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The syntheses of trans-3-dimethylamino-l-pheii~l-l-propionoxyc~clohe~ane (1 ) and 4(e)-dimethylamino-2(e)- 
phenyl-2(a)-propionoxy-trans-decalin (2) are described. 3-Dimethylaminocyclohexanone (4)  was treated with 
CGH6Li to give tians-3-dimethylamino-1-phenylcyclohexanol ( 5 ) .  Conversion of 5 to 1 was through treatment 
wit,h propionic anhydride in C6HjTU'. Compound 2 was prepared by a similar sequence from 4-dimethylamino- 
trans-2-decalone. Unsuccessful attempts to synthesize the c is  analog of 1 and 9(a)-dimethylamino-2(e)-phenyl- 
2(a)-propionoxy-trans-decalin are briefly discussed. The relative analgetic activities show that 1 has an ED60 
of 63 mg/kg and 2 is inactive at 100 mg/kg; this is compared to morphine having ail EDSO of 1.2 mg/kg in this 
test. 

An examination of published investigations into the 
stereochemical aspects of analgetics reveals that  a great 
deal of the work has dealt with heterocyclic molecules 
related to the 4-phenylpiperidine analgetics such as 
meperidine and the prodines. With few exception*, 
studies on compounds related to meperidines have 
incorporated a 1,4 cyclic relationship wherein the S is 
in a ring and the phenyl and polar functions, an ester or 
ketone, are substituted on the "central" C separated 
from S by two atoms. The proposal by Beckett and 
Casy for the analgetic active site was derived from mor- 
phine and other quasi-rigid models containing a two- 
carbon chain which lies out of the plane of the amine and 
phenyl ring. The receptor surface, of necessity, re- 
quired a cavity to accommodate this chaine2 

I n  an  effort to assess the requirement for an out-of- 
plane chain, t1~a~~s-3-dimethylamino-l-phenyl-l-propion- 
oxy cyclohexane (1) and 4 (e)-dimet hylaniino-2 (e) - 
phenyl-2(a)-propionoxy-ti~a1zs-decalin (2) were s p t h e -  
sized as potential  analgetic^.^ 

1 2 

Compounds 1 and 2 contain the minimum structural 
features for analget,ic activity with one exception : 
there is no "out-of-plane two-carbon chain.'' A com- 
parison of the relative activity of 1 and 2 should also 
yield information on the preferred conformation for 
maximum potency. Compound 1,  being a flexible 
system, can accommodate the receptor and should be 
more active than 2. However, if the activity of the 
rigid model 2 approaches that of 1, then it can be rea- 
soned that the action of l is exerted in the most stable 
conformation as represented in structure 2. 

(1) This work mas supported in par t  b y  Grant  GM-1341, Division of Gen- 
eral Medical Sciences, and b y  Grant  IK3-CA-10739 from the  National Can- 
cer Institutes, Kational Institutes of Health. Taken in part  from the disser- 
t,arion presented by A. A. Ramsey and P. E. Hanna. to  the Graduate School, 
The  Unirersity of Kansas, in partial fulfillment of the requirements for the 
Ph.D. degree. 

(2 )  (a )  A .  H. Beckett and A .  F. Casy. P r o p .  .Wed. Chem., 4, 171 (1965); 
n "Analgetics," G. DeStevens, Ed.,  hcademic Press, S e w  

menclature refers to  the relative orientation of the  polar 
functions; cia or trans 1-OCOEt ' 3 -NMe2.  

The synthesis of 3-dimethylaminocyclohexanone (4) 
(Scheme I) was accomplished by the conjugate addition 
of Me2" to 2-cyclohexen-1-one (3) utilizing conditions 
described for the addition of primary and secondary 
amines to methyl vinyl ketonee4 

Treatment of 4 with C6H5Li according to the method 
of Ziering and Lee5 afforded ti*ans-3-dimethylamino-l- 
phenylcyclohexanol (5). The corresponding cis aniino 
alcohol 6 could not be detected by glpc, columnchro- 
matography, or examination by tlc. Reaction with 
C'6Hj,lIgBr also gave only 5. The structure of 5 was 

igned on the baflis of its ir spectra taken at  various 
concentrations in CS2. These spectra shon-ed only a 
,ingle non-H-bonded OH band at  3604 cni-' n hich did 
not disappear upon dilution to very low concentration,.fi 
The absence of intramolecular H bondingindicates there- 
fore that OH and 1leJ groups in 5 are lraiis. 
Esterification of 5 was carried out smoothly in refluxing 
pyridine-propionic anhydride7 to give 1 in 607, yield. 

The synthesis of the cis isomer 6 was attempted by 
several routes. C6H& addition to the monoketal of 
1,3-cyclohexanedione (7)s gave 7-phenyl-1,4-dioxaspiro- 
[4.3]-7-decanol (8). Treatment with dilute HCl af- 
forded the best yield (-20%) of the ketone 9, the nia- 
jority of the product being the elimination reaction to 
give the conjugated ketone. 

Treatment of 9 with S a B H J  afforded cis- and ti.ans-3- 
hydroxy-1-phenylcyclohexanol (10 and 11) in a 1 :1 
ratio. The two isomers were separated by column 
chromatography and their structures were assigned on 
the basis of the order of their elution from the column 
and nnir data. I r  studies were not employed beca1i.e 
of the low solubility of the compounds in nonpolar 
.olvents. I*omer 10 (mp 136-137') was the first 
compound eluted from the column; the nmr spectrLini 
shows the 3 proton deshielded to S 4.18 by the 3-OH and 
the observed half-band width of 11 Hz is that  expected 
for an equatorial p r o t o ~ i . ~  Isomer 11 (mp 137.3-136') 
was eluted from the column with more polar solventb 
indicating stronger binding to the silica gel matrix. 

(4) N. C. Ross and R. Levine, J .  Org. Cliem., 29, 2346 (1964). 
(5) A. Zieringand J. Lee, i b i d . ,  12, Y11 (1947). 
( 6 )  J. R.  Dyer, "Applications of Absorption Spectroscopy of Organic Com- 

( 7 )  .I. H. Beckett, -4. F. Casy, G. Kirk, and J.TValker, J .  Pharm. Phnrmu- 

(8) R1. P. Rlertes, J .  Org. Chem., 26, 5236 (1961). 
(9) S .  S. Bhacca and D. H .  Williams, ".lpplications of S R f R  Spectroscopy 

in Organic Chemistry," Holden-Day. San Francisco, Calif., 1964: (ai p i9: 
(b) p 47. 

pounds," Prentice-Hall, Engleirood Cliffs, S .  J.. 1965, p 36. 

col . ,  9, 939 ( l Q 5 i ) .  
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gate additions of SH3, Me2", and Sax3 to A1g9-2- 
decalone which wa3 prepared according to the method 
of Stork and coworkers. l4  S o n e  of these Nicharl-type 
reactions proved to be a satisfactory method of obtain- 
ing a useful intermediate. 

An alternate route to the 9-axial amino-trans-decalin 
system was through Hoffman rearrangement of a 9- 
carboxamide moiety. For this purpose, the Michael 
addition of K C S  to i11~g-2-decalone was performed 
according to the methods of Sagata  and coworkers'j to 
afford a mixture of 9-cyano-cis-and-trans-2-decalones 
(17). The mixture of cyanodecalones was allowed to 
react with ethylene glycol to form the corresponding 
mixture of ethylene ketals. The isomers were separated 
by fractional crystallization to yield the desired 9(a)- 
cyano-trans-2-decalone ethylene ketal (18). l5 How- 
ever, all efforts to hydrolyze 18 to the corresponding 
carboxaniide in refluxing SaOH-H202 mixtures afforded 
only unchanged 18. 

The hynthesis of 9-carboxamide-trans-2-decalone (19) 
was accomplished by the procedure of 3Ieyer and 
Schnautz16 which involves addition of K C S  to the olefin 
in a l leOH-H20 medium. The resulting mixture of 
9-carboxamide-cis- and -trans-2-decalones was separated 
by fractional cryQtallixation to afford 19. When 19 mas 
treated with ethylene glycol in order to prepare the 
ethylene ketal, the only product which could be isolated 
was the 2-(P-hydroxy)ethoxy-y-lactam 20, character- 
ized by the ir spectrum which exhibits a lactam carbonyl 
band a t  1692 em-' and does not contain the "amide I1 
band'' in the 1 5 S 7 - ~ m - ~  region which is characteris- 
tically present in the spectra of primary amides. The 
formation of 20 13 not surprising in view of the findings 
of Meyer and Schnautz16 who reported that 19 exists in 
iolution almost exclusively as the hydroxylactam. 
Kagata and coworkers" reported formation of similar 
ethylene glycol derivatives when the syntheris of the 
ethylene ketals of some 3-keto steroids containing a 5- 
carboxamide substituent was attempted. 

Protection of the carbonyl group of 19 by formation of 
the dimethyl ketal was also unsuccessful. The ethylene 
dithiolietal of 19 which had been previously reported16 
was prepared, but treatment of this compound under 
Hoffman conditions (Br2 and SaOCH3) did not afford 
any identifiable products. Hoffman rearrangement of 
the unprotected keto amide 19 was also unfruitful. 

Biological Results.-The analgetic activity of 1 and 2 
was examined by the mouse hot plate method using 
subcutaneous administration. l8 Compound 1 had an 
EDjo of 63.6 mg/lig (55.1-73.4 mg/kg) with an onset of 
4 min, peak of 26 min, and duration of 135 min. Com- 
pound 2, the analogou, 2,4-tims-decalin was inactive up 
to 100 mg kg. Compound 1 has marginal activity 
compared to morphine and codeine (ED50 = 1.2 and 
7.3 mgllig). The failure to observe any significant 
activity in the rigid analog 2 would suggest that 1, 

(14) G Stork, 1 nrizzolaru J Smuskoiicz, and R Terrell, J Amer. 

(15) \V Nagata,  I Kikkana, and &I. Fujimoto, Chem Pharm Bull 

(16) V. L Sfejer and N. G Schnautz. J .  Org Chem., 27, 2011 (1962) 
(17) IT -  Nagata,  S Hirad, H. Itazaki,  and K Takeda, zbzd , 26, 2413 

(1961). 
(18) The  authors \ \ i sh  t o  thank Dr. E L May of the  Kational Institutes of 

Health for testing these compounds The  methods used are described in the 
folloiring references (a) & E Jacobson and E L. M a l ,  J M e d  Chem. 8 ,  
563 (1965) (b) N B Eddi  and D Leimbach, J Pharmacal Ezptl T h e r a p ,  
107, 385 (1933). 

Chem Soc , 8 6 ,  207 (1963) 

(Tokjo) ,  11, 226 (1963) 

being a flexible system, is exerting it. action in a con- 
formation other than the preferred a<  shonn. How- 
ever, the relevance of these conclu4ons t o  analgetic 
activity is subject to question since 1 has only marginal 
activity and the hot plate test doe. not necesqarily re- 
flect analgetic properties. 

Experimental Sec tionI9 
3-Dimethylaminocyclohexanone (4).---4 d u t i o i i  of 20.0 I: 

(0.21 mole) of 2-cyclohexen-1-one in 75 ml of Et20 was added 
dropwise with stirring to  an Et20 solution of aiihydroiis hle2SH 
(34.0 g, 0.75 mole) in an ice bath. The wlutioii was stirred 
for 2 hr at  0-5'. E t 2 0  and excess M e S H  vere evaporated 
under S2 to afford 4 as a brown oil which Tva> utilized in the next 
reaction without further purification. The picrate of 4 was pre- 
pared in and recrystallized from EtOH, nip 128.0-128.5O (lit'.20 

trans-3-Dimethylamino-1-phenylcyclohexanol (5).-*4 solu- 
tion of critde 3-dimethylaminocyclohesalloue (4) 10.21 mole) 
in 50 ml of dry Et20 was added dropwise with stirring to 0.30 
mole of freshly prepared C&& in an ice bath. After addition 
was complete, the mixture was stirred overnight at 25". The 
reaction mixtiire was cooled and 100 ml of HtO was added drop- 
wise with ,Ltirriiig. The Et20 and HgO layer- lvere filtered to 
afford 22 g of crude 5 ,  mp 129-132". A n  additional portion of 5 
was obtained by extraction of the aqueous layer with CHCl,. 
The combined organic portions were extracted w-ith 200 nil of 
5% HCI. The HC1 extract was made basic with 5% XasCOs 
and ext,racted with CHC13. The CHCla layer was washed with 
H20, dried (1fgS04), and evaporated t o  afford a dark liquid 
which was dissolved in acetone and filtered with Souit. Addi- 
tion of Et20 to t,he filtrate resulted in precipitation of 5.02 g of 5 ;  
total yield was 60% from 2-cyclohexeii-1-one. The product 
was recrystallized from Et20 and from MeAc C6H12, mp 136- 
137". A sample was purified for elemental aiialj 
tion [ looo (0.15 mm)],  mp  136-137". Anal .  I C ~ ~ H I I N O ) ,  
C, H, N. 
trans-3-Dimethylamino-l-phenyl-l-propionoxycyclohexane (1 ). 

--A solution of 3.0 g (0.013 mole) of 5 i i i  20 ml of anhydroii.; 
CjHs?j and 20 ml of (EtCO),O x-as stirred at 120' for 12 hr. 
The reaction mixture was cooled to  25", poured into an iced 
rollition of dilute S H 4 0 H ,  and extracted with Et&. The Et20 
extracts were washed with H20,  dried (LlgSOr). and evap- 
orated in vacuo to afford a dark liqiiid which was chromato- 
graphed on alumina. The coliimn wa.< elnted ivith C ~ H I ~ - C ~ H ~  
and CsH~-EtOAc mixtures to yield 2.16 g (6OC; j of 1. The met,h- 
iodide of 1 was prepared in Et20 and recr>-stallized from EtOBc- 
MeOH, mp 207.5-208.5'. Anal. (ClsHJK02) C, H,  S.  
3-Hydroxy-3-phenylcyclohexanone (9),-A4i~ Et& d u t i o i i  of 

1,4-dioxaspiro[4.5]-7-decanoiies (7) (11.0 g. 0.07 mole) was added 
dropwise n-ith stirring to an Et20 siispeiisioii of freGhlj- prepared 
C6HsLi (0.15 mole) cooled in an ice bath. -4fter addition the 
reaction mixtiire was stirred at 25' for 3 hr. The reaction flask 
was again cooled and the mixture was deconipohed by dropwise 
addition of H20. The Et20 layer wa- >eparated and dried 
(1fgSO4). Removal of the solvent afforded cntde 8 a- a brown 
liquid.8 

The alcohol 8 was dissolved in 50 nil of Et20 and stirred for 4 
hr at 25' with 130 ml of 5% HCI. The layer- were separated 
and the aqueous layer was extracted with several portions of 
E t20 .  The E t 2 0  extracts were combined and dried (hfgSOd), 
and solvent was removed in vacuo. Trituration of the liquid 
residue with a small volume of Skellysolve B and EtYO afforded 

102-103", 131-132'). Anal. ( C ~ ~ H ~ ~ S . O S ) C ,  H, X. 

(19) .ill melting points were taken on the Thomas-Hoover capillary melt- 
ing point apparatus and are corrected. .Inalyses ivere performed b y  Mid- 
west SIiorolab, Inc. ,  Indianapolis, Ind.,  11s Weiler and Straoss JIicroanalg-ti- 
cal Laboratory, Oxford, England, by Bernhardt 11icroanalytical Labora- 
tories, RIuhlheim, Germany, and on an  F & 31 3Iodel 183. University of 
Kansas. I r  spectra were recorded on Beckman IR-8 and IR-10 spectro- 
photometers, nmr spectra on Varian -1-60 and .1-60.4 anal>-tical spectrometers 
with RIerSi as internal standard. U s  spectra were recorded on the Beckman 
DU spectrophotometer. Unless noted in the Esperimental Section the  nmr 
and ir spectra irere as expected. Where analyses are indicated only by sym- 
bols of the elements, analytical results ohtained for those elements are within 
&0.4Yo of theoretical. 

(20) (a) R1. Rlousseron, R.  Jacquier, A. Fontaine. and R .  Zagdoun, Bull, 
Soc. Chim.  Fr., 1246 (1954); (b) U. Rruckhardt, C. A .  Grol), and H. R. Iiiefer. 
Helc.  Chim. A c t a ,  60, 231 (1967). 




