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A combination of dehydrogenation and hydroxylation of a saturated tertiary amine has been realized by means of mer- 
curic acetate. The amine which served as the model for this study was 1-methyldecahydroquinoline, which possesses 
two tertiary carbons alpha and beta to  the nitrogen. The main product obtained by treatment of either cis- or trans-l- 
methyldecahydroquinoline with mercuric acetate was shown to have the structure 10-hydroxy-1-methyl-As-octahydro- 
quinoline, with salts having the 10-hydroxy-l-methyl-A~~~~-octahydroquinolinium cation. The structure proof rested first 
on the determination of the juxtaposition of the hydroxyl and double bond functions and ultimately on the synthesis of the 
unsaturated hydroxyamine and related compounds by other routes. Additional information has been obtained concerning 
the stereochemical course of reduction of 10-hydroxy-1-methyl-AS-octahydroquinoline and lO-hydr~xy- l -methyl -A~(~)-  
octahydroquinolinium salts. 

It has been s h ~ w n ~ - ~  that one result to be ex- 
pected from the action of mercuric acetate on cyclic 
tertiary amines is the introduction of unsaturation 
a,@ to the amino nitrogen. The introduction of 
additional functionality by means of mercuric ace- 
tate offers an intriguing possibility from the point of 
view of both synthesis and degradation. The re- 
action of 1-methyldecahydroquinoline with mercu- 
ric acetate9 offers a point of entry into the study 
of the oxidation of a tertiary amine beyond the 
initial removal of a pair of hydrogens. 

curous acetate precipitated corresponded to a 62% 
yield on the basis of reaction of four moles of mer- 
curic acetate with one of amine. The location of 
the unsaturation as a,@ to the nitrogen in the new 
base, suggested by its instabilitylO and by previous 
experience in this L a b ~ r a t o r y , ~ - ~  was indicated by 
the shift toward higher infrared frequency (1643 to 
1668 cm. -l) observed in the double bond stretching 
region in going from the base to its perchlorate 
sa1t.l’ The presence of a hydroxyl group in the 
C1OH1,NO product (11, assuming the ring system to 

be unchanged) and its derivatives was 
CQ-) indicated by analysis and by character- /[gg’] ( istic infrared absorption in the 3 p re- - gion; moreover, the product could be 

f-- acetylated. The perchlorate salt, 
CloH17NO.HC104, showed one active 
hydrogen in the Zerewitinoff determi- 
nation, and this information, coupled 
with the infrared data, was consistent 
with the existence of hydroxyl and ter- 
nary iminium (>C=N+< - >C+- 
N<) salt functions (111). The presence 
of the ternary iminium grouping in 111 
was verified by the high-yield reac- 

\” t.\x/ tions12 of the perchlorate salt with po- 
tassium cyanide to give a hydroxy- 
aminonitrile, CllH18N20, and with lith- 
ium aluminum hydride to give a satu- 

rated hydroxyamine, CloH19N0. 
In  establishing the structure of the ClOHI7NO 

compound and subsequent products, i t  was desira- 
ble to show first that the original ring system in 1 
had been retained in the conversions described, 
even though such an assumption seemed reasonably 
safe. The acetate V of the saturated hydroxya- 
mine IV was formed by prolonged treatment with 
acetic anhydride and pyridine. Pvrolysis of the 
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Treatment of trans-1-methyldecahydroquinoline 
(I), CloH19N, with mercuric acetate in 5y0 acetic 
acid solution (95% aqueous) gave a product, CIO- 
H17N0, which contained, in addition to the expected 
carbon-carbon double bond,5 a hydroxyl group. 
The optimum yield of this product (54%) was real- 
ized by employing a 30-minute reaction time a t  
steam-bath temperature, and the quantity of mer- 
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acetate resulted in a mixture of unsaturated amines 
(VI), and catalytic reduction of this mixture gave 1- 
methyldecahydroquinoline, preponderantly the cis 
form (VII). Formulas 11-VI therefore represent 
the intermediate compounds correctly as having the 
six-six ring system intact. 

Attention was directed next to determination of 
the function and position of the hydroxyl group in 

(10) See, for example: R. Adams and J. E Mahan, THIS JOURNAL, 
64, 2588 (1942); R. Grewe and A. Mondon, Chem. Ber. ,  81,279 (1948). 
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(12) N. J. Leonard and A. S. Hay, ibid., 78, 1954 (1956). 
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11, I11 and IV. The failure of the saturated hy- 
droxyamine IV to give a positive Tollens test, to- 
gether with the absence of the unique properties 
associated with an a-hydroxyamine, ruled out the 
positions a to the nitrogen as possible points of 
attachment of the hydroxyl group. Oxidation of 
IV by 0.05 11.1 lead tetraacetate in glacial acetic 
acid at  60" was taken as qualitative evidence13 for 
the presence of a /I-hydroxy-3"-amine grouping, 
which is not attacked a t  room temperature in the 
usual lead tetraacetate titration.14 At 60°, @-hy- 
droxy-3O-amines are oxidized by lead tetraacetate 
more rapidly than their 7- and &hydroxy analogs. 
The function of the hydroxyl /I to the nitrogen was 
regarded as tertiary on the basis of 95yo recovery of 
IV following chromic acid treatment under condi- 
tions normally successful for the oxidation of a 
secondary alcoh01.l~ The failure of IV to form a 
tosylate might also be regarded as supporting evi- 
dence for a 3"-hydroxyl function, but adequate con- 
trols in the tosylation of hydroxyamines are lack- 
ing. Since there is only one position /? to the ni- 
trogen which can hold a 3"-hydroxyl group, com- 
pound IV was tentatively assigned the structure 
10-hydroxyl- 1-methyldecahydroquinoline. 

The foregoing assignment limited the structure of 
the original mercuric acetate oxidation product (11) 
to 10-hydroxy-1-methyl-A8-octahydroquinoline or 
10-hydroxy-1-methyl-a2-octahydroquinoline. The 
former structure was to be preferred because it 
would result from dehydrogenation at  an a-3O-car- 
bon (C-S), which has been found thus far to be pref- 
erential over dehydrogenation a t  an a-2"-carbon 
(C-2) in the same m o l e c ~ l e , ~ - ~  and because C-9 is 
the more logical position of unsaturation to explain 
hydroxylation a t  C- 10. Moreover, the assignment 
of the 10-hydroxy-1-methyl-A8-octahydroquinoline 
structure provided an entirely reasonable explana- 
tion for the next experimental observation, that 
the same product was obtained by mercuric acetate 
oxidation of both trans- and cis-l-methyldecahy- 
droquinoline (I, VII). 

The structure 10-hydroxy-1-methyldecahydro- 
quinoline assigned to IV was checked by synthesis 
and through the availability of authentic samples. 
Thus, A1(g)-octahydroquinoline (VIII) l6 was con- 
verted to the hydroperoxide IX and thence to 10- 
hydroxydecahydroquinoline (X) , all of established 
s t r u c t ~ r e . ~ ~ * ~ ~  The methylation of X (one of the 
racemates) with formaldehyde and formic acid led 
to the isolation of one racemate of 10-hydroxy-l- 
methyldecahydroquinoline (IV),l7ll8 the perchlo- 
rate and picrate derivatives of which were identical 
with the corresponding derivatives of the compound 
obtained by reduction of the mercuric acetate dehy- 
drogenation-hydroxylation product from l-methyl- 
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decahydroquinoline (I and VII). Finally, the 
structure of the original mercuric acetate product 
was proved by direct synthesis. The methiodide of 
VIII, l-methyl-A1(9)-octahydroquinolinium iodide 

offered this unique possibility. Mercuric 
acetate converted XI to the same CloH17NO prod- 
uct that was obtained from l-methyldecahydro- 
quinoline. Corresponding salts (e.g., 111) of the 
two samples of the hydroxy-enamine were also 
shown to be identical by direct comparison. The 
structures of compounds described above are thus 
established as: 11, 10-hydroxy-1-methyl-A8-octa- 
hydroquinoline; I11 , 10-hydroxy- 1 -methyl-A 1 ( 9 ) - ~ ~ -  

tahydroquinolinium perchlorate; IV, 10-hy- 
droxy-1-methyldecahydroquinoline; V, 10-acetoxy- 
1 -methyldecahydroquinoline : VI, probable mixture 
containing 1-methyl-Ag-, l-methyI-A4(10)-, and 1- 
methyl-A5(10)-octahydroquinoline. 

In addition, the hydroxyaminonitrile which re- 
sulted from the combination of I11 with potassium 
cyanide can now be assigned the structure 9-cyano- 
10-hydroxy- l-methyldecahydroquinolinelz (XII, 
probably trans). 

OH 

XI1 CHt 
The perchlorate of XI1 is relatively stable below 

35'. The picrate can be formed in ether, but at- 
tempted recrystallization from ethanol or forma- 
tion in ethanol resulted in the elimination of hydro- 
gen cyanide and the isolation of l0-hydroxy-l- 
methyl-A1(e)-octahydroquinolinium picrate.20 The 
unsaturated product I1 was also the result of at- 
tempted lithium aluminum hydride reduction12 of 
XII. 

The probable course of the dehydrogenation- 
hydroxylation of 1-methyldecahydroquinoline pro- 
ceeds with intermediate formation of l-methyl-A1(g)- 
octahydroquinolinium acetate (XIII) . This ma- 
terial (undoubtedly the main organic component 
originating in the treatment of l-methyl-A1(9)-octa- 
hydroquinolinium iodide (XI) with acetic acid and 
mercuric acetate) has been shown to undergo hy- 

(19) We are indebted t o  Dr. Bernhard Witkop, National Institute 
of Arthritis and Metabolic Diseases, National Institutes of Health, 
Bethesda, Md., not only for generously providing samples of 10-hy- 
droxydecahydroquinoline and 10-hydroxy-1-methyldecahydroquinoline 
picrate but also for sending us a copy of his paper with Dr. L. A.  
Cohenla in manuscript form. 

(20) N. J. Leonard and G. W. Leubner, THIS JOURNAL, 71, 3408 
(1949). 
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droxylation to give, on work-up, 10-hydroxy-l- 
methyl-A8-octahydroquinoline (I1 ; salt, 111). By 
contrast, 10-acetoxy-1-methyldecahydroquinoline 
(V), with the C-10 oxygen function already in 
place, was found to react very sluggishly with mer- 
curic acetate, yielding an intractable mixture. The 
mechanism of the conversion of l-methyldecahy- 
droquinoline to l-methyl-A1(g)-octahydroquinolin- 
ium acetate (XIII) can be regarded as similar to 
that postulated for the dehydrogenation of quinoliz- 
idine.jf7 The continuation of the oxidation proc- 
ess might involve the sequence pictured below, as- 
suming first an equilibrium between the acetate in 
the weakly acidic solution and the corresponding 
base, 1-methyl-Ag-octahydroquinoline (XIV), 
which could be interrupted by formation of a mer- 
curated complex (XV) through the free pair of elec- 
trons on the nitrogen. Attack of acetate a t  the 

AcO- AcOH 
+ 

CHI CHI 
XVI I1 

double bond could be a concerted process with 
cleavage of the nitrogen-mercury bond, which proc- 
ess effectuates the further oxidation of the unsatu- 
rated amine XIV and the reduction of H ~ ( I I ) . ' s ~ ~  
Basification of solution containing l0-acetoxy-l- 
methyl-A1(9)-octahydroquinoline (XVI) would lead 
to the abstraction of a proton from C-8 and rapid hy- 
drolysis of the substituted allyl acetate,22 thereby 
resulting in the isolation of 10-hydroxy-1-methyl- 
A8-octahydroquinoline (11). An alternative mecha- 
nism for the hydroxylation (acetoxylation) stage, 
proceeding by attack of the HgOAc' moiety a t  the 
double bond, seems less favored. 

The stereochemistry of the saturated compound, 
1 0-hydroxy-1-methyldecahydroquinoline (IV, and 
related V) is of subsidiary interest. The racemate 
of IV obtained by the lithium aluminum hydride 
reduction of I11 and by the methylation of 10-hy- 
droxydecahydroquinoline (X) (m.p. 150-151') 2 3  is 
designated arbitrarily as form A: m.p. 38-38.5') 

(supercooled) 1.5016; perchlorate, m.p. 105- 
106'; picrate, m.p. 156-156.5'. Since X was ac- 
tually a mixture resulting from the palladium-on- 
charcoal hydrogenation of IX in ethyl acetate solu- 
tion prior to the isolation of the racemate melting a t  
150-151' and since the methylation of this race- 

(21) G. Schwarzenbach and G. Anderegg, Hclu. Chim. Acta, 37, 1289 
(1959 .  

(22) E. Bachli and P.  Karrer, ibid., 38, 1863 (1955). 
(23) "Rings presumed to  have a trans fusion,"la but no proof of this 

geometrical assignment was available. A supporting argument can be 
provided-as in the present work-based on the lithium aluminum 
hydride reduction of IX.18 

mate was not quantitative, form A of IV cannot be 
designated as cis or trans on this basis. Stereo- 
specificity is recognizable in the lithium aluminum 
IX 111 111 (OAc-)  

IY racemates (provisional assignments) 

111 11 

hydride reduction of 111, and axial (trans) addition 
of hydride a t  C-9 may be postulated since this 
would allow the incoming group to be further re- 
moved from the alcoholate anion, in a transition 
state closely resembling A (one of the enantiomers 
is shown), than it would be during addition cis to 
the hydroxyl. The hydrogenation of I11 in ethanol 
solution using palladium-on-charcoal resulted in 
the isolation of form A of IV in 20% yield, and the 
isolation of the geometrically isomeric form B to the 
extent of 68%, characterized as follows: m.p. 43- 
46') n20D 1.4955; perchlorate, m.p. 117.5-118'; 
picrate, m.p. 151-152'. The hydrogenation of 10- 
hydroxy-l-methyl-A1~9~-octahydroquinolinium ace- 
tate (I1 in 5% aqueous acetic acid) using the same 
catalyst resulted in a similar mixture of IV race- 
mates. By contrast, 10-hydroxy-1-methyl-As-oc- 
tahydroquinoline (11) in ethanol was converted 
practically quantitatively to form B of IV. Addi- 
tion of hydrogen to I1 under the mild conditions 
employed would be expected to result from the ap- 
proach of the less hindered face of the unsaturated 
molecule toward the hydrogen-on-catalyst surface. 
The provisional assignment of the cis ring juncture 
to form B (the enantiomer is shown in the alterna- 
tive conformation) would not be inconsistent with 
this argument, especially since similar catalytic re- 
duction of VI11 results mainly in cis-decahydro- 
quinoline, and would be internally consistent with 
the assignment of form A based on the hydride re- 
duction of 111. 

Experimental24 
trans-Decahydroquino1ine.-Made by the catalytic hy- 

drogenation of quinoline according to  the directions of 
Bailey and McElvain,*j the trans-decahydroquinoline crys- 
tallized as colorless needles, m.p. 47.548.5' (reported26V26 
48"); hydrochloride, m.p. 281-283' (reported 278-279',25 
286-287.5'," 275" *'). 

(24) All melting points are corrected. We are indebted to Mrs 
Esther Fett, Mrs. Lucy Chang, Mrs. R. Maria Benassi, Mr. Joseph 
Nemeth and Mr. R. J. Nesset for microanalyses and to Mrs. Louise 
Griffing and Mr. James Brader for determination of the infrared ah- 
sorption spectra, using a Perkin-Elmer automatic recording infrared 
spectrometer, model 21. Zerewitinoff active hydrogen determination 
was performed by the Clark Microanalytical Laboratory, Urbana, Ill. 

(25) C .  F. Bailey and S. M.  McElvain, THIS JOURNAL, 62, 4013 
(1930). 

(26) B. Witkop, Ezpcricntio, 10, 419 (1954). 
(27) V. Prelog and S. Szpilfogel, Hclu. Chim. Acta, 28, 1684 (1945). 
(28) W. Hackel and F.  Stepf, Ann., 463, 163 (1927). 
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t runs- 1 -M ethyldecahydroquinoline p-Toluenesulfonate 
Salt.-A solution of 0.5 g. (3.6 mmoles) of trans-decahydro- 
quinoline and 0.75 g. (4.0 mmoles) of methyl p-toluenesul- 
fonate in 3 ml. of absolute ethanol was heated 30 minutes 
on the steam-bath. The solution was cooled and an excess 
of ether was added to precipitate the salt. Recrystalliza- 
tion from benzene-ethanol gave colorless platelets, m.p. 
174-174.5", yield 0.96 g. (82%). 

Anal. Calcd. for C1?H27NO3S: C, 62.75; H ,  8.36; N, 
4.30. Found: C, 62.56; H,  8.40; N, 4.34. 

trans-1-Methyldecahydroquino1ine.-N-Methylation of 
trans-decahydroquinoline was carried out according to  the 
directions of Ehrenstein and BungeZ9; b.p. 206-208" (re- 
portedz9 204-205'), ~ I . ~ O D  1.4820, yield 89Y0. 

Reaction of Mercuric Acetate with trans-1-Methyldeca- 
hydroquino1ine.-To a stirred solution of 510 g. (1.6 moles) 
of mercuric acetate in 2 1. of 57' aqueous acetic acid main- 
tained a t  90-95' was added 61.2 g. (0.4 mole) of trans-l- 
methyldecahydroquinoline in one portion. After heating 
for 30 minutes on the steam-bath, the mixture was cooled 
rapidly under the tap to about 25". The precipitated mer- 
curous acetate was collected on the filter and washed suc- 
cessively with six 50-ml. portions of cold water and three 50- 
ml. portions of absolute ethanol. The dried salt weighed 
258 g. (6270 yield on the basis of reaction of four moles of 
mercuric acetate with one of amine). The filtrate and 
washings were combined and saturated with hydrogen sul- 
fide, and the mercuric sulfide was removed by filtration. 
Aqueous sodium hydroxide in excess was added to the con- 
centrated filtrate. Ether extraction followed by the usual 
drying and concentrating operations gave a residue which 
was distilled through a short Vigreux column, giving 23.4 g. 
of starting material, collected a t  45-64' (1 mm.), and 22.5 
g. (54% yield based on starting material consumed) of 10- 
hydroxy-1-methyl- As- octahydroquinoline, 65-75' (1 mm.). 
The product darkened rapidly unless stored under nitrogen 
a t  Dry Ice temperature. It was redistilled under nitrogen, 
b.p. 80-83' (1.5 mm.), n m D  1.5211, infrared maxima 
(liquid film) 1643 (>C=C<) and 3450 cm.-' (0-H). 

Anal. Calcd. for CloHliNO: C, 71.81; H ,  10.25. 
Found: C, 71.92; H,  10.51. 

10-Hydroxy-l-methyl-A1~~~-octahydroquinolinium Per- 
chlorate.-Prepared in and recrystallized from absolute 
ethanol, the perchlorate of 10-hydroxy-1-methyl-As-octa- 
hydroquinoline formed colorless platelets, m.p. 130-131 ', 
infrared maxima (mull) 1608 (>C=N<) and 3385 
(0-H). 

Anal. Calcd. for C1oHlsClKOj: C, 44.86; H ,  6.78; N, 
5.23; active H ,  0.37y0 (1). Found: C, 45.16; H,  6.69; 
N, 5.12; active H, 0.42% (1.13). 

10-Hydroxy-l-methyl-A1~9~-octahydroquinolinium Picrate. 
-The picrat: crystallized as yellow plates from ethanol, 
m.p. 141-142 . 

Anal. Calcd. for C1eHzoN4Os: C, 48.48; H,  5.09; N, 
14.14. Found: C, 48.52; H,  5.11; N, 14.30. 

Reaction of Potassium Cyanide with 10-Hydroxy-l- 
methyl-A'(9~-octahydroquinolinium Perchlorate.-The mix- 
ture resulting from the combination of 2.9 g. (45 mmoles) 
of potassium cyanide and 4.0 g. (15 mmoles) of 10-hydroxy- 
l-methyl-A'(g~-octahydroquinolinium perchlorate in 50 ml. 
of water was extracted with ether. Following drying and 
evaporation of the ether extracts, 9-cyano-lO-hydroxy-l- 
methyldecahydroquinoline was distilled a t  103-104' (1.4 
mm.) and solidified, m.p. 59-62', yield 2.6 g. (89?&), infra- 
red maxima 2224 (CEN) and 3475 cm.-l (0-H). 

Anal. Calcd. for C l l H l ~ N ~ O :  C, 68.00; H ,  9.34. Found: 
C, 68.26; H, 9.31. 

9-Cyano-10-hydroxy-1-methyldecahydroquinolhe Pic- 
rate.-The base and picric acid were combined in ether 
solution, from which the picrate separated as yellow prisms, 
m.p.  145-146'. 

Anal. Calcd. for C17H21N608: C, 48.22; H,  5.00; N, 
16.54. Found: C, 48.04; H ,  5.25; N, 16.26. 

Attempted recrystallization from ethanol or formation 
in ethanol resulted in the elimination of hydrogen cyanide 
and isolation of l0-hydroxy-l-methyl-A~(~~-octahydroquino- 
linium picrate, m.p. 140-140.5'. 

+ 

129) M. Ehrenstein and W. Bunge, Bey.. 67, 1715 (1931). 

9-Cyano-IO-hydroxy-1-methyldecahydroquinoline Per- 
chlorate.-The perchlorate was formed in ethanol and re- 
crystallized from ethanol-ether, the temperature being 
maintained below 35", as colorless prisms, m.p. 179', infra- 
red maximum (mull) a t  3440 cm.-l, none detectable a t  2220 
cm.-l. 

Anal. Calcd. for C11Hl.&lNz05: C, 44.82; H ,  6.50; 
N, 9.51. 

At the boiling point of ethanol, hydrogen cyanide is lib- 
erated and the perchlorate reverts to that of the unsaturated 
base. 

Attempted lithium aluminum hydride reduction of 9-cy- 
ano-10-hydroxy-1-methyldecahydroquinoline in ether re- 
sulted in the isolation of 10-hydroxy-l-methyl-L8-octahy- 
droquinoline, identified as the picrate. 

10-Acetoxy-1-methyl-A8-octahydroquinoline and 10-Acet- 
oxy-l-methyl-~*~~~-octahydroquinolinium Picrate.-A mix- 
ture of 3.9 g. (23 mmoles) of 10-hydroxy-1-methyl-As-octa- 
hydroquinoline, 20 ml. of pyridine and 40 ml. of acetic an- 
hydride was heated on the steam-bath for 15 hours, then 
evaporated almost to dryness in vacuo and basified with 4070 
aqueous sodium hydroxide. The basic mixture was ex- 
tracted with ether, and the combined ether extracts were 
dried and evaporated. The residual oil was distilled under 
nitrogen, giving 0.3 g. of starting material, collected up to 
68" (0.5 mm.), and 0.45 g. (10% yield based on starting 
material consumed) of 10-acetoxy- 1 methyl-A*-octahydro- 
quinoline, b.p. 68-69' (0.5 mm.), n m D  1.4937. The prod- 
uct was extremely unstable, darkening almost immediately 
after distillation. Conversion to the picrate gave yellow 
prisms from ethanol, m.p. 164-165", formulated as 10- 
acetoxy-l-methyl-A1(9~-octahydroquinolinium picrate. 

-1naZ. Calcd. for ClnHP3r\T4O9: C, 49.31; H, 5.06; N, 
12.78. Found: C, 49.57; H, 5.38; X, 12.78. 
cis-Decahydroquino1ine.-A solution of 19.0 g. (0.138 

mole) of A1(g)-octahydroquinoline,15-'8 b.p. 54-57' (1.5 
mm.) d 9 . 6 ~  1.5033, in 50 ml. of ethanol was hydrogenated 
a t  25' and 3 atmospheres using 4 g. of palladium-on-charcoal. 
Distillation of the filtered solution gave 14.4 g. (77%) of 
cis-decahydroquinoline, b.p. 106-107' (20 mm.); picrate, 
m.p. 142-144' after two recrystallizations from ethanol 
(reported 142-145°,28 144-145'80). This method is superior 
to  those previously reported for the preparation of cis-deca- 

Found: C,44.63; H, 6.39; N,9.26. 

hydroquinoline. 
cis-1-Methyldecahydroquinoline .-N-Methylation of cis- 

decahydroquinoline was effected by the method of Ehren- 
stein and Bunge.29; b.p. 107-108" (20 mm.), V L ~ D  1.4851, 
yield 8270. The product was characterized by formation 
of the picrate, which melted sharply a t  199-200" (reportedz9 
199-200') after one recrystallization from ethanol, yield 

Reaction of Mercuric Acetate with cis-I-Methyldecahy- 
droquino1ine.-The same method was used for the cis isomer 
as described above for trans-1-methyldecahydroquinoline, 
with the exception that a 15-minute heating period was em- 
ployed, after which the quantity of mercurous acetate col- 
lected was 93y0 of that required for reaction of mercuric 
acetate with amine in the molar ratio 4 : l .  The product 
(32% yield) was collected a t  65-66" (0.4 mm.), n Z o ~  1.5198, 
and was identical with the 10-hydroxy-I-methyl-A8-octahy- 
droquinoline ottained from the trans isoyer: perchlorate, 
m.p. 130-131 ; picrate, m.p. 141-142 . The identity 
was based on infrared spectra and mixed melting point de- 

87%. 

terminations. 
10-Hydroxyl-I-methyldecahydroquinoline .-To a stirred 

solution of 6.6 g. (0.17 mole) of lithium aluminum hydride 
in 300 ml. of anhydrous ether maintained a t  the reflux was 
added 15.0 g. (0.056 mole) of lO-hydr~xy-l-methyl-A~(~)- 
octahydroquinolinium perchlorate over a short period of 
time. The reaction mixture was heated under reflux for 8 
hours, dilute aqueous sodium hydroxide was added, and the 
ether layer was combined with further ether extracts to 
give 8.3 g. (87%) of product, b.p. 67" (0.6 mm.), nZon 
1.5016. Crystallization occurred when the colorless oil 
was chilled in Dry Ice; colorless needles, m.p. 38-38.5", 
infrared maximurn 3350 cm.-' (broad). 

Anal. Calcd. for CloH19XO: C, 70.96; H ,  11.32; N, 
8.28. Found: C,70.70; H, 11.03; N,8.16. 

(30) G. R. Clemo, J. G. Cook and R. Raper, J .  C h ~ n z .  SOC. ,  1183 
(1938). 
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A Tollens test on 10-hydroxy-1-methyldecahydroquino- 
line was negative. 

10-Hydroxy-1-methyldecahydroquinoline Perchlorate.- 
The perchlorate separated as colorless needles from ethanol, 
m.p. 105-106', infrared maximum 3475 cm.-l. 

Anal. Calcd. for CloH2oClN06: C, 44.60; H,  7.10; N, 
5.19. Found: C, 44.57; H, 7.39; N, 4.99. 

10-Hydroxy-1-methyldecahydroquinoline Picrate.-The 
picrate crystallized from ethanol as yellow prisms, m.p. 
156-156.5". 

Anal. Calcd. for CleHppNdOs: C, 48.24; H ,  5.57; N, 
14.07. Found: C, 48.36; H, 5.83; N, 14.07. 

Reaction of Lead Tetraacetate with 10-Hydroxy-1-methyl- 
decahydroquino1ine.-Two solutions, each containing 0.5 
ml. (ca. 3 millimoles) of 10-hydroxy-1-methyldecahydro- 
quinoline and 80 ml. of 0.05 M lead tetraacetate in glacial 
acetic acid, were heated, together with a blank, at 60 f 5'. 
The course of the reaction was followed by the withdrawal 
of 1.0-ml. aliquot portions which were added to 10 ml. of 
an aqueous solution containing 2.5% potassium iodide and 
20y0 sodium acetate. The iodine liberated was titrated 
with 0.01 M sodium thiosulfate solution to the starch end- 
point. Within 6 hours slightly over one molar equivalent 
of lead tetraacetate was consumed by the 10-hydroxy-l- 
methyldecahydroquinoline solutions, while the titration 
value of the blank remained constant. 

Attempted Chromic Acid Oxidation of 10-Hydroxy-l- 
methyldecahydroquino1ine.-The procedure followed was 
one which had been successful for the oxidation of cevadine 
orthoacetate acetate.16 A solution of 10-hydroxy-1-methyl- 
decahydroquinoline and excess chromic acid in acetic acid 
was maintained a t  25" overnight. The organic base re- 
mained unchanged and was recovered to the extent of 957,, 
identified by conversion to 10-hydroxy-1-methyldecahydro- 
quinoline perchlorate, m.p. 104-106'. 

-4ttempted tosylation of 10-hydroxy-1-methyldecahydro- 
quinoline using p-toluenesulfonyl chloride and pyridine a t  
steam-bath temperature was unsuccessful. The original 
base was recovered as the perchlorate, m.p. 104-106'. 

10-Acetoxy-l-methyldecahydroquinoline.-Following the 
heating of 2.0 g. (1 1.8 mmoles) of 10-hydroxy-1-methyldeca- 
hydroquinoline, 10 ml. of pyridine and 20 ml. of acetic an- 
hydride on the steam-bath for 14 hours, the mixture was 
concentrated in vucuo, basified with dilute aqueous sodium 
hydroxide and extracted with ether. The residue after 
drying and evaporating the ether extracts was distilled 
through a modified Holzman column. 10-Acetoxy-l- 
methyldecahydroquinoline was distilled a t  78-80' (1 mm.), 
n% 1.4836, yield 1.9 g. (77y0), selected infrared absorption 
maxima 1235 and 1733 cm.-l. 

Anal. Calcd. for ClnH211i02: C ,  68.21; H, 10.02; N, 
6.63. Found: C, 67.77; H, 9.84; N, 6.85. 

The picrate crystallized from absolute ethanol as yellow 
needles, m.p. 164.5-165'. (This picrate depressed the 
melting point of 10-acetoxp-l-methyl-A1~g~-octahydroquino- 
linium picrate, m.p. 164-165O.) 

Anal. Calcd. for C18H24N40~: C, 49.09; H, 5.49; N, 
12.72. Found: C, 49.23; H,  5.42; N, 12.73. 

Pyrolysis of lo-Acetoxy-I-methyldecahydroquino1ine.- 
The pyrolysis method was essentially that previously de- 
scribed," with the temperature maintained a t  525 f 10". 
The crude pyrolysate was treated with dilute aqueous so- 
dium hydroxide solution, and the mixture was extracted 
with ether. The residue obtained from the ether extracts 
was distilled through a modified Holzman column, b.p. 
95-98' (20 mm.),  n2% 1.5044-1.5050, yield 59%, infrared 
maxima 1664(s) and 1643(w) cm.-l. The material can be 
represented as a mixture of 1-methyl-AB-octahydroquinoline, 
l-methyl-A-4(10)-octahydroquinoline and 1 -methyl-A5('0)-0cta- 
hydroquinoline. Attempts to purify the mixture through 
fractional crystallization of the picrates and perchlorates did 
not succeed. The crude mixture of perchlorates gave a 
very strong band in the infrared spectrum (Nujol mull) a t  
1668 cm.-'. 

Reduction of the Mixture of 1-Methyloctahydroquinolines. 
-The mixture of 1-methyloctahydroquinolines (0.25 g.) 
obtained from the pyrolysis of 10-acetoxy-1-methyldecahy- 
droquinoline was dissolved in 50 mi. of ethanol and hydro- 
genated a t  25' in a microhydrogenation apparatus, using 
0.1 g. of 10% palladium-on-charcoal. After one mole 
equivalent of hydrogen had been taken up, the catalyst was 

removed by filtration and the solvent was evaporated. The 
picrate was formed from the residue and was recrystallized 
from ethanol as fine yellow needles, m.p. 193-195', yield 
0.59 g. (94yo), After two further recrystallizations, the 
melting point was raised to 198.5-199.5', and was unde- 
pressed on admixture with authentic cis-l-methyldecahydro- 
quinoline picrate. 

IO-Hydroxy-I-methyldecahydroquinoline from IO-Hy- 
droxydecahydroquino1ine.-A sample of 10-hydroxy-l- 
methyldecahydroquinoline picrate, m.p. 153-154", was 
kindly provided by Dr. Bernhard Witkop. A larger 
amount of 10-hydroxy-1-methyldecahydroquinoline was 
made in this Laboratory by methylation of 10-hydroxy- 
decahydroquin01ine'~J~ with formaldehyde and formic acid. 
-4 check sample of 10-hydroxydecahydroquinoline, m.p. 
150-151', was also kindly provided by Dr. Witkop. The 
10-hydroxy-1-methyldecahydroquinoline obtained by meth- 
ylation was converted to the perchlorate, m.p. 103.5- 
105.5' (48% over-all yield). The melting points of the 10- 
hydroxy-1-methyldecahydroquinoline perchlorate and pic- 
rate were not depressed when each was mixed with the corre- 
sponding derivative of the compound obtained by reduction 
of the mercuric acetate dehydrogenation-hydroxylation 
product from 1-methyldecahydroquinoline (see above). 
Furthermore, the infrared spectra of the corresponding de- 
rivatives were identical. 

Reaction of Mercuric Acetate with A1(@)-Octahydroquino- 
line Methiodide.-The methiodide, prepared in benzene 
a t  5" from 10 g. (0.072 mole) of A-1(@)-octahydroquinoline16 
and 10.5 g. (0.074 mole) of methyl iodide, separated as 
colorless needles, m.p. 118-121' (reported"J* 118-122' ). 
Since the compound was very unstable, it  was assumed that 
the theoretical amount (20.2 g., 0.072 mole) of l-methyl- 
A l(g)-octahydroquinolinium iodide had been formed. The 
benzene was decanted from the crystalline material and 500 
ml. of 5% aqueous acetic acid was added. The benzene 
was removed by partial distillation on the steam-bath. 
The warm solution was then added to 127 g. (0.4 mole) of 
mercuric acetate and the resulting mixture was stirred on 
the steam-bath. (The same results were obtained in air or 
under nitrogen.) A heavy precipitation of mercurous 
acetate began after 10 minutes, and after 25 minutes the 
reaction was terminated. The product was isolated as de- 
scribed previously, and 10-hydroxy-l-methyl-A8-octahydro- 
quinoline was collected a t  65-75' (0.5 mm.), nZ0D 1.5212- 
1.5225, yield 3.95 g. (33%). The yield obtained was com- 
mensurate with that realized from trans-l-methyldecahydro- 
quinoline with a large excess of mercuric acetate, either with 
or without the benefit of a nitrogen atmosphere. No trace 
of the organic base corresponding to the starting material 
was detected. The picrate of the product was identical 
with the 10-hydroxy-l-methyl-A1(@~-octahydroquinolinium 
picrate described above. 

Reaction of mercuric acetate with 10-acetoxy-1-methyl- 
decahydroquinoline, conducted in the same manner, resulted 
in a mixed product. The mercurous acetate formed after 
30 minutes amounted to only 33% of that theoretically re- 
quired for reaction of two moles of mercuric acetate with 
one of substrate. The oily organic product was converted 
to the perchlorate, which could not be induced to crystallize 
and which had infrared absorption maxima a t  3450 (0-H), 
1730 (ester C=O), 1672 (>C=N<) and 1245 cm.-' (C-0). 

The Stereochemistry of 10-Hydroxy-1-methyldecahydro- 
quinoline. Form A.-The racemate of 10-hydroxy-1-methyl- 
decahydroquinoline, obtained by the lithium aluminum 
hydride reduction of 10-hydroxy-l-methyl-A1~@~-octahydro- 
quinolinium perchlorate (see above) and by the methylation 
of 10-hydroxydecahydroquinoline,l~~l~ is designated as  
form A: m.p. 38-38.5", T Z ~ O D  (supercooled) 1.5016; per- 
chlorate, colorless needles, m.p. 105-106°; picrate, yellow 
prisms, m.p. 156-156.5'. 

Form B.-A solution of 1.0 g. (6 mmoles) of 10-hydroxy- 
1-methyl-A*-octahydroquinoline in 50 ml. of absolute eth- 
anol was reduced using 0.1 g. of 10% palladium-on-charcoal 
in a microhydrogenation apparatus. The theoretical vol- 
ume of hydrogen (152 ml.) was absorbed within 4 hours. 
The product was distilled through a Holzman column, b.p. 
80-81' (2 mm.), TZ% 1.4955, yield 1.0 g. On standing a t  
Dry Ice temperature, the distillate solidified to a colorless, 
pasty mass, m.p. 43-46". This racemate, like form A, 
was unstable and had to be stored in the cold under nitrogen. 

+ 
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Anal. Calcd. for C1OH1gNO: C, 70.96; H, 11.32; N, 
8.28. Found: C, 71.29; H, 11.35; N, 8.51. 

The perchlorate of form B was prepared in ethanol and 
was recrystallized from ethanol-ether as colorless needles, 
m.p. 117.5-118", infrared maximum 3455 cm.?. 

Anal. Calcd. for C1oHpoClN05: C, 44.60; H, 7.10; N, 
5.19. Found: C, 44.47; H, 7.36; N, 5.24. 

The picrate of form B was prepared from the pure base 
in absolute ethanol. ilfter one recrystallization from eth- 
anol, the picrate melted at 150-160'; after a second recrys- 
tallization with rapid cooling, at 151-152'; afterDa third 
recrystallization with slow cooling, at 150-160 . This 
behavior suggested that an ethanolate was being formed in 
the slow cooling process, and this idea was confirmed. Rz- crystallization of the material of original m.p. 151-152 , 
with very slow cooling, gave thick orange needles, m.p. 
158.5-160°, which had the correct analysis for the picrate 
with one molecule of ethanol. 

Anal. Calcd. for C18H28N409: C, 48.64; H ,  6.35; N, 
12.61. Found: C,48.45; H,6.35; N, 12.74. 

The ethanolate of the picrate was converted to picrate by 
rapid cooling during crystallization as fine yellow needles, 
m.p. 151-152'. 

Anal. Calcd. for Cl~H~~h-408: C, 48.24; H, 5.57; N, 
14.07. Found: C, 48.55; H, 5.61; K, 13.97. 

At no time during the recrystallization procedure was 
there any evidence of the presence of a trace of the isomeric 
picrate (form A), m.p. 156-156.5'. Form A picrate de- 
pressed the melting point of both form B picrate and form B 
picrate ethanolate. 

Catalytic Hydrogenation of lO-Hydroxy-l-methyl-a'(8,- 
octahydroquinolinium Acetate.-A solution of 0.4 g. (2.4 
mmoles) of 10-hydroxy-1-methyl-As-octahydroquinoline in 
50 ml. of 570 aqueous acetic acid was reduced using 0.1 g. 
of 10% palladium-on-charcoal in a microhydrogenation 
apparatus. The theoretical volume of hydrogen was ab- 
sorbed within 24 hours. The oily product was converted 
to  the picrate, which, after one recrystallization from abso- 
lute ethanol, was observed to melt a t  150-151", yield 0.65 
g. (687'0): Admixture with 10-hydroxy-1-methyldecahy- 
droquinoline (form B) picrate caused no depression in melt- 
ing point. 

Evaporation of the picrate mother liquor gave 80 mg. 
(8y0) of the more soluble picrate of lo-hydroxy-l-methyl- 
decahydroquinoline (form A )  m.p. 156-156.5', undepressed 
on admixture with this derivative. 

Catalytic Hydrogenation of 1 O-Hydroxy- 1 -methyl-A1 (9)- 
octahydroquinolinium Perchlorate.-The hydrogenation of 
0.4 g. (0.5 mmole) of 10-hydroxy-l-methyl-A1~g~-octahydro- 
quinolinium perchlorate in 50 ml. of absolute ethanol using 
0.1 g. of 10% palladium-on-charcoal was completed in 10 

minutes. The residue after removal of catalyst and ethanol 
was recrystallized from ethanol-ether, giving 0.27 g. (68y0 j 
of perchlorate, m.p. 115-116'. A second recrystallization 
raised the melting point to  116-118' and this salt did not 
depress the melting point of 10-hydroxy-1-methyldecahy- 
droquinoline (form B) perchlorate. The mother liquor 
yielded 0.08 g. (20y0) of 10-hydroxy-1-methyldecahydro- 
quinoline (form A) perchlorate, m.p. 103-105'. 

Acid Dehydration of IO-Hydroxy-l-methyldecahydro- 
quinoline (Form A).---4 solution of 0.1 g. (0.6 mmole) of 
10-hydroxy-1-methyldecahydroquinoline (form A )  in 10 
ml. of concentrated hydrochloric acid was heated a t  the 
reflux temperature for 18 hours. The solution was cooled, 
basified with aqueous sodium hydroxide and extracted with 
ether. The oil remaining after removal of the ether was 
taken up in absolute ethanol and converted to the picrate. 
Recrystallization from ethanol gave fine orange needles, 
1n.p. 123-124', yield 0.15 g. (63%). 

Anal. Calcd. for Ci~H2oX107: C, 50.52; H,  5.30; S, 
14.73. Found: C, 50.56; H, 5.62; N, 14.54. 

From inspection of the 3 and 6 fi  regions of the infrared 
spectrum of a Nujol mull of the picrate, i t  is indicated that 
this substance is most safely regarded as the derivative of a 
mixture of 1-methyloctahydroquinolines (A4(lo) ,  
Ag).  

Catalytic Hydrogenation of 1-Methyloctahydroquinoline. 
-A solution of 84 mg. (0.5 mmole) of l-methyloctahydro- 
quinoline, prepared from 0.2 g. of the picrate described 
above, in 25 ml. of ethanol was hydrogenated using 0.05 g. 
of 10% palladium-on-charcoal. The product was converted 
to the picrate, m.p. 197-198", yield 0.17 g. (85%), which 
was identified by direct comparison as cis-l-methyldecahy- 
droquinoline picrate. 

Acid Dehydration of 10-Hydroxy-I-methyldecahydro- 
quinoline (Form B).-The treatment with concentrated 
hydrochloric acid was the same as that applied to form A .  
The product was converted to the picrate, orange needles, 
m.p. 123-124', identical with the l-methyloctahydroquino- 
line picrate described above, yield 18:;;. *A considerable 
quantity of gummy material was formed which had  no  
counterpart in the acid treatment of form A .  

Formic Acid Reduction of 10-Hydroxy-1-methyl-A*-octa- 
hydroquino1ine.-The procedure of de Benneville and hfa- 
cartney31 was followed6 in the formic acid reduction of 10- 
hydroxy-1-methyl-AS-octahydroquinoline. A mixture of 
products was obtained from which only the picrate of 10- 
hydroxy-I-methyldecahydroquinoline (form A ) ,  m.p. 155- 
l56', could be isolated (5y0 yield) and identified. 

(31) P. L. de Benneville and J .  H. Macartney, THIS J O U R X A I . .  78, 
3073 (1950). 
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Elimination Reactions in Cyclic Systems. IV. cis and trans Eliminations in the 
Cyclohexane and Cyclopentane Series1 

BY JOSEPH WEINSTOCK, R. G. PEARSON AND F. G. BORDWELL 
RECEIVED NOVEMBER 3, 1955 

cis-2-~-Tolylsulfonylcyclohexyl and cis-2-p- tolylsulfonylcycloper~tyl p-toluenesulfonates have been synthesized. Elimina- 
tion of trans groups on treatment with hydroxide ion was found to  be favored in the cyclopentane series over the cyclohexane 
series by a factor of 3. This result is correlated with other data which show the greater ease of introducing a double bond 
into the cyclopentane ring system than into the cyclohexane ring system, The rate of trans elimination for the cyclohexane 
derivative was about 435 times as rapid as the corresponding cis elimination. In  the cyclopentane series trans elimination 
is favored over c i s  elimination by a factor of 20. It is concluded that attainment of a planar four-centered transition state 
with the groups t o  be eliminated occupying trans positions is not nearly so important a factor in facilitating elimination in 
these systems where the hydrogen being eliminated is activated, as in some studied previously. 

The much higher rates of trans elimination as 
compared to cis elimination observed for reactions 

in a number of cyclic  system^^-^ showed that the 
(2) w. Hiickel, w. Tappe and G. Legutke, A n n . ,  6 4 s , i ~ i  ( i w o ) .  
(3) S. J. Cristol, N. L. Hause and J. S. Meek, THIS JOURNAL, 73, 

674 (1951); E. D. Hughes, C. K. lngold and R.  Pasternak, J .  Chem. 
Soc., 3832 (1953). 

(41 D. H .  R. Barton and E. MiBer. THIS JOCRNAL, 72, 1066 (1960). 

(1) This investigation was supported by the Office of Naval Re- 
The resuks were reported search under Contract No. N7onr-45007. 

in a preliminary fashion in THIS SOURNAL, 76, 4748 (1954). 


