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An assessment of the requirement for a 2-C chain separating the central quaternary C from the amino group 
in compounds possessing analgetic activity was undertaken by the synthesis of cj's-3-dimethylaminomethyl-l-
phenyl-1-propionoxycyclohexane (1), £rans-3-dimethylaminomethyl-l-phenyl-l-propionoxycyclohexane (2), 
9(a)-dimethylaminomethyl-2(e)-phenyl-2(a)-propionoxy-irans-decalin (3), 4(a)-dimethylaminomethyl-2(e)-
phenyl-2(a)-propionoxy-£rans-decalin (4), 4(e)-dimethylaminomethyl-2(e)-phenyl-2(a)-propionoxy-(rams-deca-
lin (5), and 4(e)-dimethylaminomethyl-2(a)-phenyl-2(e)-propionoxy-Jrans-decalin (6). Conversion of the ethyl 
ketal of 3-nitromettrylcj-clohexanone 8b into the primary amine 9, reductive methylation to give 10, and de-
ketalization produced 3-dimethylaminomethylcyclohexanone (11). Addition of PhLi afforded both cis- and 
<ran,s-3-dimethylaminomethyl-l-phenylcyclohexanol (12 and 13), which were esterified with propionic anhydride 
to produce cis- and Jra»s-3-dimethylaminomethyl-l-phenyl-l-propionoxycyclohexane (1 and 2). Compound 3 
was prepared by reduction of 9(a)-cyano-/ra»s-2-decalone ethylene ketal (15) to the amine 16, methylation, and 
deketalization to form 9(a)-dimethylaminomethyl-irara«-2-decalone (18). PhLi addition to the ketone afforded 
only 9(a)-dimethylaminomethyl-2(e)-phenyl-2(a)-hydroxy-frares-decalin (19). Esterification with propionic 
anhydride afforded 3. The series 4-6 was prepared by Michael addition of CN~ to £rans-A3-2-octalone (21) 
followed by conversion into the ketal 23. LAH reduction of the nitrile 23, methylation of the resulting primary 
amine, and deketalization followed by reaction with PhLi gave 4. Epimerization of 4(a)-cyano-(rans-2-decalone 
ethylene ketal (23) to 4(e)-cyano compound 28 was accomplished with strong base. Reduction to the primary 
amine, methylation, conversion into the ketone 4(e)-dimetnylaminomethyl-(rans-2-decalone (30), and treatment 
with PhLi produced the isomeric alcohols 4(e)-dimethylaminomethyl-2(e)-phenyl-2(a)-hydroxy-frans-decalin 
(31) and 4(e)-dimethylaminomethyl-2(a)-phenyl-2(e)-hydroxy-(rans-decalin (32). These were esterified to 
yield 5 and 6. The analgetic activity by the mouse-hotplate method showed 1, 4, and 5 to have an ED.-.o ranging 
from 48 to 70 mg/kg with highest activity in 1 which was one-fifth as potent as codeine. Compounds 2, 3, and 
6 were inactive at 100 mg/kg. 

The classical structure-activity relationships for 
analgetics show few exceptions to the 2-C chain that 
separates the amine function and the central quaternary 
carbon.2 In view of the recent concepts of multiple 
analgetic receptors or at least different modes of binding 
to a single receptor3 the "2-C" requirement is of in­
terest. In an effort to examine this relationship, 
compounds have been designed that fulfill all of the 
classical requirements except the 2-C chain. 

For this purpose a's-3-dimethylaminomethyl-l-
phenyl-1-propionoxycyclohexane (l),4 irans-3-dimethyl-
aminomethyl-1-phenyl-l-propionoxycyclohexane (2), 
9(a)-dimethylaminomethyl-2(e)-phenyl-2(a)-propion-

(1) This work was supported by Grant GM-1341. Division of General 
Medical Sciences, and by Grant CA-10739 from the National Cancer Insti­
tutes, National Institutes of Health. Taken in part from the dissertations 
presented by A. A. Ramsey and P. K. Hanna to the Graduate School of the 
University of Kansas in partial fulfillment of the requirements for the Doctor 
of Philosophy Degree. D. D. Miller was supported by the National Science 
Foundation as an undergraduate research participant. For a related paper 
see M. P. Mertes, P. E. Hanna, and A. A. Ramsey, J. Med. Chem., 13, 125 
(1970). 

(2) (a) A. H. Beckett and A. F. Casy, J. Pharm. Pharmacol., 6, (1954); 
(1>) A. H. Beckett and A. F. Casy, Progr. Med. Chem., 4, 171 (1965). 

C!) (a) P. S. Portoghese, ./. Med. Chem., 8, 009 (1905); (b) P. S. Por­
tugese . J. Pharm. &'«'., 55, 865 (1966). 

i'4) ci*-trans nomenclature in this work refers to the relative orientation 
of the phenyl and the dimethylaminomethyl groups. 

oxy-£?-ans-decalin (3), 4(a)-dimethylaminomethyl-
2(e)-phenyl-2(a)-propionoxy-<rans-decalin (4), 4-(e)-
dimethylaminomethyl-2(e)-phenyl-2(a)-propionoxy-
irans-decalin (5), and 4(e)-dimethylaminomethyl-2(a)-
phenyl-2(e)-propionoxy-frans-decalin (6) were syn­
thesized for appraisal of their analgetic potency. 
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Each of these compounds displays a 3-C separation 
between the central C and the tert iary ammo-group. 

The synthesis of 1 and 2 (Scheme I) was a t tempted 
initially via the cyano ketone 7. prepared by CX 
addition to 2-cyclohexenone catalyzed by XH4CF' or 
I'i'om acetone cyanohydrin;11 HOX and Et3Al failed to 
give 7.;' After conversion of 7 into the ketal 8a. Ra Xi 
reduction to the amine 9 followed by methylation with 
CLLO XaBHi produced 3-dimethylaniinomethylcyclo-
hexanone ethylene ketal (10).' 

Because of poor yields in the formation of 7 and 8 an 
alternate procedure via MeXOL. addition to 2-cyclo­
hexenone was employed.7 3-Xitromethylcyclohex-
anone" was converted into the ketal 8b which \va.» 
reduced to give the amine 9 in high yield. 

SCHKMK [ 

Q () 
8a, R = CX 

b, R = CH2NO, 
9, R = CH,NH, 

10, R = CH,NMe 

CRN Me 

CHXMe 

R'O'' ^Ph 
12, R' = H 

1. R' = COEt 

CHN.Me 

R'O-- "-Ph 
13, R'=H 
2. R'=C0Et 

Reductive methylation7 to 10 folioweil by acid 
hydrolysis of the ketal gave 11. The addition of PhLi1' 
gave the cis (12) and trans (13) isomers4 in a 1:1 ratio. 
After separation on neutral alumina the ir spectra of the 
rin isomer 12 showed the unbonded OH at 8618 cm""1 

and an intermolecular bonded OH at 3430 c m - 1 which 
disappeared on dilution. The ir spectra of the Iran* 
isomer 13 showed the free and bonded OH at 3(>20 and 
3380 c n r 1 ; the 3380 cm" 1 band did not disappear on 
dilution indicating intramolecular H bonding to the 
amino group.1" 

Esterification of 12 was accomplished with (EtCO)4) 
in C5H.-,X" and with EtCOCl and C.-,H.-,X in toluene at 
2.")° to give 1. Esterification of 13 to give 2, however, 
was accomplished with (EtCO)^.) in C.-,H,-,X and re­
quired refluxing. 

The synthesis of 3 (Scheme II) utilized CX~ addition 
to A l '9-2-octalone12 giving a mixture of cis- and trans-'i)-
cyano-2-decalone (14). l 3 After formation of the ketal 
the trans isomer 15 was purified by recrystallization. i : i 

Reduction of 15 by LAH to the amine 16 was followed 
by reductive methylation to give 17. After deketaliza-
tion, PhLi addition to the ketone 18 gave only one 
isomer, the amino alcohol 19. I r dilution studies showed 

ijiinoi... Chem. I'h.trm Hull.. 11 , 2211 

XI,. III.el,eh. Khn,,.. 24, li'.l) , 1951 i; 

.")! W. Nni iam. I. Kikkawa an.I >. 
I'.IH.'i;. 

IK \ . Nu/.umv an.I S. I. / a n 'ya 
./. Gen. Chan. r. .S.,S./t\ , 24, 475 (195-lj. 

i7) II. M i n a t o and T . Nagasak i . ./. Chem. . W . C. 18tili illliii.il. 
(8) A. M c C o u b r e y . ibid., 2931 (1951). 
(9) A. Zier ins jand J. Lee, J. Org. Chem.. 12, 911 (1947). 
I 10) M. Tir-hy, Adrnn. Org. Chem.. 5, 115 <19B5|. 
i l l ) A. II. Ki-i-kc-ll. A. I . ( ' » , ; (I, Kirk, un.l .1. Walker , ,/. I'h.ir,,, 

Charmuce,!.. 9, 9H9 (1957l. 
|12> CI. S tork and II. I . andcsman, ./. Amir. Che,,,. S,,,\. 78, 5128 J95 IK. 
ii:!l W. N'aaata and I. Kikkawa, Ch,m. l'l„irm. Hull.. 11 , 289 i um:.i 

an intramolecular bonded OH a1 3180 cm ' that did 
not shift on dilution.1" Thus the aminomet hyl and OH 
groups of 19 are ris diaxial. 

In an at tempt to alter the stereochemistry of the 
addition of C,;IL,Li to a rigid ketone, a serie.- of reactions 
were undertaken to determine the effect of Lewis acids 
on the stereochemistry of this addition. Lewis acids, 
it was reasoned, would complex with ketone and should, 
as the complex, alter the stereochemistry of the addi­
tion. The reaction of 4-/-butylcyclohexanone with 
PhLi in the presence of A1CL. BE:i. or no Lewis acid, by 
normal addition or inverse addition all produced 4-/-
butyl-1-phenvlcyclohexanol in approximately a o8:42. 
cis:lraus ratio. It was concluded from this data that 
Lewis acids do not appreciably affect the stereochem­
istry of 1'hLi addition to ketones. 

Esterification of 19 to give 3 was accomplished with 
relative ease using propionic anhydride in C.-,H-,X. 
Attempts to prepare the Mel salt for analysis were 
unsuccessful presumably due to severe sferic hindrance. 

S( I IK Ml-; I I 

Me-XCH. 

H 
15, R = CN 

16, R = CH,ML 
17.R = CH,NMe. 

H 
18 

Me.XCH- OR' 

~*Ph 

H 
19. R' = H 
3. R' = COEt 

Lor the synthesis of the 4-substituted /m//.s-2-decalol 
series (4, 5, and 6), (Schemes III and IV), the most 
direct approach seemed to be a .Michael addition of 
CX"" to //M7/.v-A:!-2-octalone (21). It was readily 
synthesized from /m/Ks'-2-decalone by bromination in 
HOAc, yielding the bromo ketone 20 followed by dehy-
drohalogenation. LLC03 and LiBi' in DAIF14 proved 
superior to either CaCOs in refluxing ACX'Meo,1'' or 
refluxing *-collidine. Catalytic hydrogenation of 21 
produced i/W(x-2-decalone supporting the stereochemi­
cal assignment. 

The conjugate addition of CX from acetone eyano-
hydrin1'' produced cyano ketone 22 which was treated 
directly with ethylene glycol and /)-toluenesulfonic 
acid in (.\H6 to produce 4(a)-cvano-iV<7//.s-2-decalone 
ethylene ketal (23). 

The CX function of 23 was shown to be axial by mnr; 
the proton at position 4 is deshielded by the nitrile to 
2.90 ppm. out of the ( T E envelope. The half-band 
width of 10.") Hz is tha t expected for an equatorial 
proton at position 4, The cyano ketal 23 was reduced 
to primary amine 24 with LAH followed by methylation 
with C I ' L O XaBII , to yield 4(a)-dimethylamino-
methyl-(/'tt//.s,-2-decalone ethylene ketal (25). 

The amino ketone 26 was obtained by hydrolysis of 
amino ketal 25 in aq HC1. Addition of ketone 26 to 
PhLi produced 4(a)-dimethylaminomethyl-2(e)-

1 I i K. .1. ( i i r f ; 
9 05). 

15) <K I". II (li-

ii't V IK Uor t inan , ./. A trier. Chem. Soc, 87, 57:ili 

i and V. ( . . I.cjna. ./. Chem. Sue. 2532 ilHBI I. 

illliii.il
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SCHEME III 

r-^r .0 

20 

LV 
CN 

22 

CH2NMe2 

26 

23, R = CN 
24, R = CH2NH, 
25, R = CH2NMe2 

*0 

CH2NMe2 

27, R' = H 
4, R' = COEt 

phenyl-2(a)-hydroxy-frans-decalin (27) as the only 
isomer formed. The ir spectra of very dilute solutions 
of 27 showed broad bonded OH absorption which did 
not disappear upon further dilution. This demonstrates 
the existence of strong intramolecular H bonding due 
to the cfs-diaxial orientationof the 2-OH and4-dimethyl-
aminomethyl groups. 

Esterification of 27 was readily accomplished in 
(EtCO)20-C6H6N to afford 4 in 66% yield. 

The 4-axial cyano ketal 23 also provided the depar­
ture point for the synthetic sequence leading to 5 and 6 
(Scheme IV). Epimerization of 23 to 4(e)-cyano-

SCHEMI: IV 

23 

CN 

28 

CH2NMe2 

29 

Ph 

CH2NMe2 

30 

OR' 

CH2NMe2 

31,R' = H 
5, R' = COEt 

OR' 

Ph 

CH2NMe2 

32,R' = H 
6, R' = COEt 

2-decalone ethylene ketal (28) took place smoothly in 
the presence of NaH in refluxing toluene. The nmr 
spectrum of 28 shows that the 4 proton geminal to 
the CX group has moved upheld and is under the 
<rafts-decalin envelope. This observation is consistent 
with the general rule that axial ring protons absorb at 
higher field than do their equatorial counterparts.16 

Reduction of 28 with LAH followed by methylation 
gave 29. Hydrolysis of 29 in aq HC1 resulted in 
smooth conversion into ketone 30. Treatment of 30 
with PhLi afforded 4(e)-dimethylaminomethyl-2(e)-
phenyl-2(a)-hydroxy-<mr?s-decalin (31) and 4(e)-di-

(16) N. S. Bhacca and D. H. Wiliiams, "Applications of NMR Spectros­
copy in Organic Chemistry," Holden-Day, San Erancisco, Calif., 19G4, p 79. 

methylaminomethyl-2(a)-phenyl-2(e)-hydroxy-£raiis-
decalin (32) in a ratio of 2:1. The isomers were 
separated by column chromatography on AI2O3. Axial 
alcohol 31 was readily eluted from the column and was 
isolated as a viscous material which could not be 
crystallized. More polar solvent mixtures were re­
quired for the elution of the minor isomer 32 which was 
a crystalline solid. 

In order to confirm the axial phenyl configuration, 32 
was subjected to treatment with aq acid. Tic and 
column chromatographic analysis of the resulting 
products gave an unknown material presumed to be the 
dehydration product and equatorial phenyl isomer 31. 
None of the starting axial phenyl isomer 32 was de­
tected in the reaction mixture. This epimerization of 
32 to 31 verifies the assigned stereochemical configura­
tions of the alcohols. 

Esterification of 31 was achieved in refluxing 
(EtCO)sO-CsH8N to afford 5 in 25% yield. In the 
same manner, 32 was converted into the propionate 6 in 
70% yield. The greater ease of esterification of 32 
over 31 probably reflects the enhanced reactivity of the 
less sterically hindered equatorial alcohol. 

Biological Results.—The analgetic activity of these 
compounds was examined by the mouse-hotplate 
method using subcutaneous injection;17 the results are 
shown in Table I. In the flexible cyclohexyl models 1 

Compd 
Codeine 
Morphine 

1» 
2b 

3" 
¥ 

')" 
& 

33 c^ 
" See ref 

' Tested as 

H
I 

ratios 
5.6 
1.0 

29 

32 
47 

52 

17. b 

TABLE I 

ANALGESIC POTENCY 

ED50 mg/kg (range) 
7 .5 
1.2 

59.5 (50.1-70.6) 
Inactive to 100 mg 
Inactive to 100 mg 
48.5 (42.7-55.1) 
70.1 (59.0-83.3) 
Inactive to 100 mg 
63.6 (55.1-73.4) 

Tested as the cvclohex 
the free base. d See ref 1. 

a 

Onset 

5 

7 
6 

4 

anesulf 

Pea 

28 

39 
41 

26 
imic 

Dura­
tion 

£ (min) 

194 

176 
164 

135 
acid salt. 

and 2 the isomer with the Ph and Me-iNCH> groups cis-
diequatorial 1 was active while the isomer 2 with Ph 
axial and the ester and aminomethyl groups diequatorial 
(preferred conformation) was inactive. Compound 1, a 
homolog of the Me2N analog 33 (EDi0 63 mg/kg)', is 
almost twice as active as 33 when considered on a molar 
basis. 

acKt 

Ph 

O/'Et 

Ph 

NMe, 

33 

NMe, 

34 

Activity in the decalin series shows the 2,4-phenyl 
axial decalin analog 6, a rigid model of the cyclohexyl 
analog 2, is also inactive. Both the 2,4-phenyl equa-

(17) The authors wish to thank Dr. E. L. May of the National Institutes 
of Health for testing these compounds, The methods used are described in 
tiie following references, (a) A, E. Jacobson, E. L. May, J. Med. Chem.. 8, 
503 (196o); (b) N. H. Eddy and D. Leimbach, J . Pharmacol. Exp. Ther., 
10T, 385 (1933). 
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torial decalin analogs with the aminomethyl at 4 either 
axial (4) or equatorial (5) are active; highest activity in 
this series is found in the 4-axial isomer 4. This 
contrasts with the inactivity of 34. 

The unexpected inactivity of the 2,9-decalin isomer 3 
is difficult to rationalize since it is analogous to structure 
4 having Ph equatorial with the aminomethyl and ester 
functions 1,3-diaxial. Thus, as shown in 35, the 

0 

'MebXV ()"N\H, 

dashed portion of the structure interacts with the 
receptor (4, ED60 = 48 mg/kg) while the dotted 
portion 3 prevents receptor interaction. 

Another reason for the inactivity of 3 is that both 3 
and 4 having 1,3-diaxial interaction, may prefer the 
twist boat form. Models representing these deformed 
structures show a much greater flexibility and range for 
the 4-dimethylaminomethyl group in 4 as compared 
with the rigidity of this group in 3. 

Experimental Section18 

3-Cyanocyclohexanone (7). Method A. KCN-NH4C1 in 
DMF.—A solution of 2.40 g (0.025 mole) of 2-cyclohexen-l-cme in 
60 ml of DMF was added to a solution of 3.30 g (0.050 mole) of 
KCN and 2.24 g (0.038 mole) of NH4C1 in 60 ml of H 2 0. This 
solution was stirred for 50 hr at room temperature under X2, 
neutralized with HOAc, and evaporated in vacuo. The residue 
was partitioned between C6He and H20. The aq portion was 
reextracted with CeH6 and the combined CeH6 extracts were 
washed with H 20, dried (MgSCU), and evaporated to yield a green 
liquid which was chromatographed on AI2O3 (Woelm, Grade I i. 
Elution with C6H,-Skellv B (bp 63-68°) mixtures produced 0.68 
g (22%) of 7. 

Method B. Acetone Cyanohydrin and Na2C03 in Aqueous 
MeOH.—A solution of 10.0 g (0.10 mole) of 2-cyclohexen-l-one 
and 11.1 g (0.13 mole) of acetone cyanohydrin in 30 ml of MeOH 
was added to a solution of 0.75 g of anhydrous Xa2C03 in 12 ml of 
M20. The resulting suspension was refluxed at 80° for 3 hr, 
cooled, and extracted with CHC13. The CHC13 extracts were 
washed with H20, dried (MgSOi), and evaporated. The residue 
was chromatographed on A1203 (Woelm, Grade I) ; elution with 
Skelly B (bp 63-68°)-CHCl3 mixtures afforded 6.12 g (50%) of 
relatively pure 7. 

The 2,4-dinilrophenylhydrazone of 7 was prepared in the nor­
mal manner and recrvstallized from dioxane-H20, mp 211°. 
. 1 rial. (C13H,3No04) C, H; X, calcd 23.09, found 22.62. 

3-Cyanocyclohexanone Ethylene Ketal (8a).—A solution of 
3.22 g (0.03 mole) of 3-cyauocyclohexanone (7), 2.20 g (0.035 mole) 
of ethylene glycol, and 50 mg of p-toluenesulfonic acid in 30 ml of 
dry GiHfi was refluxed for 48 hr under a Dean-Stark water trap. 
The reaction mixture was cooled, concentrated, chromatographed 
on A1203 (Woelm, Grade I), and eluted with C6H6 to vield 1.00 g 
(20%) of 8a. 

0 8) All melting points were taken on a calibrated Thomas-Hoover 
capillary melting point apparatus. Analyses were performed by Drs. G. 
Weiler and F. B. Strauss, Oxford, England, by Midwest Microlab, Inc., 
Indianapolis, Ind., and on an F & M Model 185, University of Kansas. 
Lawrence, Kan. Spectral data were obtained using Beckman IR-8, IR-10, 
Varian A-tiO, and A-60A spectrometers. The latter used Me^Si as an internal 
standard except in DA) where :}-triniethylpropanesulfonic acid sodium salt 
was employed. The nmr spectra were as expected. Where analyses are indi­
cated only by symbols the elements are within 0.4% of the theoretical 
values. 

MKUTI- .S , liAMSt.V, H\NN.\ , AM) Mll.l.l.K 

3-Nitromethylcyclohexanone Ethylene Ketal (8b). A solution 
of crude 3-nitrometlrylcyclohexanoneR (0.23 mole), 17.40 g (0.2s 
mole) of ethylene glycol, and0.50 gof p-toluenesulfonic acid in I."id 
ml of CAh was refluxed for 18 hi- under a Dean -.Stark water 
leap. A solution of 0.70 g of XaOH in dry MeOH was added to 
neutralize the acid, H / ) was then added, and the C "nil u layer was 
separated. The C,-,H6 extracts were combined, washed (!l2l% 
dried (MgSCii, and evaporated leaving a brown oil. This oil 
was chromatographed on 100 g of Al/) ;; (Woelm, Grade 1 i and 
eluted with Cell,-, to vield 30.s g Mis', from 2-cvcIoliexeu-l-one) 
of 8b. 

3-Dimethylaminomethylcyclohexanone Ethylene Ketal (10). 
Method A from 8a. - A solution of 2.11 g (0.013 mole) of 3-cyano-
cyclohexanone ethylene ketal (,8a) in 100 ml of KtOIl and 20 ml of 
concentrated XHiOH was hydrogenaled over 3.(1 g of V\'-2 Ka 
Ni at 1 aim for 12 hr. The catalyst was removed by (titration 
and the; filtrate evaporated in aw no to give 9 as a light green 
syrup. This syrup in 60 ml of MeOH was stirred with 3.6 nil 
(0.044 mole) of 37' , 011/> solution for 2 hr at room temporal tire. 
XaBILi (5.4 g, 0.14 mole' was added in small portions to this 
stirred solution over a 45-min period at 10- 20° in an ice bath wit h 
stirring. The stirring was continued for 5 hr at room tempera­
ture. MeAc (36 ml) was added dropwise to this mixture in an 
ice bath to decompose the excess XaBlE and the solution was 
stirred overnight. The reaction mixture was poured into ice 
H 2 0 and extracted with CHOI:;. These extracts were washed 
with 11/), dried (MgSOj.), and evaporated to give a liquid which 
was distilled under reduced pressure to vield J .OS g ( 4 2 ' , ; of 
10; bp46° (0.15 mm I. 

Method B from 8b. A solution of 17.06 g (0.085 mole) of 3-
nitromethylcyclohexanone ethylene ketal (8b) in 150 ml of EtOI! 
was hydrogenaled over 1.5 g of 5% Pd-C for 3 hr at I aim. 
Filter-eel was added and (he catalyst removed to leave 14.10 g 
(98%.) of 9 as a light yellow oil; bp57° (0.0s mini. 

The picrate of 9 was prepared in E i 2 0 and recrystallized front 
EtOH, mp 200 201.5°. A mil. (C,;,H20X.,O,) C, H, X. 

O H / ) solution (37' ,, 7.8 ml, 0.096 mole) was added to it stirred 
solution of 4.50 g (0.020 mole) of 9 in 130 ml of dry MeOH and 
the solution was stirred for 1.5 hr at room temperature. XaBIH 
(11.7 g, 0.31 mole) was added in small portions to this mixture 
during 40 min at 10-20° in an ice bath with stirring and the 
stirring continued for an additional 2 hr tit 20-25°. The excess 
NaBIH was decomposed by dropwise addition of 7s ml id'.MeAc t o 
the reaction mixture with the temperature maintained below 
25°. This solution was stirred overnight at room temperature 
and poured over ice. The resulting suspension was extracted 
with CHOls, the combined OH Oh extracts were washed with 1120, 
dried (Xa2S04.;, and evaporated to yield 10 in quantitative yield; 
bp 46° (0.09 mini. 

The Mel of 10 was prepared in Cells and recrystallized front 
ElOAc -MeOH, mp 1S3--1840. Anal. (CYJIuXO/! 0 , H, X. 

3-Dimethylaminomethylcyclohexanone (11). A solution of 
9.31 g (0.047 mole) of 10 in 300 ml of 0.5 M HC1 was stirred at room 
temperature for 42 hr. The solution was cooled in an ice bath, 
made basic with 1 .1/ XaOH, ami extracted with O H / % . The 
OH-jCh extracts were washed with IT/), dried (MgSO, i, and dis­
tilled to give 6. log (.S.V,, ) of 11; bp32.5° (0.05 mm ). 

The picrate of 11 was prepared in EtOH and recrystallized 
from EtOAc C 6 H H , mp 141-142°. Anal. (CV.Ha.X/),,) C, H, X. 

3-DimethyIaminomethyl-l-phenylcyclohexanol (12 and 13). 
A solution of 5.SI g (0.037 mole) of 3-dimelhylaminomethylcyclo-
hexatione ( l i t in 150 nil of dry El2() was added dropwise with 
stirring to SO ml (0.096 mole) of a 1.2 M solution of Phl.i in Et 2 0 
in an ice bath under X2. After the addition was complete the ice 
bath was removed and I he suspension stirred for 1 hr at room 
temperature. The reaction mixture was coined again in ice and 
250 ml of H / ) was added dropwise with stirring. The E t t ) 
layer was separated and the 11/) layer extruded with EU>. 
The combined Et2() extracts were washed witli H / ) , dried 
(.XajSO-i), and evaporated to yield crude 12 and 13. The two 
isomers were separated by column chromatography on Al/) : i 

('Merck 71707, 3 r , water). Elution with C6Hr, afforded 2.33 g 
(27%) of 12 and elution with Cf,HVEt20 (1:1) afforded 2.11 g 
(25%) of 13. 

Isomer 12, recrystallized from Skelly B, melted at 76-sO". 
The Mel of 12 was prepared in C6H6 and recrystallized from 
KlOAc MeOH, mp 236- 237.5°. Ann!. ( C J W X i ) i C, II, X. 

Isomer 13 was an oil which could not be recrystallized. The 
Mel of 13 was prepared in Cells and recrvstallized from EtOH, 
nip 249.5 -251 °. Anal. (CudEsIXO.) C, H, X. 
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cfs-3-Dimethylaminomethy 1-1 -phenyl-1 -propionoxy cyclo-
hexane (1).—A solution of 1.02 g (0.0044 mole) of 12 in 8.5 ml of 
(EtCO)aO and 11 ml of C5II5N was stirred at 115° for 11 hr. The 
brown solution was poured into ice-H20 containing 35 ml of 
NH4OH solution and extracted with C6H6. The C6H6 extracts 
were washed with saturated aq NaCl, dried (MgSOO, and evapo­
rated at room temperature with a stream of N2. The crude 
brown svrup was purified by preparative tic on A1203 and de­
veloped with CeHu-EtjO (5-1) to yield 0.374 g (30%) of 1. The 
Mel of 1 was prepared in C6H6 and recrystallized from E t O H -
Kt.OAe, mp 171.5-173°. Anal. (C,8H30INO2) C, H, N. 

^cms-3-DimethyIaminomethyl-l -phenyl-1 -propionoxycyclo-
hexane (2).—A solution of 0.52 g (0.0022 mole) of 13 in 11 ml of 
(EtCO).O and 12 ml of C5H5N was stirred at 110° for 13 hr. The 
brown solution was poured into ice-H20 containing NH4OH and 
worked up as described for 1. Column chromatography on 
alumina (Merck 71707, 3 % H20) with C6Hi4-CeH8 mixtures 
vielded 0.40 g (62%) of 13. The Mel of 13 was prepared in 
C6H6 and recrvstallized from MeOH-EtOAc, mp 209.5-210.5°. 
Anal. (Ci9H30NO2I) C, H, N. 

9(a)-Aminomethyl-<rans-2-decalone Ethylene Ketal (16).—A 
solution of 11.05 g (0.05 mole) of £rans-9-cyano-2-decalone ethylene 
ketal (15) in 400 ml of dry Et 2 0 was added dropwise to a stirred 
solution of 18.0 g (0.50 mole) of LAH in 1.4 1 of dry E t 2 0 under N2 

at room temperature. The stirred suspension was refluxed for 5 
hr and cooled and the excess LAH was destroyed with EtOAc 
and H 20. The white precipitate was removed by filtration; the 
E t 2 0 layer was dried (MgS04) and evaporated. The yellow 
residue was dissolved in CH2CI2 and extracted with 5 % tartaric 
acid. The acidic extract was made basic with 10% NaOH, ex­
tracted withCH2Clo, dried (MgS04), and evaporated to yield 8.40 
g (75%) of 16; picrate mp 170-172° (lit.13174-176°). 

9(a)-DimethyIaminomethyl-^rans-2-decalone Ethylene Ketal 
(17).—A solution of 8.10 g (0.036 mole) of 16 and 10.8 ml of 37% 
CH 2 0 solution in 180 ml of dry MeOH was stirred at room tem­
perature for 2 hr. NaBH4 (16.2 g, 0.43 mole) was added in por­
tions while the temperature of the stirred solution was maintained 
at 30-35 ° for 90 min, then the solution was cooled again and MeAc 
(100 ml) was added dropwise to destroy the excess NaBH4. The 
reaction mixture was poured over ice and extracted with CH2CI2. 
This extract was dried (MgS04) and evaporated to yield 8.82 g 
(97%) of 17. The Mel of 17 was prepared inC6H6 and recrys­
tallized from EtOAc-MeOH, mp 218-220°. Anal. (Ci6H30-
N 0 2 I ) C , H, N. 

9(a)-Dimethylaminomethyl-irans-2-decaIone (18).—A solution 
of 8.35 g (0.033 mole) of 17 in 150 ml of 0.5 M HC1 was stirred at 
room temperature for 48 hr. This solution was made basic with 
2.5 M NaOH while cooled in an ice bath and extracted with 
CH2CI2. This extract was washed with saturated aq NaCl, 
dried (MgSC>4) and evaporated to yield 6.93 g of 18 in quantita­
tive yield. 

9(a)-DimethyIaminomethyl-2(e)-phenyl-2(a)-hydroxy-irans-
decalin (19).—A solution of 0.51 g (0.0024 mole) of 18 in 10 ml of 
dry E t 2 0 was added dropwise with stirring to 10 ml of 1 M PhLi 
(0.01 mole) in dry E t 2 0 in an ice bath under N2. After the addi­
tion was complete the ice bath was removed and the reaction 
stirred at room temperature for 1 hr. The reaction mixture was 
cooled again and 20 ml of H 2 0 was added dropwise with stirring. 
The E t 2 0 layer was separated and the H2O layer extracted with 
E t 2 0 . The combined E t 2 0 extracts were dried (MgSC>4) and 
evaporated to yield a brown oil which was partitioned between 
3 % HC1 and CsHe- The acidic portion was made basic and ex­
tracted with C6H6. This extract was dried (MgS04) and evapo­
rated to vield 0.46 g (67%) of 19 as a solid which was recrvstallized 
from Skellv B (bp 63-68°) mp 97-98.5°. Anal. (Ci9H29N0) C, 
H, X. 

9(a)-DimethyIaminomethyl-2(e)-phenyl-2(a)-propionoxy-
frans-decalin (3).—A solution of 0.47 g (0.0014 mole) of 19 was 
treated as described for the synthesis of 1 to give a brown syrup. 
This crude product was ehromatographed on A1203 (Merck 
71707) and eluted with C6H6-EtOAc mixtures to yield 0.32 g 
(68%) of 3. 

The picrate of 3 was prepared in EtOH and washed several 
times with E t 2 0 , mp 160.5-161.5°. Anal. ( C H H S , N « 0 9 ) C, H, N. 

3-Bromo-«rans-2-decalone (20).—A stirred solution of 30.5 g 
(0.2 mole) of Jraras-2-decalone in 450 ml of HOAc was treated with 1 
drop of HOAc saturated with HBr followed by the dropwise addi­
tion of 33.8 g (0.22 mole) of Br2 in 50 ml of HOAc at room temper­
ature. The solution was stirred for 30 min and partitioned be­
tween CHCI3 and H 2 0. The CHCI3 portion was treated with 

Na2COs solution to neutralize the HOAc, washed with saturated 
aq NaCl, dried (MgS04), and evaporated leaving a tan oil which 
was utilized directly in the synthesis of 21. 

fra?is-A1-2-Octalone (21).—A solution of 20 (0.2 mole) in 50 ml 
of D M F was added to a stirred suspension of 30 g (0.35 mole) of 
dry LiBr and 40 g (0.54 mole) of Li2C03 in 450 ml of dry D M F at 
120° under N2. Stirring was continued at 120-125° for 75 min, 
the solution cooled, poured into dilute HOAc, and extracted with 
CHC13. The CHCls extracts were washed with saturated aq 
NaCl, dried (MgS04), and evaporated. The resulting liquid was 
distilled [bp 62-66° (0.6 mm)] to yield 15.7 g (53%) of relatively 
pure 21. This was further purified by preparative tic on silica 
gel and developed with C6H I 4-Et20 (1:1); uv, X^°H 228.5, 
(e9170). 

The semicarbazone was prepared in EtOH and recrvstallized 
from E t O H - H 2 0 and EtOH-EtOAc, mp 204-207°. Anal. 
(C i ,Hi ,N 3 0)C ,H,N. 

4(a)-Cyano-irans-2-decalone (22).—A mixture of 10.0 g (0.067 
mole) of 21, 7.66 g (0.09 mole) of acetone cyanohydrin, and 10 ml of 
10% Na2C03 in 20 ml of T H F and 200 ml of MeOH was stirred 
at reflux temperature for 3.5 hr. After evaporation of solvent, 
the residue was taken up in CH2CI2, washed with dilute AcOH and 
H20, and dried (MgS04). Evaporation of CH2CI2 in vacuo 
afforded 11.3 g of crude ketone 22 as a golden liquid. 

4(a)-Cyano-ircros-2-decalone Ethylene Ketal (23).—A solution 
of 22 (0.067 mole), ethylene glycol (6.2 g, 0.1 mole), and 0.4 g of 
p-toluenesulfonic acid was stirred and refluxed overnight in 50 ml 
of C6H6 in a flask fitted with a Dean-Stark water trap. The reac­
tion mixture was cooled, treated with 10% Na2C03, and diluted 
with H 2 0. The layers were separated and the C6H6 portion was 
washed with H 2 0 and dried (MgS04). Evaporation of solvent 
afforded a dark liquid which was ehromatographed on a column 
of A1203. Elution with C6H6 and C6H6-CHC13 afforded 6.5 g of a 
brown solid which was recrystallized from C6H6-Skellysolve B to 
give cyano ketal 23 (4.09 g, 27% from 21); mp 96-97°; nmr 
(CDC13) 5 0.53-2.33 (14 H), 2.73-3.08 (1 H, Wm = 10.5 Hz, 
CHCN), 3.93 (4 H, t, / = 3 Hz, OCH2CH2O). Anal. (Ci3Hi9N02) 
C, H, N. 

4(a)-Aminomethyl-<rans-2-decalone Ethylene Ketal (24).—A 
solution of 12.8 g (0.057 mole) of 4(a)-cyano-£rans-2-decalone ethyl­
ene ketal (23) in 300 ml of anhydrous Et 2 0 was added dropwise to 
a stirred suspension of LAH (21.6 g, 0.57 mole) in 1500 ml of E t 2 0 
according to the method used for 6 to give 24 (9.39 g, 72%) as a 
clear green oil; attempts to prepare the picrate of 24 were unsuc­
cessful. 

4(a)-Dimethylaminomethyl-irans-2-decalone Ethylene Ketal 
(25).—A solution of amino ketal 24 (9.27 g, 0.041 mole) and 13.3 ml 
(0.10 mole) of 37% CH 20 solution in 200 ml of MeOH was re­
duced with NaBH4 (18.16 g, 0.48 mole) according to the procedure 
for 17 to give 25 (6.47 g, 63%,) as a viscous oil. The Mel of 25 
was prepared in E t 2 0 and recrystallized from EtOAc-MeOH. 
Anal (Ci 6 H 3 0 NOI)C,H,N. 

4(a)-Dimethylaminomethyl-(rcms-2-decalone (26).—A solution 
of 4(a)-dimethylaminomethyl-<rans-2-decalone ethylene ketal 
(25) (3.03 g, 0.012 mole) in 100 ml of 2 % HC1 was stirred at room 
temperature for 46 hr followed by extraction with CH2C12. 
The CH2C12 extract was discarded. The acidic solution was 
cooled in an ice bath, made basic with 10% NaOH, and extracted 
with E t 2 0 . The combined E t 2 0 extracts were dried (MgS04) 
and evaporated to yield a yellow liquid which was ehroma­
tographed on neutral Al2Os (activitv grade II) . Elution with 
C6Hf i-EtOAc afforded 26 (1.77 g, 70%). 

4(a)-Dimethylaminomethyl-2(e)-phenyl-2(a)-hydroxy-*rans-
decalin (27).—An Et 2 0 solution of 4(a)-dimethylaminomethyl-
<rans-2-decalone (26) (2.43 g, 0.012 mole) was added with stirring 
to a suspension of PhLi in 20 ml of dry Et 2 0 in an ice bath. After 
addition, the reaction mixture was stirred for 6 hr at room tem­
perature, cooled, and decomposed by the dropwise addition of 50 
ml of H 2 0. The E t 2 0 layer was separated, washed with H20, 
and dried (MgS04). Evaporation of solvent afforded a brown 
semisolid which was crystallized from E tOH-H 2 0 and dried over 
P 20 5 to yield 2.16 g, 62%) of 27, mp 88-89°. The Mel was pre­
pared in E t 2 0 and recrystallized from EtOAc-MeOH, mp 260-
260.5°. Anal. (C20H32INO) C, H, N. 

4 (a )-Dimethylaminomethy l-2(e) -phenyl-2(a )-propionoxy-
iraras-decalin (4).—A solution of 27 (1.63 g, 0.0056 mole) in 15 ml 
of C5H5N and 15 ml of (EtCO)20 was stirred at 115° for 14 hr. 
The reaction mixture was cooled, poured into ice-H20 containing 
dilute NH4OH, and extracted with E t 2 0 . After drying (MgS04), 
the Et^O was evaporated giving a brown oil which was purified 
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by column chroma! ography on Af.O:,. Klution with C»H,; 
KtOAc afforded ester 4 (1.3(1 g, 66' ( ,). The Mel was prepared in 
Kt-O and recrvstallized from KtOAc-AIeOH, nip 233°. Anal. 
(C,3H36NO-2l) C, H, N. 

4(e)-Cyano-/rans-2-decalone Ethylene Ketal (28). A solution 
of 4(a")-cyano-(rrm.s'-2-decalone ethylene ketal (23 I (4.12 g, 0.01s 
mole) was remixed for 7(1 hi' in 20 ml of PhMe wit h O.o gof a 50 ' , 
dispersion of Nail in mineral oil (previously washed with l'h.Mej. 
The mixture was cooled, poured onto ice, and extracted with 
OiiHfi. The organic extracts were combined, washed with H>(). 
and dried {.MgSOjj. Kvaporatiou of solvent afforded 28 as a 
tan oil (3.70 g, N9 r

( ). A sample of 28 was purified for elemental 
analysis bv preparative tic on AU);, i06H,. r Kt.O, 1 : 1 i. Arm/. 
iC, iil , , lNO,)C, II, X. 

4(e)-Dimethylaminomethyl-//««,s-2-decalone Ethylene Ketal 
(29).- A solution of 4(e)-cyano-i'ra«s-2-deealone ethylene ketal 
(28) (4.20 g, 0.010 mole) was reduced with excess LAH according 
to the directions for 16 to afford 2.90 g (0.013 mole, 6 s ' , ) of the 
intermediate primary amine as a yellow oil. 

("sing the same method as shown for 17, 0.496 g (0.002 mole) 
of the primary amine was converted into 29 (0.49 g, S6 r , ). The 
Mel of 29 was prepared in Cells and recrvstallized from KtOAc 
MeOIl, nip 210°. And. (OasHsnNOJ ) C.'ll, X. 

4(e )-Dimethylaminomethyl-/ra/is-2-decalone (30). As de­
scribed in the synthesis of 26, 29 (5.82 g, 0.023 mole) was converted 
into 3.5S g (0.017 mole, 7 5 r

( ) of 30. 
4 (e )-Dimethy laminomethyl-2-hydroxy-2-phenyl-(r« n s-decalin 

(31 and 32). Compound 30 (2.33 g, 0.011 mole) was treated, as 
described for the synthesis of 27, to give a liquid residue which was 
chroma!ographed on neutral Ab(t (activity grade II). Klution 

Previous p a p e r s " in this series have described an 

extensive number of pyrrolidines of diversified types. 

They can be represented by the general formula 1. 

fur ther work on M-(l-methyl-3-pn>pyl-H-pyrrolidinyl)-

RC) 

R' 
1 

phenol (1, R = H; R ' = Me), now designated profadol, 
has shown tha t this compound is a potent analgetic 
with a particularly interesting spectrum of phar­
macological activity.4 

(1) Present address: John Wyeth and "Bruther. Ltd.. Maidenhead. 
Berkshire. England. 

(2) J. F. Cavatla, R. Jones. M. Welford. J. Wax, and (.'. V. Winder. 
./. Med. Chem., 7, 412 (1964). 

(3) J. F. Cavatla, D. C. Bishop, R. A. Sehvay. N. E. Webb, C. V. Winder, 
and M. Welford, ibid., 8, 316 (1965). 

(4) (a) C. V. Winder, M. Welford, J. Wax and D. H. Kaump, J. Pharma­
col., 154, 161 (1966); (b) G. A. Deneau and M. H. Seevers, "Bulletin of 
Drug Addiction and Narcotics (Problems Drug Dependence)," No. 27. 
Addendum 1, National Academy of Science. National Research Council, 

with e6II6 KtOAc afforded 31 (1.26 g, 31)'','l followed bv 32 
(0.632 g, IS'',"). 

The equatorial phenyl isomer 31 was a viscous material which 
could tiot be crvstallized. The Mel of 31 was prepared in Et.O 
and recrvstallized from KtOAc MeOH. mp 233c Anal. f(\,H:,--
NOI iC , H ,X. 

The axial phenyl isomer 32 was recrvstallized from KfOH 
M..O, m]i 123 124°'. Anal. (Cdhji.XO) C, II, X. Compound 32 
(0.05 g! was dissolved in 5 ml of 10' , HC1 and stirred for 3 In 
at 3(1°. The solution was cooled in an ice bath made basic with 
10' , XaOIl, and extracted with Etjl). The extracts were com­
bined, dried (MgSO^i, and evaporated to afford 0.047 g of a mix­
ture which was .^hown by tic and column chromatography to con­
sist of two components, a nonpolar compound of high H,- and the 
equatorial phenyl isomer 31. 

4(e)-Dimethylaminomethyl-2(e)-phenyl-2(a)-propionoxy-
//•««s-decalin (5).—Using the method for the synthesis of 4, com­
pound 31 (1.15 g, 0.004 mole ) gave a brown oil which was ehroma-
tographed on a column of AbOs. Klution with CJIr, afforded 
0 .39g(25 ' , jof5. .1/Ki/. (C-H:«XO=)C, II, X. 

4(e )-Dimethylaminomethyl-2(a )-phenyl-2(e )-propionoxy-
Irn n*-deca\in (6). A solution of 0.212 g (0.007 mole) of 32 treated 
as described for 4 gave a brown syrup which was purified by 
column chromatography on neutral AU):, (activity grade II i. 
Klution with C6H,-, and 061I6--KtOAc provided the equaiorial 
ester 6 (0.177 g, 7 0 ' , ). Anal. (C,df ;HXO ) C. H. X, 
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In the hist paper in this series, some Ale ethers of 

pyrrolidines with large X substituents were described. 

In particular, the (p-aminophenethvl)pvrrolidine | 1 , 

R = Me; R' = (CH2)2C6H4-/)-XH2'] showed definite 

analgetic activity. This paper describes experiments 

designed to investigate further the analgetic activity 

of pyrrolidine compounds in which the Me group litis 

been replaced by a large substi tuent. Some additional 

work to examine the effect of substituents in the 

phenolic OH is also described. 

Chemistry. The synthesis of N-subst i tuted pyrroli­

dines of type 1 by direct alkylation, or by X-acylation 

followed by reduction of the amide, is described in the 

Experimental Section. In the lat ter cases, where 

O-demethvlation with BBr3 was involved in the syn-
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Pharmacol.. 32, 295 (1968); (g) H. W. Kosterlitz and A. J. Watt, ibid., 33, 
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The synthesis of some new //(-(ii-pmpyl-H-pyiToliditiyl.lphenols and t he preliminary evaluation of their analget ic 
activities are described. A new optimum of activity has been found with p-R-phenethyl substittition on the 
pyrrolidine X". O-Methylation was much more deleterious than with the original .Y-Me optimum. 


