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Synthesis of the four amino alcohols, racemates 4A, 4B, 4C, and 4D of 2-(piperidino)-a-(p-methoxyphenyl)- 
cyclohexaneniethanol, was accomplished as shown in Schemes I and 11. The stereochemistry of these four 
racemates was determined by chemical transformations, nmr and infrared techniques, and the conformations 
assigned as a', p, 7, and 6, respectively (Table I and Figure 1). Racemates 4A and 4B were also correlated with 
octahydrobenzoxazinones 8A and 8B (Scheme I11 and Table 11). An interesting behavior of octahydrobenzox- 
azinone 8A was noted: it isomerized to 8B with trifluoroacetic acid without decarboxylation (Schemes 111 and 
IV). The relative stabilities of 4A, 4B, 4C, and 4D were further examined by synthesis of the corresponding 
methyl ethers 10A, 10B, lOC, and 10D and interconversions in this series (Scheme V) .  Conformations were 
assigned to these ethers (Figures 2 and 3). Several miscellaneous reactions of amino alcohols 4A and 14 are 
described (Scheme VI). 

Stimulated by the finding that amino alcohols such 
as piperidino alcohol 4 showed interesting diuretic 
activity, we embarked upon a synthetic and stereo- 
chemical investigation of this class of compounds. 

SCHEME I 
0 0 l.Et&' 

+ \ / -OMe - 
0 

1 

S[HI, 
/'* PtOi 

n 
J 

The preparation of the required starting materials, 
2-benzoylcycloalkanones, is illustrated in the case of 
2-(p-methoxybenzoyl)cyclohexanone (1 ; see Scheme 
I above). 

(1) The pharmacological results of tests of a large number of compounds 
belonging t o  this class, only a few of which are described here, will be pub- 
lished elsewhere. 

According to the general procedure for acylation of 
enamines,* treatment of 1-cyclohexen-1-ylpyrrolidine 
with p-methoxybensoyl chloride afforded the desired 
compound 1.  

The next step, condensation of a 1,3-diketone with a 
secondary amine, is illustrated in tthe case of 2-(p-meth- 
oxybenzoy1)cyclohexanone (1) and piperidine (Scheme 
I), which gave the intermediate vinylogous atnide (2). 
The ultraviolet spectrum of unpurified compound 2 in 
ether was compatible with the vinylogous amide 
structure and showed Amax 264 mp (a = 47.98) and 321 
(7.41)j3 moreover, the nmr spectrum of the sample of 
2 in carbon tetrachloride showed no absorption in the 
vinyl hydrogen region. Hydrogenation of 2 in ethanol 
in presence of platinum oxide gave the cis-alcohol 4A' 
(see Scheme I and 11), one of the two possible cis race- 
mates. In  some cases this type of amino alcohol could 
be prepared without isolation of the 1 ,&diketone, but 
the yields were erratic.& 

Preparation of the Four Amino Alcohol Racemates 
4A, 4B, 4C, 4D and Assignment of cis, trans Con- 
figurations.-On treatment with trifluoroaretic acid 
(TFA), cis-alcohol 4A mas easily converted in 72% 

(2)  See review of Enamines by J. Szmuszkovicz, Adimn. Ore. Chem., 4, 1 
(1963). 

(3) The ultraviolet spectrum (in ether) of the crystalline vinylogous 
amide (i) obtained from the condensation of 2-(3,4,5-trirnethoxybenzoyl)- 
cyclohexanone with pyrrolidine showed hmax 262 mu (a  = 33.26; t 11,500) and 
358 (a - 18.90; t 5500). 

U 

i 

(4) Capital letters after Arabic numerals designate specific diastereo- 
isomers of the structure in question. 

(5 )  Cf. R. D. Campbell and J. A. Jung, J .  Ore. Chem., SO, 3711 (1965). 
who have shown that the reaction of 1-cyclohexen-1-yl rnorpholine with vari- 
ous benzoyl chlorides gives rise t o  2,2-diacylcyclohexan~nes. 
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TABLE I 
CONFORMATIONAL ANALYSIS OF 4A, 4B, 4C, AND 4Da3* 

I I h”- - - - - - -HO 

4 

Steric inter- 
ference of 

Conf or- Stereoc hem- p-methoxy- 
mational istry about Configuration Conformation Dihedral phenyl and Obsd splitting and 

0 
Configu- desig- cyclohexane of side-chain Of  angle Predicted cyclohexane conformational 

ration nation ring asym center piperidine Hb-C-C-H,, deg splitting* hydrogens assignment 

cis threo Equatorial -60 Small doublet (2.5 cps) Very severe 
A { : I  cis threo Axial -30 Doublet Less severe Singlete 

cis erythro Equatorial -180 Doublet No Doublet., J = 10 cps 
cis erythro Axial -90 Singlet No 
trans erythro Equatorial -180 Doublet NO Doublet, J = 9 cps 
trans erythro Axial No €1 bonding Xo H bonding 
t ram threo Equatorial -60 Small doublet (2.5 cps) Yes Broad, could easily be 

a Alcohols 4A, 4B, 4C, and 4D all showed hydrogen-bonded hydroxyl in carbon disulfide solution and the absorption did not shift in 
the range of about 0.5 M down to infinite dilution. We therefore conclude that the hydroxyl is intramolecularly hydrogen bonded to 
the nitrogen and the conformational analysis is that of a rigid molecule. * erythro is the configurat,ion in which p-methoxyphenyl and 
bond a are superimposed and Hi, and €1, are superimposed; threo is when p-methoxyphenyl and bond a are not superimposed and Hb 
and H, are superimposed.c D. J. Cram and F. A. A. Elhaiez, J .  Am. Chem. Soc., 74,5828 (1952); M. Hanack, “Conformation Theory,” 
Academic Press Inc., New York, N. Y., 1965, p 332. 

B C F: 
8‘ trans threo Axial No €1 bonding No H bonding doublet -2-3 cps 

See ref 8. e See text for further explanation. 

yield (Scheme 11) to cis-alcohol 4B.6 Alcohols 4A 
and 4B probably approached equilibrium proportions 
in this experiment through the carbonium ion inter- 
mediate and 4B appears to be the more therniodyriaiiii- 
cally stable epimer. The assignment of corifiguration 
to 4B is made 011 steric grounds. Exaniination of 
Dreiding or Courtauld models (see analysis in Table I) 
discloses that steric interference of the p-methoxy- 
phenyl group with hydrogens of the cyclohexane ring 
occurs in structure 4A but not in structure 4B. Alco- 
hols 4A and 4B belong to the cis series (cyclohexane 
ring) since both were oxidized by nieans of Jones 
reagent’ to the sanie cis-ketone 3 (Scheme 11), which 
was previously obtained (Scheme I) by hydrogenation 
of the vinylogous amide 2 with 1 mole of hydrogen. 
Prolonged heating of the cis-ketone 3 with piperidine 
afforded the epinierized trans-ketone 5 and some 

(6) The conversion of ci~-a.lcohol of configuration A to the I3 configuration 
with TFA was followed by ninr over a period of 2 hr and the results are con- 
sistent with the  following reasonable equilibrium. 

n 

(7)  Jones reagent consists of 26.72 g of chromic acid and 23 ml of sulfuric 
K. Bowden, I. hl. Heilbron, E. R. H acid diluted to 100 ml u i th  xater:  

Jones, and B. C. L. Weedon, J .  Chem. Soc.,  39 (1946). 

SCHEME 11 
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1-cyclohexen-1-yl p-methoxyphenyl ketone, the elim- 
ination product. Treatment of the cis-ketone with a 
stronger base (sodium methoxide) gave largely the elim- 
ination product. Besides the mode of formation and 
stability, the assignment of the cis and trans stereo- 
chemistry to the ketones is also supported by nmr 
analysis. The cis-ketone 3 showed in deuteriochlo- 
roform a sharp peak at  233 cps with a somewhat broad 
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Figure 1 .--Conformations of isomer 4A. 

base; the area corresponded to four hydrogens which 
included the methoxyl and the hydrogen a to the car- 
bonyl. The trans-ketone 5 showed in deuteriochloro- 
form a sharp peak at 232 cps corresponding to three 
hydrogens of the methoxyl and a multiplet centered at  
210 cps (hydrogen of intensity one corresponding to the 
hydrogen a to the carbonyl) in which three doublets 
were visible. This spectrum is most consistent with 
the ketone of trans configuration, the Dreiding model 
of which indicates that the axial hydrogen a to the 
carbonyl is subject to two trans diaxial interactions 
with adjacent hydrogens (dihedral angle 180') and 
one axial-equatorial interaction (dihedral angle 60") .s 

Catalytic reduction of the cis-ketone in ethanol in 
the presence of platinum oxide afforded 89% of alco- 
hol 4A; sodium borohydride reduction gave 72 and 
14y0 and lithium aluminum hydride gave 67 and 
23y0 of alcohols 4A and 4B, respectively. 

The trans-ketone 5 was hydrogenated in ethanol 
in the presence of platinum oxide to give trans-alcohol 
4C in 91% yield. When LiAlH, was used, a mixture of 
alcohols 4C arid 4D resulted in 59 and 19% yield, 
respectively. A41cohols 4C and 4D were oxidized by 
Jones reage~t '  to the same trans ketone 5 which deni- 
onstrated that these two alcohols differed only in their 
configuration at the benzylic carbon and possessed the 
trans stereorheinistry in the cyclohexane ring. On 
20-min treatnient with trifluoroacetic acid, 4C afforded 
a 13% yield of alcohol 4D and 54yo of alcohol 4C was 
recovered: after 17 hr the yields of alcohol 4D and 4C 
were 6 and 43yo, re~pectively.~ If equilibrium condi- 
tions were achieved during the epimerization experi- 
ment, it follows that the carbonium ion intermediate 
leads to alcohol 4C arid 4D of which 4C is thermody- 
namically preferred. Dreiding models (see analysis 
in Table I) support this view since 4D shows more 
interference than 4C with respect to steric compression 
of the p-methoxyphenyl group and the axial hydrogen 
of the cyclohexane ring. 

Configuration of the Side-Chain Asymmetric Center 
Relative to the Other Two Asymmetric Centers.- 

(8) See ref 15 rind 16 i n  X. Stiles, R .  R .  Winkler, Y .  Chang, and L. Tray- 
nor, J .  A m .  Chem. Soc.,  86, 3337 (1964), and ref 7-16 in C.  A. Kingsbury and 
W. B.  Thornton. J .  0 7 ~ .  Chem., 31, 1000 (1966). 

(9) The transformation of alcohol 4C to ID with TFA was followed by 
nmr over a period of 5 hr. After 8 min a doublet at 281-291 cps and a 
quartet from 356 to 367 cps was observed. The spectrum remained easen- 
tially constant over the 5-hr period. Further work would be required to 
ascertain the nat.ure of the species responsible for these t w o  absorptions. 
The doublet ma) be due to the proton on the carbon bearing the positive 
charge in the open-chain carbonium ion species or to the proton on the 
benzylic carbon in the four-membered ring cyclic intermediate6 produced b y  
attack of the nitrogen atom on the benzylic carbon. The quartet may be 
due to a styrene.type elimination product. 

Two approaches are presented for the elucidation 
of the configuration of the side chain asymmetric 
relative to the other two: namely, conformational 
analysis of the four racemates based on nmr data and 
the corresponding analysis of a rigid molecule. 

With three asymmetric centers in compound 4, 
four racemates are possible which possess configura- 
tions A, B, C, and D. All four racemates are in hand. 
The conformational analysis of this system is presented 
in Table I along with experimental data. Isomer 4B 
(cis) and isomers 4C and 4D (trans) do not present any 
special problem and have been assigned conformations 
0, y, and 6, respectively, on the basis of infrared and 
nmr measurements. Only configuration A remains for 
the second cis isomer. The nmr spectrum of compound 
4A can be rationalized in terms of configuration A as 
follows. Isomer A exhibits proton Hc as a singlet. A 
doublet would be predicted on the basis of conformation 
a' and a small doublet (2.5 cps) on the basis of con- 
formation a. This last possibility can be excluded be- 
cause of very severe steric interference of the p-meth- 
oxyphenyl group and the cyclohexane hydrogens. The 
observed singlet points to a dihedral angle of about 90" 
for the H c - C - C - H b  system. This angle can be realized 
with Dreiding or Courtauld models in two ways with 
the assumption that the molecule is conformationally 
homogeneous by virtue of hydrogen bonding between 
the hydroxyl and the amino functions. The first in- 
volves a structure which has one of the conformations 
with cyclohexane in the boat form. The most attractive 
one is pictured in Fig;re 1 in which the hydrogen bond 
to nitrogen is -2.5 A. The second points to a struc- 
ture corresponding to conformation a' in which cyclo- 
hexane is in the chair form, piperidine is azial, and the 
hydrogen bond to K is lengthened to -2.5 A in order to 
accommodate the angle of 90" for HI-C-C-H,, thus 
relieving the steric interaction between the p-methoxy- 
phenyl group and two hydrogens on the cyclohexane 
ring (see Figure 1) .  We prefer the latter possibility for 
alcohol 4A based on the higher energy requirements of 
the boat form.1° The inherently high energy of config- 
uration A is experimentally supported by its essentially 
complete conversion to compound 4B with TFA. 

The hypothesis that compounds 4A and 4B are held in 
a rigid configuration by intramolecular hydrogen bond- 
ing was tested by generating the model compounds 8A 
and 8B in which a covalent bond was substituted for a 
hydrogen bond. In  compounds 8A and 8B an octa- 
hydro-2H-3,l-benzoxazin-2-one ring system was used 
for this purpose. The configurations of compounds 
4A and 8A and of compounds 4B and 8B were estab- 
lished by chemical transformations (see below). The 
nmr of 8A exhibited a doublet (which corresponds to the 
hydrogen on the benzylic carbon) with a very small 
splitting constant (J = 2 cps) and possesses a configura- 
tion analogous to compound 4 of configuration A (see 
Table 11). This near singlet again points to a dihedral 
angle for H c - C - C - H b  (see formula in Table 11) that 
approaches 90". Dreiding models in which the cyclo- 
hexane ring is either chair or boat provide a dihedral 
angle estimated to be about 60" and point to conforma- 
tion a' for compound 8A. The alternative conforma- 
tion a shows severe steric interference between the p -  

(10) E. L. Eliel, "Stereochemistry of Carbon Compounds," McGraw Hili 
Book Co.,  Inc., New York, N. Y. ,  1962, p 206. 
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methoxyphenyl group and cyclohexane hydrogens. 
This evaluation is consistent with the small splitting 
constant observed and supports the explanation for the 
singlet for H, in compound 4A. Further support for 
the assignment of conformation CY' rather than a to 
compound 8A stems from the comparison of the values 
for chemical shift of Ha (see formula in Table 11) in the 
nmr spectra of 8A and 8B. In isomer 8A, Ha is buried 
in the sharp aromatic methoxyl band at  229 cps, while 
in isomer 8B, which has been assigned unequivocally 
conformation P, Ha is a quintuplet centered at  196 cps 
with J = 5 cps. Conformation a would be expected to 
show a chemical shift for Ha similar to conformation P 
(see Table 11) and this is not the case. Compound 8B 
exhibits a doublet with J = 10.5 cps for H,, a value 
identical with that for compound 4B, and this fact 
points to conformation P for 8B (see Table 11). This 
identity establishes further support for the rigid con- 

formation (owing to hydrogen bonding) for compounds 
4A and 4B. 

Synthesis of model compounds 8A and 8B and cor- 
relation with alcohols 4A and 4B was accomplished as 
outlined in Scheme 111. The stereochemical equiva- 
lence of 6A and 4A on one hand, and of 6B and 4B on the 
other was first established. The primary amino alcohol 
6A was converted to compound 4A with l15-diiodopen- 
tane in the presence of base.12 Treatment of 6A with 
trifluoroacetic acid afforded primary amino alcohol 6B 
which gave compound 4B on treatment with 1,5-di- 
iodopentane and base. Compound 8A was prepared in 
two ways. Treatment of 6A with S,K'-carbonyldi- 
imidazole gave octahydrobenzoxazinone 7A, which was 
converted to the N-methyloctahydrobenzoxazinone 8A 
( J  = 2 cps for the benzylic hydrogen) on treatment 
with sodium hydride and methyl iodide in dimethyl- 
formamide. The same compound 8A resulted when the 

(11) See footnote a, Table 11. 
(12) F. N. Hayes, L. C. King, and D. E. Peterson, J .  B m .  Chem. Soc., 76, 

2527 (1956). 
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TABLE I1 
CONFORMATIONS~ OF cis 8A A N D  cia 8B 

Steric Predicted 
Config- Conformational interference of Hb-C-C-H, splittingb 
uration designation HaC HbC HeC CuHkOMe-p CaHkOMe-p deg Hb-C-C-Hc Obsd splitting 

a e a e No -60 2-7 cps 2 cps, isomer A cis A 

e U a e No -180 5-13.5 cps 10.5 cps, isomer B 
cia B [; a e e a No -60 3 4  cps 
The hydrogens are defined with reference to the heterocyclic ring, assuming a chair (a boat conformation does not alter the argu- 

These are values for cyclohexane quoted from R. H. Bible, “Interpretation of nmr Spectra An Empirical Approach,” Plenum 

e U e a Yes -60 2-7 C ~ S  

ments). 
Press, New York, N. Y., 1965, p 37. c e = equatorial; a = axial. 

SCHEME IV 
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K-methyl compound QA, obtained in three steps start- 
ing from 2-(p-methoxybenzoyl)-cyclohexanone and K- 
methylbenzylamine, was subjected to reaction with 
N,iY’-carbonyldiimidazole. Compound 8B was synthe- 
sized three ways. First, 8B (J = 10.5 cps for the ben- 
zylic hydrogen) was obtained on treatment of 8A 
with trifluoroacetic acid. Second, it was produced via 
the sequence 6B -+ 7B + 8B. Finally, the third route 
involved 9A 9B -+ 8B. 

An interesting sidelight to the stereochemistry and 
synthesis in this octahydrobenzoxazinone system is the 
seemingly anomalous behavior of compound 8A which 
isomerizes to 8B with TFA without decarboxylation. 
Compound 7A under the same conditions gives 6B, the 
decarboxylation and isomerization product, and a mix- 
ture of N-trifluoroacetyl derivatives of 6A and 6B. One 
possible explanation for the above difference is that in 
the case of SA, ring closure of the intermediate formed 
is faster than decarboxylation, which is not so in the 
case of the -NH containing carbamate 7A.13 Another 
possible explanation (see Scheme IV) is that the pro- 
tonated species 8A’ is in equilibrium with 8A“ which 
undergoes intramolecular ring opening to give the 
product 8B. Greater ease of formation of the four- 
membered ring intermediate and greater stability of the 
product in the case of 8A due to the N-methyl group 
would be expected in the case of 8A compared with 7A. 

Conformational Analysis of Methyl Ethers.-The 
relative stabilities of the diastereoisomers of this study 
were further examined by synthesis of the methyl 
ethers of alcohols 4A, 4B, 4C, and 4D and also by inter- 
conversions in this series (see Scheme V). Each alcohol 

(13) M. L. Bender and R. B. Homer, J .  078. Chem., SO, 3975 (1965). 
I. Christenson, Acta Chem. Seand., 18, 904 (1964). We wish to thank Profes- 
sor F. M. Menger of Emory University for bringing this reference to our 
attention. 

SCHEME V 
METHYL ETHERS 

NaNHpCHsI 
cis-alcohol4A - cis-methyl ether 10A 

CHIOH-HC1 

or  BuLi-Me1 
cis-alcohol 4B cis-methyl ether 10B +- 

CHIOH-HC1 

or BuLi-Me1 
truns-alcohol4C - trans-methyl ether 1OC 

CHsOH-HC1 / 
BuLi-CHaI 

trans-alcohol 4D - + trans-methyl ether 10D 

gave the corresponding methyl ether without epimeriza- 
tion by the Williamson ether synthesis. As expected, 
hydrogen chloride catalyzed etherification of the four 
alcohols proceded by a solvolytic mechanism which, in 
principle, could lead through the carbonium ion to 
either of two diastereoisomers. Only two ether prod- 
ucts were ever detected among the products of this 
reaction; alcohols 4A and 4B gave methyl ether 10B and 
alcohols 4C and 4D afforded methyl ether 1OC. Had 
olefin intervened as an intermediate in formation of 
ether, more isomers would be expected. A control 
experiment demonstrated that olefin does not give ether 
under conditions of the experiment. 

Furthermore, analysis of the coupling constants of the 
benzylic hydrogen in methyl ethers makes i t  possible to 
assign conformations to these compounds. Methyl 
ether 10B shows J = 9 cps which is almost identical 
with the coupling constant in the corresponding N- 
methylbenzoxazine 8B ( J  = 10) and cis-alcohol 4B 
(J = 10 cps). One can, therefore, assign to methyl 
ether 1OB the sterically most stable staggered con- 
formation as shown in the Kewman projection (Figure 
2). The Sterically most preferred of the four possible 
partially eclipsed conformations is shown for methyl 
ether 1OC and the most likely staggered conformation is 
shown for methyl ether 10D. 

It 
showed J = 5.5 cps for the benzylic hydrogen which 
suggests a dihedral angle of -40 or -125”. The four 
most probable conformations (out of possible eight) for 
1OA are shown in Figure 3, all possessing cyclohexane in 

Only methyl ether 10A remains to be evaluated. 
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SCHEME VI 
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M E T  H ‘f L E T H  E R IO D 
3 H - C - C - H - 9 O 0 ,  J = O  

Figure 2.-Conformations of methyl ethers 10B, 1OC, arid 10D. 

the chair form. The other four conformations all show 
severe steric interactions for the p-methoxyphenyl 
group. Projections lOA1 and 10A2 represent conforma- 
tions in which piperidine is equatorial and 10A3 and 10Al 
represent conformations in which piperidine is axial. 
Dreiding models show that 10A3 and 10Al exhibit less 
steric interaction between piperidine and the p-nieth- 
oxyphenyl ring than lOA1 and 10A2. Therefore, 
methyl ether 10A is best represented as an equilibrium 
mixture of confurmers 10A3 and 10A4. 

Miscellaneous Reactions.-Several transformations 
of the amino alcohols deserve comment (see Scheme VI). 
Brief treatment of cis-alcohol 4A with lOyo hydrochlo- 
ric acid afforded the styrene 11, the most likely struc- 
ture of which is shown and is based on steric considera- 
tions. Attempted preparation of the benzyl compound 
12 by hydrogenation of 11 hydrochloride in ethanol in 
the presence of platinum oxide resultcd in hydrogenoly- 

17 

AN3 cN&H40c” 

(CH2)4  (CH2 14 

Cy 
0 H - C - C - H - 1 2 5 ’  4 H - C - C - H - 4 0 °  

p i p e r i d i n e  e q u a t o r i a l  p i p e r i d i n e  e q u a t o r i a l  
IOAl IOA2  

4 H - C - C - H - 1 2 5 °  4 H - C - C - H - 4 0 ”  
p i p e r i d i n e  o x i a l  p i p e r i d i n e  PXIOI 

I O A ~  I O A ~  

Figure 3.-Conformations of methyl ether 10A 

sis to p-(cyclohexylmethyljanisole (13 j and piperidine.14 
The desired compound 12 mas prepared by hydrogena- 
tion of alcohol 4A (or preferably ether 10B) in acetic 
acid solution in presence of 10% palladium on carbon 
and perchloric acid. 

Treatment of t.he triniethoxy cis-alcohol 14 mit,h 
concentrated sulfuric acid afforded three products. 
The styrene compound 15 showed the expected A,,, 
261 mp ( E  12,800), one vinyl proton at, 394 cps, and two 
aromatic protons at 385 cps. The second coinpound is 

(14) For other cases of liydrogenol~sis of allylic amines, see R. K. Hill. 
T. M .  Chan, and J. A .  Joule, Tetetmhedmn, 21, 147 ‘1965); J. P. Dickinson, 
J. Harley-Mason, and J. H. New. J. Chem. Soc.. 1858 (1964); A .  -4. Santili, 
K. F. Bruce, and T. S. Osdene, J. ,Wed. Chem., 7 ,  68 1,1964); T. Nakano, 
T. H. Yang, and 8. Terao, Tetrahedron, 19, 609 (1963), and J .  Org.  Chem.. 
28, 2619 (1963); S. Yaito, K. Kotera, N. Shigernacsn, -4. Ide, N. Siigimo- 
to, 2. Horii, M. Hanaoka. Y. Yamameki, and Y. Tarnura, Tetrahedron. 19, 
208.5 (1963). 
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assigned structure 16 as it showed 252 mp (sh) (t 9250) 
and two singlets a t  400 and 427.5 cps which correspond 
to one aromatic and one vinylic proton, respectively. 
The third compound showed no extended conjugation 

in the ultraviolet, one proton of type HhO- at  263.5 cps, 
I 

and one arornatic proton a t  392 cps; it is therefore 
assigned structure 17. 

Experimental Section 1 5 - 2 0 v 2 i a  

2-(p-Methoxybenzoyl)cyclohexanone (I).-A solution of p -  
anisoyl chloride (167 g, 0.98 mole) in 480 ml of chloroform was 
added during I .5 hr to a solution of distilled l-cyclohexen-l- 
ylpyrrolidine21b (371.7 g, 2.46 moles) in 1260 ml of chloroform and 
the temperature was maintained a t  5-10' by ice cooling. After 
stirring overnight at room temperature, the mixture was de- 
composed by addition of 1800 ml of 107, aqueous hydrochloric 
acid over about 20 min and stirred for 2 hr. The organic layer 
was separated and the aqueous layer was extracted with two 
250-ml portions of chloroform. The combined extracts were 
washed with water, saturated salt solution, dried (NazSOd), and 
evaporated. A solution of the resulting brown oil in 1 1. of ethanol 
was added to a solution of 344 g of cupric acetate monohydrate in 
5200 ml of water preheated to 65'. The mixture was stirred for 
0.5 hr, cooled to room temperature; and filtered, the precipitate 
was washed with water and then ether. I t  was dissolved in 800 ml 
of chloroform and added to a solution of 300 ml of concentrated 
hydrochloric acid in 1100 ml of water. The mixture was stirred 
for 1 hr. The organic layer was separated and the aqueous layer 
was extracted once with chloroform. The combined extract 
was washed with water, saturated salt solution, dried (Na2S0d), 
and evaporated. The resulting solid was crystallized from 7 1. of 
methanol to give 136.5 g of 1 as a mixture of keto and enol forms, 
mp 115-128'. The second crop amounted to 26 g: mp 116- 
127"; yield, 71 7. 

A sample was recrystallized for analysis from methanol: 
mp 117-122°;22 ultraviolet, Amax 219 mp (e  10,900), 279 (16,450); 
infrared, =CH 3010 cm-1, C=O 1704, 1668, 1660, C=C 1602, 
1,575, 1512, CO 1316, 1287, 1250, 1170, 1125; aromatic, 914, 
857, 810, 779. 

Anal. Calcd for Ci4Hl&: C, 72.39; H, 6.94. Found: C, 
72.30; H, 7.05 

(15) Nelting points were taken in Pyrex capillaries and are corrected. 
Ultraviolet spectra (recorded in millimicrons) were determined in 95% 
ethanol (unless otherwise specified) using a Cary spectrophotometer, Model 
14. Infrared spectra (recorded in cm-1) were determined in Nujol using a 
Perkin-Elmer spertrophotometer, Model 21. Nuclear magnetic resonance 
(nmr) spectra were run on a Varian high resolution 60-Mc instrument; 
measurements are expressed in cycles per second downfield from tetramethyl- 
silane used as an  internal standard and deuteriochloroform was used as  a 
solvent unless othttrwise specified. Florisil is a synthetic magnesia-silica gel 
adsorbent manufactured by the Floridin Co., IVarren, Pa. Skellysolve B is 
a saturated hydrocarbon fraction, bp  60-70°, available from Skelly Oil Co., 
Kansas City, N o .  Silica gel, 0.05-0.20 mm, for chromatography, E.  Merck 
AG Distribution, Brinkmann Instruments, Inc., Great Neck, L. I., N. Y. 
Thin layer chromatography (tlc) on silica gel, Florisil, and neutral alumina 
(\Yoelm) were used extensively throughout the experimentation. 

(16)  Vapor phase chromatography (vpc) was run isothermally using F & 
M Model 720 (thermal conductivity unit) with a 6 f t  X 0.25 in. 0.d. (stainless 
steel tube) column packed with (a) XE-60 or (b) QF-1-0065 both on Gas 
Chrom Z (6C-80 mesh) or (c) Apiezon-L on Gas Chrom Z (80-100 mesh). 
(d) Vpc was run isothermally using F & M Model 400 (flame ionization unit) 
with a 4 i t  X 0.2.5 in 0.d. (glass tube) column packed with SE-40 on Gas 
Chrom Z (6C-80 mesh). 

( l i )  Helium f l o ~  rate: (a) 45 mlimm;  (b) 54 mlimm; (c) 60 ml/mm; (d) 
65 ml/mm; (e) 70 ml/mm; ( f )  95 ml/mm. 

(18) Injection port temperature: (a) 280'; (b) 290'; (c) 300'; (d) 305'; 
(e) 310O. 

(19) Detector temperature: (a) 230°; (b) 235O; (c) 240'; (d) 245O; (e) 
250': (f) 2 5 5 O ;  (9: 2 6 0 O ;  (h) 265O. 

(20) Column temperature: 
(21) (a) The au7,hors are indebted to Dr. \V. A. Struck and his associates 

for microanalyses. to  Mrs. B. Zimmer for ultraviolet spectra, to Mr. P.  A. 
Meulman and hliss L. M. Pschigoda for infrared spectra, to Messr. J. F. 
Zieserl, Jr., and F. A .  MacKellar for nmr spect,ra, to Mr. G. E. Bronson for 
vpc analyses, and 7,o M r .  L. G.  Laurian for laboratory assistance. (b) See 
ref 2. p 98. 

(22) This compound was prepared previously by a different procedure by 
C. R. Hauser, F. Swamer, and B. I. Ringler, . I .  Am.  Chem. SOC., TO, 4023 
(1948), and by R.  3.  Linn and C .  R.  Hauser, ibid. ,  78, 6060 (1956). 

(a) 195"; (h) ZOOo; ( c )  210°; (d) 215'. 

cis-2- (Piperidino ) -CY- (p-methoxypheny1)cyclohexanemethanol 
(4A).-A mixture of 1 (23.2 g, 0.1 mole), piperidine (25.5 g, 
0.3 mole), 800 ml of toluene, and 0.67 g of p-toluenesulfonic 
acid was refluxed for 25 hr using an azeotropic separator (1.7 
ml of water was collected). The mixture was evaporated to  dry- 
ness; the residue was dissolved in 300 ml of ethanol and hydro- 
genated in the presence of 1 g of platinum oxide and an initial 
pressure of 51 psi. Hydrogen (2 moles) was absorbed in 2.5 hr. 
The mixture was filtered through Filtercel and evaporated to dry- 
ness, and the residue was dissolved in 250 ml of ether. Crystal- 
lization ensued and the resulting solid was filtered and washed 
with ether: yield, 1 g; mp 132-168". Crystallization from 
methanol-ether afforded the p-toluenesulfonic acid salt of the 
desired alcohol 4A as clusters of colorless needles: mp 182-183"; 
ultraviolet, Amax 223 mp (21,800), 256 sh (705), 262 sh (980), 
268 sh (1360), 275 (l530), 282 (1280); infrared, O H  3320 em-', 

1160, 1115, 1050, 1005; aromatic, 680. 
Anal. Calcd for C26H37NO.S: C, 65.66; H, 7.84; N, 2.95; 

S, 6.74. Found: C, 65.27; H, 7.88; N, 2.89; S, 6.86. 
The above ethereal filtrate was stirred with 200 ml of 10% 

aqueous acetic acid for 0.5 hr. The aqueous layer was separated 
and extracted once with ether ("nentral ether layer"). The 
aqueous layer was cooled, basified, and extracted with four 
75-ml portions of methylene chloride. The extract was washed 
with water, saturated salt solution, dried jNa2S04), and evapo- 
rated to give 22.5 g of oil. Crystallization from petroleum ether 
(bp 30-60") afforded 21.4 g (717, yield; 92.47, pure by 
vpc;168,17d,18c,1g~,20d retention time 1 1 . 1  minj of 4A: mp 78-80' 
raised to 81-83' on recrystallization; ultraviolet, Amax 225 mp 
(11,500), 275 (1500), 283 (1300); infrared, OH 3100 cm-l, 
l-amine 2800, 2760, C=C 1605, 1585, 1505, 1483, CO-CN 1235, 
1160, 1125, 1095, 1043, 1025; aromatic, 830, 815, 805. The 
infrared spectrum in CS2 solution was run in various dilutions 
and revealed only intramolecular bonded OH at 3160; nmr, 
benzylic H singlet at 304 cps (area l) ,  OCH, singlet a t  228.3 
(area 3).23 

Anal. Calcd for ClgH2&02: C, 73.20; H,  9.63; S, 4.62. 
Found: C, 75.17; H, 9.88; N, 4.47. 

A sample of 4A was treated in ether with ethereal hydrogen 
chloride. The resulting solid was washed well with ether. It 
was crystallized from methanol-ether and melted at 235-236": 
ultraviolet, Amax 226 mp (12,100), 276 (1600), 283 (13*50); 

infrared, OH 3200 cm-1 (s), 3 N H  2640, 2540, C=C 1610, 
1585, 1.510; CO-CN 1245, 1200, 1170, 1130, 1040, 102#5, 100; 
aromatic, 750. 

4nal. Calcd for C1gH29N02.HC1: C, 67.14; H,  8.90; Cl, 
10.43; N,4.12.  Found: C,67.20; H, 8.98; C1, 10.72; N ,4 .12 .  

The hydrochloride could also be crystallized from water or 
methylene chloride. The hydrochloride (0.4 g) was recovered 
unchanged in quantitative yield after refluxing overnight in 50 ml 
of methanol. A sample of 4A was converted to the p-toluene- 
sulfonic acid salt which was identical with the material obtained 
above. 

The "neutral ether layer" (obtained from a run three times 
the size of the present one) was washed separately with two 
50-ml portions of sodium hydroxide, water, and saturated 
salt solution, dried (Na2S04), and evaporated to give 18 g of an 
oil. It was dissolved in 50 ml of methylene chloride and chro- 
matographed on 540 g of Florisil. Elution with seven 250-ml 
portions 67, acetone-Skellysolve B gave 1.34 g of solid melting 
in the range 56-82'. Two crystallizations from Skellysolve B 
gave 0.25 g of product which is likely a-(p-methoxypheny1)- 
cyclohexanemethan01:2~ mp 81.5-82.5" raised to 82-83' on 
further recrystallization: ultraviolet, Amax 223 mp (11,000), 
27.5 (1670), 281.5 (1420); infrared, OH 3440 cm-l (b), C=C 
1640, 1610,1593, 1580, 1510,CO 12%0, 1170, 1100,1075, 1030, 
1000; aromatic, 820; nmr (in CDCL + DZO), benzylic H doublet 

=CH 3010, 3 N H  2760, C=C 1615, 1590, 1515, CO-CN 1245, 

(23) The following nmr results were obtained for the benzylic hydrogen in 
other solvents: dimethylformamide-ds, doublet centered a t  287.5 cps ( J  = 
2 cps), which collapsed t o  broad singlet on addition of Dz0; dimethyl sulfox- 
ide-&, doublet centered a t  303 cps ( J  = 2 cps) which somewhat collapsed on 
addition of D20; aeetoneda, broad singlet a t  304 cps unaffected on addition 
of Dz0; CDsOD, a multiplet centered a t  302 cps, W I / ~  = 2 cps. Cf. reference 
quoted in ref 17 by C. A .  Kingsbury and \V. B. Thornton, J .  Or@. Chem., 31, 
1000 (1966), and their pertinent comment concerning small differences in J 
values. 

(24) E.  M .  Arnett and G. B. Klingensmith, J .  Bm. Chem. Soc., 87, 1023 
(1965). 



KOVEMBER 1967 SYNTHESIS AND STEREOCHEMISTRY OF AMINO ALCOHOLS 3307 

centered at  257.5 cps (area I ) ,  J = 7 cps, OCHa singlet a t  227.5 
cps (area 3). 

Anal. Calcd for C1&,,02: C, 76.32; H, 9.15. Found: C, 
76.55; H, 9.31. 

Elution with further 250 ml gave 86 mg which was discarded. 
Elution with four 250-ml portions of 12% acetone-Skellysolve B 
gave 0.394 g of oily product which was discarded. Further elu- 
tion with five 250-ml portions gave 11.7 g of solid fractions melt- 
ing in the range 96-100". Crystallization from ether-Skellysolve 
B afforded 6.6 g of product which is likely 2-hydroxy-a-(p- 
methoxypheny1)cyclohexanemethanol: mp 100-102" unchanged 
on recrystallization; ultraviolet, Amax 225 mp (11,000), 27'5 
(1550), 282 (1320); infrared, OH 3260 cm-1 (s), impurity a t  
1750, 1720, C=C 1610, 1585, 1510, CO 1245, 1175, 1090, 1040; 
aromatic, 870, 815; nmr, benzylic H at  293.5 cps (area l ) ,  
cyclohexane H on carbon bearing hydroxyl at 246.5 cps (area l ) ,  
OCHB singlet a t  227 cps (area 3 ) ,  two OH at  214 and 177 cps 
(exchanged with D20). 

Anal. Calcd for C14H?oO$: C, 71.16; H,  8.33. Found: C, 
70.91; H, 8.67. 

cis-p-Methoxyphenyld-Piperidmocyclohexy1 Ketone (3).-- 
The reaction of 1 (139 g, 0.6 mole) with piperidine was run as 
above and the subsequent hydrogenation was stopped after the 
absorption of 1 mole of hydrogen. The mixture was filtered 
through Filtercel and the solution was evaporated to dryness. 
The resulting deep yellow oil was dissolved in 1200 ml of ether 
and crystallization was allowed to proceed for 15 miri. The 
precipitate was filtered and washed with ether: yield, 5.3 g; 
mp 125-127'. This was likely a p-toluenesulfonic acid salt, but 
attempted purification by crystallizat,ion from methanol-ether 
was not successful. The ethereal filtrate was stirred with 1 1. of 
10% aqueous hydrochloric acid for 45 min. The acidic layer was 
separated, filtered, and basified with 20% aqueous sodium hy- 
droxide. The resulting oil (which solidified after a short time) 
was extracted with five 200-ml portions of methylene chloride. 
The combined organic solution was washed with water, then 
with saturated salt solution, dried (Na2S043), and evaporated. 
The crude product (116 g: was crystallized from 300 ml of petro- 
leum ether to give 7.3 e: (,427;,) of colorless needles, mp 86-58', 
in two crops. The analy,cical sample melted a t  86.5-88" (from 
the same solvent). Gllraviolet spectra were found a t  Amax 217, 
mp (11,850), 273 (15,800), 275 (15,500); infrared bands were 
found for t-amine 2860, 2760, C=O 1665, C=C 1600, 1580, 
1515, CO-CN 1250, 1223, 1170, 1110 and 1030; aromatic, 840. 

Anal. Calcd for ClsH 75.71; H ,  9.03; h', 4.65. 
Found: C, 76.19; H, !l.l 

trans-p-Methoxyphenyl 2-Piperidinocyclohexyl Ketone (5).-A 
solut.ion of the cis-ketone 3 (68.3 g, 0.227 mole) in 683 ml of 
piperidine was refluxed for 68 hr. I t  was evaporated to dryness 
and the residue (55 g of oil) was dissolved in 500 ml of ether and 
extracted with four 100-ml portions of 10% aqueous acetic acid. 
The acid extract wa3 cooied in ice, basified with 20% aqueous 
sodium hydroxide, and extracted with four 150-ml portions of 
met,hylene chloride. The organic solution Ras washed with satu- 
rated salt. solution, dried (?Ja,SO,), and evaporated to give 22 g of 
colorless solid. I t  was crystallized from 150 ml of petroleum 
ether: yield, 12.05 g; nip 100-101". The second crop amounted 
to 3.5 g: mp 99-100" (23t-a); ultraviolet, Amax 216 mp (12,900), 
271 (15,350); infrared, t-amine 2800, 2740 cm-1, C=O impuriLy 

1170, 1110, 1030; aromatic, 530, 835, 825, 81.5, 810. 
Anal. Calcd for C&~XOZ:  C, 73.71; H, 9.03; N ,  4.63. 

Found: C, 75.28; H,  8.66; X, 4.62. 
The original ether layer was washed with 5 7 ,  aqueous sodium 

hydroxide, then with satiirat,ed salt solution, dried (Na?S04), 
and evaporated to give 32 g of yellow oil: v p c , l ~ ~ ~ 1 ~ ~ ~ ~ 8 ~ , l ~ , ) O d  
one peak (retention time 2.1 miri identical with that of l-cyclo- 
hexen-1-yl p-methoxyphenyl ketone obtained belowj. The 
neutral oil was combined with the residue from crystallization 
(total 35.6 g) and was refluxed in piperidine (356 ml) for 60 hr. 
The resulting suspension was filtered and the crystalline material 
was washed with ether: yield, 4.5 g; mp 244-245'. This wits 
proven to be piperidine hydrochloride (by infrared comparison 
and mixed melting point with authentic sample). The filt.rate 
was worked up as before :to give 20 g of neutral material and a 
total of 14.4 g of the trans-ketone, which was obtained in three 
crops melting in the range 100-103". The neutral fraction and 
the residue from the last t:basic filtrate were combined (25 g) and 
refluxed for 68 hr with 250 ml of piperidine. No precipitate 
appeared during the reaction. Work-up as above afforded 8 g 

1725 W, C=O 1665, C===C 1600, 1575, 1510, CO-CN 1250, 1215, 

of neutral fraction and 9.3 g of the trans-ketone, mp 103-104'. 
The total yield of the trans-ketone from these three passes was 
,5S%. The neutral fraction (8 g) was shown to be 99.1% pure 
by vpcl6*J d~180~10a,z0d (retention time 2 min). Distillation from 
an oil-jacketed flask afforded 6.1 g of 1-cyclohexen-1-yl p -  
methoxyphenyl ketone2' as a yellow oil boiling at  145-155', 
which later solidified: ultraviolet, Amax 226 mp (11,000), 253 sh 
(8600), 278 sh (12,100), 283 (12,200); infrared, C 4  1640 cm-1, 
C=C 1600, 1575, 1510, CO 1255, 1175, 1035; aromatic, 840; 
nmr, vinyl H quintuplet centered at, 389 cps, J = 2 cps, OCHS 
singlet a t  230 cps. 

Anal. Calcd for ClaHt602: C, 77.75; H, 7.46. Found: C, 
77.99; H, 7.57. 

Catalytic Reduction of &-Ketone 3 to 4A.--A solution of cis- 
ketone 3 (3.01 g, 0.01 mole) in 100 ml of ethanol was subjected 
to hydrogenation in the presence of platinum oxide (0.3 g) a t  
initial pressure of 53 psi of hydrogen. Hydrogen (1 mole) was 
absorbed in 25 hr. The mixture was filtered and the filtrate was 
evaporated to dryness. The resulting oil (3.1 g) showed four 
peaks in v ~ c ; ~ ~ ~ ~ ~ ~ ~ , ~ ~ ~ , ~ ~ ~ , ~ ~ ~  the 4A peak corresponded to 89y0 
(ret.enbion time 10.2 min). The oil (2.9 g) was chromatographed 
on 150 g of Florisil. Elution with four 150-ml portions of 6% 
acetone-Skellysolve B gave 0.126 g which was discarded. Elu- 
tion R-ith eight 150-ml portions of 12% acetone-Skellysolve B 
gave 2.294 g of solid melting at  81-82'. Elution with four 150- 
ml portions of 25% acetone-Skellysolve B gave 0.309 g of solid 
melting a t  81-52'. Crystallization of the combined solid from 
petroleum ether afforded 2.2 g, mp 81-82', in the first crop and 
0.2 g, mp 81.5-82.5', in the second crop. Mixture melting 
point with an authentic sample of alcohol 4A showed no de- 
pression. 

Reduction of &-Ketone 3 with Sodium Borohydride to 4A and 
4B.-cis-Ketone 3 (3.01 g, 0.01 mole) was added to an ice- 
cooled solution of sodium borohydride (3 g) in 100 ml of ethanol 
and the mixture was stirred at  room temperature for 16 hr. It 
was evaporated to dryness in vacua a t  40', 100 ml of water was 
added, and the mixture was stirred for 30 min. The resulting 
oil was extracted three times with ether. The extract was washed 
with water (discarded water) and then with four 25-ml portions 
of 10% aqueous acetic acid. The acidic extract was washed 
once with ether (discarded ether) and was then cooled in ice 
and basified with 15% sodium hydroxide solution. The mixture 
was extracted three times with ether and the extract wm washed 
with water, then with saturated salt solution, dried (NasSOa), 
and evaporated to give 3.0 g of oil. I t  showed no residual 
carbonyl absorption in the infrared spectra. ~ p ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ b , ~ ~ ~ ~ * ~ d  
showed four components: alcohol 4A peak corresponded to 
76.87% (retention time 9.5 min) and alcohol 4B to 13.84% 
(retention time 13.0 min). The mixture was crystallized from 
50 ml of petroleum ether to give 1.8 g of alcohol 4A (by mixture 
melting point), mp 78-80'. The filtrate was evaporated to 
dryness and the residue was chromatographed on 60 g of Florisil. 
Elution with two 160-ml portions of 65I, acetone-Skellysolve B, 
four 150-ml portioris of 127, acetone-Skellysolve B, and three 
150-ml portions of 20% acetone-Skellysolve B gave 0.576 g 
of alcohol 4A, which afforded 0.45 g, mp 80-81 ', after recrystalliza- 
tion from petroleum ether. Elution with four 150-ml portions 
of 50% acetone-Skellysolve B and two 250-ml portions of ace- 
tone gave 0.316 g of crude alcohol 4B, which on crystallization 
from ether melted at; 135-136' (0.1 g) and did not depress the 
melting point of an authentic sample. The totai yield of alcohol 
4A was 74.!5% and of alcohol 4B was 3.3%. 

Reduction of cis-Ketone 3 with Lithium Aluminum Hydride to 
4A and 4B.-A solution of cis-ketone 3 (0.9 g, 3 mmoles) in 25 
ml of ether was added dropwise during 5 mill to a solution of 
lithium aluminum hydride in 100 ml of ether a.nd the mixture was 
stirred for 22 hr. It was then decomposed in succession with 1 
ml of water, 1 ml of 15(;; sodium hydroxide, and 3 nil of water. 
The suspension was stirred for 2 hr; it was filtered; and the solid 
wa,s washed with ether. The filtrate was extracted with three 
30-ml portions of lOyo acetic acid and the combined acetic 
extracts were back-washed once with ether. The acidic extract 
was basified with 15% sodium hydroxide and extracted three 
times with ether. The ether extract was washed with water, 
saturated salt solution, dried (Na2S04), and evaporat,ed to give 
0.77 g of colorless oil. Infrared showed no residual carbonyl 
absorption. Vpc16n~17e~1sb,1ee~z~d showed four peaks: alcohol 4A 
peak corresponded t.0 63.76y0 (retention time 9.5 min) and alcohol 

(25) W. G .  Dauben and J. W. Coilette, J .  Am. Chem, Soc., 81, 967 (1959). 



3308 SZMUSZKOVICZ AND SKALETZKY VOL. 32 

4B to 29.57% (retention time 13.6 min). The crude oil was 
chromatographed on 35 g of Florisil. Elution with four 150-ml 
portions of 6%) acetone-Skellysolve B gave 0.607 g (67%).of 
alcohol 4A, mp 80-81'' (no depression on mixed melting point 
with authentic samplej. Further elution with four 150-ml por- 
tions of 12YG acetone-Skellysolve B gave 0.209 g (23y0) of 
alcohol 4B, mp 134-135" (no depression on mixture melting 
point with authentic sample). 

Catalytic Reduction of trans-Ketone 5 to 4C .-A solution of 
trans-ketone 5 (3.01 g, 0.01 mole) in 100 ml of ethanol was 
hydrogenated in the presence of 0.,7 g of platinum oxide at initial 
pressure of 53 psi of hydrogen. After 138 niin, the mixture was 
filtered through Filtercel and the filtrate evaporated to give 3.0 g 
of solid, mp 141-145'. T'pc (run as below) indicated 9S.9Y0 
purity. Crystallization from methanol in the cold afforded 2.5 g 
of colorless needles, mp 148-149', unchanged on recrystallization. 
The second crop amounted to 0.25 g: mp 145-146'; yield of 
alcohol 4C, 91:;; ultraviolet, Xmsx 225 mp (12,150), 275 (1500), 
281 (1300); infrared, OH 3070 cm-1 (bonded)] C=C 1610, 1585, 
1513; CO-CN 1250, 1175, 106.5, 1035, aromatic, 860, 83.5, 
825. The infrared spectrum in CS? solut,ion was run in various 
dilutions and revealed only intramolecular bonded OH at 3060; 
v ~ c , ~ ~ ~ ~ ~ ~ ~ , ~ ~ ~ , ~ ~ ~ ~ ~ ~ ~  98.74% purity (retention tinie 12.8 min); 
nmr, benzylic 1% doublet centered at 265.5 cps, J = 9 cps (area 
11, OCIII singlet a t  228 (area 3 j.  

Anal. Calcd for CJIZ9N02: C, 75.20;  H I  9.63; N, 4.62. 
Found: C, 75.18; H, 9.81; K, 4.82. 

Reduction of trans-Ketone 5 with Lithium Aluminum Hydride 
to 4C and 4D.--.4 solution of the trans-ketone 5 (23.9 g, 0.0795 
mole) in 575 ml of ether was added to a solution of 24 g of lithium 
aluminum hydride in 2400 ml of ether over a 30-min period. The 
mixture was stirred overnight. I t  was then decomposed in 
saccession with 24 nil of water, 24 ml of 15% sodium hydroxide, 
arid 72  ml of water. The mixture was filtered and the cake was 
washed with ether. The filt'rnte was evaporated to dryness to 
give 22.5 g of a colorless oily solid. Crystallization from 7 3  ml of 
methanol gave 13.4 g of alcohol 4C, mp 145-146". The filtrate 
was evaporated to dryness. The residue was dissolved in 50 ml 
of methylene chloride and chromatographed on 460 g of Florisil. 
Elution with :3$c acetone-Skellysolve B (750 ml) gave 81 mg 
(discarded). E!ntion with 19 250-ml port,ions of 6% acet,one- 
Skellysolve R $cave 5.31 g of solid fractions melting with range 
80-82". Further elution with four 250-ml portions of 15yc 
acetone-Skellysolve R gave 0.533 g of solid, mp 80-81". Re- 
crystallization of the combined material from petroleum ether 
afforded 4.6 g of alcohol 4D, mp 81-82", Further elution wit>h 
four 250-ml portions of 255; acetone-Pkellysolve B gave 0.884 
g, mp 135-142" (not worked up). Elution with four 'LT,O-nil 
portions of 507, acetoiie-SkelI3.;olve €3 followed by acetone 
(5750 ml) gave 2 3 3 6  g, which was crystallized from methanol 
to give 0.9 g cif alcohol 4C, nip 146-147.5'. -4lcohols 4C and 
4D were identified by comparison with authentic samples (mixture 
melting point, infrared spectra). The total yield of 4C was 
5Y% and of 4D was 1YC;. 

Treatments with Trifluoroacetic Acid. A .  Epimerizatidn of 
4A to 4B with Trifluoroacetic Acid.-Trifluoroacetic acid (200 ml) 
was added to 3 0 3  g (0.1 mole) of 4A cooled in ice. The mixture 
was then stirreil a t  room temperature for 20 min. The resiilting 
green solution was cooled in ice; ice (ca. 150 g) was added followed 
by 500 ml of water and then 500 ml of 2053 sodium hydroxide. 
The mixture was stiwed for 13 min and then extracted with 
five 200-nil portions of methylene chloride. The organic extract 
was washed with water, satiirated salt solution, dried (Na2S04), 
and evaporated to dryness to give 26 g of a colorless solid. It 
was dissolved i l l  1 I. of ether and the solution was concentrated 
to about 200 RI! when crystsllization commenced: yield, 16.4 g 
of iiecdles; mj, 133--134": ~ ~ ) ~ ~ ~ ~ ~ ~ ~ e . ~ ~ b . ~ ~ ~ , * O d  indicated 97.1 % 
purit\r (retention time 14.2 niin). The second crop (4.7 g, mp 
130-131') and :he third crop (2.1 g, m p  129-130') were combined 
and recrystalllied from ether to give 5.1 g melt,ing at, 130-131'. 
The total yield of 4B was 71.5yc (21.5 gj. The analytical sample 
melted at  134.5-133.5' (from ether!: ultraviolet, h,, 225 mp 
(I3,000), 266 sh (1140), 374 &Yxlj, 2x1 (1300); infrared, bonded 
OH 3100 cm'l, f-amine 2750, 2670, 2620, C=C 1645 (vw), 
1610, 1,585, 131ii, 1495, CO--CK 1:.50, 1175, 1105; aromatic, 
830, 810. The infrared spectrum in CS? solution was run iii 

various dilutions and revealed only intramolecular bonded 0 1 %  
at  3100. Kmr analy. showed a benrylic I1 doublet centered at  

iareaB!. 
304 cps, J = 10 c p  area l),  and a OCIi, singlet at, 228 cps 

Anal. Calcd for ClsH2gN02: C, 75.20; H I  9.63; N, 4.62. 
Found: C, 74.96; H, 9.62; N, 4.55. 

In another run, run exactly the same way as above but on a 
0.01-mole scale, direct crystallization yielded only 41% of 4B. 
The rest of the material was chromatographed on Florisil (50: 1). 
Elution with 6% acetone-Skellysolve B afforded 8.1yo yield of 
11 (isolated as hydrochloride). Elution with 125% acetone- 
Skellysolve B gave 6% yield of 4A (isolated as hydrochloride). 
Elution with 20% acetone-Skellysolve B, 50% acetone-skelly- 
solve B, and acetone gave additional 87; yield of 4B. 

Epimerization of 4C to 4D with Trifluoroacetic Acid.-A 
solution of trans-alcohol 4C (0.60 g, 1.98 mmoles) in 4 ml of 
trifluoroacetic acid was stirred for 20 min. It, was cooled in ice, 
10 ml of water was added, followed by 10 ml of 20% sodium 
hydroxide. The mixture was extracted twice with methylene 
chloride. The extract was washed with water, saturated salt 
solution, dried (NaSOd), and evaporated to give 0.6 g of colorless 
solid, mp 129-140". Crystallization from methanol afforded 
0.325 g (54y0) of recovered starting material, mp 145-147' 
(identified by mixture melting point). The filtrate was evapo- 
rated to dryness and the residue was chromatographed on 15 g 
of Florisil. Elution with 400 ml of 6% acetone-Skellysolve B 
gave a producr which on crystallization 'rom petroleum ether 
afforded 77 mg (12.87,) of 4D: mp 81-82'; ultraviolet, 226 mp 
(11,100), 276 (1650), 282 (1450); infrared, OH 3220 cm-l 
(bonded), C=C 1610, 1585, 1510, CO-CY 1245, 1175, 1040; 
aromatic, 840, 15. The infrared spectrum in CS? solution was 
run in various dilutions and revealed only intramolecular bonded 
OH at 3210. Nmr analysis showed R benzylic €1 (br) could 
eisily be doublet centered a t  278.3 cp5, J N 2-3 cps (area I ) ,  
OCH, singlet a t  229 cps (area 3). 

Anal. Calcd for C I ~ H & ; ~ ~ :  C,  i 5 . 2 0 ;  H, 9.63; ?;, 4.62. 
Found: C ,  73.1Y; H,  9.63; N, 4.55. 

When the above reaction was repeated with 0.283 g (0.935 
mmole) of alcohol 4C and 4 ml of trifluoroacetic acid for 17 hr, 
0.107 g of starting material was recovered by direct crystalliza- 
tion. Chromatography afforded 15 nig of starting material 
(total recovery, 4357,) and 18 mg ( 6 . 4 7 )  of alcohol 
4D. 

C. Treatment of 11 with Trifluoroacetic Acid.-Trifluoroacetic 
acid (20 ml) was added to 0.01 mole of 11 while cooling in ice 
and stirring. The deep green solution was stirred at room tem- 
perature for 20 min. It' was then cooled in ice, 30 g of ice followed 
by 50 ml of water and 50 ml of 20 odium hydroxide were added, 
and the mixture was extract,ed with three 25-ml portions of 
methylene chloride. The extract was washed with salt solution, 
dried (NgSOa), and evaporated to give 2.5 g of a yellow oil. 
Chromatography on 125 g of Florisil gave a total of 765% re- 
covered 11 as a hydrochloride. I t  was identified by mixture 
melting point and cornparison of ultraviolet, and nmr spectra 
with those of the authentic sample. 

Chromic Acid Oxidations. A. Oxidation of cis-Alcohol 4A.- 
Jones reagent7 (1.87 ml, 5 mmoles) was added to a solution of 
4A (1.5 g, 6 mmoles) in 25 nil of acetnne during 5 min. The 
mixture was evaporated at  30" in mcuo and 25 ml of water was 
added. The mixt,ure was cooled in ice and was basified with 10 
ml of lof,% sodium hydroxide. It was extracted three t,imes with 
methylene chloride. The organic extract was washed wit,h water, 
satnrated salt solution, dried (Na2S04), and evaporated to give 
1.5 g of yellow oil. I t  crystallized on standing (mp 75-80') and 
was recrystallized from et,her-pet,roleiun ether to give 1 g of 
ketone 3, mp 81-83'. It was identical with an authentic sample 
as determined by mixture melting point and comparison of ultra- 
violet and infrared spectra. 

Oxidation of &-Alcohol 4B.--A solution of 4B (1.5 g, 3 
mmoles) in 50 ml of acetone was treated with Jones reagent7 as 
described above. The crude product (1 .5 g) crystallized and 
melted at 79-82". Recrystallization from ether-petroleum 
ether afforded 1.1 g melting at  81-83'. This compound was 
identical with ketone 3 as determined by mixture melting point 
and comparison of ultraviolet and infrared spectra. 

Oxidation of trans-Alcohol 4C.--A solution of 4C (1.5 g, 
5 mmoles) in 50 ml of acetone was treated with Jones reagent? 
as described above. The crude product (1 g) melted at  94-96", 
It was dissolved in 7.5 ml of petroleum ether, the solution was 
filtered to separate some insoluble material, concentrated to ca. 
10 nil, arid allowed to crystallize: yield, 0.8 g; nip 97-98'. 
This compound was identical with trans-ketone 5 (as determined 
by mixture melting point and comparison of ultraviolet and 
infrared spectra). 

B. 

B. 

C. 
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D. Oxidation of trans-Alcohol D.-A solution of 4D (0.56 g, 
1 .7 mmoles) in 25 ml of acetone was treated with Jones reagent7 
as described above. The crude product (0.25 g) melted at  104- 
105' and was identical with trans-ketone 5 as determined by 
mixture melting point and comparison of ultraviolet and infrared 
spectra. 

Synthesis of cis-2-Amino-a-(p-methoxypheny1)cyclohexane- 
methanol (6A). A. cis-~2-(Benzylamino)-a-(p-methoxyphenyf)- 
cyclohexanemethano1.-A solution of 1 (23.0 g, 0.099 mole) and 
benzylamine (11 .O g, 0.10'3 mole) in 150 ml of benzene was heated 
at  reflux for 1.5 hr using a Dean-Stark trap (collected 2.2 ml of 
water). The solvent was concentrated in vacuo; the residue was 
dissolved in 150 nil of absolute alcohol and hydrogenated in the 
presence of 1.5 g of platinum oxide for 18 hr. The catalyst was 
filtered off and the filtrate was evaporated in vacuo. The residue 
was dissolved in 200 ml of 10% acetic acid and 300 ml of ether 
and the mixture was stirred for 1-1.5 hr. The acid layer was 
separated and basified with 20% sodium hydroxide solution. 
The oil which separated was extracted with methylene chloride 
and the organic extract was washed with water, saturated sodium 
chloride solution, and dried (MgSOa). Evaporation left 22.8 g 
of an oil which gave a hydrochloride with ethereal hydrogen chlo- 
ride. The hydrochloride was crystallized from ethanol-ether: 
yield, 18.35 g (51%); mp 210-211'. The crop 2 yield was 0.60 
g, mp 217.5-218'. The analytical sample melted at  217-218'. 

Anal. Calcd for C J I Z ~ N O ~ . H C I :  C, 69.69; H, 7.80; C1, 
9.80; N ,  3.87. Found: C, 69.69; H ,  8.12; C1, 9.80; N, 3.74. 

A sample of the hydrochloride was converted to the free base: 
mp 86..5-87.5" (from Skellysolve B); ultraviolet, Amnx 225 mp 
(12,700), 253 ah (475), 259 sh (732), 264 sh (1050), 268 sh (1250), 
275 (l550), 282 (1350); infrared, NH-OH 3310, 3260, 3300 
cm-' (br), C=C 1610, 11580, 1510, 1490, CO-CN 1245, 1165, 
1090, 1030; aromatic, 840, 830, 820, 755, 745, 720, 695; nmr, 
benzylic, -CHO singlet, at 297.5 cps, OCHB singlet a t  226.5 cps. 

-4naI. Calcd for C~~IKP~NO?: C, 77.50; H, 8.36; N, 4.30. 
Found: C, 77.68; I€, 8.32; N,  4.33. 

B .  Hydrogenolysis to 6A.-A suspension of the above benzyl- 
amino compound (20.0 g:, 0.0615 mole) in 11. of absolute alcohol 
was hydrogenated in the presence of 3.0 g of lOyo palladium on 
carbon for 32 hr ai: 30 psi. The catalyst was removed by filtration 
and the filtrate evaporated. The residue was dissolved in ether. 
The solution was dried and evaporated and the product crystal- 
lized from Skellysolve B: yield, 11.1 g (777,); mp 86.5-88.5" 
unchanged on recrystallization; ultraviolet, Amax 224 mp (11 ,700), 
275 (1550), 282 (1300); infrared, NH-OH 3360, 3310 cm-1 
(both sharp), -2900 hr, C 4 - N H  def 1610, 1586, 1510, 148.5, 
CO-CN 1245, 1165, 1040, 1095, 1085, 1030; aromatic, 835, 
820, 810; nmr, benzylic H singlet a t  296 cps (area l ) ,  OCHa 
singlet a t  227 cps (area 3) .  

Anal. Calcd for CL4F[211\;02: C, 71.45; H ,  9.00; N, 5.95. 
Found: C, 71.10; H, 9.00; N, 5.88. 

Compound 6A was also prepared in 67% yield without isolation 
of the benzylamino intermediate. 

Conversion of 6A to 4A with 1,s-Diiodopentane.-A mixture of 
6A (1.10 g, 4.67 mmoles), l,.i-diiodopentane (1.6g, 4.94mmoles), 
and 7.0 g of anhydrous potassium carbonate in 7.5 ml of methyl 
ethyl ketone was stirred a t  reflux for 16.5 hr. The solvent was 
evaporated in vacuo and the residue was dissolved in methylene 
chloride-water. The organic layer was separated, washed with 
water, saturated sodium chloride solution, dried (Lfgsod), and 
evaporated. A solution of the resulting oil was chromatographed 
on 100 g of silica gel. Elution with 500 ml of methylene chloride 
gave fractions which wwe discarded. Elution with 1 1. of 2.5yG 
an 1 1. of ;iyG methanol in methylene chloride gave a gum (0.66 g) 
which had the same t'lc (silica gel) mobility as 4A. 
~ p ~ ~ ~ ~ ~ ~ ~ ~ , ~ ~ ~ , ~ ~ ~ , ~ ~ ~  indicated 96.570 of 4A (retention time 7.3 
min) and no 4B. The gum was dissolved in pentane, seeded with 
4A, and allowed to cryYtallize a t  -2': crop 1, 148 mg, mp 
81.5-83.5'; crop 2, 275 rng, mp 80-82'; crop 3, 70 mg, mp 
78.5-81.5'. Mixture melting point with 4A showed no depres- 
sion and the infrared spectra were identical. A hydrochloride 
was prepared from mother liquors of crop 3 and its was Crystallized 
from isopropyl alcohol-ether: yield, 28 mg; mp 217.5-221 '. 
Mixture melting point with 4A hydrochloride showed no de- 
pression. The total yield of 4A was 37%. When this reaction 
was run with 6A, l,ri-dibromopentane, and potassium carbonate 
in dimethylformamide for 16 hr a t  95", the yield of 4A was 8% 
(isolated as the hydrochloride). 

Conversion of 6A to 6B with Triiluoroacetic Acid .-Compound 
6A (2.35 g, 0.01 mole) was added in one portion to 20 ml of 

trifluoroacetic acid a t  0-lo", the ice bath was removed, and the 
greenish solution was stirred for 40 min. The solution was then 
cooled in an ice bath and 20 g of ice, 50 ml of water, and 50 ml 
of 20% sodium hydroxide solution were added and the mixture 
was stirred for 45 min. It wa.9 extracted with methylene chloride, 
the organic extract was washed with water, saturated sodium 
chloride solution, dried (MgSOA), and evaporated to give 2.45 g 
of gum. Vpc'6b,17b'18d,19g,20b showed six components and indicated 
the presence of 42.77% of 6B (retention time 3 min). 

The oxalate was prepared in ether and the salt was suspended 
in 200 ml of methyl ethyl ketone and warmed on the steam bath 
for ca. 5 min. The suspension was filtered and the white solid (1.5 
g, mp 173-173.5') crystallized from methanol-ether or ethanol- 
ether: yield, 1.42 g (4457,); mp 178-179'. The oxalate (1.3 g) 
was converted t,o the free base in methanol with excess sodium 
methoxide. The solution was diluted with water and extracted 
several time with methylene chloride. The organic layer was 
washed with saturated sodiiim chloride solution, dried (MgSOa), 
and evaporated to give 1.03 g of oil. Trituration with pentane 
gave a solid, mp 79-81', which on crystallization from Skelly- 
solve B afforded 0.43 g of 6B, mp 84-85'; second crop, 0.27 g,,mp 
82-83.5'. Mixture melting point with 6A showed a depression. 
The analytical sample melt,ed at  86-87' (from Skellysolve B): 
ultraviolet, Amax 22.5 mp (11,600), 274 (1.5,50), 281 (1300); in- 
frared, NH-OH 3360, 3340, 3300, 3280, 3100, cm-' (br, strong), 
C=C-NH def 1605, 1580, 1505, CO-CN 1240, 1165, 1080, 1030; 
aromatic, 825; nmr, benzylic H doublet centered at  285.5 cps, 
J = 4.5 cps (area l ) ,  OCHa singlet a t  228 cps (area 3); 
v p ~ ~ ~ ~ , ~ ~ ~ , ~ ~ ~ . ~ ~ ~ . ~ O ~  indicated 99.4y0 purity (retention time 3.2 
rnin). 

ilnal. Calcd for CI~&NO?: C, 71.45; 1-1, 9.00; E, 5.95. 
Found: C, 71.90; 11, 8.93; N, ,539. 

Conversion of 6B to 4B with l,S-Diiodopentane.-A mixture of 
6B (1.1 g, 4.67 mmoles), 1,5-diiodopentane (1.6 g, 4.84 mmoles), 
and 7.0 g of anhydrous potassium carbonate in 75 ml of methyl 
ethyl ketone was st,irred at reflux for 23 hr. The solvent was 
evaporated in VUCZLO and the residue was dissolved in ether-water. 
The ether layer was separated and extracted with 107; hydro- 
chloric acid. The acid extract was basified, the mixture was 
extracted with methylene chloride, and the organic extract was 
washed with water, satmurated sodium chloride solution, dried 
(MgS04), and evaporat,ed to  give 1.17 g of anoil. V p ~ ' ~ d , ~ ~ f ~ ~ 8 ~ ~ ~ ~ ~ ~ ~ ~ ~  
showed 44.5% of 4B (retention time 9.2 min) and 54.2% of 
6B (retention time 2.3 min). A solution of this oil in methylene 
chloride was chromatographed on 100 g of silica gel. Elution 
with 500 ml of CH2C12 gave fractions which were discarded. 
Elution with 1 1. of 5% methanol in methylene chloride gave 0.5 
g (36%) of crude 4B as solid, mp 125-135". Crystallization from 
Skellysolve €3 afforded 0.362 g (26%) of 4B in three crops, melting 
in the range 133.5-138". Mixtiire melting point with authentic 
4B showed no depression and the infrared spectra were identical. 

Elution with 1.5 1. of 10% methanol in methylene chloride 
gave fractions which were discarded. Elution with 3 1. of metha- 
nol afforded 0.33 g of a gum which crystallized from Skellysolve 
B: yield, 0.15 g (14% of 6B); mp 81.5-Y4.5". RIixture melting 
point with authentic 6B showed no depression and the infrared 
spectra were identical. 
cis-a-(p-Methoxyphenyl)-2-(methylamino)cyclohexanemethanol 

(9A).-.4 solution of 58 g (0.25 mole) of 1, 91 g (0.75 mole) of 
N-niethylbenzylamine, and 1.6 g of p-toluenesulfonic acid mono- 
hydrate in 2 1. of toluene was heated at  reflux for 20 hr, using a 
Dean-Stark t,rap (collected 4.0 ml of water). The solvent was 
concentrat,ed in. vacuo; the residue was dissolved in 400 ml of 
ethanol and hydrogenated in t,he presence of 2.5 g of platinum 
oxide at, 30 psi for 18 hr. The catalyst was filtered off and the 
yellow filtrate was hydrogenated in the presence of 4.0 g of 
10% palladium on carbon for 20 hr. The catalyst was filtered 
off, the filtrate was evaporated in vacuo, and the residue taken up 
in 600 ml of ether and 500 ml of 10% acetic acid. The mixture 
was stirred for 1 hr, the acetic acid layer was separated and basi- 
fied with 2070 sodium hydroxide solution, and the oil which 
separated was extracted with methylene chloride. The organic 
layer was washed with water, saturated sodium chloride solution, 
dried (hfgS04), and evaporated in vacuo. The residue was 
recrystallized from ether-pentane: crop 1, 26.6 g,  mp 88-91'; 
crop 2, 5.25 g, mp 84-88". The yield of 9A was 517;. The 
analytical sample was prepared from Skellysolve B: mp 88-90'; 
v p ~ ~ ~ ~ ~ ~ ~ b ~ 1 ~ e , ~ ~ ~ ~ ~ ~  showed one peak (retention t,ime 4 min); ultra- 
violet, Amax 225 mp (11,250), 276 (1550), 282 (1350); infrared, 
NH 3270 cm-1, OH -2900 br, C=C 1610, 1580, 1510, 1485, 
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CO-CN 1240, 1165, 1095, 1030; aromatic, 835; nmr, benzylic 
H singlet a t  299.5 cps (area l ) ,  OCHa singlet a t  227.5 cps (area 3), 
NCHa singlet a t  147.5 cps (area 3) .  

Anal. Calcd for ClaH~aN02: C, 72.25; H, 9.30; N, 5.62. 
Found: C, 72.17; H, 9.55; N, 5.55. 

Conversion of 9A to 9B with Trifluoroacetic Acid .-Compound 
PA (10 g, 0.040 mole) was added to 80 ml of trifluoroacetic acid 
at  0-10', the ice bath was removed, and the mixture stirred a t  
10-25' for 45 min. The mixture was cooled in an ice bath; 
60 g of ice, 200 ml of water, and 200 ml of 20% sodium hydroxide 
solution were added; and the mixture was stirred for 45 min. The 
mixture was extracted with methylene chloride and the organic 
extract washed with water, saturated sodium chloride solution, 
dried (MgSOd), and evaporated to give 9.45 g of gum. 
~pc1"~17b~18~~19'~*0b showed four components and indicated 14.2% 
of 9A (retention time 2.6 min) and 77.3% of 9B (retention time 
3.2 min). The gum was dissolved in 100 ml of pentane and seeded 
with a sample of 9B: crop 1 ,  6.0 g, mp 90.5-94'; crop 2, 1.16 
g, mp 90-92'; yield, 71.6%. The analytical sample melted at  
92-93' (from ether-Skellysolve B) and depressed the melting 
point of 9A (mmp <75'). Vpc16b,17b,1Rd,1sf,20* indicated 99.1% 
purity (retention time 4.5 min); the ultraviolet spectrum showed 
Amax 225 mp (11,200); 275 (1550), 282 (1300); infrared, NH-OH 
3300, 3070, 2800, 2740, 2710, 2660 cm-l, C=C 1605, 1580, 
1505, 1480, CO--CN 1235, 1170, 1110, 1090, 1085, 1035; aro- 
matic, 840, 810; nmr, benzylic H doublet centered a t  292 cps, 
J = 5.5 cps (area l ) ,  OCH3 singlet a t  228 cps (area 3),  NCH3 
singlet a t  145 cps (area 3 ) .  The crystal seed of 9B was obtained 
by converting a sample of the gum to the oxalate salt, mp 227- 
228' (methanol--ether), and then releasing the free base, mp 

Anal. Calcd for C16H23N02: C, 72.25; H, 9.30; N, 5.62. 
Found: C, 72.61; H, 9.45; N, 5.89. 

Conversion of 9A to Octahydro-4-(p-methoxyphenyl)-l- 
methyl-2H-3,l-benzoxazin-2-one (8A) with N,N'-Carbonyldi- 
imidazole.-A solution of 9A (2.5 g, 0.01 mole) and 3.5 g of N,N'- 
carbonyldiimidazole in 25 ml of dry tetrahydrofuran (purified by 
passage over neutral alumina) was kept a t  room temperature for 
15 min. The mixture was evaporated in uacuo and the residue 
was diluted with cold water and extracted with methylene 
chloride. The oyganic extract was washed with 10% hydrochloric 
acid, water, saturated sodium chloride solution, and dried 
(MgSO4). Evaporation gave 2.70 g (98%) of 8A as a white 
solid, mp 120-122". A sample was crystallized from benzene- 
Skellysolve B: mp 121-122'; ultraviolet, Amax 223 mp (11,950), 
274 (1350), 281 (1250); infrared, C=O 1685 cm-l C=C 1645, 

1035; aromatic, 850, 810, 755; nmr, benzylic H doublet cen- 
tered at  319.5 cps, J = 2 cps (area l ) ,  OCHa and HCN Yiiiglet a t  
229.5 (area 4) ,  NCHI singlet a t  182 cps (area 3) .  

Anal. Calcd for C16Hz1N03: C, 69.79; H, 7.69; N, 5.09. 
Found: C, 70.04; H, 7.68; N, 5.27. 

A polymorph of 8A was also obtained, mp 139-141' (from ben- 
zene-Skellysolvr B). The rimr spectrum was identical with that 
of 8A above. 

Conversion of 9B to 8B with N,N'-Carbonyldiimidazo1e.-The 
reaction was carried out as described in the case of the conversion 
of 9A to 8A. From 1.25 g (0.005 mole) of 9B and 1.8 g of N,N'- 
carbonyldiimidazole in 25 ml of dry tetrahydrofuran, 1.45 g 
(quantitative yield) of 8B was obtained, mp 186-187'. The 
sample for analysis wm crystallized from benzene-Skellysolve B: 
mp 187-188'; ultraviolet, Xmax 226 mp (13,230); 274 (1450), 
281 (1250); infrared, C=O 1680, 1670 cm-l, C = C  1610, 1585, 
1510, CO 1245, 1140, 1055, 1025; aromatic, 845, 815; nmr, 
benzylic H douhlet centered at  320 cps, J = 10.5 cps (area l ) ,  
OCHa siiiglet at, 229 cps (area 3), HCN quintuplet centered a t  
196 cps, J = 5 cps (area l ) ,  NCH3 singlet a t  181.5 cps (area 3) .  

Anal. Calcd for C~H21N03: C, 69.79; H, 7.69; N, 5.09. 
Found: C, 69.78; H, 7.82; N, 3.03. 

Epimerization of 8A to 8B. A. With Trifluoroacetic acid.- 
Trifluoroacetic acid (5 ml) was added t o  1.03 g of 8A. After 15 
min, the greenish solution was poured into 300 ml of cold 5% 
sodium carbonate solution and the product was extracted with 
chloroform. The organic extract was washed with water, satu- 
rated sodium chloride solution, dried (MgSOa), and evaporated 
zn vacuo to give 1.3 g of solid, mp 175-185' Trituration with 
boiling ether left 0.945 g of 8B, mp 184-187". The infrared and 
nmr spectra were identical with those of authentic 8B. The 
second crop was obtained by concentration of ether: yield, 0.04 
g, (96%); mp 186-187'. The third crop amounted to 0.036 g 

92-94'. 

1610, 1580, 1510, CO-CN 1305, 1250, 1220, 1170, 1110, 1080, 

(3.5%), mp 135-137", and was identical with 8A (polymorph 
rnp 139-140') as shown by mixture melting point determination 
and comparison of infrared spectra. When the above reaction 
was run for 16 hr, a 90% yield of 8B was obtained. 

B.  With Formic Acid.-A solution of 0.50 g of 8A in 5.0 ml of 
98% formic acid was heated on the steam bath for 1.5 rnin (a 
transient bluegreen color was observed). The solution was 
poured into 150 ml of ice water and the mixture was extracted 
with methylene chloride. The organic extract was washed with 
water, 10% sodium carbonate solution, dried (hfgsoa), and 
evaporated. The residue was triturated with Skellysolve B: 
yield, 0.26 g; mp 175-184'. Crystallization from benzene- 
Skellysolve B afforded 0.22 g (44%) of 8B, mp 185-187". The 
infrared spectrum was identical with that of the authentic 
sample. 

Conversion of 6A to Octahydr0-4-(p-methoxyphenyl)-2H-3,1- 
benzoxazin-&one (7A) with N,N'-Carbonyldiimidazo1e.-This 
reaction was carried out as described in the case of the conversion 
of PA to 8A. From 2.35 g of 6A and 3.5 g of N,N'-carbonyldi- 
imidazole in tetrahydrofuran, 2.6 g (quantitative yield) of 7A 
resulted, mp 235-240" dec. Crystallization from ethanol gave 
colorless plates: 1.65 g (63%); mp 245.5-247', unchanged on 
recrystallization; ultraviolet, Amax 226 mp (12,450), 268 sh 
(1200), 274 (1600), 282 (1400); infrared, NH 3220, 3180, and 
3100 cm-1, C=O 1700, C=C 1610, 1680, 1510, CO-CN 1250, 
1175, 1130, 1080, 1055, 1025; aromatic, 840; nmr (DMF-d7 a t  
l20'), benzylic H doublet centered a t  324 cps, J = 2 cps, OCHs 
singlet a t  227.5 cps. 

Anal. Calcd for ClsHlsNOa: C, 68.94; H, 7.33; N, 5.36. 
Found: C, 68.71; H, 7.16; N, 5.38. 

Methylation of 7A to 8A.-A mixture of 8A (0.52 g, 2 mmoles) 
and 0.12 g of 53.3% sodium hydride mineral oil dispersion in 35 
ml of dry dimethylformamide was stirred a t  room temperature 
for 35 min. A solution of 0.45 g (3.2 mmoles) of methyl iodide 
in 5 ml of dimethylformamide was added over 2 min, the mixture 
stirred for 2.5 hr, and the resulting yellow solution poured in 350 
ml of water. The mixture was extracted several times with ether, 
the ether layer was washed with saturated sodium chloride solu- 
tion, dried (Mgs04), and evaporated to give a gum. Trituration 
with pentane gave 0.515 g (93.5%) of a yellow solid, mp 140-141', 
unchanged on crystallization from benzene-Skellysolve B. .Mix- 
ture melting point with 8A (polymorph mp 140') showed no de- 
pression and the infrared and nmr spectra were identical. 

Conversion of 6B to 7B with N,N'-Carbonyldiimidazo1e.-The 
reaction was carried out as described in the case of the conversion 
of PA to 8A. From 2.35 g (0.010 mole) of 6B and 3.5 g of N,"- 
carbonyldiimidazole in 25 ml of tetrahydrofuran, 2.14 g (82%) 
of 7B was obtained: mp 152-155', raised to 156-157" on re- 
crystallization from benzene-Skellysolve B; ultraviolet, Amax 

226 mp (12,650), 268 sh, 274 (l550), 281 (1300); infrared, NH 
3240, 3190, 3120 cm-l, C=O 1703, C=C 1605, 1580, 1510, 
CO-CN 1245, 1115, 1030; aromatic, 825; nmr, benzylic H 
doublet centered at  316 cps, J = 5.5 cps (area l ) ,  OCHI singlet 
a t  228.5 cps (area 3) .  

Methylation of 7B to 8B.-The reaction was carried out with 
7B (0.52 g, 2 mmoles) as described in the case of the methylation 
of 7A to 8A, except methylene chloride was used for extraction 
of the dimethylformamide-water layer since 8B is not very solu- 
ble in ether The resulting oil was triturated with ether-pentane 
to give a colorless solid which was washed with ether and dried: 
yield of first corp, 0.40 g, (mp 186-187.5'); yield of second crop, 
0.070 g (mp 184.5-185.5'). hlixture melting point with authentic 
8B showed no depression and the infrared spectra were identical. 
The yield was 85.#5%. 

Reaction of 7A with Trifiuoroacetic Acid.-A solution of 1 .O g 
of 7A in 5 ml of trifluoroacetic acid was allowed to stand for 15 
min. During this time evolution of gas (probably COz) was 
observed. The green solution was poured into 300 ml of cold 5% 
sodium carbonate solution, the mixture was extracted with ether, 
and the et1 er layer extracted with five 50 ml portions of 10% 
acetic acid. The acid extract was basified with 207, sodium 
hydroxide solution and extracted with methylene chloride. The 
organic layer was washed with water, saturated yodium chloride 
solution, dried (MgSOI) and evaporated to give 0.198 g of gum. 
It was crystallized from pentane: yield, 0.095 g; mp 79-82.5'. 
Recrystallization from Skellysolve B gave 0.061 g, mp 83-84'. 
Mixture melting point with 6B showed no depression, whereas 
mixture melting point with 6A was 62-70", 

The above ether layer was washed with 5% sodium hydroxide 
solution, water, saturated sodium chloride solution, dried 
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(n;rgSO,j, and evaporat'ed to give 0.767 g of gum. This material 
is probably a mixture of the N-trifluoroacetyl derivatives of 6A 
and 6B: ultraviolet, Xmsx 224 mp (a  = 37.59), 269 sh (a = 3.50), 
275 (a = 4.43), 282 (a  == 3.77); infrared, NH-OH 3440, 3320 
cm-1, C-0 1710, C=C--NH def 1610, 1585, 1560, 1540, 1510, 
CO-CN-CF3 1245, 1210, 1185-1145, 1030; aromatic, 830. 

Anal. Calcd for C16Hx,F3N03: F, 17.2. Found: F, 15.7. 
When alcohol 6A ( 1  g) was treated with trifluoroacetic acid as 

described above, the neutral fraction amounted to 0.784 g. 
The infrared spectrum was essentially identical with that of the 
neutral fraction above. 

Preparation of Methyl Ethers. A. Conversion of 4A to cis- 
1- [ 2-(p,~-Dimethoxybenzyl)cyclohexyl] piperidine (10B) with 
MeOH-HC1.-A solution of 11.5 g of hydrogen chloride in 115 
ml of methanol was added to a solution of alcohol 4A (7 g, 0.0231 
mole) in 115 ml of methanol and the resulting solution was allowed 
to stand for 18 hr. The oily 
residue was dissolved in 100 ml of water, basified with 20% sodium 
hydroxide solution, and extracted wit,h ether (in another experi- 
ment the reaction mixture was first basified and then evaporated 
to give the same result as described below). The ether extract 
was washed wit,h water, c;atnrat,ed salt solution, dried (NazSOa), 
and evaporated. The crude product (7 g) was crystallized from 
25 ml of ethanol to  give 6 g (8270) of 1OB: mp 81-82' raised to 
83-84" on recrystallization; ultraviolet, Xmax 226 mp (13,200), 
275 (1460), 282 (1210); infrared, t-amine 2780, 2740, 2660 
cm-1, C=C 161.5, 1585, 1513, CO-CN 1250, 1230, 1170, 1155, 
1130, 11.10, 1080, 1040; nmr, benzylic H doublet centered at  
2.56.5 cps, J = 9 cps (area 1 ) ;  aromatic, OCHa singlet a t  227 
cps (area 3), benzylic OCH3 singlet at 188 cps (area 3) .  

Anal. Calcd for C&&f3tN02: C, 75.67; H, 9.84; N, 4.41. 
Found: C, 75.70; H, 10.06; S,  4.15. 

The hydrochloride was prepared in ether with ethereal hydro- 
gen chloride solution and was crystallized from methylene 
chloride-ether: mp 209-21 1 O unchanged on recrystallization; 
ultraviolet, Xmsx 227 mp (12,500), 275 (1400), 281 (1200); 

infrared, -CH/>NH 3040, 2630, 2580, 2500, C=C 1615, 1590, 

Anal. Calcd for CIOII3,NOP.HC1: C, 67.87; H ,  9.12; C1, 
10.02; N, 3.96. Found: C, 67.41; H, 9.31; C1, 10.47; N, 3.83. 

B .  Methylation of 4A to 10A with NaNH2-CH31.-A solution 
of 4A (3.03 g, 0.01 mole) in 25 ml of ether was added during 10 
min to a suspension of freshly prepared sodium amide (0.01 
ml) in 100 ml of liquid ammonia. The suspension was then 
stirred for 1 hr. A solu1:io:n of methyl iodide (1.42 g, 0.01 mo1e)was 
added during 10 min whil'e cooling in a Dry Ice-acetone bath and 
the resulting solut,ion was stirred for 30 min. The Dry Ice 
bath was then removed and the solution stirred for 6 hr. I t  
was evaporated and 50 ml of water was added. The product was 
extracted with three 50-nil portions of methylene chloride. The 
extract was washed with water, saturated salt solution, dried 
(Na2S04), and evapora.t)ed to give 3 g of oil. A solution of this 
oil in 25 ml of petroleiim ether was allowed to crystallize over- 
night at 4" to give 1.6.5 g (mp 76-78') of starting material as 
determined by mixtiire melting point and comparison of ultra- 
violet and infrared spectra. The filtrate was evaporated to dry- 
ness and the residue (1.93 g) was dissolved in 20 ml of Skelly- 
solve B and chromatographed on 54 g of Florisil. Elution with 
nine 100-ml portions: of 3% acetone-Skellysolve B gave 0.653 g 
of 10A as an oil, which was converted to the hydrochloride in 
ether with ethereal hydTogen chloride: yield, 0.6 g (15.57;); 
mp 196-197". Cryst'allization from 2 ml of methanol and 30 ml 
of ether gave 0.51 g of colorless prisms melting at  196.,5-197.5": 
ultraviolet, Xmax 227 nnp (11,400), 274 (1380), 281 (1200); in- 

frared, OH of methanol 3360 cm-', +NH 2670 2570, 2540, 

aromatic, 830; nmr, benzylic H doublet centered a t  309 cps, 
J = 3 cps (area I) ,  aromatic OCHa singlet a t  228 cps (area 3), 
methanol CH3 singlet at 208 cps (area 3), benzylic OCHs singlet 
a t  194 cps (area 3) .  

Anal. Calcd for (AOH~~NOZ.CH~OH eHC1: C, 65.34; 13, 
9.40; (21, 9.19; hi, 3.63. Found: C, 65.50; H, 9.28; C1, 8.50; 
N, 4.03. 

Conversion of the hyd.rochloride to the free base in the usual 
way afforded 10A as an oil:  ultraviolet, Amax 225.5 mp (11,800), 
276 (1570), 282 (1350); infrared, N-alkyl 2800, 2780, 2730 
cm-l, C=C 1605, 1580, 1510, CO 1245, 1180, 1100, 1090, 1035; 
aromatic, 830; nmr, benzylic H doublet centered at  268 cps, 
J = 5.5 cps (area l ) ,  aromatic OCHI singlet a t  228 cps (area 3),  

I t  was then evaporated a t  50'. 

+ 

1515, CO-CN 1245, 1230, 1175, 1125, 1105, 1080, 1030. 

+ 

C=C 1610, 1585, 1510, CO-CN 1245, 1175, 1095, 1075, 1030; 

benzylic OCH3 singlet a t  187.5 cps (area 3); vpc,1Gd,l7c.l8b.lle.*Od 
98.51y0 purity (retention time 5.8 rnin). 

Anal. Calcd for C20H31x02: C, 75.67; H, 9.84; Tu', 4.41. 
Found: C, 75.59; H,  10.14; N, 4.56. 

C. Methylation of 4B to 10B with BuLi-Me1.-A hexane solu- 
tion of butyllithium (4 ml containing 0.01 mole) was added during 
2 rnin to a solution of 4B (3.03 g, 0.01 mole) in 30 ml of tetra- 
hydrofuran (purified by passage through Woelm basic alumina, 
activity I )  and the mixture was stirred for 30 min. I t  was then 
cooled to -70" (Dry Ice-acetone bath) and a solution of methyl 
iodide (1.42 g, 0.01 mole) in 10 ml of tetrahydrofuran was 
added dropwise over a 10-min period. The mixture was stirred 
at  -70' for 1.5 hr and then at  room temperature for 19 hr. It 
was worked up as usual and the crude product (2.7 g) was dis- 
solved in 20 ml of methylene chloride and chromatographed on 
135 g of Woelm neutral alumina. Elution wit,h eight 200-ml 
portions of 5% ether-Skellysolve B gave 1.523 g of solid melting 
in the range 82-84". Elution with two 250-ml portions of 257, 
ether-Skellysolve B two 250-ml portions of 50% ether-Skelly- 
solve B, and two 250-ml portions of 75% ether-Skellysolve B 
gave a total of 0.204 g. The above fractions were combined and 
recrystallized from ethanol to give 0.644 g (20'1,) of methyl ether 
1OB: mp 8685.5'; ultraviolet, Xmax 226 mp (13,20Oj, 275 
(1460), 282 (1210); infrared, t-amine 2780, 2740, 2660 cm-', 
c=c 1615, 1585, 1515, CO-CN 1230, 1230, 1170, 1155, 1130, 
1110, 1080, 1040; nmr, benzylic H doublet H doublet centered a t  
256.3 cps, J = 9 cps (area I) ,  aromatic OCRI singlet a t  227 cps 
(area 3),  benzylic OCH3 singlet at, 188 cps (area 3) .  

-4nal. Calcd for C2,,H3,N02: C, 75.67; 11, 9.84; N, 4.41. 
Found: C ,  75.70; H, 10.06; N,  4.15. 

Further elution with 250 ml of met,hanol gave 1.446 g which was 
crystallized from methanol-ether overnight a t  4": yield, 0.252 
g (0.55%) of 10B methiodide; mp 219-220', or 217-218' after 
recrystallization; ultraviolet, Xmnx 223 mp (24,000); 275 (1390), 
281 (1280); infrared, no OH, C=C 1610, 1585, 1510, 1490 cm-l, 
CO-CX 1250, 1235, 1175, 1070, 1030, 1015; aromatic, 850, 825, 
81.5; nmr, benzylic H doublet centered at  272 cps, J = 10 cps, 
aromatic OCHI singlet, at 230 cps, NCI& singlet. at 196.5 cps, 
benzylic OCHI singlet a t  183 cps. 

Anal. Calcd for C21H341N02: C, j4.90; 11, 7.46; I, 27.63; 
N, 3.05. Found: C, 55.03; H, 7.68; I, 27.63; N, 3.23. 

D.  Conversion of 4B to 10B with MeOH-HC1.-A solution 
of 5 g of hydrogen chloride in 50 ml of methanol was added to a 
solution of 4B (3.0 g, 0.01 mole) in 150 ml of methanol. The 
resulting colorless solution was allowed to stand for 22 hr. It 
was then cooled in ice and was basified with 50 ml of 20'?, aqueous 
sodium hydroxide solution. The suspension was evaporated 
in vacuo to get rid of methanol, 50 ml of water was: added, and the 
solid was filtered and washed with water. The product (3.1 g, 
mp 70-76") showed no residual OH in the infrared region (Nujol). 
It was crystallized from 20 ml of methanol to give 2.27 g melting 
at  79-81'. The second crop amounted to 0.35 g and melted a t  
78-80": yield, 835&. The compound was identical with an 
authentic sample of 10B as determined by mixture melting point 
and comparison of ultraviolet and infrared spectra. 

E.  Methylation of 4C to 1OC with BuLi-MeI.--il hexsne solu- 
tion of butyllithium (5.25 ml containing 0.01 mole; Foote Min- 
eral Co.) was added during 10 min to  a solution of 4C (3.03 g, 
0.01 mole) in 40 ml of tetrahydrofuran (purified by pas- 
sage through Woelm basic alumina, activity 1)  under nitrogen. 
The reaction mixture was stirred for 45 min. I t  was then cooled 
to -70" and a solution of methyl iodide (1.42 g, 0.01 mole) in 
10 ml of purified tetrahydrofuran was added over a 30-min 
period. The mixture was then stirred overnight at room tem- 
perature, It was evaporated to dryness and the residue was dis- 
solved in 50 ml of water and 50 ml of methylene chloride. The 
aqueous layer was extracted with methylene chloride. The 
combined extrac,t was washed with saturated salt solution, dried 
(NazS04), and evaporated to give 3.2 g of crude product which 
was chromatographed on 165 g of neutral alumina Woelm (activ- 
ity I). Elution with six 150-ml portions of 6% ether-Skellysolve 
B gave 1.642 g of oily product, which was crystallized from 5 ml 
of methanol: yield, 1.2 g; mp 78-79". I t  was identical with 
trans-methyl ether 1OC obtained by the methanol-hydrogen 
chloride procedure (as shown by comparison of ultraviolet, in- 
frared, and nmr spectra and by mixtaure melting point). Further 
elution with two 250-ml portions of 12% ether-Skellysolve B 
gave 0.149 g of oil which could not be crystallized. Elution with 
two 250-rnl portions of 2.5% ether-Skellysolve B gave 0.225 g of 
oil which was crystallized from minimum methanol to give 25 mg 
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of lOC, mp 76-77'. Elution with two 250-ml portions of 50% 
ether-Skellysolve B gave 0.219 g of oil and with two 2.50-ml 
portions of ether gave 0.250 g of oil. These fractions could not 
be crystallized. Elution with 57 ,  methanol-ether (500 ml) gave 
1.122 g of product which was crystallized from methanol to give 
0.15 g of the starting material, mp 145-146.5', as shown by 
mixed melting point. 

Conversion of 4C to 1OC with MeOH-HC1.-A solution of 
anhydrous hydrogen chloride (1.4 g) in 1B ml of methanol was 
added to a solution of 4C (0.8 g, 2.64 mmoles) in 40 ml of metha- 
nol. hfter 17 hr the solution was cooled in ice, basified with 1 5  
ml of 207, sodium hydroxide, and evaporated to get rid of metha- 
nol. Water was added and the mixture was extracted twice 
with methylene chloride. The extract was washed with water, 
saturated salt solution, dried (N&S04), and evaporated to give 
0.817 g of pale yellow oil. It was dissolved in methylene chloride 
and chromatographed on 40 g of neutral alumina. Elution with 
600 ml of 370 ether-Skellysolve B gave 0.722 g of product which 
was crystallized from methanol. Two crops of 1OC were collected: 
yield, 0.372 g (44%); mp 79-80' unchanged on recrystallization; 
ultraviolet, Amax 225.mp (11,550), 265 sh (1150), 275 (15.50), 282 
(1350), infrared t-amine 2800 cm-1, C=C 1610, 1580, 1505, 
CO-CN 1245, 1105, 1095, 1080, 1030; aromatic, 865, 835, 815; 
nmr, benzylic H doublet centered at  289 cps, J = 2.5 cps (area l ) ,  
OCHI singlet a t  329 cps (area 3), NCHI singlet a t  194 cps (area 3) .  

Anal. Calcd for C2oH3lN02: C, 75.67; H, 9.84; N, 4.41. 
Found: C, 75.80; H ,  10.08; N, 4.71. 

G .  Conversion of 4D to 1OD with BuLi-Me1.-A hexane solu- 
tion of butyllithium (5.25 ml containing 0.01 mole; Foote Mineral 
Co. ) was added during 10 min under nitrogen to a solution of 4D 
(3.03 g, 0.01 mole) in 30 ml of purified THF.  The mixture was 
stirred for 40 min. I t  was then cooled to -70" and a solution of 
methyl iodide (1.42 g, 0.01 mole) in 10 ml of purified TIIF was 
added over a 30-min period. The mixture was stirred overnight 
a t  room temperature and worked up as described in the case of 
1OC. The crude product (3.2 g) was shown by ~ p ~ 1 * a , ~ ~ d . ~ ~ ~ ~ 1 ~ 8 . 2 0 d  
to contain a mixture of 10D (88.72%, retention time 2.3 min) 
and 4D (11.285l,, retention time 6.5 rnin). Another impurity 
was observed in the infrared spectrum at  1675 cm-1 (w), perhaps 
due to a product of a fragmentation pr0cess.m The product 
was chromatographed on 100 g of neutral alumina (Woelm), 
activity I. Elution with five 150-ml portions of 6% ether- 
Skellysolve B gave 1.145 g of oil: ultraviolet, Amar 228 mp 
(12,350), 278 (I550), 234 (1300); infrared, t-amine 2780, 2730 
cm-', C=O impurity 1670 (wj, C=C 1610, 1585, 1515, CO-CN 
1240, 1165, 1105, 1090, 1030; aromatic, 855, 830, 815; nmr, 
benzylic H singlet a t  206.5 cps (area I ) ,  aromatic OCH, singlet 
at 227.5 (area 3),  benzylic OCH3 singlet a t  197.5 cps (area 3); 
vpc (run as above) showed one peak with retention time of 
2.5 min. 

Anal. Calcd for C20H31N02: C, 75.67; H,  9.84; N, 4.71. 
Found: C, 75.48; H, 9.93; x', 4.30. 

Further elution with varying proportions of ether in Skelly- 
solve B and ether did not give any material. Elution with two 
250-ml portions of 5% methanol-ether gave 1.494 g, which was 
crystallized from petroleum ether to give 0.73 g of recovered 4D, 
mp 80-81 .5' (identified by mixture melting point). 

H .  Conversion of 4D to 1OC with MeOH-HC1.-A solution of 
hydrogen chloride (2 g )  in 15 ml of methanol was added to a 
solution of 4D (0.8 g, 2.64 mmoles) in 40 ml of methanol. The 
mixture was allowed to stand overnight. The resiilting solution 
was basified with 20'36 aqueous sodium hydroxide solution. 
Methanol was evaporated in uucuo, 35 ml of waber was added, and 
the product was extracted with three 26-mi portions of methylene 
chloride. The extract was washed with saturated salt solution, 
dried (hfgSO4), and evaporated. The residue (0.8 g) was dis- 
solved in 37, ether-Skellysolve B and chromatographed on alu- 
mina with same solvent mixture. Elution with ten 100-ml por- 
tions afforded 0.351 g of an oil (vpc run as below; one peak, 
retention time 1.5 min) which solidified overnight a t  -10'. 
Crystallization from methanol gave 1OC: mp 78-79"; 
v p ~ , ~ ~ * ~ ~ ~ ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ ~ d  one peak (ret,ention time 1.5 min). Nmr, 
infrared, and ultraviolet spectra were identical with those of the 
authentic sample. Elution with three 100-ml portions of 17, 
methanol-ether gave 0.345 g of an oil which solidified in vacuo. 
Nmr showed 80'% IOC, some 4D, and probably a trace of 4C. 

Treatment of 11 with Methanolic Hydrogen Chloride.-A 
solution of hydrogen chloride (5 g) in 50 ml of methanol was 

F. 

I. 

(26) Cf. C .  A. Grob, Bull SOC. China. France, 47, 1360 (1960). 

added to a solution of 11 hydrochloride (3.21 g, 0.01 mole) in 
150 ml of methanol. The resulting solution was allowed to stand 
overnight. It was then basified with 15Yc sodium hydroxide and 
the methanol was evaporated in vacuo. The mixture was ex- 
tracted with three 25-ml portions of ether. The ether extract 
was washed with saturated salt solution, dried (Na&3Oa), and 
evaporated to give 2 g of a pale yellow oil (94% of 11 by ultra- 
violet spectrum). The oil was converted to the hydrochloride to 
give 2.2 g melting at 202-204'. This product was identical 
with the starting matrial as shown by comparison of the ultra- 
violet and infrared spectra. 

cis-1- [2-(p-Methoxybenzyl)cyclohexyl] piperidine (12). A. 
By Hydrogenolysis of 10B.-A solution of 10B (2.4 g, 7.6 m-moles) 
in 50 ml of acetic acid was hydrogenated in the presence of 0.8 g 
of 10% palladium on carbon and 1.2 g (8.36 mmoles) of 70% 
aqueous perchloric acid. The initial pressure was 53.5 psi and 
1 mole of hydrogen was absorbed during 19.5 hr. The resulting 
suspension was diluted with 100 ml of water. The mixture was 
then added to an ice-cooled solution of 40 g of sodium hydroxide 
in 160 ml of water. Methylene chloride (200 ml) was added, the 
whole was filtered through Filtercel, and the catalyst was washed 
with methylene chloride. The layers in the filtrate were sepa- 
rated. The aqueous layer was extracted twice with methylene 
chloride and the combined organic solution was washed with 
water, saturated salt solution, dried (NazS04), and evaporated 
to give 2 g of yellow solid melting at  75-81'. Two crystalliza- 
tions from methanol (Nuchar) afforded 1.4 g (64Yc) of colorless 
rods melting at  84-86': ultraviolet, Amax 225 mp (11,990), 
278 (1700), 285 (1400); infrared, t-amihe 2790, 2750 cm-l, 
C=C 1610, 1580, 1510, CO-CN 1245, 117.5, 1110, 1030; aro- 
matic, 840, 820, 800; nmr, OCHa singlet a t  226.5 cps (area 3), 
benzylic H doublet centered at  176.5 cps, J = 11 cps (area 2) .  

.4naZ. Calcd for C19H?9NO: C, 79.39; H, 10.17; N, 4.87. 
Found: C, 79.25; H, 10.32; N,  4.95. 

B. By Hydrogenolysis of 4A.-A solution of 5 g (0.0165 mole) 
of 4A was hydrogenated in 110 ml of acetic acid and 2.6 g (0.0182 
mole) of 70% perchloric acid in the presence of 1.74 g of lOy0 
palladium on carbon. Hydrogen (I mole) was absorbed during 
24 hr. The mixture was added to ice-cooled solution of 87 g of 
sodium hydroxide in 350 ml of water. Then 200 ml of methylene 
chloride was added and the mixture was filtered to separate the 
catalyst. The aqueous layer was extracted with four 30-ml 
portions of methylene chloride. The combined extract was 
washed with saturated salt solution, dried (N&SO4), and evapo- 
rated to give 4.7 g of yellow oil. I t  was Crystallized from 10 ml 
of methanol to give 1.2 g (237,) melting at 86-87'. I t  was 
identical with a sample of 12 as shown by mixture melting point 
and comparison of ultraviolet and infrared spectra. 

1-[2-(p-Methoxybenzylidene)cyclohexyl]piperidine (11) Hy- 
drochloride.-A mixture of 26.5 g (0.0875 mole) of 4A and 466 
ml of 10% hydrochloric acid was heated on the steam bath for 
46 min when a cloudy solution resulted. I t  was filtered through 
Filtercel and was allowed to crystallize overnight. The product 
was filtered and washed with cold water: yield, 18 g (647,); 
mp 202-204' unchanged on recrystallization from water; ultra- 

violet, Amax 259 mM (19,000); infrared, 3 h H  2620, 2540, 
C=C 1605, 1575, 150.5, CO-CN 1245, 1173, 1030; nmr, vinyl 
H singlet a t  396 cps, OCH3 singlet at 229.5 cps. 

Anal. Calcd for CloH27N0.HC1: C, 70.90; €1, 8.77; C1, 
11.02; N, 4.35. Found: C, 70.86; H, 8.89; C1, 10.73; N, 4.49. 

Treatment of 4C with 10% Aqueous HC1.--A suspension of 4C 
(3.03 g, 0.01 mole, mp 145-146") in ,55 ml of 10% aqueous hy- 
drochloric acid was heated on the steam bath for 45 min. The 
resulting cloudy solution was allowed to stand overnight. I t  was 
filtered through Filtercel, cooled, and basified with 15yc sodium 
hydroxide, The product was extracted twice with methylene 
chloride, the extract was washed with salt solution, dried (Nan- 
SO4), and evaporated to give 3.2 g: mp 136-138' (sinters a t  
128'); ~ p ~ , l ~ ~ . 1 ~ b ~ * * e . l ~ o , 2 0 ~  85.670 purity (retention time 6 rnin). 
Crystallization from methanol gave 2.2 g of recovered 4C, mp 
146-146.5", identified by comparison of ultraviolet, infrared, 
and nmr spectra with those of the authentic sample. The 
filtrate was evaporated to dryness and the residue afforded a 
further 0.266 g (mp range 140-146') after chromatography on 
Florisil. 

Hydrogenation of 11 Hydrochloride.-A solution of 11 (1 g, 3.1 
mmoles) in 100 ml of ethanol was hydrogenated in the presence 
of 0.2 g of platinum oxide at  initial pressure of 52.5 psi. Hydro- 
gen (2 moles) was absorbed during 50 min (more than 90% during 
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the first, 25 min). The mixture was filtered and the colorless 
filtrate was evaporated to dryness. The resulting pink oily 
solid was recrystallized twice from methanol-ether to give 220 mg 
(59Yc) of piperidine hydrochloride melting at, 240-242' (sinters 
a t  235" j ,  The ultraviolet, infrared, and nmr spect,ra were iden- 
tical with those of the ailthentic sample. 

In  another experiment run as above, but using 3.2 g (0.01 
mole) of 11 hydrochloride, the crude hydrogenation product was 
dissolved in 100 ml of ether and 50 ml of water. The aqueous 
layer was extract,ed with ether and the combined et,her extract 
was washed with saturated salt solution, dried (Na2Y04), and 
evaporated to give 1.5 g of a yellow oil. Distillation from an 
oil-jacketed flask at  1.5 mm afforded 1.3 g (64%) of 1327 as a 
colorless oil boiling at  140-150": ultraviolet, Xmax 224 mp (9370), 
275 (1640), 284 (1400); infrared, C=C 1615, 1585, 1510, CO 
124<5, 1180, 1040; aromatic, 835, 820; nmr, OCH3 singlet a t  
226.5 cps, benzylic I1 doublet centered at 146 cps with J = 3.5 
cps; vpc,16r~17d~18c~193~2uc 05.67, purit,y (retention time 20 min). 

Anal. Calc,d for ClaE1200: C, 82.30; HI  9.87. Found: C, 
82.44; T-I, 10.23. 
2-(3,4,5-Trimethoxybenzoyl)cyclohexanone was prepared using 

the procedure described in the case of 1. The crude product 
obtained from 2.64 moles of distilled 1-cyclohexen-1-ylpyrrolidine 
and 1.2 moles of 3,4,5-trimethoxybenzoyl chloride in chloroform 
(purified by passage through Woelm basic alumina, activity I )  
did not require purifica1,ion cia the copper complex. It crystal- 
lized from methanol to give the desired l13-diketone in two 
crops: 210.1 g, nip 139-140'; 29.1 g, mp 138-139.5'; yield, 
6S%. The analytical sample melt,ed a t  141-142" (colorless 
needles from methanol): ultraviolet, Xmsx 217 mp (21,300), 285 
(10,000); infrared, C=-0 1695, 1673 cm-l, C=C 1595, 1505, 
CO-CN 1235, 1180, ll(i5, 1140; aromatic, 750, 680. 

Anal. Calcd ior CXr1200j: C, 6R.74; HI 6.90. Found: C, 
6.5.48; H I  6.84. 

2-(Hexahydro-1H-azepin-1-yl )-a-(3,4,5-trimethoxyphenyl)- 
cyclohexanemethanol (14) Hydrochloride.-The reaction was run 
using 2-(3,4,3-triniel,h~isyben~o~l)ryclohexarione (35 g, 0.12 
mole) and hesaniethyleneimine (3.5.6 g, 0.36 mole j as described 
in the case of the synthesis of 4A from 1 and piperidine. The 
hydrogenation mixture 'was filtered through Filtercel and evspo- 
rated to dryness. A solution of the residue in 400 ml of ether was 
stirred with 400 nil of 10% hydrochloric acid for 0.5 hr. The 
restilting suspension x w  filt,ered and the solid was washed with 
ether to give 18.2 g. It  'was crystallized from 250 nil of methanol: 
yield, 16.1 g; mp 244-246" unchanged on further recrystalliza- 
tion; ultraviolet, 225 ish) mp (8250), 268 (757), 276 (608); 

infrared, OH 3180, 4K11 2880, C=C 1595, 1505, 1485, CO--CN 
1240, 1153, 1120, 10.53, 1015; aromatic, 735, 710, 670. 

Anal. Calcd for G ~ H ~ & O 4 ~ H C 1 :  C, 63.83; HI 8.77; C1, 
8.56; E, 3.38. Found: C, 63.95; H, 9.13; C1, 8.47; E, 3.58. 

The aqueous filtrate was separated and extracted with t,wo 
30-ml portions ether (discarded). I t  was then cooled in ice, 
basified, and extracted with methylene chloride. The extract 
was washed with water, saturated salt solution, dried (N*SO4), 
and evaporated to give. 3.2 g of oil. The hydrochloride was 
formed in ether with ei hereal hydrogen chloride and wm crys- 
tallized from methanol: yield, 0.7 g; mp 242-243'. The total 
yield of 14 hydrochloride was 34'7,. 

Treatment of 14 with Sulfuric Acid.-The free base 14 was 
released from 31 g (0.07 mole) of the hydrochloride in the usual 
way. Concentrated nulfnric arid (140 ml) was added all at once 
with st,irring to the resulting oil which was made fluid by warming 
to ca. 30". The mixture warmed up to 38" and was stirred for 4 
hr. It was then a,dded dropwise with stirring and cooling to 
700 ml of water so that the temperature did not rise above 15'. 
Precipitation commenced after about one-third was added. The 
product was filtered and washed witah water: yield of product A, 
4.0 g (13',:,) of 16; mp 230-232", sublimes at 227'. The product 
was soluble in hot water, hot acetic acid, and 100;;: sodium hy- 
droxide and precipitated with scid. 

The filt'rate q-as added to a solution of sodium hydroxide (280 
g )  in 1120 nil of water with stirring and cooling so that the tem- 
peratnre did not rise above 15'. Methylene chloride was added 
(note: in another 1'1111 ether was used instead of methylene chlo- 
ride and was much preferred since no emulsions resulted) and 
the mixtnre was stirred iintil t,he oil dissolved. Water was added 

+ 
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to dissolve the sodium sulfate, the layers were separated, and 
the aqueous portion was extracted with methylene chloride 
(emulsion). The organic extract was washed with water and 
saturated salt solution and filtered through sodium sulfate. 
The cloudy pale yellow solution was evaporated to dryness and 
the oily residue was dissolved in 100 ml of ether and allowed to 
crystallize overnight. The solid was filtered and washed with 
water to give a colorless product B: yield, 1 .I g (3 .65)  of 17; mp 
238-243', discolors a t  195'. 

Ethereal hydrogen chloride (70 ml, 1.5 K j  was added to  the 
ethereal filtrate and the resulting solid was filtered and washed 
with ether. I t  was crystallized from 100 ml of methanol and 800 
ml of ether a t  4" over the weekend: yield, 19.8 g (72r i )  of 15 
hydrochloride; mp 192-195", discolors a t  180'. Recrystalliz- 
ation from methanol gave material melting at 193-194': ultra- 

violet, Xmsx 216 mp (31,300), 261 (12,800); infrared, 3XTI 
2680, 2510, 2480 cm-', C=C 1650; aromatic, C=C 1580, 1500; 
CO-CK 1235, 1150, 112<5, 1000; aromatic, 885, 870, 830. 

Anal. Calcd for C2JLK03.HCl: C, 66.33; HI 8.66; C1, 
8.96; N, 3.54. Found: C, 66.52; HI 8.96; C1, 8.95; K, 3.44. 

The free base 15 was obtained from the hydrochloride in the 
usual way. Two crystallizations from ether-petroleum ether 
(with Nuchar) gave colorless needles: mp 80-81 .So ;  ultraviolet, 
Xmax 217 mp (33,950); 257 (14,300); infrared, C=C 1650, 
1580, 1510, CO 1240, 1130, 1005; aromatic, h95, 875, 845, 815. 

Anal. Calcd for C22H33X03: C, 73.50; H, 9.25; N, 3.90. 
Found: C, 73.55; HI 9.47; N, 3.98. 

Product A was crystallized from 1750 ml of methanol to give 
16 in three crops which amounted to 3.5 g and melted in the 
range 237443': ultraviolet, Xmsx 217 nip (35,600), 252 sh 
(9250); infrared, OH 3420 (weak, br), t-amine 2680, C=C 
1635 (w), aromatic C=C 1575, 1555, 1480, sulfate 1335, 1175, 
1165, CO-CN 1225, 1145, 1115, 105.5, 1040, 1013; aromatic, 
875, 865, 840, 830. 

Anal. Calcd for C S ~ H ~ ~ N O ~ S :  C, 60.12; I€, 7.57; N, 3.19; 
S, 7.30. Found: C, 60.07; TI, 7.66; N, 3.22; SI 7.66. 

Product B (insoluble in 207, sodium hydroxide) was crystal- 
lized from 10 ml of methylene chloride and 40 ml of ether to give 
17 as colorless needles: mp 238-240", raised to 240-242' dec, 
discolors a t  200") on recrystallization; ultraviolet, Xmax 213 mp 
(44,700), 234 sh (12,800), 275 (1350), 282 (11.50); infrared, C=C 
1590, 1365, 1495 cm-l, -SOZ-CO-CS 1335, 1245, 1205, 1170, 
1150, 1110, 1080, 1020; aromatic, 880, 750, 710. 

Anal. Calcd for C22H33SObS: C, 60.12; HI 7.57; N, 3.19; 
SI 7.30. Found: C, 60.31; HI 7.78; N, 3.24, SI 7.36. 

The same three prodncts resulted when 15 wab subjected to 
treatment with sulfuric acid as described above In the case of 14. 
The yields obtained by isolation were as follows: 54@: of com- 
pound 15; 16% of 16, and 5.5% of 17. 

Registry No.-1, 7402-39-3; 3, 13724-42-0; 4A, 
13724-45 3, 4A p toluenesulfonic acid salt, 13724-44-2; 
4A hydrochloride, 13724-43-1 ; 4B, 13724-46-4; 4C, 
13724-47-5; 4D, 13724-48-6; 5,13724-49-7; 6A, 13724- 
50-0; 6A X-trifluoroacetyl derivative, 13724-51-1 ; 6B, 
13724-52-2 : 6B X-trifluoroacetyl derivative, 13724-53-3 ; 

13724-57-7; 9A, 13724-58-8; 9B, 13724-59-9; 9B oxa- 
late salt, 13724-60-2; IOA, 13724-61-3; 10A hydro- 
chloride, 13724-62-4; lOB, 13724-61 -3 ; 10B hydro- 
chloride, 13724-64-6; 10B methiodide, 13724-65-7 ; 
lOC, 13724-66-8; lOD, 13724-67-9; 11 hydrochloride, 
13724-68-0; 12, 13724-69-1; 13, 13724-70-4; 14 hydro- 
chloride, 13724-71-5; 15, 13724-72-6; 15 hydrochloride, 

methoxyphenyl)cyclohexaiieniet.hanol, 835-68-7; 2- 
hydroxy - cy - ( p  - methoxyphenyl)cyclohexanemethanol, 
13724-77-1 ; 1 -cyclohexen-1-yl p-methoxyphenyl ketone 
13724-78-2 ; cis-2- (benzy1aniino)-cy-(p-methoxyphenyl) - 
cyclohexaneinethanol, 13724-79-3 ; cis-2-(benzylamino)- 
a-(p-methoxypheny1)cyclohexanemethanol hydrochlo- 
ride, 13724-80-6; 2-(3,4,5-triniethoxybei~zoy1)cyclo- 
hexanone, 13724-81-7. 

7A, 13724-54-4; 7B, 13724-55-5; 8A, 13724-56-6; 8B, 

13724-73-7; 16, 13724-74-8; 17, 13724-75-9; CY-@ 


