p. 117-119°.
The crystals were insoluble in dilute acid. Thin layer chromatographic
analysis (solvent system A) showed & single spot moving with the
_solvent front. The n.m.r. spectrum (Fig. ‘30,) showed the presence:of &
single down field signal at T 6.45 (half-band width 7 Hz) indicating
the presence of two deshieJ.ded equatorial hydrogens. The absence of
an i.r. absorption in the region l6h0-i670 cm~t indicated that no
carbonfnitrogen double bond was present. This indicated that this
material might be the diaxial azo compound 3k (see p-51 for structure).
Anal. Caled. for CooHagNa: C, 78.38; H, 12.43; N, 9.1k. Found:

c, 78.22; H, 12.40; N, 8.9 %.

L, Reductioﬁ of k-t-butylcyclohexanone N-benzyloxycarbonyl-
hydrazone (35)

A solution of one g (3.3 mmoles) of LL-_jc._-bu.tylc:)rclohexa.none N-
benzyloxycarbonylhydrazone (35) in 40 ml of 90 % ethanol, containing
0.5 g of catalyst, was hydrogenated. T.l.c. (solvent system A)
indicated that no starting material remair'lec_l.. A -component was
preseﬁt that moved with the solvent front and there was a spot at the
origin.

. The reduction mixture was filtered through Celite and then
~.concentrated. The residue was dissolved in ethanol (3 ml) and

hexagonal crystals formed that were collected by filtration. After
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recrystallization from 95 % ethanol the material (50 mg) had a m.p.
of 114-116.5°. The n.m.r. spectrum of this material was identical
with the azo campound (33) obtained in the preceding experiment.
The mother liquors were combined and concentrated and the residue
dissolved in methylene chloride (10 ml). The solution was extracted
with. 3 ml of 2.5 N aqueous hydrochloric acid and the extract concen-
trated. The residue was acetylated (Procedure A). After work-up,
35 mg (5.4 %) of material was obtained that was examined by n.m.r.
The general appearance of the spectrum and the presence of'multiplets '
at #5.90 (half-band width 15 Hz) and T 6.34 (half-band width 25 Hz)
in the ra.tio l.3:1, respectively, indicated tﬁat the material was a
1.3: mixture of cis-k-acetamido-t-butyleyclohexane (42) and trans-

h-acetamido-t-butylcyclohexane (40).
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G. Catalytic Hydrogenation lk-t-Butylcyclohexanone Oxime

l. Apparatus '
A sloping manifold, atmospheric pressure hydrogenator (63) was
useci for the reductions. The reaction vessel consisted of a 100 ml
round. bottomed flask fitted with hooks for attachment to the

hydrogenator with springs.

2. General reduction procedure

catalyst (169 mg), oxime (338 mg, 2 mmoles) and a Teflon an.te.d,
magnetic stirring bar were pla,éed in the reaction vessel which was
flushed with nitrogen before the solvent (20 ml) was added. After
the flask had been attached to the hydrogenation apparatus, the
system was evacuated and then fiiled. with hydrogen. This process
was repeated twice more and the volume recorded. Stirring was started
and the prbgress of the reductions followed by plotting hydrogen up-
take against elapsed time. The one thﬁd reduction times recorded
in Table IV represent the times required for absorption of omne third
of the theoretical amount of hydrogen. In all cases stirring was

continued until hydrogen uptake had ceased.
a. Preparation of the sample for the determination of the

percentage conversion of oxime to amine.

(1) Reductions carried out using glacial acetic acid as

solveﬁt .
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The reduction mixture was filtered through Celite and the filter
ceke washed with glacial acetic acid. The filtrate was made up to
50 ml in a volumetric flask. A 20 ml aliquot wae removed and
96.6 wml (79.2 mg, 0.8 mmole) of cyclohexylamine added as internal
standard. The solution was then concentrated to a few ml. The
concentrate was transferred to a separatory funnel with 10 ml of
weter. The aqueous solution was extracted with methylene chloride
(3 x 5 ml) to remove nonbasic materials. Basic materials were set
free by the addition of 10 ml of 10 N aqueous sodium hydroxide
solution followed by extraction with methylene chloride (3 x 7 m:lr).
Ihe methylene chloride extracts were cambined and dried. The |
methylene chloride solution was then concentrated to 5 ml volumne.
Prifiunoroacetic anhydride (0.5 ml, 3.5 mmoles) was added and the
solution let stand for O.S‘hr. The solution was then concentrated

to a sirup, methylene chloride (4 ml) added and the soiution used

for g.l.p.c. analysis.

(ii) Reductions carried out in the absence of acid.
Concentrated hydrochloric acid (0.3 ml, 3.6 mmoles) was added
to the reduction mixture before filtration through Celite. The rest
of the work up procedure was identical to that used when the reduction

nmixture contained glacial acetic as solvent.

b. Preparation of the sample for the determination of the

percentage yield of amine.

The samples were prepared for analysis in the same manner as
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described above except that the internal standard was added after th-er

work up and before the trifluorocacetylation step.

3. Analysis of the reduction products by gelepece

The solutions of _I\_T-trifluofoa.cetates obtained from the above
work up were analyzed by g.l.p.c. on column A at 145°, Under these
conditions the retention times of the N-trifluorcacetates of cyclo-
hexylamine, gi_g-h-ﬁ-butylcyclohe:qlamine and trans-h-t-butyleyelo-
hexylamine were 4, 8.3 and 16.2 min, respectively. The precentages
of cis-h-trifluoroacetamido-t-butyleyclohexanes were obtained by
camparison of the area under their respective Peaks in the g.l.p.c.
The analysis by g.l.p.c. of mixtures (of known composition) of
trifluoroacetamidocyclohexane and the N-trifluoroacetate of cis-(or
trans) b-t-butylcyclohexylamine indicated that a correction factor was
necessary for direct comparison of the areas under the gelepsce. peaks.
Analysis by g.l.p.c., of a mixture of one mmole of the N-trifluorocacetate
of cyclohexylamine and one mmole of the _lg-trifluoroacéta.te of cis- (or
trans ) h-j-butylcyclohe:quamine » Produced peaks in the ratio 1:1.25,
respectively. The percentage conversion (or yield) was obtained by
use of the following equation: .

% Conversion (or yield) = 3—'S"_I x 0.8 x 100

where C, T and S represent the areas under the curves corresponding
to the N-trifluoroacetates of cis-k-t-butyleyclohexylamine, trans-
k-t -butylcyclohexylamine and cyclohexylamine, respectively.

The one third reduction times, percentage conversion and
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percentage yields for the various reductions are listed in Teble IV.
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H. Catalytic Hydrogenation of 2-Substituted L-t-
Butylcyclohexanone Oximes

1. General

The reductions were carried out at atmospheric pressure and at
25 + 1°, using the same apparatus as described for the reduction of
h-t-butyleyclohexanone oxime. A ratio of one mmole of oxime to
185 mg of caté.lyst to 16 ml of solvent was used .fof all reductiéns.
Stirring was continued until hydrogen uptake had ceased. One third
reduction times were obta.ined as before and are recorded in Tables VI,
VII,and V:Iinith total yields of the amine mixtures and the composi-
tion of the mixtures.

Gel.p.c. was carried out on column C at 160° for the trifluo;'o-
acetyl derivatives of 1':he 2-methoxy-ll--_§-butylcyclohe:qria.mines and on
column C at 150° for the trifluorcacetyl derivatives of the 2-

hydroxy-k-t-butylcyclohexylamines.

2. Reduction of gis-l-t-butyl-2-methoxycyclohexanone oxime (25)
a. In 90 % ethanol, containing 1.1 mmoles of hydrochloric acid,
- using 5 % palladium on carbon as catalyst.
Cis-lb-t-butyl-2-methoxycyclohexanone oxime (199 mg, 1 mmole)
in 10 ml1 of 90 % ethanol containing 0.0916 ml (1.1 mmoles) of concen-
trated hydrochloric acid and 183 mg of 5 % palladium on carbon was
stirred under an atmosphere of hydrogen until absorption ceased.
The one third reduction time was 8.6 min and 43.4 ml of hydrogen was

absorbed during 96 min. After hydrogenation, the catalyst was
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removed by filtration through Celite. The filtrate was concentrated
and the residue dissolved in water (10 ml). The solution was
extracted with methylene chloride (3x7 ml) to remove nonbasic
materials. .Sodium hydroxide (3 ml of 10 M aqueous solution) was
added and the amine set free was extracted into methylene chloride
(GxT ml). The niethylene chloride extracts were combined and dried
followed by concentration to yield a liquid residue that weighed
140 mg (75 %). A sample was trifluoroacetylated and examined by
g.l.p.c. After the solvent peak, there appeared two peaks with
retention times of 7.9 min and 10.1 min in the ratio 22:1, respectively.

The remaining free amine was acetylated (procedure B) and the
product exa.mined by n.m.r.. The spectrum contained signals for the
hydrogens of an acetyl group and a methoxy group as well as & low
field signal at T5.62 that was assigned to the hydrogen geminal to
the N-acetyl group. This signal became narrower when the solution
was treated with sodium deuterio oxide which indicated that it was
coupled with the hydrogen on the nitrogen of the acefamido group.
The half-band width of the signal (8 Hz) indicated that the acetamido
group was axial. The signal for the hydrogen geminal to the methoxy
group appeared at about T 6.7 as a broad multiplet superimposed.on
the signal for the hydrogens of the methoxy group.

The N-acetate was recovered from the n.m.r. tube and recrystal-
lized once from Skelly B and then twice from methanol-water to give
crystals with a m.p. of 118-120°. Anal. Calcd. for CisHpsNOo:
¢, 68.68; H, 11.08; N, 6.16. Found: C, 68.63; H, 11.08;

N, 6.02 %. The 100 MHz n.m.r. spectrum (Fig. 31) of the pure
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Figure 31. J.OO MHZ N.M R. Spectrum of c1s-2-Acetam1do c:.s-S-t-butyl—
methoxycyclohexane (46) in CDCls (Sweep width 1000 Hz). Figure 32.
100 MHz N.M.R. Spectrum of trans-2-Acetamido-trans-5-t-butyl-methoxy-
- cyclohexane (47) in CDCls (Sweep width 1000 Hz). Figure 33. 100 MHz
N.M.R. Spectrum of cis-2-Acetamido-trans-5-t-butyl-methoxycyclohexane
(48) in CDCls (Sweep width 1000 Hz).
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material was nearly identical with that of the crude acetylation
product and indicated that the material was cis-2-acetamido-cis-5-
t-butyl-methoxycyclohexane (_lié) and therefore the hydrogenation had .

yielded nearly pure cis-k-t-butyl-cis-2-methoxy cyclohexylamine (51)

b. In 90 % ethanol,using 5 % rhodium on carbon as catalyst.

. The reduction was carried.out in the usual manner. The one
third reduction time was 62.4 min and 40.8 ml of hydrogen was absorbed
during 491 min.

After hydrogenation l.l mmoles of hydrochl;)ric acid was added
and the mixture worked up as before. A &ield. of 118 mg (64 %) of.
free amine was obtained. A sample was trifluorocacetylated and
examined by g.l.p.c. Peaks appeared with retention times of 7.2 min,
7.9 min, 9 min, and 10.1 min in the ratio 1:37:2.5:6.3, respectively.

Table X lists the retention times given by the trifluorocacetyl
derivatives of the pure 2-methoxy-l-t-butylecyclohexylamines. On
the basis of retention times the mixture was composed of: 51 (80 %),
52 (5 %), 53 (2 %), which meant that _c_;g-h-jg-butyl-g_g-e-methém-
cyclohexylamine (51) accounted for at least 86 % of the L-t-butyl-
2-methoxycyclohexylamines in which the 2-.methonqr substituent was

equatorial.

ce In 90 % ethanol, containing 4.1 mmoles of 85 % hydrazine
hydrate, using 5 % palladium on carbon as catalyst.
The oxime was dissolved in 10 ml of 90 % ethanol containing

0.235 ml of 85 % hydrazine hydrate (k.1 mmoles) and let stand 1 br
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TABLE X -

G.L.P.C. Retention Times of Trifluoroacetylated, 2-
Substituted 4-t-Butylcyclohexylamines

Retention Time? in min.
(ColumnP temp. )

5 M
\ §Hs
52 M

(c)

7.9 ‘(160°)
7.2 (160°)
8.9 ;160°)
9.2 (150°)

7.9 (150°)

8.7 (150°)

a. Of trifluorcacetylated amine. b. A 6 ft.x 0.25 in. (0.D.) copper
tube packed with 20 % silicone gum rubber (SE 30) on acid washed

Chromosorb P (40-60 mesh).

Ce

Compound not isolated.
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after which catalyst was added and hydrogenation started. A total of
40 ml of hydrogen was absorbed during 20 hr.

After hydrogenation,the catalyst was removed by filtration
through Celite. The filtrate was concentrated and the residue
dissolved in methylene chloride (10 ml). The methylene chloride
solution was washed with water (3 x 5 ml) to remove any hydraziné
present. The methylene chloridé solution was extracted with 2.5 N
aqueous hydrochloric acid (5 ml) and the aqueous layer separated and
washed with methylene chloride ( 3 x 5 ml) to remove nonbasic materials.
The acid solution was concentrated to give a residue of amine |
hydrochloride weighing 135 mg (62 %). The residue was dissolved in
water (5 ml) and 10 M sodium hydroxide solution (3 ml) added. The
solution was extracted with methylene chloride (3 x 5 ml). The
extracts were combined, dried and then concentrated. The liquid amine
obtained was trifluoroacetylated for gas chrcmatographic analysis.

Two peaks ﬁere present with retention times -of T.9 min and 9.9 min
in the ratio 8.i:l which indicated thai.; 88 % of the product was cis-

k-t -butyl-cis-2-methoxycyclohexylamine (51).

3. Reduction of trans-l-t-butyl-2-methoxycyclohexanone oxime (26)

a. In 90 % ethanol,containing 1.1 mmoles of hydrochloric acid,
using 5 % palladium on carbon as catalyst.
This reduction was carried out in the seme manner as the
reduction in H-2-a except that _'_t_zﬁs_-h-_'g-butyl-Q-methoxyclohexa.none

oxime (26) was used as the substrate. The one third reduction time
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TABLE X
GeL.P.C. Retention Times of Trifluoroacetylated, 2-
Substituted 4-t-Butylcyclohexylamines

Retention Time® in min.
Amine (ColumnP temp. )

| 9.9 (140°)
_ ‘ 8.5 (150°)
1\]H2 .
29
| , 7.9 (140°)
6.7 (150°)
i
’\/mms 7.9 (160°)
51 e
Ha
/\/ﬁ | 7.2 (160°)
2 e
Ha
/\/ﬁ 8.9 (160°)
NHz '
23
. 9.2 (150°)
. H :
M 7.9 (150°)
55 M |
H
MA\& 8.7 (150°)
(c) |

a. Of trifluorcacetylated amine. b. A 6 ft.x 0,25 in. (0.D.) copper
tube packed with 20 % silicone gum rubber (SE 30) on acid washed
Chromosorb P (40-60 mesh). c¢. Compound not isolated.
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indicating that this signal was due to the hydrogen geminal to the
acetamido group. The half-band width of this signal (8 Hz) required
that the acetamido group be axial. The signal at T6.57 was assigned
to the hydrogen geminal to the methoxy group. The half-band width
(8 Hz) of this signal indicated that the methoxy group was axial. -
Thus, this compound was trans-2-acetamido-trans-5-t-butyl-methoxy~
cyclohexane (47). The elemental analysis was consistent with the
structure. Anal. Calecd. for CipsHasNOz: C, 68.68; H, 11.08; N, 6.16.
Found: C, 68.51; H, 11.12; N, 6.15 %, M.p. and n.m.r. data for this
compound are listed in Table V.

The slower moving iscmér (most abundant) had a m.p. of 121.7°
after one recrystallization from Skelly B followed by sublimation.
Anal. Calcd. for CisHosNOo: C, 68.68; H, 11.08; N, 6.16. Found:

o, 68.81; H, 11.16; N, 6.28%. The 100 Miz n.m.r. spectrum (Fig. 33)
of this compound was similar to that for U7 except that the signal for
the hydrogen geminal to the acetamido group appeared at T6.18. The -
half-band width of this signal was 25 Hz indicating that the acetamidd
group was equatorial and, therefore, that this compound was cis-2-
acetamido-trans-5-t-butyl-methoxycyclohexane (48).

It was concluded frdm the above that this reduction produced a
1:2.2 mixture of cis-4-t-butyl-trans-2-methoxycyclohexylamine (52)
and trans-4-t-butyl-cis-2-methoxycyclohexylamine (53). On the basis
of the g.l.p.c. retention time data (Table X) the minor compound
must be cis-U-t-bubyl-cis-2-methoxycyclohexylamine (51) indicating
that some epimerization of the 2-meth6xy group occurred during the

hydrogenation.
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b. In 90 % ethanol,using 5 % rhodium on carbon as catalyst.

This reduction was carried out in the same manner as the
reduction in H-2-b except that _tlgrls_-h-_g-butyl—2-methoxycyclohexanone
oxime (26) was used #s the substrate. The one third reduction time
was 62.min and 52.5 ml of hydrogen was absorbed during 660 min.
Work up as before yielded 107 mg (58 %) of mixed amine. A sample of
the amine mixture was trifluorocacetylated and examined by g.l.p.c.
t;'here were present peaks with retention times of 7.2 min, 7.9 min,
8.9 min “a.nd 10.1 min in the ratio 7.T:6.T:12:1, respectively. This

.indicated (see Table X for retention time data) that the mixture was
composed of the N-triflucroacetyl derivatives of: 52 (28 %), 51
(24 %), 53 (4% %) and an unidentified component (4 %)

A sample of the amine mixture was acetylated and examined by
n.m.r. at 100 MHz (in deuteriochloroform) and revealed signals at
T5.66 (half-band width 11 Hz), 7 5.91 (half-band width 9 Hz) and
T6.23 (half-band width 21 Hz) in the ratio 1:1.1:2, respectively.
These corresponded to the signals prod;lced by the hydrogens geminal
to the acetamido groups in the N- acetyl derivatives of 51, 52 and .22,
respectively and confirmed the composition assignment made on the
basis of retention times of the trifluoroacetylated amine mixture.
This indicated that _c_:_i_s-h-;t_-butyl—_‘l&n_g-2-methoxycyclohexylamine_(§§)
accounted for 39 % of the k-t-butyl-2-methoxycyclohexylamines in

which the 2-methoxy substituent was axial.
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c. In 90 % ethanol, containing 4.l mmoles of 85 % hydrazine
hydrate, using 5 % palladium on carbon as catalyst. '

This reduction was carried out in the same manner as the
reduction in H-2-c except that trans-i-t-butyl-2-methoxycyclo-
hexanone oxime (26) was used as the substrate. The one third
reduction time was 115 min and 32 ml of hydrogen was absorbed during
21 kr. Work-up as --béfére-wi’eldéd 81 mg (37 %) of a mixture of amine
hydrochlorides. A sample of free amine was trifluorocacetylated and
examined by g.l.p.c. Therg were present pesks with retention times
of 7.2 min, 7.9 min, 8.9 min, and 10.1 min in the ratio 4.6:4.2:8.8:1,
" respectively. On the basis of retention times, these peaks were )
assigned to the N-trifluorcacetyl derivatives of 52, 51, 35 and an
unidentified component, respectively. Therefore cis-4-t-butyl-trans-
2-metho:qcyclohe:quamine accounted f:r 32 % of the L-t-butyl-2-methoxy-

cyclohexylamines in which the 2-methoxy substituent was axial.

4. Reduction of trans-4-t-butyl-2-hydroxycyclohexanone oxime (32)

a. In 90 % ethanol, containing 1.1 mmoles of hydrochloric
acid, using 5 % palladium on carbon as catalyst.
This reduction was carried out in the same manner as the
reduction in H-2-a except that the substrate was | trans-b-t-butyl-2-
hydro:qrcyclohexaﬁone oxime (2). The one third reduction time was

195 min and 38 ml of hydrogen was absorbed during 22 hr. Work-up in
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the usual mamner yielded 100 mg (58 %) of solid amine. After dis--
solving the anﬁne in methylene cﬁloride an aliquot was removed and
trifluoroacetylated for g.l.p.c. analysis. There was present, in the
gas chromatogram, peaks with retention times of 5.6 min, 6.4 min,

7.6 min, 8.7 min and 10.7 min in the ratio 2.6:1:54:1.2:1,
respectively. The remainder of the amine was acetylated for
examination by n.m.r. at 60 MHz (in deuteriochloroform). The n.m.r.
| - spectrum indica.'bed that the material was mostly _g:_i_g_-li-a.cetamido-_p_;'gn_s-
3-a.céto:§y-§-butylcyclohexane (52) as shown by the presence of 'éigna.ls
at T5.10 (half-band width 8 Hz) and 75.97 (half-band width 9 Hz)
attributed to the hydrogens geminal to the Q-acetyl and N-acetyl
" groups, respectively. _

A sample of the acetylated material was recrystallized once

from methylene chloride-Skelly B and once from methanol-water to

give crystals with a m.p. of 157.5-158.5% Anal. Ca.icd. for G4HazsNOs
c, 65.85; H, 9.87; N, 5.49. Found: C, 65.43, 65.72; H, 10.09, 10.11;
N, 5.77 %. The n.m.r. spectrum of the pure product (Fig. 2k4)

was nearly identical with the crude product obtained from ;.cetyla.tion.
There was present in the spectrum signals for the hydrogens of two
acetyl groups and one-proton multiplets at T5 ¢10 (half-band width

8 Hz) end T5.95 (half-band width 16 Hz). When the solution was
treated with sodium deuterio oxide the signal at 7 5.95 became
narrower (half-band width now 8 Hz) indicating that this was the
signal for the hydrogen geminal to the acetamido group. The signal
at T5.10, therefore, was due to the hydrogen geminal to the acetoxy

group. The half-band width of these multiplets indicated that the
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acetamido and acetoxy groups were axial and therefore this was the
diacetyl derivative (ZQ) of cis-k-t-butyl-trans-2-hydroxycyclo-

hexylamine (55).

b. In 90 % ethanol, using 5 % rhodium on carbon as catalyst.
This reduction was carried out in the same manner as the

z;eduction in H-2-b except that the substrate was trans-lb-t-butyl-2-
hydroxycyclohexanone oxime (jg). The one third reduction time was
12.3 min and 48 ml of hyd.roéen was absorbed during 109 min. Work up
in the usual manner yielded 66 mg (38 %) of solid amine. The free
amine was trifluoroacetylated and examined by g.l.p.c. There were
present peaks with retention times of 5.5 min, 6.4 min, 7.9 min and
8.8 min in the ratio 4.5:1:89:1.1, respectively. The peak with a
retention time of 7.9 min was assigned to the trifluorocacetyl deriva-
tive of cis-lk-t-bubyl-trans-2-hydroxycyclohexylemine (55), on the
basis of the results of the preceding experiment, which meant that
55 .accounted for at least 96 % of the 4-t-butyl-2-hydroxycyclohexyl-

amines in which the 2-hydroxy substituent was axial.

5. Reduction of cis-2-acetoxy-k-t-butylcyclohexanone oxime (27)

a. In 90 % ethanol, containing 1.1 mmoles of hydrochloric
acid, using 5 % palladium on carbon as catalyst.
This reduction was carried out in the same manner as the reduc-
tion in H-2-a except that the substrate was _gg-a-aceto:qr-h-_’g-butyl-
cyclohexanone oxime (27). The one third reduction time was 12 min

and a total of ’+2.5 ml of hydrogen was absorbed during 4l min.
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After hydrogenation, the catalyst was removed by filtration through
Celite and the filtrate concentrated. The residue was hydrolyzed in
5 ml of concentrated hydrochloric acid-ethanol (1:1, v/v) for 18 hr.

_ After work up in the usual manner a 46 % yield of solid amino alcochol
was obtained. A sample was trifluoroacetylated and examined by g.l.
P.c. There were peaks present in the chramatogram with retention '
times of 6.2 min, 9.1 min and 10.6 min in the ratio 1:29.4:1.8,
respectively. |

The material was acetylated and examined by n.m.r. at 60 MHz
(in deuteriochloroform) and appeared to be nearly pure .g_i_s.-h'-a.cet_amido-
cis-3-acetoxy-t-butylcyclohexane (49). A sample recrystallized from
methanol-water had & m.p. of 161-162°. Anal. Caled. for Ci HosNOs:
C, 65.85; H, 9.87; N, 5.49. Found: C, 65.72; H, 9.98; N, 5.33 %.
The n.m.r. spectrum (Fig. 34) of the pure material. was nearly identical
with that of the crude material obtained from acetylation. The
spectrum showed one-proton multiplets centered at T75.18 (half-band
width 20 Hz) and 75.60 (half-band width 17 Hz) and these were
assigned to the hydrogens geminal to the acetoxy and acetamido groups,
respectively. The signal at T5.60 became narrower (half-bend width
now 8 Hz) when the deuteriochloroform solution was treated with
sodium deuterio oxide solution, indicating that this hydrogen had
been coupled with the hydrogen on the nitrogen of the acetamido
group. The half-band width of the multiplets required that the
acetoxy group be equatorial and the acetamido group axial and that
this material was the diacetyl derivative (49) of cis-k-t-butyl-cis-

2-hydroxycyclohexylamine (54). From the g.l.c.p. data it was apparent
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butyleyclohexane (49) in CDCls. Figure 35. 100 MHz N.M.R. Spectrum
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' Acetoxy-l-t-butyleyclohexanone Oxime (28 ) over 5 % Palladium on Carbon
in 90 % Ethanol, containing 1.1 Equjvalents of Hydrochloric Acid (In
CDClg, Sweep width 1000 Hz). ’
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that 54 accounted for at least 9% % of the k-t-bubyl-2-hydroxycyclo-

hexylamines. in which the 2-hydroxy substituent was equatorial..

b. In 90 % ethanol, using 5 4 rhodium on carbon as catalyst

This reduction was carried out in the same manner as the
reduction in H-2-b except that _ﬁ-E-aceto:qr-h-_‘lg-butylcyclohexanone
oxime (g[) was used as the substrate. The one-third reduction time
was 63 min and 49 ml of hydrogen was absorbed during 428 min. The
crude prbd.uct of hydrogenation was hydrolyzed in hydrochloric acid-
ethanol. After work-up in the usual mammer, 43 mg (2.6 %) of free
amine was obta.ined.. A sample was trifluoroacetyla:béd and examined by
gel.pec. which revealed components with retention times of 6.2 min,
9.2 min, 10.6 min and 11.6 min in the ratio 1:9.3:1.6:1.

A sample of the amine mixture was acetylated and examined by
nem.r. &t 60 Miz. There were present multiplets at 75.20 (half-band
width 21 Hz), T5.62 (half-band width 8 Hz) and two poorly resolved
mltiplets at 75.9 (ha.lf-ba.nd width approximately 8 Hz) and T6.3
(half-band width approximately 25 Hz). The multiplets at 75.20 and
T5.62 were assigned to the hydrogens geminal to the acetoxy and
acetamido groups, respectively, in cis-b-acetamido-cis-3-acetoxy-t-
butyleyclohexane (49). It was apparent from the integration that
at least 60 % of the product from acetylation was 49.

On the basis of the findings of the preceding experiment, the
major peak in the gas chrana.’cogr'am was assigned to the ditrifluoro-
acetyl derivative of cis-l-t-butyl-cis-2-hydroxycyclohexylamine (5k)

and this compound, therefore, accounted for at least 85 % of the 4-t-
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butyl-2-hydroxycyclohexylemines in which the 2-hydroxy group was

equatorial.

5. Reduction of tra.ns-2-a.cetoxy-h-j_-butylcyclohexanone oxime (2_8)

a. In 90 % ethanol, containing 1.1 mmoles of hydrochloric
 acid, using 5 % palladium on carbon as catalyst.

This reduction wa..s carried out in the same manner as the

reduction in H-2-a except that the substrate was u-_an_g-é-acetozqr-ll--
t-butyleyelohexanone oxime (28). The one “bh.ird reduction time was
46 min and a total of 40.2 ml of hydrogen was absorbed during 19 hr.
After hydrogenation, the catalyst was removed by filtration through
Celite and the solution concentrated. The residue was hydrolyzed
in hydrochloric acid-ethanol as before. After work-up in the usual
manner, 152 mg (89 %) of an amine mixture was obtained. A sample
was trifluoroacetylated and examined by g.l.p.c. There was present,
in the gas chromatogram, pesks with retention times of 6.7 min,
8 min, and 8.5 min in a ratio of 2:7.9:1, respectively. The presence
of & peak with a retention time of 6.7 min indicated (see Table X for
retention time data) that the trifluorcacetyl derivative of cis-l-t-
butylcyclohexylamine (41) was present.

A sample of the mixed amines was acetjlated and examined by
n.m.r. at 100 MHz. The spectrum (Fig. 35) showed multiplets at
Th.95 (balf-band width 8 Hz), T5.1 (half-band width 8 Hz) and
T6.02 (half-band width 13 Hz) in the ratio 1:2.2:3.2. There were
also weak signals at T6.2 (half-band width about 18 Hz) and T6.40
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(half-band width about 20 Hz). By compé.rison of this spectrum with
the n.m.r. spectrum (Fig. 24) of pure cis-lb-acetamido-trans-3-
acetoxy-t-butylcyclohexane (j_Q) it was apparent that two of the
signals (at-75.1 and T5.97) were due to the presence of 20 and
that 50 constituted the bulk of the mixture. However, the signal
. at T5.97 (spectrum of the mixture) was not symmetrical indicating
the presenée of another overlapping signal. The g.l.p.c. data had
indicated the possible presence of _’_c_ig-h-_t-butylcyclohe:quamine (_h_l)
in the reaction mixture and the presence of 41 would explain the
distortion of the n.m.r. signal at 75.97 since the n.m.r. spectrum
of the N-acetyl derivative of cis-k-t-butyleyclohexylemine shows
(Fig. 26) a multiplet centered at T 5.91 for the hydrogen geminal to
the acetamido group. .

The gas chromatographic peak with retention time 8.5 min could
be due to the trifluoroacetyl derivative of trans-k-t-butyleyclo-
hexylamine (see retention time data in Table X). The N-acetyl
derivative of trans-k-t-butylcyclohexylamine shows a signal in the
nem.r. spectrum (Fig. 25) at T6.35 and a similar signal is present
in the spectrum of the acetylated amine mixture.

The signal in the n.m.r. spectrum (Fig. 35) of the mixture at
Tl-}.95 is assigned to the hydrogen geminal to the acetoxy group in
the diacetyl derivative of trans-k-t-butyl-cis-2-hydroxycyclohexyl-
amine (57). The peaks at T4.95 and T5.1 were in the ratio 1:2.2,
respectively, therefore cis-lk-t-butyl-trans-2-hydroxycyclohexylamine
accounted for at least 70 % of the L-t-butyl-2-hydroxycyclohexyl-

amines present in the hydrolyzed reduction mixture.
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b. In 9 % ethanol, using 5 % rhodium on carbon.as catalyst.

This reduction was carried out in the same menner as in H-2-b
except that the substrate was trans -2-acetoxy-4-t-butylcyclohexanone
oxime (28). The one third reduction time was 52 min and 57 ml of
hydrogen was absorbed during 348 min. After hydrogenation the
catalyst was removed by filtration thrcqgh Celite. The filtrate
was concentrated and the residue hydrolyzed in hydrechloric acid-
ethanol as before. After work up in tl.le ususl manner 61 mg (36 %)
of an amine mixture was obtained. A sample was trifluoioacetyla‘bed
and examined by g.i.p.c. There was present in. the gas chromatogram:
peeks with retention times of 6.7 min, 8.0 min, and 8.5 min in t.he
ratio 1.55:1.25:1, respectively. A sample was acetylated and
examined by n.m.r. st 100 Miz. The spectrum (Fig. 23) showed the
presence of miltiplets st Th.9 (half-band width 8 Hz), T5.12 (half-
band width 8 Hz), T 5.97 (half-band width 14 Hz) and two overlapping
multiplets in the region .T 6.1-6.6. The integration of the signals
for the hydrogens of N-acetyl groups (in the region T5.8-6.6) was
about 3 times that for the signals due to the hydrogens 6f O-acetyl
groups (in the region TL4.8-5.2). The large peak (r:aten'bion time
6.8 min) in the gas chromatogram indicated that a considerable amount
of cis-k-t-butyleyclohexylamine was formed during the reduction.
The multiplete at Th4.9 and 5.1 were assigned, as before (preceding
experiment) to the hydrogens geminal to the acetoxy group in the '
diacetyl derivatives of trans -h-g-butyl-g_i_s_e-hyd.ro:qrcyclohezquamine

(2'.[) and gg-h-g-butyl-trans-2-hydro:qvcyclohe:quamine (25),
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respectively. The ratio of these signals indicated that 55 ,accpi_mted
for 60 § of the h-t-butyl-2-hydroxycyclohexylamines present in the

hydrolyzed reaction product.
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I. Catalytic Hydrogenation of Isopropyl 2-oaximino-0-D-arabino-

hexopyranoside (5_6_) and Isopropyl 5,11-,6-tri-0-ace‘by‘l:2-ox:iminca
o-D-arabino-hexopyranoxide (29

1. General

The reductions were carried out at atmospheric pressure and at
. 25 t+ 1°, using the same apparatus as described for the reduction of
h-_ig-butylcyclohexa.noﬁe oxime. A ratio of 1 mmole of substrate to
183 mg of catalyst to 10 ml of solvent was used in all cases.

Table IX summarizes the results of the reductions.

2. Reduction of isopropyl 3,4,6-tri-O-acetyl-2-oximino-o-D-

arabino-hexopyranoside (29)

a. In methanol, containing 1.1 equivalents of hydrochloric
acid, using 5 % rhodium on carbon as catalyst.

Isopropyl 3, ’+ ,6-tri-0-acetyl-2-oximino-Q-D-arabino-hexo-
pyranoside (29) (36Tmg, one mmole) and 5 % rhodium on carbon (183 mg)
were added to a solution of 0.0916 ml (1.1 mmoles) of concentrated
hydrochloric acid in 10 ml of anhydroué methanol (flushed with
nitrogen). The mixture was stirred under an a.tmoéphere of hydrogen
until absorption ceased. A total of 12 ml of hydrogen was absorbed
dui'ing 21 hr. After hydrogenation the reaction mixture was filtered
through Celite and the filter cake washed with solvent (3 x 4 ml).
The filtrate was concentrated a.r;d the residue partitioned between
water (10 ml) and methylene chloride (10 ml). The aqueous layer was

separated and filtered through a filter paper moistened with water.
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Removal of the solvent in vacuo left a crystalline solid. (90 mg)
which was acetylated using procedure B. The acetylated material
vas dissolved in 12 ml of methanol-water (1:1) containing 0.7 ml of -
triethylamine and let stand for 1k hr. The triethylamine was removed
by swirling the solution with 5 ml of a slurry of washed (methanol)
_ Amberlite TR-120 ion exchange resin (H" form) until slightly acid to
PH paper. The resin was removed by vacuum filtration and washed
with methanol (3 x 3 ml). The filtrate was concentrated. The
hydroxylic hydrogens were exchanged for deuterium by dissolved the
residue in 2 ml of deuterium oxide followed by freeze drying. This
© was repeated oﬁce more and the residue fram this dissolved in
deuterium oxide for n.m.r. analysis (using pyrazine as internal
standard). Analysis of the spectrum (100 MHz) revealed the presence
of two d&ublets » one at 75.33 with a spacing of 3.5 Hz and one
centered at 75.49 with a spacing of 1.5 Hz. The doublets, which
were attributed to the Hy hydrogens of the a-D-glucosaminyl and the
O-D-maxrmnosaminyl glycosides, respectively, had relative intensities

of 1l.3:1.0, respectively.

b. In 95 % ethanol, containing 20 mmoles of hydrazine, using
5 % rhodium on carbon as catalyst.

One mmole of isopropyl 3,)+,6-tri-0-acef.yl-2-ox:imino-a-g-ara.bino—
hexopyranoside (29) was dissolved in 10 ml of 95 % ethanol, flushed
with nitrogen and 183 mg of 5 % rhodium on carbon added. The reaction
mixture was stirred under a hydrogen atmosphere for one hr during

vwhich no uptake occured. The reaction flask was removed from the
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hydrogena.tor, flushed with nitrogen and 20 mmoles (0.64 ml) of 98 %
hydrazine added. The solution was kept under nitrogen for 80 min
and checked periodically by t.l.c. (Silica Gel G, acetone-Skelly B,
1:1,v/v). That de-O-acetylation was probably campleted in 80 min
was indicated by the slow formation of a spot at the origin and by
. the '.disa.ppearance of starting ma,terial and intermediate spots. The
mixture was replaced on the hydrogenator and stirred under an
atmosphere of hydrogen. Hydrogenation was slow; a total of 64 ml of
hydrogen being absorbed during 48 hr. After hydrogenation the crude
product was acetylated (procedure A). Excess é.cetic anhydride was ¢
destroyed by ‘Ehe_ addition of 5 ml of methanol followed by the evapora-
tion of solvents in vacuo. The acetylated material was taken up in
10 ml of methylene chloride and washed with water (3 x 7' ml), 2.5 N
agueous ﬁydroch]pric acid (10 ml), saturated sodium bicarbonate
gsolution and then water (10 ml). The methylene chloride solution was
dried a.nt'i then concentrated. The residue was de-Q-acetylated with .
triethylamine-methanol and yielded a syrup that soon crystallized. After
treatment with deuterium oxide, the crude N_—acetylé.ted product was
dissolved in deuterium oxide and examined by n.m.r. (100 MHz). The

ratio of O-gluco to Q-manno isomers was ‘4:1.

3.. Reduction of isopropyl 2-oximino-Q-D-arabino-hexopyranoside (56)

a. In water,using 5 % palladium on carbon as catalyst.
Isopropyl 3,k4,6-tri-0-acetyl-2-oximino -0-D-grabino-hexopyranos ide

(29) (367 mg, one mmole) was dissolved in 12 ml of methanol-water (1:1)
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con‘ba.iﬁing 0.7 ml of triethylamine and let stand for 5 hr, after which
it was stirred with 5 ml of washed IR-120 resin (H' form) until
slightly acidic to pH paper. The resin was remow.red by vacuum filtra-
tion and washed with methanol (3 x 7 ml). The filtrate and washings
were combined and concentrated to a syrup which crystallized when
. placed under vacuum at the pump. The crystalline isopropyl 2-oximino-
a—g-arabino-hexopyranoside (2_6_), thus obtained, was transferred with
10 ml of 90 % ethanol to a reaction vessel containing 183 mg of 5 %
palladium on carbon under a nitrogen atmosphere. The reaction vessel
was placed on the hydrogenator and the contents stirred under a '
hydrogen atmosphere until hydrogen was no longer absorbed. Uptake
was rapid; the onevthird ;‘ed.uction time was 20 min. A total of
55.8 ml of hydrogen was absorbed du:r-ing 15.8 hr. After hydrogenation
the catalyst was removed by filtration through Celite, the filter
cake washed with ethanol (3 x 3 ml) and the filtrate divided into
two equal ﬁortions. One ﬁortion was concentrated in vacuo to a syrup.
The syrup was treated with deuterium oa.cid.e and then analyzed by n.m.r.
(100 MHz) as a deuterium oxide solution. Two sets of doublets were
present centered at 75.11 and T5.23 with spacings of 3.5 Hz and
1.5 Hz, respectively. These were attributed to the Hy hydrogens
of the a-];-glucosaminyl and Ot-1=)-mannosaminy1 glycosides and had
relative intensities of 2:1. At a later date a 10 mg sample of the
miscbure of 2-amino glycosides was dissolved in 1 ml of trifluoro-
acetic anhydride-acetonitrile (1:1, v/v). After 10 min the mixture
was examined by g.l.p.c. using column D at 250°, After the solvent

peaks, two major peaks appeared with retention times of 10.7 min
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and 11.7 min in the ratio 1:k, respectively.

The second portion of filtrate was acetylated (procedure B)
followed by de-Q-acetylation with triethylamine in xﬁethanolf-water.
After workup in the usual manner the N-acetylated residue was treated
with deuterium oxide. Examination of the ma.terial,. as a deuterium
. oxide solution, by n.m.r. (100 MHz) indicated that the relative

amounts of Q-gluco to C-manno isomers was l:4.-

b. In 90 % ethanol, containing %4 mmoles of hya.razine, using

5 ¢ palladium on carbon as catalyst.

Isopropyl 3,4,6-tri -0-acetyl-2-oximino -a-]=) -arabino-hexopyranoside
(gg) (367.mg, one mmole) was de-O-acetylated as previously described.
The de-Q-acetylated oximinosugar was transferred to the hydrogenation
flask with 10 ml of 90 % ethanol, flushed with nitrogen and 0.235 ml
(4 mmoles) of 85 % hydrazine hydrate solution added. After standing
for one hr, the reaction flask was placed on the hydrogenator and
the solution stirred under an atmosphere of hydrogen until uptake
ceased. Uptake was rapid; the one third reduction time was 14 min.
A total of 50.3 ml of hydrogen was absorbed during 18 hr. After
hydrogenation the catalyst was removed by filtration through Celite
and the filter cake washed with ethanol (3 x 3 ml). Concentration of
the filtrate yielded 230 mg (88 %) of a syrﬁp that was “reated with
deuterium oxide and examined by n.m.r. (60 MHz, external TMS). The
anameric signal of the a—]__?-_glﬂc_o isomer was observed asa doublet at
T4.97 with a spacing of 3.7 Hz, but no doublet corresponding to the

a—]g-manno isomer was present. A sample from a similar run, using
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only 2 mmoles of hydrazine, was trifluoroacetyla.ted and examined by
gel.poc. The gas chramatographic analysis indicated that the gluco
to manno iscmer ratio was 20:1 with less than 7 % of unidentified
impurities. |

The reduction product was recovered from the n.m.r. tube and
. a.cei.;ylated (procedure B) followed by de-0-acetylation as previously
described. .The crude N-acetate was dissolved in 3 ml of 95 % ethanol
and T ml of ethyl acetate added. After seeding with authentic
isopropyl 2-deo:qr-a-acetémido-a-]g-glucopyranosid.e (56) white, silky
crystals formed which were collzcted 'by.va.cuum filtration and washed
with ethyl scetate to yield 150 mg (58 %) of 56; m:p 196-197.5% [ D +
157° (C, 1.5 in water). Lit (28) b .+ 150° (C, 1.3 in water).
A mixture m.p. with authentié isopropyl 2-deoxy-2-acetamido-Q-D-

glucopyranoside (56) of m.p. 194.8-196.2° was undepressed.

Ce 'In water, containing 4 mmoles of hydrazine, using 5 %
palladium on carbon as catalyst.

Oné mmole of isopropyl 2-oximino-0~D-arabino-hexopyranoside (56)
was reduced as in the preceding ekperiment except that 10 ml of wé.ter
was used as the solvent. The crude prod..uct obtained wa.é examined by
n.m.r. (100 MHz) which indicated an Q-gluco to CG-manno iscmer ratio
‘of 6.1:1. A sample was trifluorcacetylated and examined by g.l.p.c.

The gas chramatographic analysis indicated a gluco to manno isomer

‘ratio that was identical to that found by the n.m.r. analysis.
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d. In 90 % ethanol, containing 4 mmoles of triethyla.miﬁe,

using 5 % pa]la.di\;m on carbon as cajlﬁa.lyét. |

One mmole of isopropyl 2-oxi:ni;rio-d-g-arabino-hexopyranoside (56),
vas dissolved in 10 ml of 90 % ethianol (flushed with nitrogen)
containing O.4 ml (4.0 mmoles) of redist':llled triethylamine and 184 mg
of 5 % palladium oﬁ carbon. .The solution was placed under an atmosphere
of hydrogen and stirring started innnedia.tely. The one third reduction |
time was .21 nin and a total of 35.5 ml of 'hydrogen was absorbed during
25 hr. After hydrogena.tibn the catalyst was removed by filtration
through C;li'be. The filtrate was co.nc'en'bra.ted and the residue
. analyzed by nem.xr. (100 MHz). The d—_g_lm to a-manno isomer ré.tio was
lO:l.v A sample of fhe amine mixture was trifluorbacetylated for
anaslysis by g.l.p.é. The gas chromatogram indicated a ratio of

-gluco to O-manno isomers of 6.15:1 with virtually no impurities.

€. In water; using 5 % rhodium on carbon.as catalyst.

One mmole of isopropyl 2-oximino-a-1=)-arabino-hexopyra.noside (Lb)
in 10 ml‘ of water containing 184 mg of 5 % rhodium on carbon was |
hydrogenated in the usual manner. The one third reduction time was
132 min and 49.3 ml of hydrbgen was absorbed during 24.6 hr. The
crude product, after work-up, ‘wav.s exé.mined by Nemer. (100 MHz) and an
G-gluco to O-msnno isomer ratio of 0.95:1 vas indicsted. The N-
acetylated product had an Q-gluco to G-manno isomer ratio of 1.6:1
by n.m.r. (100 MHz). A sample of Erude reduction product was
trifluoroacetylated and examined by gel.p.c. which indicated an

a-gluco to C-manno isomer ratio of l.2:l. Tt also indicated the
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presence of impurities (with shorter retention times then the
trifluoroacetylated amino glycosides) to the extent of 15 % of the

total material present.
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