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An assessment of the requirement for a 2-C chain separating the central quaternary C from the amino gronp
in compounds possessing analgetic activity was undertaken by the synthesis of czs-3-dimethylaminomethyl-1-
phenyl-1-propionoxycyclohexane (1), trans-3-dimethylaminomethyl-1-phenyl-1-propionoxycyclohexane (2),
9(a)-dimethylaminomethyl-2(e)-phenyl-2(a)-propionoxy-trans-decalin ~ (3), 4(a)-dimethylaminomethyl-2(e)-
phenyl-2(a)-propionoxy-trans-decalin (4), 4(e)-dimethylaminomethyl-2(e)-phenyl-2(a)-propionoxy-trans-deca-
lin (5), and 4(e)-dimethylaminomethyl-2(a)-phenyl-2(e)-propionoxy-trans-decalin (6). Conversion of the ethyl
ketal of 3-nitromethylcyclohexanone 8b into the primary amine 9, reductive methylation to give 10, and de-
ketalization produced 3-dimethylaminomethylcyclohexanone (11). Addition of PhLi afforded both c¢/s- and
trans-3-dimethylaminomethyl-1-phenylcyclohexano! (12 and 13), which were esterified with propionic anhydride
to produce cis- and trans-3-dimethylaminomethyl-1-phenyl-1-propionoxycyclohexane (1 and 2). Compound 3
was prepared by reduction of 9(a)-cyano-trans-2-decalone ethylene ketal (15) to the amine 16, methylation, and
deketalization to form 9(a)-dimethylaminomethyl-trans-2-decalone (18). PhLi addition to the ketone afforded
ouly 9(a)-dimethylaminomethyl-2(e)-phenyl-2(a)-hydroxy-trans-decalin (19). Esterification with propionic
anhydride afforded 3. The series 4-6 was prepared by Michael addition of CN - to trans-A%-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-trans-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)-dimethylaminomethyl-trans-2-decalone (30), and treatment
with PhLi produced the isomeric alcohols 4(e)-dimethylaminomethyl-2(e)-phenyl-2(a)-hydroxy-irans-decalin

(81) and 4(e)-dimethylaminomethyl-2(a)-phenyl-2(e)-hydroxy-trans-decalin (32).
The analgetic activity by the monse—hotplate method showed 1, 4, and 5 to have an EDj, ranging
from 48 to 70 mg/kg with highest activity in 1 which was one-fifth as potent as codeine.

vield 5 and 6.

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.? In view of the recent concepts of multiple
analgetic receptors or at least different modes of binding
to a single receptor® 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 ¢rs-3-dimethylaminomethyl-1-
phenyl-1-propionoxyecyclohexane (1), trans-3-dimethyl-
aminomethyl-1-phenyl-1-propionoxycyclohexane  (2),
9(a)-dimethylaminomethyl-2(e)-phenyl-2(a)-propion-

(11 Thix work was sopported by Grant GM-1341, Division of Genera)
Medical Sciences, and hy Grant CA-10739 froin the National Cancer lnstis
theex, National Institutes of Health., Taken in part from the dissertations
presented by A. A. Ramsey and P. E. Hanna to the Graduate Schoo!l 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
Fouandation as an undergraduate research participant. For a related paper
see M. P. Mertes, P. E. Hanna, and A, A. Ramsey, J. Med. Chem., 18, 125
(1970).

(2) (al A, H. Beckett and A, F. Casy, J. Pharm. Pharmacol., 6, (1954):
() A. H. Beckett and A, F. Casy, Progr. Med. Chem., 4, 171 {1967).

¢) ta) I, & Portoghese, J. Wed. Chem., 8, 609 (1965): (b) P. S. l'or-
toxhese, J. Phurm. Sci., 55, 865 (1966).

(41 cis~trans nomenclature in this work refers to the relative orientation
of the pheny! and the dimethylaminomethyl groups.

These were esterified to

Compounds 2, 3, and

oxy-trans-decalin  (3), 4(a)-dimethylaminomethyi-
2(e)-phenyl-2(a)-propionoxy-trans-decalin (4), 4-(e)-
dimethylaminomethyl-2(e)-phenyl-2(a)-propionoxy-
trans-decalin (5), and 4(e)-dimethylaminomethyl-2(a)-
phenyl-2(e)-propionoxy-trans-decalin (6) were syn-
thesized for appraisal of their analgetic potency.
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liaeh of these compounds displays a 3-C' zeparation
between the central C and the tertiary amino-group.

The ~ynthesis of 1 and 2 (Scheme I) was attemptid
initially 2ia the cvano ketone 7. preparved by ON
addition to 2-cyelohexenone eatalvzed by NHLCP or
front acetone cyvanobhydrin® HON and EtAl failed to
aive 7.0 After conversion of 7 into the ketal 8a, o Ni
reduetion to the amine 9 Tollowed by methylation with
('H.O-NaBH, produced 3-dimethylaiminomethyvlevelo-
hexanone ethylene ketal (10) .7

Becauze of poor vields tn the Tormation of 7 and 8 an
altermite procednre ria MeNQy addition to 2-evclo-
liexenone  was  emploved.:  3-Nitromethyleyelohex-
anone™ was converted into the ketal 8b whieh was
redneed to give the amine 9 high vield.

T

Senea |

K
Q/ CHNMe.
o o /j;
()

8a, R=(N

b.R = CH,NO, 1

9, R =CH,NH,
10, R = CH,NMe,

CH.NMe, CH.NMc.
+
R’O-" “Ph RO ~Ph
12 R'=H 13, R'=H

1 R"=COEt 2, R"=COFt

Reduetive methylation” to 10 followed by aeid
hydrolysis of the ketal gave 11, The addition of Phl.i?
gave the cfs (12) and trans (13) isomers* in 2 1:1 ratio.
After separation on neutral alumina the ir spectra of the
¢rs isomer 12 showed the unbonded OH at 3618 emn~!
and an intermolecular bonded OH at 3430 e ! which
disappeared on dilntion.  The ir spectra of the frans
romer 13 =howed the free and bonded OH at 3620 and
3380 em~'; the 3350 em ! band did not disappear on
dilution indicating intramoleenlar H bonding to the
amino gronp.'

Fisterification of 12 was accomplished with (15C0O),0
in C;H N and with EtCOCT and C;HaN in toluene at
25° to give 1. listenrification of 13 to give 2. however,
was accomplished with (EtCO).0 sn CGHN and re-
quired refluxing.

The synthesis of 3 (Scheme 11) ntilized C N addition
t AlS-2.ocetalone!? giving a mixture of ¢is- and trans-9-
cvano-2-decalone (14)."%  After formation of the ketal
the lrans ixomer 15 was purified by reervstallization.'®
Reduction of 15 by LAH to the amine 16 wax followed
by reduetive methylation to give 17. After deketaliza-
tion. Phili addition to the ketone 18 gave only one
ixoiner, the amino aleohol 19, Tr dilution studies showed

51 W Nogane, b NikkawauneC ML Yajionwote, Chonn. tiaym, Bl 11, 224
BRI
1‘('w No Nuazaroy anedl S0 0 Zuv valer, Z6 6 en, Kaow 24, 165 (10BT
JoGen. Chem. T'.8.5.R., 24, 475 (1051,

¢y} 1 Minato and T. Nacasaki, ./. Crom. Soe, C, 1866 100400,

(8) A. McCoubrey, ihid., 2931 (1971),

(91 A, Ziering and .J. Lee, J. Ory. Chem., 12, 411 (10475,

(10) M. Tiehy, Advan. Org. Chem., B, 115 (1465,

1ALt Deekett, A Y ey G Rivks aned L Wedkee, Sl e

Floarpweeol., 9, W30 (1407

a1 G Stork and 1L Landesman, J. D, Cheo, Soe, U T8, 3128 145G,
13y W, Nagata and 1. Kikkawi, Chom, Pl Badl 11, 2589 (1063

Mures, Boasser, Haassa, sxzp Mg

qar intramolecular bonded OH at 4180 em -t that did
not =hift on dilntion.'  Thus the aminomethyl and OH
group= of 19 are v/s diaxial.

In e attempt to alter the stercoclnnmstry of the
addition ol CglTa Lt to o ngid ketome, i =ertes of reactions
were nudertaken to determine the effect of Lewis actds
on the stereochenmistry of this wldition.
1t Wit reasoned, wonll complex with ketone and <honld,
as the complex. alter the stereochennstry of the addi-
tion.  The rewetnm of =G batyvlevelohexanone  with
Phitin the presence of AlCLL Bl or no Lewis acid, by
normal addition vr mverse additton all prodiced 4-(-
butyl-I-phenyvievelohexanol in approxmmately a 58: 42,
cistirais Tativ, 1t was conelnded from tins data that
Lewts aeids do not appreciably pffect the stereochen-
1stry of Phil addition to ketones,

Iistertireation uf 19 to givie 3 wax accomplizhed with
ielictive v nxing proptonte anhvdride ne C5HLN.
Attemnpts to prepare the Ml salt Yor analvsis were
nnsneces<inl presimedly droe to <evere sterte hindraner.

Lewis aerds.
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3.R' = COE)

For the synthesis ol the $=snbstitnted {raus-2-decalol
sertes (4, 5, nnd 6), (Schemes I and 1V), the most
direct approach seemed to be a Michael addition of
CN to lrans-A%-2-octalone  (21). It was rveadily
svithesized from lrans-2-decalone by bromination in
HOAc, yielding the bromo ketone 20 followed by deliy-
drohalogenation,  14,CO; and LiBr v DM proved
snperior to either CaCO; in rveflnxing ACNMe,? or
refluxing  s-collidine.,  Catalytic hyvdrogenation of 21
produced trans-2-decalone supporting the stereoehemi-
eal assinment.

The conjugate addition of C'N 7 from acetone eyano-
hydrin® produced evano ketone 22 whieh was treated
directiy with ethylene glveol and p-toluenesulfonic
actd in CgHe to produce 4(:)-cyvano-trars-2-deealone
ethylene ketal (23).

The ¢'N function of 23 wax shown to be axind by niny;
the proton at positiont 4 ¢ deshielded by the nitrile to
2,90 ppm, ont of the CHy envelope.  The half-band
width of 10.5 Hz is that expected for an equatorial
proton at position . The eyvano ketul 23 was reduced
to prinary amnine 24 with LAH followed by methylation
with:  CILO NaBIT, to yield  4(a)-diethykonimo-
methyl-trans-2-decalone ethylene ketal (25).

The amino ketone 26 was obtained by hydrolysis of
amino ketal 25 in aq HCL  Addition of ketone 26 to

Phili prodneed 4(t)-dinrethvlaminomethyl-2(e)-
i1y 1o 10 Cones aod A UL Rortiaan, /. Aoner. Cheme Soc., 87, 5700
1919).

15) Ul oA Coeen ol ALt Long, . Chon. Suee. 2332 019610,
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phenyl-2(a)-hydroxy-trans-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 cis-diaxial orientationof the 2-OH and 4-dimethyl-
aminomethyl groups.

Esterification of 27 was readily accomplished in
(EtC0O),0-C:;H;sN to afford 4 in 669 yield.

The 4-axial cyano ketal 23 also provided the depar-
ture point for the synthetic sequence leading to 5 and 6
(Scheme 1V). Epimerization of 23 to 4(e)-cyano-

Scuemy; IV
O—x O—x
5 OO — OO -
§ Y U
( 1
CN CH,NMe,
28 29
Ph OR’
0 ¢ ]
Y - e OO
Y i i)
1
CH,NMe, CH,NMe, CH,NMe,
30 31,R'=H 32R'=H
5 R’ =COEt 6, R"=COE¢

2-decalone ethyvlene ketal (28) took place smoothly in
the presence of NaH in refluging toluene. The nmr
spectrum of 28 shows that the 4 proton geminal to
the CN group has moved upfield and is under the
trans-decalin envelope. This observation is consistent
with the general rule that axial ring protons absorb at
higher field than do their equatorial counterparts. 't
Reduction of 28 with LAH followed by methylation
gave 29. Hydrolysis of 29 in aq HCI resulted in
smooth conversion into ketone 30. Treatment of 30
with PhLi afforded 4(e)-dimethylaminomethyl-2(e)-
phenvl-2(a)-hvdroxy-trans-decalin (31) and 4(e)-di-

(16) N. 8, Bhacca and D. H, Williams, *Applications of NMR Spectros-
copy in Organiec Chenistry,”” Holden-Day, San Francisco, Calif., 1964, p 79.
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methylaminomethyl-2(a)-phenyl-2(e)-hydroxy-trans-
decalin (32) in a ratio of 2:1. The isomers were
separated by column chromatography on Al,O;.  Axial
aleohol 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. Tle and
column chromatographic analysis of the resulting
products gave an unknown material presumed to be the
dehydration product and equatorial phenyl icomer 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 aleohols.

Esterification of 31 was achieved in refluxing
(EtCO).0-C;H;N to afford 5§ in 259, yield. Iu the
same manner, 32 was converted into the propionate 6 in
709, yield. The greater ease of esterification of 32
over 31 probably reflects the enhanced reactivity of the
less sterically hindered equatorial alecohol.

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

TasLyz I
AnxaLgrsic PoreNcy®
Equi-
potent Dura-
molar tion
Compd ratios EDjs mg/kg (range) Onset Peak tmin)
Codeine 5.6 7.5
Morphine 1.0 1.2
1% 29 59.5 (50.1-70.6) b) 28 194
2 Inactive to 100 mg
3 Inactive to 100 mg
4¢ 32 48.5 (42.7-55.1) 7 39 176
He 47 70.1 (59.0-83.3) 6 41 164
6° Inactive to 100 mg
33¢d 32 63.6 (55.1-73.4) 4 26 135
@ See ref 17. ° Tested as the cyclohexanesulfamic acid salt.

¢ Tested as the free base. ¢ See ref 1.

and 2 the isomer with the Ph and Me,NCH, 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 Me,N analog 33 (EDj 63 mg/kg)?, is
almost twice as active as 33 when considered on a molar
basis.

O.CEt
Ph

O,CEt
Ph

NMe, NMe,
33 34

Activity i 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 1lealth for testing these compounds, The methods used are desccilied in
the following references. (a) A. E. Jacobson, E. L. May, J. Med. Chem.. 8,
563 (1965); (b) N. i3, Eddy and D. leimbach, J. Phurmacol. Fep, Ther.,
107, 385 (1943).
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torial deealin analogs with the aminomethyl at 4 either
axial (4) or equatorial (§) 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

dashed portion of the structure interacts with the
receptor (4, EDs = 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 Section '

3-Cyanocyclohexanone (7). Method A. KCN-NH.Cl in
DMF.-—A solntion of 2.40 g (0.025 mole) of 2-cyclohexen-1-one in
60 ml of DMF was added to a sulution of 3.30 g (0.050 male) of
KCN and 2.24 g (0.038 mole) of NH,Cl in 60 ml of HyO. This
sulntion was stirred for 50 hr at room temperature under N,
nentralized with HOAg¢, and evaporated in vacuo. The residue
was partitioned between CgHg and H;0. The aq portion was
reextracted with Ce¢Hg and the combined CesHg extracts were
washed with HaO, dried (MgS0.), and evaporated to yield a green
liquid which was chromatographed on AlLO; (Woelm, Grade 1.
Elation with CsHe—Skelly B (bp 63-68°) mixtures produced 0.65
g (22¢,)of 7.

Method B, Acetone Cyanohydrin and Na,CO; in Aqueous
MeOH.-—A solution of 10.0 g (0.10 mole) of 2-cyclohexen-1-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 anhydrons Nay,COs in 12 ml of
11,0. The resulting suspension was refluxed at S0° for 3 hr,
cooled, and extracted with CHCl;, The CHCL; extracts were
washed with H.0, dried (MgR8O,), and evaporated. The residue
was chromatographed on Al:Os (Woelm, Grade I); elution with
Skelly B (bp 63-68°)-CHCIl; mixtures atforded 6.12 g (350%,) of
relatively pure 7.

The 2,4-dinitrophenylhydrazome of 7 wax prepared in the nar-
mal mamner and recrystallized from dioxane-{1,0, mp 211°,
dnal (CiHEN;04) C) Hy N, caled 23.09, found 22.62.

3-Cyanocyclohexanone Ethylene Ketal (8a).—A sulution of
3.22 g (0.03 mole) of 3-cyanocyclohexanone (7), 2.20 g (0.035 mole)
of ethyvlene glycol, and 50 g of p-tohienesnlfonic acid in 30 ml vf
thry CyHg was refluxed for 48 hr nnder a Dean—Stark water trap.
The reaction mixture was cooled, conventrated, chromatographed
on AbQ; (Woelm, Grade 1), and eluted with C¢Hg ta yield 1.00 g
(209%.) of 8a.

(18) All melting points were taken on a calibrated ‘I'homas-Hoover
capibary melting point apparatus. Analyses were performed by Drs. G.
Weiler and ¥. B. Strauss, Oxford, Fngland, by Midwest Microlab, Ine.,
Indianapolis. Ind., and on an F & M Model 185, University of Kansas,
l.awrence, Kan., Spectral data were obtained using Beckman IR-8, IR-10,
Varian A«G0, and A-80A spectrometers, ‘The latter ased MedSi as an internud
standani exeept in 110 where 3-trincethylpropanesulfonie acid sodium salt
was employed. The nmir shectra were ax expected. Where analyses are indi-
ented only Ly symbols the elements are within 0.4 of the theovretical
values,

Merrs, Ravsey, Hassa, asp Moo

3-Nitromethylcyclohexanone Ethylene Ketal (8b). - A ~olation
of crude 3-nitromethyleyclohexananed (0.3 moled, 1740 g .28
mule) of ethylene glyeol, and 0.50 g af p-tolienesulfonie avid fn Fan
mb of CgHg was refluxed for 18 hr muder o Deme-Stark waner
trap. A sohition of 0.70 g of NaOH i dry MeOH was added to
nentralize the acid, Hel) was then wlded, and vhe Cybly buver wies
separated.  The Cglls extracts were ymmbined, washed (.0,
dried QIgR0., and evaporated leaving o brown ol Fhis oil
was chromatographed on 100 g of ALUD; (Waoehn, Grade Tisad
chited with Cghle to vield 3N g 26807 Trom 2=evvlohexen-facune
of 8b.

3-Dimethylaminomethylcyclohexanone Ethylene Ketal (10
Method A from 8a.---A solutinn of 211 g (0.013 mule) of 3-cyano-
evelhexanone ethylene ketal i8a i 100 mb of O and 20 mby
concentrated NHOH was hydrogenated aver 5.0 g of W2 Ha
Niat }oatm for 12 hee Phe vatalyst was removel by Altration
andd the filbrate vvaporated Yroracio 1o give 9 e Hght geeen
svrup. Thix syrup in 60 ml of McOl was stired with S.d il
10,044 moley of 475 CHLO solatica for 2 hy atromu temperatore,
NaBH, (0.4 g, 14 molel was added in small portions to vhis
stirred solution over a 45-min perind at 10-20° i ive bath with
stiring.  The stirring was vontinued for 5 hr at roow tempera-
ture.  MeAe (36 mlwas added dropwise to this mixtinre in
ice bath ta deeompose the excess NaBHq and the solation was
stirred avernight.  The reaction mixture was ponred into ler
H.O and extracted with CHCL These extracts were washed
with H0, dried (MgS0.), sl evaporated to give o hynild whiele
was distitled muder rednced pressire to yvield LON g 142075 of
10; bp 46° 0.1 mm

Method B from 8b.-- A =olution of 17.06 g (1.083 male) ol 3-
nitromethyleyclohexmione ethylene ketal (8b1in 130 ml of LtO1]
was hvdrogerated vver 1.5 g of 5 Pd-C for 4 hr at 1 ano,
Filter-cel was added and the catalyst removed to leave 1416 g
(ON7) of 9 ax s light yellow vil; bp 57° (0.085 mn.

The pierave of 9 was prepared in IO and revrystallized from
FIOH, mp 200-201.5° baad {CHeNO C) H, N

CHy0 suhntivn (37¢, 7.5 ml, 0,096 mole 1 was milded to a stirred
solntion of $.30 g (0,026 mole}) of 9 in 130 ml of dry MeOH and
the <olntion was stirred for 1.4 hr a1 room temperatnre. . NalB3H,
(11.7 g, 0.31 mole) wax arlded in =mall portions to this mixrure
during 40 min at 10-20° inan fee bmh with stirring and the
stirring contiimed for an addirional 2 e at 202590 The exvess
NaBH was decomposed hy dinpwise additionof 7S milb af MeAv o
the reartion mixture with the temperature mudntaimed below
25% 0 This sohithar wis sthred overnight at reom temperatnre
and poured aver dce. The resulting snspension wax vxtracted
with CHCl, the conmnbinet CHCH extraces were washed with Hat),
hied (Na30y43, and evapormed m yiehl 10 in quaniitative vield;
bp 46° (0.09 nun;.

The Mel of 10 wi prepared in Cglly aml reerystadhzed fnnu
EAOAe-MeOH, mp 183-184°. el (CoHoNOTC N

3-Dimethylaminomethyleyclohexanone (111--A =olution of
9.31 210,047 mole1of 10 in 300 ml of 0.5 3/ HCI wasstirred atroam
temperatine for 42 hre The sohitienn was cooled iy an ice bath,
made basie with 1.3 NaOH, and extravred with C1LCL. T'he
CH.CL extravts were washed with 11,0, thried (Mg=R0);0, mul dis-
tilled tagive 013 21854 (rof 11; hp 22,59 (0,03 o,

The pierate of 11 was prepared i FHOH and revrystidhzed
Hum F1OAe-Cellyy, mup 141-142°, baal (CHaNGOsr C, 1, N
3-Dimethylaminomethyl-1-phenylcyclohexanol (12 and 13).
A xolution of .81 g (10,037 maole) of S-dimethykumnomethyteyilg-
hexarone (11 fn B30 b of dey B0 was adidal drapwise with
<tirring (o SOl (LG wole tuf a B2 W snlution of Phb e a0
n aiee harh ander N0 After the addition was complete the e
bath wax ranoved wnd the saxpension stirred for | e at raom
temperatare.  The reaction mixtnre wax cooled again i ice ad
250 ml of HO was added dropwise with stiveing. The 1.0
laver wax separnted and the 1) layer extracted with K0,
The vombined MO oxtrarts were washed with H.0, dried
{(Na:804), and evaporated tou yvield rrade 12 and 13, The two
isomers were =epwated by eolumn chromatography un ALO;
DMevek 71707, 39 watery. Blntion with Celly afforded 2,53 ¢
(27421 of 12 and chation with CeHe-Et0 (1:1) afforded 2011 g

(257 ) of 13
lsomer 12, vecrysiallized o skelly B, mehed at Tt-S0%.
The Mel af 12 was prepared in Cillg and rearystalhized from
FAOAC N eOTE mp 2060-257.0°0 Shnal (CelbINO O HE N
Fsomer 18 was s oil which conld not he reervstahized. The
Mel of 18 was prepared in Cslly and recry=inllized from FtOl,
mp 240.5-231°. Anal (G NOYC, H) N
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cis-3-Dimethylaminomethyl-1-phenyl-1-propionoxycyclo-
hexane (1).—A solntion of 1.02 g (0.0044 mole) of 12in 8.5 ml of
(EtCO)0 and 11 ml of Co1IN was stirred at 115° for 11 hr.  The
brown solution was poured into ice—-H,O containing 35 ml of
NH.OH solution and extracted with C¢Hg. The Ce¢Hg extracts
were washed with saturated aq NaCl, dried (Mg30,), and evapo-
rated at room temperature with a stream of N, The crude
brown syrup was purified by preparative tle on ALOs; and de-
veloped with CsHu—Et,0 (5-1) to yield 0.374 g (309;) of 1. The
Mel of 1 was prepared in CsHs and recrystallized from EtOH-
FLOAC, mp 171.5-173°.  Anal. (C1eHxINO,) C, H, N.
trans-3-Dimethylaminomethyl-1-phenyl-1-propionoxycyclo-
hexane (2).—A solution of 0.52 g (0.0022 mole) of 13 in 11 ml of
(EtCO0 and 12 ml of C;H;N was stirred at 110° for 13 hr.  The
brown sohition was poured into ice-HsO containing NH,OH and
worked up as described for 1. Column chromatography on
alumina (Merck 71707, 3% H.0) with Ce¢H,:—Ce¢Hs mixtures
vielded 0.40 g (629) of 13. The Mel of 13 was prepared in
CeH; and recrystallized from MeOH-EtOAe, mp 209.5-210.5°.
Anal. (C1oHsoNOWI) C, H, N.
9(a)-Aminomethyl-trans-2-decalone Ethylene Ketal (16).—A
solution of 11.05 g (0.05 mole) of trans-9-evano-2-decalone ethylene
ketal (15) in 400 ml of dry Et,0 was added dropwise to a stirred
solution of 18.0 g (0.50 mole) of LAH in 1.4 1 of dry Et.0 under N,
at room temperature. The stirred suspension was refluxed for 5
hr and cooled and the excess LAH was destroyed with EtOAc
and H.O. The white precipitate was removed by filtration; the
Ety0 layer was dried (MgSO,:) and evaporated. The yellow
residue was dissolved in CH,Cl: and extracted with 39, tartaric
acid. The acidic extract was made basic with 10%, NaOH, ex-
tracted with CH.Cly, dried (MgSQ,), and evaporated to yield 8.40
g (75%%) of 16; picrate mp 170-172° (lit.'? 174-176°).
9(a)-Dimethylaminomethy!-irans-2-decalone Ethylene Ketal
(17).—A solution of 8.10 g (0.036 mole) of 16 and 10.8 ml of 379,
CH,O solittion in 180 ml of dry MeOH was stirred at room tem-
perature for 2 hr. NaBH, (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 m!) was added dropwise to destroy the excess NaBH,. The
reaction mixture was poured over ice and extracted with CH,Cl,.
This extract was dried (MgSQO,) and evaporated to vield 8.82 g
(97%) of 17. The Mel of 17 was prepared in CsHg and recrys-
tallized from KEtOAc-MeOH, mp 218-220°. Anal. (CieHge-
NO.I)C, H, N\,
9(a)-Dimethylaminomethyl-trans-2-decalone (18).—A solution
of 8.35 g (0.033 mole) of 17 in 150 ml of 0.5 3/ HCl was stirred at
room temperature for 48 hr. This solution was made basic with
2.5 M NaQOH while cooled in an ice bath and extracted with
CH,Cl. This extract was washed with saturated aq NaCl,
dried (MgSO,) and evaporated to yield 6.93 g of 18 in quantita-
tive yield.
9(a)-Dimethylaminomethy!-2(e )-phenyl-2(a)-hydroxy-irans-
decalin (19).—A solution of 0.51 g (0.0024 mole) of 18in 10 ml of
dry Et,0 was added dropwise with stirring to 10 ml of 1 M PhLi
(0.01 mole) in dry Et-O in an ice bath under N,.  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 m! of H,O was added dropwise with stirring.
The Et:0 laver was separated and the H,O layer extracted with
Et,0. The combined EtyO extracts were dried (MgSQ4) and
evaporated to yield a brown oil which was partitioned between
3¢, HCl and C¢Hs. The acidic portion was made basic and ex-
tracted with CsHe. This extract was dried (MgSQO4) and evapo-
rated to yvield 0.46 g (679%) of 19 as a solid which was recrystallized
from Skelly B (bp 63-68°) mp 97-98.5°. Anal. (C;;H,NO) C,
H, N.
9(a)-Dimethylaminomethyl-2(e )-phenyl-2(a)-propionoxy-
trans-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 chromatographed on AlLQO; (Merck
71707) and eluted with CeHs—EtOAc mixtures to yield 0.32 g
(689%) of 3.
The picrate of 3 was prepared in EtOH and washed several
times with Et:0, mp 160.5-161.5°. Anal. (CssHgN1Os) C, H, N.
3-Bromo-trans-2-decalone (20).—A stirred solution of 30.5 g
(0.2 mole) of trans-2-decalone in 450 ml of HOA ¢ was treated with 1
drop of HOAc saturated with HBr followed by the dropwise addi-
tion of 33.8 g (0.22 mole) of Brs in 50 ml of HOAc at room temper-
ature. The sohition was stirred for 30 min and partitioned be-
tween CHCl; and H,O. The CHCI; portion was treated with

Journal of Medicinal Chemistry, 1970, Vol. 13, No. 5§ 793

Na,CO; solution to neutralize the HOA¢, washed with saturated
aq NaCl, dried (MgS0,), and evaporated leaving a tan oil which
was utilized directly in the synthesis of 21,

trans-A'-2-Octalone (21).—A solution of 20 (0.2 mole) in 50 ml
of DMF was added to a stirred suspension of 30 g (0.35 mole) of
dry LiBr and 40 g (0.54 mole) of Li,COj; in 450 ml of dry DMF at
120° under N,. Stirring was continued at 120-125° for 75 min,
the solution cooled, poured into dilute HOA¢, and extracted with
CHCl;. The CHCl; extracts were washed with saturated aq
NaCl, dried (MgSO.), and evaporated. The resulting liquid wax
distilled {bp 62-66° (0.6 mm)] to yield 15.7 g (53%) of relatively
pure 21, This was further purified by preparative tle on silica
gel and developed with CeH,—Et:0 (1:1); uv, A\EOH 2285
(¢9170).

The semicarbazone was prepared in EtOH and recrystallized
from EtOH-H.O and EtOH-EtOAc¢, mp 204-207°. Anal.
(CIIH17N3O) C) H) N.

4(a)-Cyano-trans-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
109, Na,COs in 20 ml of THF and 200 ml of MeOH was stirred
at reflux temperature for 3.5 hr. After evaporation of solvent,
the residue was taken up in CH,Cly, washed with dilute AcOH and
H,O, and dried (MgSOy). Evaporation of CH.Cl, n wacuo
afforded 11.3 g of crude ketone 22 as a golden liquid.

4(a)-Cyano-irans-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 C¢Hs in a flask fitted with a Dean—Stark water trap. The reac-
tion mixture was cooled, treated with 109, Na,CO;, and diluted
with HoO. The layers were separated and the CsHs portion was
washed with H.O and dried (MgSQ,). Evaporation of solvent
afforded a dark liquid which was chromatographed on a column
of ALLOs. Ehtion with CgHg and CsH—CHCI; afforded 6.5 g of a
brown solid which was recrystallized from C¢Hs—Skellysolve B to
give cyano ketal 23 (4.09 g, 279 from 21); mp 96-97°; nmr
(CDCly) 3 0.53-2.33 (14 H), 2.73-3.08 (1 H, W, = 10.5 Hgz,
CHCN), 393 (4 H, t,J = 3Hz, OCH.CH:0). Anal. (CisH1:NO,)
C H N,

4(a)-Aminomethyl-trans-2-decalone Ethylene Ketal (24)—A
solution of 12.8 g(0.057 mole) of 4(a)-cyano-trans-2-decalone ethyl-
ene ketal (23) in 300 ml of anhydrous Et:O was added dropwise to
a stirred suspension of LAH (21.6 g, 0.57 mole) in 1500 ml of Et,Q
according to the method used for 6 to give 24 (9.39 g, 729,) as a
clear green oil; attempts to prepare the picrate of 24 were unsic-
cessful.

4(a)-Dimethylaminomethyl-trans-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 379, CH,O solution in 200 ml of MeQOH was re-
duced with NaBH, (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 EtO and recrystallized from EtOAc-MeOH.
Anal. (CwHaoNOI) C, H, N.

4(a)-Dimethylaminomethyl-trans-2-decalone (26).—A solution
of 4(a)-dimethylaminomethyl-trans-2-decalone ethylene ketal
(25) (3.03 g, 0.012 mole) in 100 ml of 29, HC] was stirred at room
temperature for 46 hr followed by extraction with CH,Cl..
The CH,Cl, extract was discarded. The acidic solution was
cooled in an ice bath, made basic with 109, NaOH, and extracted
with Et;0, The combined Et,O extracts were dried (MgSO,)
and evaporated to yield a yellow liquid which was chroma-
tographed on neutral AlO; (activity grade II). Elution with
CsHe—EtOAc afforded 26 (1.77 g, 70%,).

4(a)-Dimethylaminomethyl-2(e )-phenyl-2(a)-hydroxy-trans-
decalin (27).—An Et,O solution of 4(a)-dimethylaminomethyl-
trans-2-decalone (26) (2.43 g, 0.012 mole) was added with stirring
to a suspension of PhLi in 20 ml of dry Et;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;0. The Et,O layer was separated, washed with H,0,
and dried (MgSQOs). Evaporation of solvent afforded a brown
semisolid which was crystallized from EtOH-H,0O and dried over
P.O; to yield 2.16 g, 629%,) of 27, mp 88-89°. The Mel was pre-
pared in Et2O and recrystallized from EtOAc-MeOH, mp 260-
260.5°. Anal. (Cona‘zINO) C, H, N.
4(a)-Dimethylaminomethy!-2(e )-phenyl-2(a)-propionoxy-
trans-decalin (4).—A solution of 27 (1.63 g, 0.0056 mole)in 15 ml
of CsHs;N and 15 ml of (EtCO )0 was stirred at 115° for 14 hr,
The reaction mixture was cooled, poured into ice=H,O containing
dilute NHOH, and extracted with Et.Q. After drying (MgSQO.),
the Et:0 was evaporated giving a brown oil which was purified
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by cohmue chromatography on ALO« Blation with Celie
BrOAe afforded exter 4 (1,30 g, 661 The Mel was prepared in
Ft.O and recrystallized from FtOAe-MeOH, mp 233°. lnal.
(CuHpNOI C, H, N,

4(e)-Cyano-truns-2-decalone Ethylene Ketal (28}, -+ A sulution
af d(ad)-cvano-trans-2-decalone ethylene ketal (231 ¢4.12 g, 0.01~
mole wax reflnxed far 70 hr i 20wl of PhMe wiith (L3 gof 2 500,
di=persion vf Nall in mineral ail (previonsly washal with Ph e
The mixtire was cooled, ponred anto ire, and extracted with
CeHe. The organie extracts were combined, washed with a0,
and dried (MgROs. Fvaporalion of =olvemt alforded 28 as a
v o1l G370 g, 8970 A =ample of 28 was pnrified for elemental
analysis by preparative tle on ALOy (Celle- KGO, Trbo e,
(Call N0 ] I, N.

4(e)-Dimethylaminomethyl-;«s-2-decalone Ethylene Ketal
i29)---A =olution of 4(e)-cyano-trans-2-decalone ethylene ketal
(28) (4.20 g, 0.01Y mole) was rednceed with excess JLAH according
to the directions far 16 to afford 2.90 g (0.013 mote, 3¢ tof the
termediate prmmary ambe as a vellow ail.

I"sing the =ame method ax shuwn for 17, 0,496 g (0.002 mole;
of the primary amine was converted intn 29 (0,49 g, 867 ). The
Mel of 29 was preparei] in Cobly and recrystallized from KtOA«
MeOH, mp 210° Aaul. (CigHaNOL 21 C) HL N

4ie1-Dimethylaminomethyl-/ras-2-decalone  (30). - Ax  de-
=eribed i the xynrhexix of 26, 29 (5.52 g, 0.023 molel was converted
o 3.58 g 10.017 mole, 75 ) vt 30.

4(e)-Dimethylaminomethy!-2-hydroxy-2-phenyl-frans-decalin
181 and 321 --Compunnd 30 (2.33 g, 0.011 mole) wax treated, w~
dexvribed fur the symithexis of 27, 1o give a bgnid rexidne which wus
chramatvgraphed on neutral ALQn Gutivity grade Hh, o Klation

Wisnv, o ol

with Collg DA atonded 31 (126 g, A6¢ 01 fallowed hy 32
HLBAD g, 1N,

The eguatorial phenyl isomer 31 was a viscoas material which
could not be erystallized.  The Mel nf 31 wax prepared in Er.0
and recrystallized from FrOAe MeOH, mp 233° Anal. (CuH -
NOP O H, N,

The axial phenyl somer 32 was recrystallized frinn Faoll
FRO, mp P23 124°0 Anad, (CploNOYCHE ND Componnd 32
ALO5 g1 was dissalved in 4ol of 1070 FICH and stivred for 3 n
at 40 The solntions wax canled in an ive bath made basiv wirh
100, NaOH, aud extravted with EGO, The extravis were com-
bived, dried (Mg=sO4, and evaporated o atford 0.047 g of a nux-
e which was shown by tle and colanm chromarography to con-
<ixC o twa companents, g unnpalar compomnd of high 25 and the
eqatorial phenyl isomer 81.

4(e )-Dimethylaminomethy!-2(e )-pheny!-2(a )-propionoxy-
{rans-decalin (51.--Using the method for the svithesis of 4, vome-
pound 31 (1.15 1, 0.004 mole 1 gave a brown oil which wax chromea-
tographed o1c a cohnn nf ALO.. Elntion wirh CoHg affarded
N9 g 23 1af 8. Anal (CLHANOD C, H, N

4¢e1-Dimethylaminomethyl-2(a1-pheny!-2{e }-propionoxy-
frans-decalin (6). A snhitian uf 0.212 g (0.007 mole of 32 treatel
ax deseribed for 4 gave o brown syrap whirh was paified by
calimn chromatography on nentral ALO; Tactivity grade o
Fhnon with Cila and CeHe-FrOAv provided the equatoriad
exter 6 10177 2, 7000 Anal (CullaNO W, HLN,
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The =yuthesix of suimenew in-Ci-propyl-d-pyrrohidinyhphenols and the prelminary evaliation of their analgetic

avtivities are dexeribed.
pyrrolidine N,

I'revions papers®?® in this series have deseribed an
extensive niumber of pyrrolidines of diversified types.
They can be represented by the general formula 1.
Further work vn m-(1-methyi-3-propyl-3-pyrrolidiny 1)-

RO

Pr

phenol (1, R = H; R’ = Me}, now designated profadol.
has shown that this compound is a potent analgetic
with a particularly interesting spectrum of phai-
macological activity.*

11) Present address: lohn Wyetle and Brother, Itd., Maidenhead.
Berkshire, England.
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A new optimum of activity has been found with p-R-phenethy! snbstitution on the
O-Methylation was mach more deleterions than with the original N-Me oprimnm.

In the last paper in this seriex, some Me cthers vf
pyrrolidines with large N ~ubstituents were described.
In partienlar, the (p-aminophenethyl)pyrrolidine [1.
R = Me; R’ = (CHy.CeHi-p-NH,] showed definite
analgetic aectivity. This paper deseribes experiments
designed to investigate fhrther the analgetic activity
of pyrrolidine compounds in which the Me gronp lis
been replaced by o large substituent.  Some additional
work to examine the effect of substituents i the
phenolic OH is also deseribed.

Chemistry. - The syuthesis of N-substituted pyrroli-
dines of type 1 by direct alkylation, or by N-acylation
followed by reduction of the amide, is deseribed in the
Experimental Section. In the latter cases, where
O-demethyiation with BBr; was involved in the syn-
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